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• EXECUTIVE SUMMARY

This report condenses a design concept which employs an automated system

as the sug gested mana gement tool to be use d throu ghou t sof tware l i fe cycles .

Computer software managemen t voids currently exist within Department of

Defense (DoD). The dynamics of the Department of Defense acquisition pro-

cess requ ires an equally dynamic management system capable of responding to

such needs.

The study concludes that overcomin g software management problems is

fea s i ble throu gh ex pans ion of automated Pro gram Evaluat ion Review Techn iq ue

(PERT)/Line of Balance (LOB) principles. Projection of these principles into

the realm of interactive computer graphics is presented as the recommended

contour for shaping future software management systems development. The

methodology is seen as cost effective compared with existing approaches and

is ach ievable within the scope of current technology .

Di fferences between embedded and general purpose software are reviewed .

Software v isibility , life cycle alignmen t, engineered software components ,

and im plications of interactive computer graphs are discussed in terms of

m icrocomputer arrays and future organ,izationa l policy .

11 
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SECTION I

INTRODUCTION

Background

For more than a century industrial machinery has evolved against the

r igorous d i sci p l ine of en gi neering standards . Computers have ostensi b l y

exploded into existence within the past quarter century . Actually, compu ter

machinery evolution has been controlled by the genetic discipline of engineer-

ing design. Software development has not been so fortunate . This lifeblood

of comput ing machinery has suffered from the absence of the rigid , guided

growth , and severity forced upon its hardware counterpart. As a result ,

today ’ s software and its mana gement methods have grown to appear as unguided

hulks roam ing through the unsuspecting world of technology seeking out trust-

ing vic

~w of the sub ject of software mana gemen t i s  perha p s best accom p-

l j S i~~u 1~ith an approach to this discipline as though it were the quicksand of

technolo gy. Both software management and quicksand share a common character-

i s t i c . Each i s a soft , sh i f t i n g mass that y i el d s eas i l y  to pressure , alwa ys

changing, and always tending to pull any unsuspecting object into oblivion .

Thus , the lesson extracte d from the qua gmire of software h is tor y and exten ded

into the world of program management is one of constant and continued aware-

ness .

The recent status of software conditions existing within the Department

of Defense (DoD) is reflected first in the deficiency of control over

i ncreasing software ex pend i tures . Of mos t concern i s the con ti nue d use an d

dependency upon software for which validated cost control methods either do

not exis t or are not used . Next is the shortage of enough research and

develo pment associated with software production. This implies an obli ga tion 

•-~~—~-_ -- - ‘——----__ —-—— •-•__ •••— -—• -.•— -——-—- ———— —.• •.-_ • .-_-_--—-—_-•• -. . - ------~— - . - .- -——~~~ •.. .— -•- •. ~~~~~~~~~~~~~~~~
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on the part of all involved to exchange the art form of software for the

structured form of technology. Finally, there is a dire need for meaningful

upgrade in software management. This need warrants a scientific approach

toward the evaluation of software. One view point notes:

“There are currently no good measures for either the software...
or i t s  pract i t ioners .  .. .from a funct ional  stand po int com puter
software is equivalent to hardw~re and must be de l ivered as an
active system component. ” (21:l)’

With in the realm of software, the absence of disciplined and specific

requirements is generating software cost overruns. This pressing void also

resu l ts  in system performance much below ant ic ip ate d par . Su pport software

development delays are also causing operational delays . An increasing

quantity of major weapon systems dependen t upon software are experiencing

post-extension software support problems (18:1 , 22:i). Othe r factors con-

tri buting to present software conditions include shortages of qualified soft-

ware engineers and multiple standards for software documentation (10:3-12).

The following notion now seems appropriate to the thinking of program

mana gement teams . Commercial products ref lect  a cor porat ion ’ s changing and

growing requirements . Thus , operational hardware is subject to continual

mod ification and enhancement, “Therefore , it is even more critical that

software be systematically built so it can subsequently be systematically

maintained (23:24).” What is needed is a mode which makes this possible.

Overal l  Pro ject Pur pose

The primary purpose of this study project is to describe the concept of

employing automated PERT/LOB principles as a management system throughout

~This notation will be used throughout the report for sources of quotations
and major references. The first number is the source listed in the biblio-
graphy . The second number is the page(s) in the reference.
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software life cycles. In addition the report discusses extension of the

basic PERT/LOB idea into the more rarified atmosphere of an electronic inter-

act ive software management system . Projected implications of such a dynamic

mana gemen t system ach ieve the hi gher pur pose of the stu dy : to sug gest a

methodology for dynamic pursuit of software management in response to equally

dynamic requirements for system managemen t today and in the future. Instead

of reiterating “what” should be done re gard i ng software management , th i s

re port attem pts to su ggest “ how ” suc h mana gement can be accom p l i she d in the

modern environment .

Spec i f i c  Study Goals

Pro ject study goals include determina ti on of the feas ib i l i t y  of automate d

PERT/LOB applications in software management. Analysis of hardware/software

relat ionships relative to acquisition processes is sought. Conceptual

illustration of the described methodology as applied to life cycle phases is

also desi red . Evaluation of the automated software management concept is

sought with respect to future program/project management software prolifera-

tions .

Scope and Limitations

As used in th is  re port , software refers to di g i ta l  com puter software .

Spec i f i c a l l y, the discussion surrounds computer programs and related docu-

men tation. Such discussion does not lose sight of the broader definition

of software which incorporates manuals , d raw i ngs , and so on . From the over-

all proposed system perspective , such software elements are active system

components . Only because of the necessity to bound the scope of the study

were such components el iminated from examination

.3



SECTION II

NATURE OF THE SOFTWARE MANAGEMENT PROBLEM

A Question of Relative Size

Annual DoD ex pend i tures perta i ning to software cons tit ute bi l l i ons of

dollars (9:2, l9: i). A serious issue arises here as to whether such expendi-

tures create , or result from , the circumstances noted earlier; namely, the

lack of discipline and rigor , poor cost and schedule controls , and limited

mana gement visibility . Perhaps software management is presently out of con-

trol because it is beyond the capabilities of existing management tools. To

be sure , when v iewed as a combined entity , the magnitude of the software

management problem is enormous. Although such a macro view ic certainly

essent i al , consideration of supporting factors is also necesnry .

For too long the artificial distinction between embedded comp’iter soft-

ware (ECS) and genera l purpose ADP software has been allowed to continue.

Embedded computer software as used here refers to software which is often

described as being an integra l part of a weapon system. General purpose ADP

software refers to software which is often characterized or related to

business—type applications. Supporting arguments usuall y contrast each in

the following manners . Products of business-type ADP systems are simply seen

as some form of an information processing effort complete with attendant

application programs and other necessary software overhead. Embedded

com puter sof tware i s usual l y thou ght to be more s pec i al i ze d than ADP so ftware .

Such ECS products are often considered more dit ficult to employ and more

elus ive to evaluate except within terms of unique using systems.

Comparison of the perceived software differences between ECS and ADP

ident i f ies two often for gotten points . First , the pro ducts of ADP sof tware

are not solely the computing system nor the related file maintenance.

4

- - - - - - - - - ~~ 
• • ‘ ~~~~ -~~~~~~ ‘• - •



Rather , actual ADP products include triggered physical actions. Examples

of these actions include shipments of material , summar ies and projections

of personnel act i ons , and f i n a l l y , monetary flows and exchanges resulting

from commercial or governmental transactions. To restate the point , the

primary output of ADP software is the physica l action which it causes

or records , and not the computin g system i t se l f . The com put ing system

is merely the mechanism for initiating or recording the action . Secondly,

the p roduct of embedded software may be un ique to i ts resident wea pon system

only because it was engineered to be unique. Here , the computer programmer

and the engineer share the common characteristic of building personal envision-

men t and creativity into the system without actively considering the alterna-

tive of using standardized software components to accomplish the required

task . A challenge to both occupations is recognition of the important

need for engineered modules and interchangeable software components which

can be standardized in a manner s~rn i l ar  to the s tandar d iza t ion of bear ings ,

gears , and pumps . As with ADP software , the ma in out put of em bedd ed software

i s the phys i cal act i on wh i ch i t  causes or records , and not necessar i l y

un iqueness of the weapon system within which it resides.

Beg i nn i ng w i th ident i f icat ion of re quiremen ts , ADP software efforts can

be significantly improved through application of the enoineering discipline .

Extraction of embedded software from its uniquely invisible resting place

and elevat ion to the macro-inter face level also aopears to be a productive

effort. Considered from this vantage point the differences between embedded

and genera l purpose software become transparent. Both types of software

serve similar fundamental purposes , e.g., caus in g or recor di ng accom p l i s hmen t

of some function . Volume of input and outout , the rela tive amount of CPU

processing time , and software un iqueness are often given as justified

S



reasons for separation into respective classifications. Perhaps each

reflects the prowess of funct ional disciplines rather than the true nature

of sof tware .

Software problems are sometimes seen as software errors. For exampl e,

if software does not perform according to specification , then a software

error has occurred . This assumes the specification is correct , wh ich is

rarely a val id assumption . “A major source of software errors is in writing

the specifications (30:2).” The point here concerns software reliability

and the fact that such errors are not so le ly  restr i cted to the software

itself. Other contributors to software errors include interface mistakes

and an improper sequence of program statements. Presently, software manage—

• ment’s ability to satisfactorily cope wi L the magnitude of accurate error

es t ima tes at the func ti onal level i s , in its~lf , a sizeable undertaking. At

higher levels  of system com p lex i ty the effor t appears insurmounta b le .

Throu ghout the software development process from m icro to macro leve ls , the

transformation of objective requirements into software action is greatly

fostered by continuously asking: What is the software supposed to be able

to do?

The Nee d for V i s i b i l ity

“Software visi bility has meaning to a PM only in terms of how it
relates to his total program. This is best expressed as a func-
ti on of cost , schedule , and performance. .. .The key to obtaining
software visibility for any PM is to elevate software out of the
ca tegory of ‘data ’ and p lan for i ts develo pment on a level of
importance with hardware. . . . There are currently no known method s
for accura tely measuring software development progress such that
it can be effectively reported... (19). ”

The foregoing observations adequately describe the need which a program

manager has for software visibility . However , one m ig h t wel l  consi der tha t

the described function is in reality a function , of a funct ion , of a func tion

(f(f)(f)) syndrome . Such a syndrome complicates availability of needed 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ _ - - -



software management information and puts it beyond easy retrieval of t;1~

human being .

Increasing amounts of available information and the dynamic nature of

the program managemen t decision making process are exerting significant

pressures on the proqram manager ’ s need for increased software visibility .

Based upon the nature of software, these pressures are most likel y to intensi-

• fy in the futub’e . Thus , a methodology which equals the dynamic decision

makin g process , whi le  f u l f i l l i n g  mana gement re quiremen ts , appears warranted.

Today, it is  techn i ca l l y poss i ble for those i n program mana gemen t to make

today ’ s software decisions based upon today ’s sof tware mana gement i nforma ti on .

Further , it is possible to ma ke such decisions without being surrounded by

the w a l l s  of a paper foxhole .

L i fe Cyc les -- Hardware /Software

If software is to be configured and managed like hardware , then a prel im-

inary discussion of respective life cycles is appropriate . As illustrated in

Fi gure la , overall hardware design and developmen t risks are reduced as sys-

tern develo pment activities move further into the life cycle. Conceptually,

software systems follow life cycle flexibility , costs , and risks similar to

hardware systems . That is , a re presentat ion of the id eal sof tware system

l i fe cyc le  woul d have the same sha pe as i ts  related hardware cyc le . The

concept here envisions the use of engineered or standardized software compo-

nents whiJ, ~sould cause the sha pe of the l i f e  cyc le curves to be more al i ke .

However , actual software design and development experiences suggest that

because of the inherent ease with which software is modified , just the

opposi te con di t ions resu l t . Fi gure lb  de pi cts the commonl y hel d view po i nt

that software flex ibility increases as hardware flexibility decrease~ .

Department of the Army Management information System (AMIS) software

7
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r

life cycle phases are compared with DoD software life cycle phases in

Fi gure 2. Army co~wersion to a four-phase software life cycle similar to the

DoD approach would probably provide better manpowe r balance throughout the

[ 
software life cycle and also assist in aligning it with the computer hardware

and weapon system life cycles. The key result of this action would be

installation of the Evaluation Phase into the Army ’s sof tware l i fe cycle .

Boundaries between the phases of the software life cycle are not usually as

neatly defined as the DoD illustration would suggest. On the other hand ,

Army boundary lines might benefit from additional rigidity . Often , the

pressures resulting from perceived software flexibility , plus the pressures

to place a sys tem into opera tion , are combine d. This combination of forces

can result in a direct transition from system development to operations ‘iith

scant evaluation enroute . It would seem that program/project management

personnel and software developers are obligated to resist such pressure by

refusin g to prolifera te software systems until defined objective eva l uation

criteria are finalized and satisfied. It is incumbent upon software devel-

opers to say “No ” , rather than yield and field software known to be malignant.

It is suggested that conversion by DoD and all service components to a

common software l ife cycle wi th Concept , Val i dation , Full Scale Develo pmen t,

and Prcduction and Deployment phases would finalize the software life cycle

au gm ent process . Seriou s managerial emphasis on software development at the

Syst~m Acquisition Review Council milestones could then track software develop-

ment along with hardware development. For example , DSARC II would not be com-

pleted until identified and proven software objectives had been met. Obvious-

ly the purpose is to keep software visible from the outse t and throughout sys-

tem development.

Future~~~s tern Con !plexit i es

Develo pment of future software systenis will command better managemen t

9 
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efforts because of increased complexity and cost requirements. In the past

the use of configuration management has been widely applied to hardware , but

is almost unknown to software systems applications.

Three main components of configuration management include identification

• of the conf igurat i on basel ine , conf igurat i on control , and status accounting .

These components are useful in establishment and building of the software sys-

tern l ife cycle. Presently, confi gurat ion management standards relating to

software orient mostly toward software i tems as component parts of major

defense systems . Pro perly insti tuted , the use of confi guration management

applied to general purpose ADP manifests itself as a highly worthwhile under-

taking.

It is often suggested that software efforts only produce one-of-a-kind

i tems compared with hardware efforts which produce voluminous quantities of

similar items. Arguments are sometimes put forth that software has no spare

parts problems , and that software is only concerned with functional des ig n .

Contrary to such views are genera l purpose ADP systems which have worldwide

d i str ib ution , and are developed and control l ed from a central location .

Such systems have thousands of application programs , comprised of tens of

thousands of opera ti ng modules , and hundreds of thousands of l ines of program

code . Source programs are perhaps one-of-a-kind i tems , but distribution of

reproduced copies of result i ng object programs aroun d the world , plus

follow-on change packages , and necessary documentation does seem to create

somethin g of a voluminous software spares problem.

Certainly software ’s functional orienta tion reflects i ts most fundamental

pur pose . However , the use of an eng ineered software confi gura ti on eases the

preparation of modules and assists in provid ing a definitized managerial

orientation . Configuration modules are relative to the level within the sys-

tern. That is , systems can have computer software module configuration items

11
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(SMCI) composed of computer program configuration i tems (CPCI). Each of

these moduled elements can have uni que but system interrelated i dentity num-

bers,such as~com puter program identification numbers (CPIN). The internals

of such modules are very im portant , but module interfaces are absolutely

critical . Modules must have guaranteed interfaces where each module receives

guaranteed input and provides guaranteed output.

Other indications of future software management complexities are found in

the trends and magnitude associated with recent computer machinery volume and

costs. At the end of FY 76 , the federal government had 9,648 com puters in use .

This fi gure represents almost 1 ,000 more computers than at the end of FY 75.

DoD had 4,424 of the total wi th a combine d owned/leased value of approximately

$4.5 billion (40:22). Associated with each of these computers is some form

of software cost , rang ing from $15 - $30 per executable instruct ion of

debugged and documented code (6:8). 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SECTION III

FRAMEWORK FOR AUTOMATED VISIBILITY

Ex pand in_g Automated PERT /LOB

Overcoming the inability to accurately represent the current status of

sizable software development endeavors to upper level management is perhaDs

the boldest challenge facing the program management team today. Software

des i gn , develo pment, and impl ementation are increasin gly turn i ng into

restrictive boundaries in terms of cost , schedule , and performance through-

out a system life cycle. Fundamentals of Program Evaluation fleview Technique

(PERT) and L ine of Balance (LOB) as management tools are well known , and are

not presented in this report. Excellent discussions concerning PERT and LOB ,

including integrative views are available in severa l volumes (7:315-55 ,

33:169-174, 445-8, 453-9).

Associa ted use of automation with PERT/LOB is a fairly recent innovation

(34:96-106). Automated PERT/LOB concepts provide a unif ying and integrative

mana gement instrument with which a majority of life cycle plannin a and contro l

can occur . This instrument exhibits and interrelates life cycle program

elements while allowi ng comparison of planned with actual performance.

Some modern use of automated PERT has been made in connec ti on with program

management related activities (41). Automated LOB has also been observed

as a production control techn i que in the Army ’ s M60 tank program . While

such efforts are somewhat progressive , they labor under the hurd~n of a

batch-processing orientation . Several new efforts within th ~ software

industry have moved toward a broader networkin g view oin t and a’ ‘ o ~ rn

the threshold of an interactive networking capabil ity .

13
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An expansion of the automated PERT/LOB approach is shown in Figure 3,

as an Inte gr~ted Software Management System (ISMS). This perceived enlargement

illustrate s an overall design conceot for meeting the needs of tomorrow ’ s

mana gers. Such a tool is envisioned as being dynami cally enual to the function

for wh ich it provides planning and control visibility. Al though such a

system is manually operable , application to multi-faceted projects makes

the manual approach cumbersome . However , the methodology does appear applicable

to both hardware and software systems management.

Linking Components of the System

System structure i s dep icte d in F igure 3a. Such struc tures are often

la bele d as ~‘Iork Breakdown , Project Breakdown , Tiered Specification , Ton-Down

Desi gn , or Structured Logic. Regardless of label , the idea of subset is

fundamental to the approach. The example highlights the concept of identify-

ing levels of software subsets. These subsets are then conver ted i nto a net-

work as illustrated in Figure 3b. A ninety-degree rotation of the structure ,

identification of event and activity relationshi ps , and finally the estab-

l ishment of measurement values , provide a fundamental networking arrange-

ment .

Time measurement of network ac ti v iti es i s ty pi call y use d for sche dule

contro l pur poses . I t is suggested that other forms of measuremen t can also

be calculated and equally applied to network activities. For example , opti-

mistic and pessimistic cost estima tes (C0~C~) earl y and late actual costs

(Ce,Ci)~ optimistic and pessimistic manpowe r estimates (Mo,’1~), can comple-

ment usua l time estima tes. Critical cost and manpowe r paths can also be

calculate d in addition to norma l time-related critical paths. Beg inning with

the system structure , id ent i ficat i on numbers , e.g., Computer Program Identifi-

cation Numbers (CPIN), are construc ted accor di ng to struc ture level , and

carr ied throughout the various segments of the software management system .

14
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The Balance Chart displayed in Figure 3c utilizes critical events

identified on the network as control points for calculation of the LOB.

Such limiting events can range in hierarchy of detail from overview system

summaries down to detailed levels of specification necessary for management

purposes. As applied to software , these events may range from Personnel ,

Logistics , Financial , Production , and Development system sumaries down

to application program sub-routine events specified as critical for purposes

of management control .

At this point it is necessary to digress momentaril y and expand the sequen-

tial nature of software . If software is to be considered as hardware , then

it seems to follow that the sequential relationships of software components

are somewhat analogous to assemblies and sub-assemblies fl owing throughout

a factory fl oor. Moreover , it is also important to visualize the time when it

will be quick and cost effective to create software modules directly onto firm

circuitry materials. It is also possible to envision rapid and cost effective

conversion of existing software to substrata which are more sol id than exist-

ing magnetic media. Such capability makes possible software module inven-

tories in a firm mode .

Calculation of the LOB is made against a cumulative unit of measure

common to both the Objective display and the Balance display as shown in

Fi gure 3d. One unit of measure commonly associated with industria i produc-

tion is “Cumulative Units Completed” . Objective Chart measurements need not

be solely limi ted to an accumulated quantity produced. Consideration should

also be given to using cumulative : “Employee Hours ” , “Production Hours

Available ” , “Percent Design-to-Cost Programming Achieved” , and others. If

software is to be designed and managed like hardware , then it must be con-

sidered and managed as a hardware production system . Units of measure as

described here can aid in such an effort .

18
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At any point in time the planned versus actual management objectives

can rapi dl y be evaluated in terms of dev iations , variance , or i ncrementa l

analysis . Required act ions ident i f ied by these processes can be ap p l ied to

the original structure . The advantage of using LOB as the connection between

the network and the objective might be questionable to some . The value of

th is linkage rests in being able to summarize the interoperability of complex

network occurrences and d i splay of resul ts i n a form useful and under-

standa b’e to mana gers in terms of esta bl i she d management object i ves . Such

v isibility is not easily obtained directly from the network. Interactive

act ions , as previousl y describe d , flow throu gh the Structure , Networ k ,

Balance , and Objective in a cyclic manner. Integration of software via this

method can focus necessary management attention from micro to macro aspects

throughout develo pment and also correlate the requ i rements of system per for-

mance .

Software Life Cycle Resource Estimates

Dur ing early years of software , it was “commonl y supposed that develo p-

ment was the main problem (28:267)”. Maintenance , not develo pmen t , h as occu-

pied 75 percent of ADP personnel ’s time over the las t quarter century . Modern

approaches to software l i fe cycle management must be im p l emented or else

maintenance requirements will seriously hinder contemporary developments in

future years.

Accurate estima tes of software life cycle resources are a most formidable

undertak i ng . Ex per ience with prev i ous parametr ic sof tware resource es ti mat-

ing procedures , e.g., ADP Resource Estimat ing Procedures (ADPREP), relied upon

field-supported data bases. ADPREP suffered from the weakness of data base

main tenance and the nature of parameter coefficients. Other estimating pro-

cedures range from those which are somewhat subjective (16) to more recent and

21 
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sophisticated methods grounded in quantitative objectives . While subjective

estimates are better than pure conjecture , the use of macroest imating tech-

n iques such as Putnam ’s model (13) appear more compatible with the software

management system previously described .

Use of simulation as a design evaluation tool has been suggested for the

val idation phase of an ECS development project (20). Broadening the concept

to include simulation of the entire software life cycle is proposed via simu-

lation of the previously discussed ISMS modules.

22 
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SECTION IV

A FUTURE ORIENTATION

Imp l icati ons of IC G

Interactive Computer Graphics (ICG) systems are now being used within US

bus iness , althou gh “Business applications using graphics are not yet very

coninon (42:43)” . The concept of business graphics also holds great promise

for the program management community .

An excellen t study conducted by the Defense Systems Management Colleqe

(DSMC ) eva l uated the current status of ICG technology and included among the

recommended act i ons ,

“That DSMC adopt and advocate the interactive computer graphics
networking technique as an accepted method of program management
plannin g and control (11). ”

Some pioneering ICG applications have recently been attempted within

DoD (35). However , it has also been observed that althou gh the ICG aoproach

is familiar to the technical sectors , there has been some reluctance on che

part of managers to become involved with IC( . Part of this re luctance has

been brought about by previously unacceptable ICG costs. It is also poss ible

to speculate that some reluctance has been fostered by prior distrust of

computers and former unfille d promises associated with automation . Ihe time

has come to think well beyond the limited punch card . The time has come to

think in terms of electronic and interactive management images.

Use of ICG is advocated here as the methodolo gy for design, develo~i’ ent ,

production , and control of future software program r’anaqenent efforts.

Figure 4 illus trates extension of the ISMS concept i ut forth earlier. It is

envisioned that incorporatio n of ICG technology thus creates an Interactive

Software Management System . Numerous significant advantages accrue from such

interactive capability :

23
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-- Instant availability of current information so vital to program
management dec ision making .

-- “What i f” capability providing opportunity to view the impact of
dec isions as they ripple throughout the system .

• -- Ease of system use and data base update via “menuing ” and “window-
ing ” techn iques .

-— Focusing on specific segments , or single i tems , within the Structure ,
Network , Balance , or Objective displays .

-— Rapid electronic remake , redraw, and edit capability for Structure ,
Network , Balance , and Objective displays .

-- Soft copy displays with selected hard copy option .
-- Electronic roll up of information for purposes of executive display

or as in put to an electronic version of a macroestimating model .

-- On-line analysis and programming.

—— Interactive Computer Assisted Instruction (CAl) and Computer Managed
Instruction (CMI) for managerial tutoring purposes.

Advancement into the interactive hemisphere of software management is

now technicall y feasible. Such moves are rapidly becoming cost effective

in l ight of declining hardware costs and the limited capabilities , and doubt-

ful benefits) resulting from existing approaches to software management.

The requirement for dynamic software management presently exists , a

conceptual design approach has been presented , and availa ble i nteract i ve

technology has already been applied to similar management systems employing

business graphics. The use of ICG to develop an ISMS is recommended . All

that appears to remain is managerial comm i tment to development and prol i fer-

ation of such a system .

Microcomputer Arrays and Distributed Visibility

L Widening the immediate ICG horizon reveals the world of microprocessor

technology . Today the significance of microprocessors is reflected in very

low priced , hi ghly powerful computer systems . Such systems are sometimes

physically small and rugged , but possess capabilities far beyond the

25
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computer systems which they replace. As a result of microprocessor tech-

nology, operation costs can be significan tly reduced . A lso, quantities of

system components are lessened using microprocessor technology (29).

Sizable program management ventures are certainly better able to budget

for interac tive software management systems than are smaller programs . So ,

althou gh smaller programs experience a need for interactive software manage-

men t, they are limited in the amount of funding available for such excursions.

Overcom ing this deficiency becomes possible through use of arrayed microcompu-

ters , centrall y located , employing distributed networks , and utilizing time-

shared interact ive options. This extension impressively reduces associated

ISMS costs, wh i le plac ing IS~1S capability within affordable reach of any

program management team. Ultimatel y, arrayed microcomputers could orovide an

interac tive total system data base . Such a base woul d prov id e i ntraopera-

bi lity within the system compendium and perhaps interoperability with other

such systems. The system would also provide selected DoD executives, serv i ce

com ponent off ic ia l s , and the p r~qram management team with the capability and

opportunity to rapidly gain macro visibility of system life cycles for

defense decis ion making ourposes.

Some Organizational Considerations

The necess ity for intensive management over software system design ,

develo pment and production has become evident. Until recently, muc h DoD

organizational emphasis has been placed on controllin g the procedures

involved with acquisition of computer machinery (24, 26). Attempts by

Department of the Army to overlay program management concents and principles

onto computer resource acquisitions are also in existence (14, 1 5).

At issue here is the distinction between organization emphasis upon

software and the machinery emphasis. Should the d i scri i -ii nation he piachinerv

26
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first or software first? What is the comprehensive automation plan? A

partial approach toward resolution of this dichotomy is noted in recent

Department of the Army action at the policy level (12). This action

attempts to unify Army automa ti on under the centralize d guid ance of the

Director of Army Automation (DAA). As described in the DAA charter , “The

DAA ’ s au thority and responsibility for Army automation extends to all com-

puter resources (12:9)” .

“The term ‘Army au tomation ’ is used i n a restr ict i ve sense to
describe computer resources that are used by automated systems
whose prima ry purpose i s to process data or i nforma ti on i n
support of management or mi ss i on funct i ons ; automated systems
confi gured to operate in specialized environments; and combat
weapons systems which have embedded computers (12:iii) . ”

The not ion of interactive software management systems , coupled with

clar ification of automation policy , are put forth as two broad attempts

striving to overcome part of the DoD software management problem .

M i ssin g i s a soli d th i rd pro posal to advance defense system ac quisi ti on

mana gement via combined interactive software/interactive hardware program

management systems. Such combined management represents the essense of

defense systems acquisition visibility . Software and hardware are mirror

ima ges . They are destined to be interactively managed .

27
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SECTION V

SUMMAR Y

Conclusions

The purpose of this report has been to describe a potential design con-

cept for overcoming the DoD software management problem . Software has not

evolved as an engineer-controlled discipline. Software management is often

not conducted in a disciplined manner . There is a shortage of qualified

software management talent. These circumstances have contributed to uncon-

trolled software cost increases arid reduced system performance.

A need exists to convert software and its management from an art to a

technolo gical basis. This suggests a need for a method of systematically

buildin g and maintaining future software. Automa ted PERT/LOB is described

as the foundation of a management system for addressing severa l of the stated

software management needs throughout system life cycles .

The study also projects automated PERT/LOB into a dynamic interactive

software management system . The ECS versus ADP software distinction is

challenged in the context of the nature of software , its size , and intended

function . Importance of the need for software visibility is highlighted.

The report also suggests that an alignment of life cycle phases between

software and hardware would be worthwhile. It also recommends that i denti-

fied and defined software objectives be enforced as achieved requirements

at l ife cycle development milestones. Future systems are foreseen as more

complex and dynamic in their need for progressive management methods. The

study considers use of software modules as standardized software com ponents

similar to standardized hardware components .

In terms of study goals the use of automated PERT/LOB as the foundation

for a software management system appears feasible. Hardware/software

28
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relationshi ps during acquisition life cycl es were analyzed and determined to

be inseparable from a mana gement perspective . The ISMS methodology was

descri bed in terms of integrated hardware/software acquisition processes.

Application of ICG technology , use of microcomputer arrays , and future

organizational considerations were also suggested .

Recomendati ons

Expand the concepts of automated PERT/LOB into an integrated framework

for management review . Link ISMS components as an interactive system .

Employ modern software resource macroestimating methods . Overl ay ICG for

purposes of software des i gn , development , pro duction , and control onto ISMS .

Extend the methodolo gy into arrayed microcom puter systems for multiple pro-

gram management team usage . Modify organizational pol icy to equally empha-

size software and hardware . Interactively manage hardware and software as

a combined enti ty by developing such systems for use by Program Management

Offices .

• 
_ _ _ _ _ _ _



LIST OF ILLUSTRATIONS

PAGE

1. Comparison of Life Cycles 8

2. Software Life Cycle Phases 10

3. Overview of Basic ISMS Concept 15

3a. Structure 1 6

3b. Network 17

3c. Balance 19

3d . Objective 20

4. Overview of ISMS Concept with Applied ICG 24

30

-~~ . --- ~~
--•

~~~
.- - — — . - — -i -~~~~~~~~~~~ -— • •- • •----~~~~~~~~~~~ •• -—-—--.--- 



LIST OF DEFINITIONS

The terms l isted be l ow are defined for use within the limited context
and purpose of this report. Numbers in parentheses relate to source.

ADP (Automatic Data Processing) - This acronym pertain s to equipmen t
such as EAM (Electronic Accountin g Machines) and EDP (Electronic Data Pro-
cessing) equipment units , or systems . Data process i ng performed by a system
of electron i c or e l ec t r i ca l  mach i nes so i nterconnecte d and interac ti ng as to
reduce to a minimum the need for human assistance or intervention. (1)

ADPREP (ADP Resource Estimating Procedure) - A parametric technique
used for estimating ADP resources. The technique is explained in US Army
Techn ical Bulletin 18-19-1 .

Batch-Process ing - A technique by which items to be processed must be
coded and collec ted into groups prior to processing. A systems approach to
process i ng where a num ber of sim i lar i nput items are grou ped for processin g
during the same machine run. (1)

CAl (Computer-Aided Instruction ) or (Comouter-Assisted Instruction) -

An educational concept which places the student in a conversational mode
with ~ computer wh i ch has a preprogrammed study plan . The programme d course
selects the next to pi c or phase of stud y accor di n g to previous  res ponses from
the stu dent , allow ing each student to progress at a pace di rect ly rela ted
to his learning capability . (1) -

CMI (Computer Managed instruction) - A concept which employs a computer
in a conversat i onal mode for the pur poses of mana gi ng cours e cu rr iculum or
presentation of instruction. (5)

CPCI (Computer Program Configuration Item) - Configuration Item (CI) in
terms of computer program software , where CI is an ag gregation of sof tware or
any of i ts di scre te port ions wh i ch sat i sfies an end use f u n c t i o n  an d i s
designated for configuration managemant. In the broader sense can include
an aggregation of hardware and software. (3)

CPIN (Computer Program Identification Number) - A unique identification
num ber associated with a computer program for purposes of CI control . (3)

ECS (Embedded Computer Software) - Comouter software which is normally
considered an integral part of a weapon system . Often d i stin gu i she d from
genera l pur pose ADP . (5) (See also #9, List of References)

Function - Refers to a mathemat i cal corr espondence that ass ig ns exac tly
one element of one set to each element of the same or another set. A
sequential function. (4) .

Har dware - In the automation sense refers to the mechanic a l , magnetic,
electr ica l and electronic devices or components of a computer. The electric,
electron i c , and mechan i cal equipment used for process ing data cons i sti ng of
cabinets , racks , tubes , trans i stors , wires , motors , and such. Any piece of
automatic data processinq equipment. (Slanq) Otherw i se , the term i s use d as
a reference to machinery or weapon systems. (1)
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Interact i ve - a concept where i n there i s i nterac ti on between a human
being and a computer . As app l ied to computer graphics the term rela tes to
the i dea of placing information into and receiving information from the
computer via terminal display. (5)

L if e Cycle - Same as System L ife Cycle - The pha ses throu gh wh i ch a sys-
tem passes from conception to disposition . (2)

LOB (Line of Balance) - A planning system , no rma l l y descri bed i n te rms
of production , wh i ch i s used to schedule key even ts wit h respect to project
completion . Such information is related to management objectives for compari-
son of actual with scheduled achievement. The system generates a line of
balanc e to d i splay rev i sed requ irements for keepi ng on schedule , or within
cost and manpower limits. It is used primarily for planning and control . (2)

Menuing - The idea of visually presenting electronic listings or “menus ”
as d isplays on computer terminals and allowing selection or manipulation of
var ious entries. (5)

Microcomputer - A general term referring to a complete micro miniat ure com-
puting system consisting of hardware and software. Main processors are made of
semiconducter integrated circuits . In function and structure somewhat similar
to a m i n i co~~~ter , with main microcomputer differences being l ower price , size ,
speed of execut i on , and computing power. The concept of microcomputer arrays
visualizes such arrays comprised mainly of microprocessor memory and circuitry . (1)

Microprocessor - The semiconductor Central Processing Unit (CPU) and one
of the principle components of the microcomputer. The elements of micropro-
cessors are frequen tly conta i ned on a si ngle “chip ” or wi thin the same pack-
age , bu t somet i mes are di~ t ibuted over several separate chips . The term
“chip ” refers to Large Scale Integrated (LSI) chip circuits. A concept which
employs microminiaturized circuitry , where an en tire computer processor or
processor segment , is contained on a single chip. (1)

~-1IS (Management Information System) - A specific data processing system
that i s desig ned to furnish mana gemen t an d su pervisory personnel with i n for-
mation cons i sting of da ta that are desi red , an d wh i ch are fresh or wi th real-
time speed . A communications process in which data are recorded and processed
for operational purposes. The problems are isolated for higher-level decision
making and information is fed back to top managemen t to reflect the progress
or lack of progress made in achievi ng major objectives. (1)

Optimistic — An estimate made at a particular point in time of the most
favorable , l ikely, or best outcome , concerning a future event or activity .
An expected favorable outcome . (4)

PERT (Program Evaluation and fleview Tech iique) - ~ set of princio les,
me thods , and techniques for network planning of objective-oriented work
thereby establishing a basis for effective schedulin g, costin g, controllin g
and rerlanning in the management of programs. It employs : A product-oriented
work breakdown structure , beginning with these objectives subdivid ed into
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• success ively smaller end—items . A flow plan consisting of all the activities
and events that must be completed or accomplished to reach the program
objectives , showin g the i r planne d sequence of accompl i shment , interdependencies ,
and interrelationships . Elapsed time estimates and identification of critical
(or limiting) paths in the networks. A schedule wh ich attempts to bala nce
the objectives , the network flow plan , and resources availa bilit y . Ana ly~.isof the i nterrela ted networks , schedules , and slack values as a basis for
cont i nuous evalua ti on of program status , forecast of overruns , and the
identification of problem areas in time for managemen t to take corrective
action . (2)

Pessim i sti c - An estima te made at a particular oo i n t i n t ime of the
most unfavora ble , unlikely, or worst ou tcome concernin g a future event or
activity . An expected unfavorable outcome . (4)

Program/Project Management - A concept for the technical, business , and
administrative management of specified development/acquisition programs ba’~ d
on the use of designated , centralized managemen t authority. This author it ,
is responsible for planning, organizing, directing, and controllin g all phases
of research , develo pment , initial procurement, production , distribution , and
logistical support for the purpose of provid iri n a balanced program to accomp-
lish the stated program objectives. It is also responsible for assuring that
planning is accomplished and action is implemented b.y the organizations
res pons ib le for the com p l emen tary func ti ons of eva lua ti on , logistic supoort ,
personnel , training, operational testing, activation , and employment. Pro-
gram management imolies a level of centralized management greater in scope
and responsibility than project management. A program management office may
be superimposed over one or more project management offices. (2)

Software - The i nternal programs or rout i nes professi onall y prepared to
simplify programming and computer operations. These routines permit the pro-
grammer to use h is own language (English) or mathematics (Algebra ) in com-
municating with the computer. Various programming aids that are frequently
supplied by the manufacturers to facilitate the purchaser ’ s efficient opera-
tion of the equipment. Such software items include various assemblers ,
genera tors , subrou ti ne libra ri es , comp i lers , operating systems, and industry-
appl i cation programs . In the restricted sense computer software is a combi-
nat i on of assoc i ate d computer pro grams and compu ter da ta requ i red to ena b l e
the computer equipmen t to perform computational or control functions. In
the broader sense software also inclu des such it ems as documentati on , manua l s,
and engineering drawings. (1)

Structured Logic — The process or application of structured thought.
An application of the structure theorem where an entity is a complex con-
figuration of elements , parts , or constituents in a spe cifically configured
organization or arrangement. Also includes the interrelationships of partc ,
or the principle of organization in a complex entity. The concent of svstL ’~ ,
sub-system , sub-sub-system ad infinitum , where each system level interfaces
with respective subordinate , ordinate , and super-ordinate levels via
guaranteed interfaces . Ap p lication of such thought is often observed in
the conduct of structured analysis and during design and development of
structured compute r programs. (4)

_



LIST OF DEFINITIONS (Continued)

Top Down Desi gn - The concept of hierarchical design encompassing tiered
levels , speci ficat i ons , and modules subord i nate to the overall or total sys-
tem level . Th i s des i gn approach i s observed i n tree d iagrams , breakdown
structures , and top down structured programming.

Win dowing - The idea of being able to electronically frame a segment of
an image on a computer term i nal v i deo d i spla y and mod ify the segment by
scoping in on or expanding the “win dowed” frame . The ab ili ty to enlar ge,
reduce , consolida te, or chan ge a particular segment of an automated data

j base from a display terminal . As applied to a network , the even ts and
act ivities are electronically consolidated , expanded , and modified to en-
hance satisfaction of managerial requirements.

Defin itions were extracted , condense d , and modified from the following
sources , or specifically derined for use within this report , and may not be
universall y applicable:

1. Computer Dictionary, Sippl , Charles J. and Sipp l , Char l e s  P ., Howa rd W.
Sams & Co ., Inc., Ind ianapolis , 1974-1976 editions.

2. Defense and Aerospace Glossary for Project Management , 3. Ronald Fox ,
Hawthorne Publishin g House , Wash i ngton , D. C ., 1 970.

3. DODI 5010.21 , “Confi guration Management Implementation Guidance ,”
August 6, 1968, AFR 800-14, MIL-STD-l 52l (USAF). (See also ~2, List
of References)

4. The American Heritage Dictionary of the English Language, American
Her itage Publishing Company , Inc . and Houghton Miff l in Co., Bos ton ,
1969.

5. As defined by au thor .

34 

--. —---~~~~--- -~~~~~---- ~ - - -



— — ---- - --——------- 

BIBLIOGRAPHY /LIST OF REFERENCES

1 . Anderson , Lee A., “Software Management: A ppl ying Hardware Disci plines
to Software Management ,” Study Project Report PMC 76-2, Defense Systems
Management College (DSMC), Fort Belvoir , Vir gin i a , November 1976.

2. Anway, lark 0., “Configuration Management for the Developmen t of Computer
Systems,” Study Project Report , Individual Study Program (ISP), DSMC ,
PMC 76-2, November 1 976.

3. Arch i bald , Russell 0., Managing High-Technology Programs and Projects,
New ‘fork : John Wiley & Sons , 1 976.

4. Barclay, Douglas H., “The Project Manager and Systems Anal ysi s,” ISP ,
DSMC , PMC 74-1 , May 1974.

• 5. Benjamin , Robert I ., Control of the Informat ion System Develo pment Cycle ,
New York: Wiley-Interscience Division , John Wiley & Sons , 1971.

6. Bucci arelli , Marco A ., “Technical Performance Measurement for Computer
Software Development Programs ,” ISP , DSMC , PMC 74-1 , May 1974.

7. Cleland , Davi d I. and King . William R., Systems, Organization , Analysis ,
Management: A Book of Readings, New York: McGraw -Hill Book Company ,
1969 , pp 3ln ,_355.

8. Clelan d , Dav id I. and King, William R ., Systems Anal ysis and Project
Management, New York: McGraw-fUll Book Company, 2d Edition , 1975 .

9. De Roze , Barry C., “An Introspective Analysis of DoD Weapon System
Software Management ,” Defense Mana gement Journal , Vol . 11 , No . 4,
October 1975, pp 2-7.

10. Defense Systems Management College Report on DSMC Workshop , 16-17 June
1976, “Management of Software Acquisition for Embedded Computer Systems ” ,
DSMC , Fort Belvoir , VA.

11 . Defense Systems Management Colle ge Researc h Report by Joseph E. Callaha n ,
Can ton F . Roberson , and George H. Perino , Jr ., “Interactive Computer
Graphics: A Responsive Planning and Control Tool for DOD Program
Management ,” Januar y 1 977, n .p.

12 . Department of the A rmy, OCSA , “Automation Management Study (Director of
Army Automation),” -25 February 1977.

13. Department of the Army Pamphlet No . 18-8, “Management Information Systems :
A Software-Resource Macroestimating Procedure ,” February 1977.

14. Departmen t of the Army Regulation 18-1 , “Management Information Systems
Pol icies , Objectives , Procedures and Responsib ilities ,” 22 March 1976 .

15. Departmen t of the Army , USACSC Regulation 18-4, “Management In formati on
Systems Project Officers ,” 5 Marc h 1975 .

35

—

~

- - -  -~~~~- —“——- -—— - -- - -—--— _ _ _ _ _ _



16 . Department of the Army , USACSCSGL Memorandum 18-1 , “Chapter 5: SCR
Estimating Procedures ,” 16 December 1976.

17 . Department of Defense Diractive 5000.29, “Management of Computer
Resources in Major Defense Systems ,” 26 April 1976.

18. Department of the Navy , Naval Sea Systems Command , “Produc t Qualit y
Assurance for Shipboard Installed Computer Programs ,” Pathway Program
Management Plan , Vol . 1 , 31 October 1976.

19. Driscoll , Alan J ., “Software Visibility for the Program Manager ,” ISP ,
DSMC , PMC 76-2, November 1976.

20. Feingold , Robert S., “Computer System Simulat ion : A Design Evaluation
Tool ,” ISP , DSMC , PMC 76-1 , May 1976.

21 . Gansler , Jacques S., “Comment ,” Defense Management Journal, Vol . 11 ,
No . 4, October 1975.

22. Genera l Account ing Office, Report to the Congress by The Comptroller
Genera l of the Un ited States , “Problems In Develop ing The Advanced
Logistics System ,” Department of the A i r Force , 17 June 1976.

23. Goetz, Mart in A ., “Seen as Machine , Software ’s Image lay Improve ,”
Computerworld , 13 December 1976.

24. Haar:, Neil W ., “Minicomputer System Acquis ition Within DoD,” ISP , DSMC ,
PMC 16-2, November 1976.

25. Manley, John H., “Embedded Computer System Software Relia bility ,”
Defense Management Journa l, Vol . 11 , No . 4, October 1975, pp 13-18.

26. Marr , Francis C. , “General Purpose Computer Acquisition ,” ISP , DSMC ,
PMC 76-2, November 1976.

27. McCarthy , R i ta , “A pplying the Technique of Configuration Management to
Software,” Defense Management Journal, Vol . 11 , No. 4, October 1975,
pp 23-28.

28. Mi lls , Harlan D., “Software Development ,” IEEE Transactions on Software
Engineerin~j, Vol . SE-2 , No . 4, December 1976, pp 265-273.

29. Mitchell , Stuart G., “Micro processor Technology for Managers ,” ISP ,
DSMC , PMC 76-1 , May 1976.

30. Myers , Glenford J ., “Software Errors -- Some Explanations ,” Software World ,
Vol . 8, No. 1 , November 1976 , pp 2-8.

31 . Parke , Robert H., “Procuremen t of ADPE in the Army : An Evaluation ,” ISP ,
DSMC , PMC 76-1 , May 1976.

32. Perino , George H. Jr. , “Interactive Computer Graphics: Applications for
Program Management ,” ISP . DSMC , PMC 76-2, November 1976 .

3f~



33. Riggs , James L ., Production Systems: Plann ing, Analysis , and Contro l,
New York : John Wiley & Sons , 1970 , pp 169-174, 445-448, 453-459.

34. Schoderbek , Peter P. and Digma n , Lester A., “Third Generation PERT/LOB ,”
Harvard Business Review, September-October 1967.

35. Seay, Douglas C ., “Use of an Interactive Computer Graphics Model in Army
Project Planning and Control ,” ISP , DSMC , PMC 76-2, October 1976.

36. Si ppl , Charles J . arid Sippl , Charles P., Computer Dictionary,
Ind ianapolis: Howard W . Sams & Company , Inc., 1974.

37. Smith , Ronald L. , “Estimating Software Project Resource Requ irements,”
Final Report, Structured Programming Series, Vol XI (Maryland : IBM ,
Corporation Federal Systems Center under USAF(RADC) Contract F30602-74-
C-0l86, and co-sponsored by USACSC), 22 January 1975.

38. Williams , James K., “Software Management for Shipboard Computer Systems ,”
ISP , DSMC , PMC 76-2, November 1 976.

39. Zempolich , Bernard A. , “Effective Software Management Requires Considera-
tion of Many Factors ,” Defense Management Journal , Vol . 11 , No . 4,
October 1975, pp 8-12.

40. “Inside Info”, Infosystems, Apr 77, Vol . 24, No. 4.

41. “Study of Automated Program Management Techniques ” , USAMETA , Rock Island ,
Illinois , November 1976.

42. “Graphic Systems for Business ” , Infosystems, A pril 1977, Vol . 24, No . 4.

37


