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EXE CUT IYE~~ 1MMARY

• Management of embedded computer software in weapon systems

is an important and current consideration. A large portion

of the Defense budget is spent in software acquisition and

support and the management techniques for making this a

productive and cost effective process must be developed.

This paper addresses the issue from two aspects. First, a

stt~dy of the current trends in software management was con-

ducted with particular emphasis on DoD sponsored activities.

Some major cornerstones of successful software management

are developed throughout the paper and are aummerized in the

conclusion section of this paper. Secondly, the software

management and development approach being taken in the Navy ’s

AEGIS Combat System was studied. This proved to be an

informative and constructive endeavor that tends to give

real-world meaning to the application of software management

techniques.
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SECTION 1

INTRODUCTION

1. Purpose

The purpose of this paper is two-fold. First an attempt

is made to examine the issue of software management from a

.a textbookN viewpoint. Recent publications, articles, reports.

books and studies will be reviewed and anayized for deter-

mining current trends in the area of software management.

Under the full realization that no cookbook procedure will

be found, hope remains that some basic cornerstones will be

identified that are essential to effective management of

software. An attempt to arrive at a singular solution to the

problem wou ld be an act of simplism . However, if an inter-

related group of events can be established that identify the

hurdles that must be cleared, progress will have been made.

Secondly, a real-world application of software m~~agetnent

will, be discussed . One of the current major weapon system

acquisitions in the Navy, the AEGIS Combat System, will

• provide the data base for this discussion. The intent of

this portion of the paper is not to compare software manage-

ment in AEGIS with the check-off list of good practices

because by previous admission, no such list exist. It is

intended to be an education process for the author and the

reader. Perhaps some of the “textbooks trends will be - 
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reinforced by the AEGIS approach; perhaps some new lights

will glow.

As for the motiv ation to choose a topic such as software

management , two st~ ternen ts of need are offered s

J. S. Gansler OASD(I & L)s
The functional applications of software within
Department of Denfense (DOD) weapon systems pervade
almost every program.

The most critical issue facing DoD is the iricre2sing
use of and dependency on software in weapon systems
without the proven management and production method s
necessary to control its direct and indirect cost.

The second ma jor issue concerns the need to convert
software from an art to a technology. The notion
th at software advancements are the ~o1e domain of“rugged ind ividualists” or “artists” must be
discarded. (6s1)1

DODD 5000.29
Annual expenditures by DoD on the design , develop-
ment, acquisit ion , management, and opera tional
support of computer  resources embedd ed within , and
integral to weapons, communications , command and
control, and intelligence sensor sys tems are measured
in the billons of dollars. Unreliability , particularly
of software , di m inishes DoD mission effect iveness  in
many major Defense Systems.

Computer resources in De fense Systems must be managed
as elements or subsystems of major importance during
conceptual , validation , full—scale development ,

• production , d eploym ent ,  an d support phases of the
life cycle , with particular emphasis on com puter
software and its inte c~ration with the surrounding 

S

hardware . (8s2)

1* This notation will be used throughout this paper for
sourcer of quotations and major references. The first number
is the source listed in the bibliograrhy . The second number ,
if listed , is the page in the reference.

2
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2. Coals

The author of this paper has fve years experience in

providing the life support for software contained in Navy

missile systems. This has been primarily in the acquisition

phases of full scale development .- production and deployment.

This paper is viewed as an educational opportunity to examirA-

ing the entire acquisition process of major weapon systems,

including conception and validation , and the considerations

given to software manseement therein. It was felt that an

examination of the current literature was a prerequisite for

such a venture and forms the basis for the first of two goals,

ie , examine the current trends in software management.

Once the textbook teachings are filed away it becomes a

natural follow on to examine the real world . Mence goal

number two ; understand the software management approach in a

real world application. The Navy AEGIS Combat System was

chosen for several reasons which include its currentness, its

complexity and its heavy use of computer programs.

- 
3. Score

This paper is intended to provide a condensation of the

current trends in software management and to relate the find-

ings of an educational examination of a real world application.

It is intended for the use of anyone involved in software

management of embedded computer programs. A point made in the

Purpose section needs to be re-emphasized . Is is not in the

3
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scope of this paper to critique the software management

approach being taken ir. the AEGI S Combat System. The review

of a real world application is being used to provide additiori~l

coverage of the topic.

~~- . Limitations

Due to the author ’s occupational interests and the limited

time available for the eeneration of this paper the subject

matter has been limited to embedded software a~ : lications.

The interrelation between the weapon system acquisition cycle

• and the software acquisition cycle will necessitate that a

certain amount of the big picture to be portrayed . We are

concerned here with the software management of the embedded

computer programs in a weapon system acquisition.

The choice of a Navy application for the real world part

of the paper has been made for the reasons previously stated.

This is not to imply that the concepts and realizations

• presented in this paper do not apply equally as well to the

other Services.

5. Or~anizatiori and Methodolo~~r

In addition to this introductory section, the paper has

been organized into two major sections and a summary section.

Section II examines the current trends in the area of software

management from a textbook approach. Various types of

reference literature , including articles , reports, study

lii i ‘.*~_ ~~~~~~~ • 
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papers, textbooks and DoD publication and directives , were

studied and analyized in an attempt to gain insight on the

key considerations in software management. Many areas of

software management and development will be discussed with

varying degrees of intensity. Of particular interest will

be the identification of basic cornerstones of successful

software management and their relation to the Defense acquisi-

tion cycle. Any conclusions drawn will be based on the

authors evaluation of the information studied combined with

personal experience and involvement in the software acquisi-

tion and management arenas.

Section III will be an educational process in which a

real world weapon system acquisition will be studied. In

order that such an effort, be accomplished , it was necessary

to obtain and study the available documentation for the S

selected acquisition process. In addition , personal inter-

views were conducted with the Program ~anager’s office and

the Navy Lead Laboratory. The interview questionnaire used

• for this purpose is enclosed as Appendix A to this report.

Section IV is the summary containing conclusions and

recommendations.

5
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SECTION II

CURRENT TRENDS IN SOFTWARE MANAGEMENT

1. Background

The application of computing technology to our evolving

life style has been natural and rapid. Man has continually

been in search of ways to advance his state of being and

improve his environment. Computational advancements have

been based primarly on the physical sciences which have had

the effect of creating faster and larger computing systems

with which to solve our problems. This haw been a successful

and efficient evolution, for the most part, because of the

well developed skills that were directed to the developments.
— Man has been actively concerned and involved in advancing the

state of the art, particularly in areas that are not art.

Generation of smaller, faster and more reliable circuits are

a direct result of our time tested techniques in hardware

- 
- - design, development and testing. We know how to specify what

we want, how to build it, how to nurture our technology base

for future breakthroughs, how to test it and how to maintain

it. In summary we are very effective in advancing the hard-

ware aspect of computing technology.

In the world of weapon system acquisition it is not too

difficult for officals to visualize and understand the process

of hardware development and hence , the application of manage—

merit skills, which have been developed from our previous

6
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experiences and experiments involving hardware technology,

often prove to be successful. We are adept at specifing a

• widget to be twelve meters, plus ox’ minus two centimeters.

It is fairly simple to determine if the manufacturing

technology (state of the art) can make it. Also it is easy

to test; we just measure it against a standard unit. We
S 

certainly know how to maintain it by establishing a physical

set of conditions to which it must always conform. If it

doesn’t, we tweek it, repair it or replace it. The manage-

ment approach throughout this entire process is based on the

physical presence of the acquisition. If we need to know how

our widget is coming along, we take a look at it.
- • 

All the above is not intended to simplify the management

of hardware acquisitions. One of the things we know to be fact

is change arid with it we must adapt. This fact makes manage-

ment of anything a real challenge. The point of the above is

to provide a jumping off point for the topic of this paper, ie,

software management. If we accept the position that in fact

we are experiencing undue difficulties in the area of software

• management, we can direct our attention to possible causes

and corrections. Most any of the references in the bibliography

go a long way toward the affirmation of this position. We will

take advantage of some of the k~ ~ points made in the literature

as we further develope the subject.

7
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2. Guidance Documents

The following statement of concern contained in an

r~eriorandwn from the Office of the Secretary of Defense in

197LI~ characterizes the increased emphasis on the part of DoD

on the solution to the ‘~roblems of increasing software coat ,

schedule slippages an-i technical reliability that many weapon

system acquisitions are encountering.

• The sharply rising costs of software programs in
• the weapon system acquisition process, with respect

to acquisition procedures, develop~nent and tnainten-ance of such software, and the increasing importance
• of the software role in the overall mission effect-

iveness of Department of Defense (DOD) weapon systems
constitutes serious technical and management problems
that must be solved if we are to have the weapon
systems that are needed for national security (lOsi)

Many of the management arid technical problems associated

with the acquisition of weapon system software arise from the

attempt to use hardware acquisition techniques and guidance

S documents. The Department of Defense and Service Components

have many policies and procedures and related documentation
• (Directives, Instructions, Standards, etc.) that are concerned

with hardware acquisition. Very few of these de~il with

• computer software ac~1uisitjon and even fewer deal with

embedded computer software. In recent years there has been

a trend to treat Automatic Data Processing (ADP) separately

from Embedded Computer System (ECS). This is a step in the

right direction in that a basic difference exists in the two

areas. In ADP the product is a computing system and the

8
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associated programming. In ECS the software product is often

difficult to define , or evaluate for th-~t matter , except in

terms of the weapon system in which it resides.

The OSD r’emorandum referenced above established a joint

DoD/Service Software Steering Committee with an objective to

determine methods to reduce and control software costs and

improve software reliability , standardization and maintain-

ability. The initial t~’sk of the committee was to oversee

software management stud ies by the Applied Physics Laborator~r

of John Hopkins University (APL/J~-iU) and the Mitre Corporation.

Each was to conduct separate , but coordinated , four month

studies to identify and define s

1. the nature of the critical software problems
facing the DoD,

2. the rrincipal factors contributing to the problems,

3. the high payoff areas and alternatives available ,

4~ and the management instru’ients and policies th~ tare needed to define and bound the funct i ons ,
responsibilities an-i mission arens of syste-” soft-
w-~re management (10:1)

The second phase of the study was an indepth stu-~y into

the critical areas identified as a result of the initial four

• month studies.

AFL/JHU conducted their study in three parts. First , ten

recent DoD sponsored studies in software management were

analyzed. Second ly, the software design and mana:er~ent approach

being em~1oyed in ten Navy and two Army Weapon Systens were

reviewed. Third ly, discussions with service and industry

S 9 
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organizations involved in software acquisition were conducted .

The findings presented in the study report included seven

categories of problem areas with recommended actions in each.

In essence the categories and recommendations are as follows

• (3i 2—l)s

a. Management Policy - Comprehensive analysis and

definition of software requirements down to the

major function level should be conducted in the

Validation Phase. Promote software visibility

in terms of configuration control items , DSARC

• reviews, design reviews and other aspects of

acquisition management. Specify that software

be designated as Configuration Items (CI) and

deliverables during Full Scale Development Phase

• including computer programs and computer data

for operational software development , support

- software and test and integration software.

b. AcQuisition Planning - Establish milestones and

achievement criteria in the Full Scale Develop-

ment Phase to ensure the proper sequence of

analysis, design, implementation, test and

integration. Require a detailed Computer System

Resource Development Plan as part of the bid

package of Full Scale Development contracts.

c. S~vstems En~ineerin~ - Establish functional segi~ents

in accordance with the operational requirements

arid conduct hardware/software trade of f’ analysis

10
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in the Validation Phase. Ensure the software

design makes provision for growth to accomm odate

uncertainties and changes in system requirements.

Specify the use of modular software architecture

and top-down design.

d. Implementation Procedures - Include in Full Scale

Development , provision for adequate modern support

tools and facilities and the transferring of same

to the Operational Support (Maintenance) Agent.

Apply highly disciplined engineering practices to

software development and require a progressive

system integration and test capability.

e. Program Management SUD’port - Require appropriate

technical staffing in the Program Manager’s

Office with experience in systems engineering

and software development. This should include

a Systems Engineering Agent and a Software

Operational Support Agent.

f. Acquisition Management Standards - Establish a

• set of requirements and criteria to be apnlied

in the acquisition and support of weapon system

computer resources by all services and prepare

a series of handbooks and guides covering

important aspects of software acquisition.

g. Development of Tools and Techniques - Support

the development of software test and validation

11
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tools to reduce the cost and time involved in

software verification.

The Mitre study resulted in the identifica-

tion of four high payoff areas in the software

acquisition process in which corrective actions

should be taken (13*1)

a. Software Performance Soecification -

Establishment and consistent application of

engineering principals/practices to the

process of specifying and validation soft-

ware requirements.

b. Software Acquisition Planning - Early and

• complete software life cycle planning and

establishment and application of management

practices/strategies specifically for soft-

ware.

c. Software Technology - High leverage technology

programs needed to further improve software

practices and techniques.

d. Personnel - Provision for knowledgeable and

experienced DoD software management and

software engineering personnel.

In addition to the two reports described above there have

been many similiar studies undertaken at all levels in the

Department of Defense, Joint Logistics Commanders, Service

Components and Industry. Department of Defense Directive

12
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5C00.29 of April 1976 is the result of the DoD Software

steering Committee actions and reconimend a+ions. Some of the

major areas addre~sed are (8);

* Vafldation of computer resource requirements ,
including software , interface control and
integration methodology definition will be
conducted during the Concert end Validation
Phases, prior to DSARC II

* Computer software will be specified and treated
as configuration items.

* A computer resource plan will be developed prior
— 

to DSARC II and will be maintained throughout the
life.

* Support items required to develop and maintain
computer resources will be specified as deliver-
able .

* Milestone definition and attainment criteria that
applies to system and support software will be
utilized through out the development.

* DoD approved High Order Programming Languages
(HOL) will be used to develop Defense system
software.

In addition , the DoD Software Steering Committee estab-

lished the DoD Defense System Software Management Program whose

objective iss

to devise and carry out a comprehensive and integrated
• solution to the problem of embedded comr’uter system

resource acquisi tion, management and use, ( 5)

Specific elements of the objective are (1) to establish

engineering discipline and rigor, (7 )  to promote manacerient

visibility, (3) to improve cost and schedule control, (L! )  to

determine the best methods for improving software quality ( 5 ) .

Cn 16, 1? June 1976 , the Defense Systems Management Collepe

& __ _ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~



(DSMC) conducted a workshop on the management of software

acquisition for embedded computer systems. The workshop

focused on management issues encountered at the program

manager level. Representatives from all services and OSD

were in attendance and their background and current involve-

ments provided user, developer and logistician insights

into the discussions and issues. The findings and recominenda—

tions of the workshop can be summarized as follows (7 )

* Lack of discipline in specifying and validating

requirements.

Require comprehensive analyses of system

requirements and defined software performance

specification prior tc Full Scale Development.

* Delay in the development of support software

leads to delay in the operational readiness of

embedded computer system.

Include individuals knowledgeable of software

subsystems in higher level budget reviews ,

specifically in areas involving training

requirements, software maintenance, configura-

- 

tion control and system to system integration.

* Increased use of embedded computer systems in

defense systems in creating new post deployment

software support problem .

Recognize the sizeable investment needed for

the support of defense systems incorporating

‘Li.
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embedded computer system , particularly the

need for centralized support facilities for

systems that are operationally integrated .

* There is a shortage of software engineers in the

military end civil service.

Establish appropriate specialty codes for

software engineers and develcp paths and

incentives to attract and retain software

engineers.

* There are many documentation standards for soft-

ware within DoD.

The Joint Logistics Commanders ’ Software

• Reliability Work Group should undertake the

development of a DoD standard for software

- 
documentation.

3. Software Development Phases

Computer software development can be grouped into definite

sequential phases which occur at least once , but in the usual

case will be repeated many times in a System life cycle as

major changes in system requirements occur. This dynamic

environment seems to be a reality and if software development

- • is going to be successful in terms of’ cost, schedule and

performance, it must be dealt with in the management process

of software acquisition. This does not mean that change

should be accepted without challenge but rather that flexibil-

15
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ity should be designed into the software acquisition process.

We cannot stop the dynamic nature of weapon systems that are

built on the leading edge of technology and we cannot deny

that one of the underlying attributes of computer software is

its flexibility. However, this realization must be made at

the outset in order that a responsive software development

can be envisioned and implemented .

• 3.1 Recuirements Definition

This phase of software development is probably the number

one culprit that adversly affects the cost, schedule and

• performance of a computer program development. The ability to

• specify the requirements of a software element in a weapon

system has been lacking. It is the opinion of the author that

two major factors are responsible for this deficiency. First,

the prime attribute of computer software, flexibility , has

given cause to such opinions asi let’s allocate this function

to a computer program and we can define it later. After all,

• a computer can be programmed to do most anything. That last

statement is probably true but you may not be willing or able

to pay the price in terms of cost and schedule. The subset of

this argument is the approach often taken which is to get the

program working and document later. This should be cause for

administering a fate worse than death , Ic , providing support

for somebody else ’s un-documented computer program.

The second factor which relates to the inability to

16
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accurately specify the requirements of a computer program is

the reluctance to utilize the software experts in the

definition process . This should be a ground rule for the

staffing requirement of a PMO involved in a weapon system

making use of computer programs. By software experts , we are

talking in terms of both operationa l and support functions.

This would include the facilities , tactic~ l pro~-rams , simula-

tion programs, test programs and procedures and the software

support activity . Only through direct involvement in the

requirements definition phase can these types of experts map

realistic approaches to an efficient software development.

• The software functiona l requirements should be derived through

analysis and tradeoffs of the operational requirements for

the system or modification to the system. Requirements should

be formulated from the analysis in terms of defining preferred

configuration and design approaches as part of the systems

- engineering process. This software requirements baseline is

normally identified and controlled as a Program Performance

Specifica tion (PPS) which is submitted for approval at the

Preliminary Design Review (PDR).

3.2 Program Design

Followin g approval of the PPS, the next phase of the

software development is the development of a design approach

based on mathematical models , functional flow charts and

supportive analysis and testing at several levels. In essence ,
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the ‘rogram architecture ~rid test requirements should be

formulated . A llocation of functions to modules or subpro~ rams

and associated interface requirements are established in this

phase, Testing methodology should be established that is

sufficient to ensure successful attainment of performance at

various levels of design completion. In his book “Techniques

• of Program Structure and Design” , Mr. Edward Yourd on effective-

• ly relates the interdependance of the various functions of

program development . Although primarily addressed to the AD?

- world , the basic program development considerations discu ssed

in the book apply equally as well to e~rbedded weapon system

computer r~rograms. In regard s to program design and the

effect on subsequent phases of program development ,

--—the most logical way , and in some cases, the only

• way , to make a program easy to test , easy to maintain ,

easy to upgrade , and easy for someone else to take over

is to keep it simrle and straight-forward (l5s27)

- At this point , decisions must be made concerning the software

design at~rroach ; ie, top— down , bottom-up, top-down design/

• bottom—up implementation , etc . This decision does not appear

to be critical in terms of implementation success but is

critical in terms of t~ st philosophy . ‘~~tin~ that will occ ur

at bath the module lev’31 -and system level will necessarily

iepen~ on the design a pproach and syst~ i reluire lents. The

results of the ~esign phase is normally the Progra~ Design
• SrecYir a~ ion (PDS) which Is sub~iitta 1 for review ~nd approval

la

~ IL~~ — -~~~ -- -— ---••-•-- —-- •--— • --•- -----• . -• - - - - - - - - — —• ----• ---- • — • --- - — - - - • — -•- -•-



-- -
~ --~ •~ • -  -

~~~~~~~~~~~~~~~ • •~~~- • - • ~~~~~---• - - - - - •  -— ~~~~~~~~----•~~~~~~~~~~ 

at the Critical Design Revi~w (CDR).

3. 3 Im~1e~entation

Following approval of the PDS , the number crunching

activity occurs which converts the perfor~nance and design

- requirements of the PPS and the PDS into working code. ~~ny

~spects of im plementation could and should be discussed in

connection with the total software acquisition process . In

the interest of scope , only some of the more pre dominant

consid er-~tion will be addressed in this paper. The first five

words of this paragraph should b~ held near and dear to the

heart. Never st-srt coding until design has been defined arid

approved . There has been progress mad e in this respect in

recent years but it is still the number one consideration to

successful implementation. Never turn a room full of black-art

practitioners loose to work their magic until everyone knows

what is to be lone and what is not to be d one. Use higher

order languages (HOL) when practical. The reasons for this

si-~ply st~ te~ ‘re ; (1) HOL are easier to implement than

~ ;~mbly lan ; -~~ç~s, (2) the resultant program is si~.r~ h e r  to

te3 , (~~) ~ r?3~ ltint z~rogram is easier to change and (ii. )

~he ~ranqf~~ -~~i1i;.’ o~
’ the ~rogratn is maximized, Often i-{OL

~~~~ 
- e~ ”i - ien t than assei~bly language in term s of core 

- •

~~~ ir- -r~ s, ~ ~n hi. -~ht of the relatively high cost of

g• ar4 ’ ri~ f - ~ ire ~~~~~ coipare .i to computer hardware , it

~~~~ ~~~~ 3 C”~ ~ ~~~~ective tradeoff.

19
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The application of structured programming techniques in

recent years has gone a long way in bringing the imp lementation

phase out of the black—art arena. The literature now contains

structured programming material and should be given serious

attention . Mr. Yourdon devotes an entire chapter to the theory

• and techniques of structured programming.

---the notion of structured programming is a
philosophy of writing programs according to a set
of rigid rules in order to decrease testing problems,
increase productivity, and increase the readability

- -. of the resulting program . The primary technique of
• structured programming is the elimination of the

GO-TO statement and its replacement with a number
of other well-structured branching and control
statements. ( l 5 2 l L ~~)

One must he careful not to let the pendulum swing too far

in the opposite direction. There is probably some mid—stream

approach between the un-disciplined black-art approach and the

disciplined structured programming approach that will win out

in the end. Given the choice of the two, the structured

programming arproach seems to more closely fit the total

acluisition process from a technical and management point of

view.

During the implementation phase, the Program Description

Document (PDD) and Da ta Base Document (DBD) are generated

which provide disclosure of the program design and implement-

ation, In add ition, the test procedures and results of the

module testing (debugging) should be documented and retained

for historical reasons. During this phase , module integration

and system integration Test Plans and Procedures (TPF ) should

20
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be generated .

• 3.4 Module Integration

Up to th i s  point  t e s t ing  of the imp lementa t ion  and design

ha~ been primarly an individual process involving the person

directly responsible for generating the code. The modules

wil l  have been debugged to insure proper implementat ion of the

design intent. This often involves the use of static test

generators which allows the programmer to ascertain that for a

predefined set of data , the module is capable of provid ing an

• expected response. In the nodule integration phase , the

emphasis is on combining individual modules into larger and

larger program elements. At this point, testing should be

accomplished in accordance with an approved TPP and should be

conducted by a group or person whose primary function is test.

The individual completed program modules would have been placed

under configuration control and any changes to the implements—

tion or -desi gn of an individual module would be considered in

terms of system impact. This is a crucial phase in the program

development cycle. Any program errors (bugs) that survive past

this point will be more difficult to find and correct in the

future. Therefore , we must recognize the necessity of extens-

ively verifying proper program operation before it is made part

of an integrated hardware and software environment. Obviously

we cannot be completely certain of program operation until it

is tested with the total system but all possible risks should

21
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be minimized . Mr. Yourd on makes the observation ,

from a philosophical point of view , you must
remember that if you write a program so clever ,
so in t r ica te , and so complicated th at only you
can understand it , then the program is worthless ;
if your program makes use of undocumented , esoteric
features of the (computer) hardware , it is worthless;
if your program is not commented and documented , it
is worthless. All of these practices lead to a
worthless program because they make it much more
difficult to test. As a result , the program becomes
unnecessarily expensive in terms of time and m oney.
( l 5 ~ 8 )

3, 5  System Integration

In the system integration phase the computer program is

tested as an integral part of the total system. This is

normally a progressive process involving different levels of

functional performance. In a weapon sys~eri development this

should be a highly structured procedure in which the functional

allocations resulting from the system engineering process

establish the testing criteria. During this phase the computer

program will tend to lose its identity as it becomes an embedded

part of the weapon system . This is a natural occurrence and

shou ld be recognize d as such. Tests should be designed to

ver i fy  system performance th at inc lu des all the functions

that have been allocated to computer programs and hardware.

In cases where actual system hardware is not available ,

si~”u1ations are often used to complete the system environment.

In addition , systems utilizing comruter programs have the

inherent capability of extracting critical data parameters

that can be used for evaluating system performance. Data

22



reduction rrograms are required to convert the extrac ted data

into a meaningful form for analysis. These types of support

programs should be managed and developed throughout the

acquisition cycle as deliverable items of the system . They

will also be required in the software support phase and

therefore should be fully documented and certified . Consider-

ation of support software should be made early in the

acquisition process , which is often not done due to fiscal and

• schedule constraints. In analogy to hardware , it would be

unthinkable to field a missile launcher without providing

the necessary support equipment to maintain it.

3.6 SuppQrt

The final phase in the software development cycle is

most often termed computer program maintenance. This appears

to be a carry through from hardware technology. Unlike

hardware , a digital computer program does not break and it

does not degrade and if it ever worked it will continue to

work for a given set of requirements. For this reason, the

• final phase would more accurately be described as the support

phase. During this period the bugs that survived the module

and system integration phases start to come out. Therefore

one -activity of this phase is the removal of program errors

that evaded the earlier testing. Second ly, the probability

of require-’ents remaining constant throughout the life of a

weapon system is zero. Therefore the capability to modify

23
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the computer programs to meet the new requirements must be

retained . The two types of activities mentioned above are

not a complete discription of the support phase but do point

out the need for managing and developing support software as

deliverable items.

The six phase software development cycle described above

is based on the author ’s experience and study. It is not

presented as the one and only way to develop software, it

does provide a reasonable approach to the development of

embedded computer programs for the weapon system. In genera l,

the first two phases of requirements definition and program

design should represent about 40% of the total development

effor t  when the fina l phase of support is excluded based on

its continuing nature, Implementation , which inc ludes the

coding and debugging of individual modules , would represent

about 2~D~ of the total effort and the module and system

integration represents the remaining 4O~. In an even more

general sense, the software cycle can be c o r r e l— t e d  to the

weapon system acquisition cycle. The requirements definition

and program design phases would normally occur in the Conceptual

• and Validation phases of weapon system acquisition . In most

cases however , the Validation phase will demonstrate the

feasibility of a system design through actual implementation

of intermediate levels of hardware and software configurations.

In such cases , some portions of the first five software

development phases will occur. This can be considered as a
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subset or advanced deveaopment of the total system develop-

ment. During the Full Scale Development phase the implementa-

tion, module integration and system integrations activities

would occur. -This leads to a complete validation of the

software that is to be part of the system.

In addition to the software development cycle discussed

above , various other approaches can be found in the literature .

In Philip Metzger ’s book ,”Managing a Programming Project’ a

six phase process is described (ii)

Definition — a project plan is written and the technical
problem is defined ; solutions are deferred .

• Design - a design document is written which describes
• art acceptable solution to the problem .

Programming - build and test a program system according
to the solution.

System Test - separate group test the program in a
“live” environment.

Acceptance - finished program system , including
documentation , is demonstrated to the customer, and
tested against acceptance criteria mutually agreed to
earlier in the development process.

Installation and Operation - programs are introduced
and tested on customer ’s equipment in the ultimate
operating environment.

Mr. Metzger provides a thorough development of all aspects

of computer programming and software management and is highly

recommended for all software managers.

Li , Software Costs

The concern that has been expressed in recent years at
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all levels of DoD in regards to software developTnent costs have

probably been based more on estimate errors than on cost-

effectiveness issues. Cost estimating for software develop-

merit is a subject deserving of an in-depth treatment and will

be addressed in this paper in a general manner. For additional

information on the subject the reader is referred to Defense

- Systems Management School study reports prepared l y A. W.

Andres (2) and R. A. Findley (9 ) .

Cost estimate errors in software development progrars

appear to be directly related to the management approach. It

has only been in recent years that adequate attention has been

directed to software acquisition. As a result we have been

moving along tha learning curve and paying our dues in cost ,

schedule and performance. Several major factors that have

negatively influenced the accuracy of cost estimates are also

the targets of the management improvement efforts. Of prime
- import~nce is the definition of requirements for computer

programs . We must achieve the ability to accurately specify

software requirements if we ever hope to accurately assess

costs, These requirements must includ e the tactical or

operational functions, the support software functions ,

documentation and facilities. Application of system engineer-

ing concepts and software expertise in the early concept

formulation of software requirements is one method of i’rproving

this ability. All aspects of software de velc pm ent  must be

considered when arriving at cost estimates.
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Once requirements have been defined , complete and detailed

planning must follow which establishes the methodology of

imp lementing a design which will meet the requirements.

Proper generation of the Program Performance Specification

(FPS), arid Program Design Specification (PDS) and Test Plans

and Procedures (IPP ) will identify the scope of the tasks to

be accomplished. From this point further planning should

occur in the form of Work Breakd own Structures (WBS), Network

Diagrams and Flow Charts which identify the tasks to be

accomplished in individual definable units which can he

accurately scheduled and priced . In general an experienced

programming organization can make accurate estimates on

definable segments of code. The real problem lies in arriving

at that level of definition and holding it constant.

Two forms of cost estimating will normally be required .

In the initial requirements formulation period , historical

analogies will serve a~ the data base for making estimates.

These are the estimates that have been most prone to error

due to the lack of corporate memory resulting from the short

• history of weapon system software management. As we improve

our management techniques , our cost data bnse should improve .

The management approach must be disciplined to account for

all aspects of software development , especially in the support

program s and documentation areas. Second ly , the inherent

flexibility of software must be prudentially applied . If

functions ~re planned in the earlier periods that are allocated

27
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to sof tware f l e x i b i l i t y, the cost estimates are sure to

suffer.

The second form of cost estimating which should be

applied in development process is based on detailed breakout

of software tasks. Once this level of definition is achieved

through WES and the like, accurate estimates can be achieved .

I
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SECTION III

SOFTWARE MANAGEMENT IN A MAJOR NAVY AC~ U1SITION (AEGIS)

1. Prelude

Up to this point in the report , the intent has been to

examine the current trends in computer program management

based on an analysis of related publica~ ioris and the author ’s

experience. In this section we will focus our attention on a

• real world application of computer program management in a

ma jor weapon system acquisition. No attempt will be made to

provide an exhaustive analysis of the management approach or

the technical design considerations incorporated in the weapon

system acauisition . Instead our attention will be directed

toward understanding the computer program management concepts

that are being employed . The choice of the AEGIS Weapon

System for this exercise was based on the currency and

complexity of the computer program contribution to the total

• - integrated weapon system .

• The information contained in this section has been

compiled from the AEGIS Combat System Computer Program

Development Plan (1), the Applied Physics Laboratory , John

Hopkins University DoD Weapon Systems Software Management

Study, (3 & 4) and through interviews conducted with personnel

in the AEGIS Program Manager Office (Pr.~S-4O3) and in the AEGIS

Lead Laboratory Office (Naval Surface Weapons Center , Dahlgren
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Labora tory) .

2. System Description

The AEGIS Weapon System is an integrated shipboard

de tec t ion , command and weapon control system that is being

designed for installation in a wide variety of ship classes.

I t  is a fas t - reac t ion, high performance Weapon System engineer-

-
• 

ed to provide the Fleet with a wide area surface-to-air and

surface-to-surface defense through the 1980’s and beyond .

Wher , used with long range surface-to-surface and extended

range surface-to—air missiles the system will provide the

Navy with a major offensive surface strike capability .

An AEGIS ship Combat System , of which the AEGIS Weapon

System in an integra l part , consists of twenty-three separate

elements , ten of which recuire com puter programs . The major

elements of the AEGIS Weapon Syste”’ include a multifunction

phase-phase array Radar System (AN/ SPY-lA) ,  Weapon Control

System (WCS Mark 1), Fire Control System (FCS Mark 99), Command

arid Decision System (C&D Mark 1), Operat iona l Readiness  Test

System (ORTS Mark 1), Guided Missile Launching System (Mark 26),

and the Standard Missile—Medium Range (SM-2/MR). The first

five of these  e lements  contain  embedded computer programs

whtch ~re hein~ d eveloped by the AEGIS Weapon System prime

ccntr~ctor with participating sub-contr~ctors. Comruter

pro~rams for the elements outside of the AEGIS Weapon System

30
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are being developed separately by Navy Acquis i t ion Managers

(NA~ ’s). All embedded computer programs will be integrated

into the Combat System by the AEGIS Weapon System prime

contractor.

The AEGIS system is fully automated and inc ludes the

latest Naval Tactical Data System (NTDS) and makes wide use

of the standard AN/UYK-7 and AN/UYK-20 digital computers.

Modular  system design was emp loyed which is adaptable to a

variety of ship hulls. System development inc ludes the

construction of two Engineering Development Models (EDI- ‘s)

prior to implementation in the first operational ship. The

first ED~:. has been completed and is currently aboard USS NORTOI~
SOUND. It is a limited performance system intended to provide

verific~ tion of critical AEGIS capabilities . The second EDM ,

which represents a proto-type of the operational system , will

be installed and tested in a landbased Combat 5ystem Engineer-

ing Development Site (CSEDS). The purpose is to provide

verification of system engineering , interfaces , ship design

• support , and operationa l computer pro~ramrning.

Computationa l requirements in the AEGIS Weapon System are

complex and critical to system performance. The Radar System

which conducts area search , automatic target detection and

tracking, and provides midcourse guidance communic~ tion with

the S-~2 missile , is controlled by a four—bay , memory-shared

suite of AN/UYK-7 computers consisting of 256,000 , 32 bit

m e—cry loc-’tions . An identical AN/UYK-7 computer configuration
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• is used in the C~.D System to provide tactic~ l decision

support , multisensor data correlation arid m~•na~ Ement , air

• intercept control , data link with other units and various

disrlay control functions. A third identical AN/UYK-7 ccmputer

suite is employed in the WCS for weapon assignment and

scheduling. In addition to the above mentioned AN/UYK-7

computers  there are also severa l of the smaller scaled standard

AN / UY K— 2 0 computers used throughout  the  System . Computer

pro~rravn a that are being-’- -leveloped fall into one of three broa—~

categor ies .  Operat ional  Programs consist  of the Radar -  Sy ster~,

~CS , FCS , C&D , 0i~TS and Training proc’rams . The Executive

Program category contain the AEGIS Tactic~-l Executive System

(A:E S) and the Standard Executive for the AN/UYK-20 (SDEX/20).

The third category contain a host of Support Programs such as

the standard Compiler Monitor System (CMS-2), A~G1S Development

Operating System (ADOS), Interface Simulator System (Iss) and

• the AEGIS Data Reduc t ion  (AJAR )  pro c~rn rr .

In a system such as AEGIS , the above d e s c r i p t i o n  is at

best the tip of the ice-berg in regards to tha considerations

that are being addressed by the computer pro :rram mana~ ement

function . The view held by the P~ office tha t computer

program development will be managed as an integra l part of the

system as opposed to a separ~ te entity and the following

realizat ion found in the AEGIS Combat System Computer Froor-a~,

Development Plan in essenc e sums the approach ~e~ n -  t a k e n ;
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It is fully recogni7ed that a development program of
this magni tud e and comp lexity cannot be undertaken
w i t h o u t  ass uming some inherent r isk.  The object ive
of this plan is to structure a djscipli:iel ~~orderly pr~ egra~i that will reveal problems sufficient-ly early to caini-~ize long—term risk. Fart of this
plan include~s The build—a—Little , Test— a—Little ,
In tegra te— a-Li t t l e  concept to asaurt~ a•m orde rly ,
e f f i c i e n t  comp uter  prugra~ development and integration
rroceas (1s5)

In discussions with the PMO , it was point~~ out that specified

Reaction Time in the Anti—Aircraft Narfare ( AA ~~) mod e is the

overwhelming and dominant requirement that drives all parts of

the computer proErarn development.

3. S~ stea Acquisition h1s±o~~

The Advanced Surface ~issile Gystem was born in concert

i.n 1963. Jesign, development and demonstration of essential

elements of the multifunction array radar were accomplished

by APL/JHU and provided a firm basis for full Scale Develop-

ment of the radar. In ArrL l of 1968, the Secretary of Defense

signed Develooment Concept Paper 16 which resdited in DS~~~C I

approval ~or initiation of Contract Definition. In 1969, ~CA

was awarde-1 a contract for the Engineering Development of the

AEGIS ~earon System . DSARC II approval Nas  obtained in June

197L~ which supported ac’~uis~tion of the ASGIS System . As

notad in the APL study, early consideration was given t o

computar progra~ ~eve1opments

During tb e Ln~ tia 1 engineering phase , program dec~ sians
were mad e to develop a functionally modular co~puterpro~ra~ and provide a Tactical Executive Proc-ram
structured far AEGIS. The specific~tions and plannin~
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reflected strong ei~rthasis on the software acquisition
‘~rocurements (4j6—2)

Lj~ Computer Progran Jefinition, Design and Im~ 1ementation

4.1 Definition

Vission requirem ents contained in the Developm ent Concept

Paper (DC?), Tactical Operational Requirements ( TOR ) and the

Top Level Requirements (TLR) are translated into specific

performance reo uirements for the AEGIS System and are document-

ed in the AEGIS System Specification . The first stage of

Functional Allocation , which relates to comput er program

development , is the generat ion of the prime system e lements

spec i f ica t ions. Fur ther  Functional  Al locat ion occurs as the

mr ime  ayste -i e lements requi rements  are allocated to the

specific equipment and pro~rram subsystems constituting each

syste~ element . ~IL— 3rD—49O (12), au~ nented by SECNA VII\ST

‘3560.1(14) for the computer program specifications , governs

the hierarchy and form a~ of specifications which document tce

total ays;ern design .

A tool -developed in the AEGIS Project for the allocation

of system-level function to subsystems is the Functional Flow

Dia~ ra ns and Jescrirtions (F2D2). Documents are produced

under the F2D2 process at the syste~ level by functional

analysts  wi th  the support of cy S~~ e 1 d e s i gners .  In the AFL/J1-1U

study the F2D2 process -~‘~ s described as followsi

-
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It translates the requirements of 4he AIGIS Weapon
Sy ste-~’ i n to  h ie ra rch ical ly ordered f unct ional  block
diagrams am! associated textual descriptions at
every level of system operation . Inputs to each block
and their sourc e~ are identified aa are outputs and
their dest~nations. Reiuired functions are indicated
and , at lower levels , alloc ated appropriately to
computer  programs , equipment i tems , or operator
Stations . At every level , traceability is provided
to higher an-I lower levels. At the lower , more
detailed levels , direct reference is made to specific
paragraphs within specification and/or design
documents. This enables a comp lete system audit by
making all functions tracable to approved documentation
and all documentat ion  tracable to allocated funct ions .
(4~6- 5o)

The definition of the computer program requira-cents

beg ins at ~he Tier 2 level of the F
2D2 which def ines  the

individual element requirements and the element-to—element

functiona l interfaces. Inherent to -this comprehensive system

engineering approach is the early consideration of computer

program development am -an embedded part of the sys tem develop-

ment . As funct ions  are allocated to e i ther  equipment  or

computer  program s at t he system elem ent leve l, emuipment/

program tradeoffs are of major concern.

Once the system e lements funct ions  have been a l located to

a computer  program , th~ definition of’ the per fromance r equ i r e—

ments  for  the program drive the generat ion  of the Computer

Program Performance Specification (PPS) for  the e l em en t .  The

PPS is gener~’ted by the sys t~ ms engineering a c t i v i t y  wi th

assistance from the pro~ramrning activity. Further development

of th~ F
2D2 to the Tier 3 leve l provides fu r the r  d e f i n i t i o n
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of the function allocation to a level sufficient for detailed

program design . Various t radeof f  studies and supporting

analysis are conducted at this point to demonstrate the

feasibility of achieving the required performance with a given

design approach. This material along with the preliminary FF5

is presented to the Navy for a Preliminary Design Review (PDR)

of the element comruter  program . Approva l of the PPS estab-

lishes the allocated baseline for the computer program

performance and is the basis for  fu r the r  development of the

comruter  program .

4.2 Design

At this point, program functions are allocated to sub-

levels in the pro~ram. Functional description of the modul e s ,

module interfaces, core and timing estimates , program control

logic and other considerations of the c omputer program

architecture form the basis for generation of the Computer

Proera.m Design Specification (PDS). Following an iterative

refinement process , a draft version of the PDS is reviewed at

a Prel iminary Cr i t ica l  Desien Review ( PCDR) .  Comp leting this

milestone in the computer program development process starts

the generation of the fina l PDS and the Build process. This

activity is characterized by the generation of the prel iminary

Program Description Document (PDD) and the Data Base Design

(DBD ) an-i the Build In-Progress Review (IPR’s). The term
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Build ref ers to a partial or complete computer  program that

can execute several or al l  computer pro~ram functions.

Proces sing wi th in Build s wh ich are not available is simulated

with core and time stubs in order to maintain realism in the

operational environment. As Build s are coded and tested , they

become part of a more encompassinR Build and eventually part

of the total program . Following the Build IPR , the program

Build is released f or code and tes t .  Throughout the de f in i t ion

and design process , interfaces between the computer pro rc-ns

and equipment are control via computer  progr am interface

documentation.

Since operational functions and modules do not always

relate d irectly, a top—down design technique has been used

that involves the use of System Verification Diagrams (SVD)

and threads.

SVD ’s illustrate the inputs, cond itions , tasks , and
outputs c onsti tuting an e lement computer program
functional allocation. SVD ’s may be developed
first at the most general level. Subsequent

- • ~rogressive analysis furnish the more det-~iled
(subfunct ion ) levels unt i l  each SVD represents
a group of related tasks in terms of computer
program logic (algorithm , procedures , decisions ,
etc). Each such task is then represented as a
thread , which represents a flow of data through
various procems steps from stimulus through response.
( 1:3-9)

A major characteristic of the above d es ign approac h is its

supportive nature to the verification an-I validation of the

Computer program as an integral component of a system element.
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In addition it provides a ready means of evaluating the impact

of change in system or element requirements .  The Cri t ical

Design Review (CDR) marks the formal review and approval of

the Computer Program Design Specification (PDS) which represents

the a l located  program desi gn baseline .

4.3 Implementation

Once the Build IPR has been completed the partial

subprograms which constitute the Build are released for coding

which utilizes the CMS-2 Higher Ordered Language (HaL) and

structured programming techniques. Builds have been designed

to segment the programs into mana geable sized tasks which

represent a def ined low-level subfunction. As coding and

test ing progresses , the Build s are linked toge ther with

additional subprograms to perform major functions associated

with an element. The Build evolution is functionally defined

to establish an orderly growth in capability which eventually

interfaces with other elements of the system . The build and

test  process has been an effective approach in identifying

an-i correcting coding errors in the early stages of program

development .

5. Comruter  Program Mana~r ement

5.1 Organizat ion

The management function of the computer program develop-
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ment in the AEGIS System is performed by the Program ~iana~ er

Office (PMS-’403) and the prime contractor (RCA) for the

system development as depicited in Figure 1. Support is

provided to the PMO by various other Navy and industrial

organizations. In addition to the Defense Contract Administra-

tion Services (DCAS) Office, the PMO maintains a Technical

Representat ive  Of f ice  at the prime contractor ’s facility.

Com ruter system specialists are included in the PMO staff and

at the contractor ’s facility as part of the Technical

Representative Office in an effort to focus expert attention

on the computer program development throughout the system

acquisi t ion process. As noted in P10 interviews, the emphasis

is placed on developing computer programs as an integral part

of the total system development. In AEGIS this concept is

of particular importance in light of the extensive use made

- - of comruter  proarams in meet ing  the mission requirements .

Within the prime contractor organization there has been

established a multid isciplined computer program development

team consisting primarily of Navy and contractor ‘management ,

system engineering, design activities , test and evaluation

and subcontractor management. The AEGIS Combat System require-

‘nents are established by the Combat System Development Group.

Computer program management, which is under control of a

centralized office , controls budget, funding , definition ,

design , coding, test , integration , configuration management,

a centralized Program Generation Center (PGC), a Computer

~39
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RCA AEGIS
PROGRAJV !
MANAGER

COMBAT SYSTEM QUALITY
DEVELOP~P1ENT ASSURANCE

FI~ J?.~E 1. AEGIS CO~FUTER PROG RAM DEVELO Pr~~r’~T TEAM
~R’ kNIZkTION (1i2—2 )
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Program Test Site (CPTS ) and the Central Computer Program

Library (CCPL). Additional com”’~nts concerning the F”C , CPTS

and CCPL will be made later in this report.

5.2 Design Review Frocess

As in the managem ent of any activity it is necessary to

est2blish methods and procedures , standard ization and feedback

systems that are capable of accurately monitoring the status

of the development process. In AEGIS a variety of manageraent

tools has been en~ 1cyed to provide control of the computer

program develcprnent procems. Emphasis has been placed on the

• definition of computer pro~rams as deliverable configuration

items and the documentatic-n of this definition by a set of

uniform specifications . Remuirement~ contained therein form

the basis for formal technical reviews and subsequent test

planning documentation and testing. AEGIS uses technical

reviews, Preli”-inary Design Reviews (PDR), Critical Design

- Reviews (CDR) and Configuration Audit Reviews (CA~ ) for base-

line man agement and contractual ‘-iles tc-nes,

The PDR is used as a vehicle wherein all participating

activities, especially the Navy, review and approve the

Computer Pro~ra” Performance Specifications (FFS) that are

written in accord2nce with SEC~ AVI \ST 356n .l (c ) .  Reviewers

include the PMO , users , syste”~ en :~nf~erin~ activitie s E n d

d~ stgn activities. At FDR , the preli---~nm ry lemign concepts
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are reviewed to assure that performance requirements can be

met within the constraints of the equipment and environment

and that the computer program performance matches the perform-

ance levied by the item specification for the elements. The

output of the PDR process is the final draft of the PPS. It

should be noted that the computer program functional allo-

cations are derived from the prime item specif ica t ion of the

element and that the first dra ft of the PPS is generated by

system eng ineeriri~ . During the PDR process , numerous In-

Progress Reviews (IPR ) are held and post PDR c onferences serve

to resolve all questions concerning the performance require-

ments as reflected in the PPS.

CDR serves as the vehicle for review and approval of the

Computer Program Design Specification (PDS). The review

proces~ is basically the same aa for the PDR and results in

formal identification and approval of the specific computer

prograrv”ina- documentation that will be released for coding

~nd testing. All PDR and CDR actions are reviewed and

approved by the Executive Panel. It should be noted t h at

coding and tes t ing is not st’~rted prior to achieving the CDR I
mile stone. During the CDR process , work leading to the first

Build will st—rt.

5.3 Cost and Schedule Control

In addition to normal contractual cost reporting ,

provisions have been made in the Computer Program Development
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Off ice  -to provide detailed control and accounting for costs

associated with the computer program development. Work to be

performed is broken d own by statements of work to the imp le-

men tin~ activity and identified into Work Breakd own Structure

(WBS ) cost levels. For each WBS , ex pend i tures  are bud~,eted ,

fund ed and monitored based on scheduled and planned accomplish-

ment. Expense elements include operation and maintenance of

the FPG and CFTS as well as contr~ctor furni shed com puter

equipment .

Schedule control is accomplished with the use of computer

generated network diagrams at the project, computer program,

mult i -e lement  program and element program levels. Compatibil-

ity of connecting events and critical paths are determined by

the network generation pro~ram. Changes and updates to any

of the networks are ope~’ator actions at  an interact ive terminal .

-The network pro~-ra’-’ automatically gener~-tes alerts if schedule

problems are to be encountered as a result of the new infcrna-

t ion .

~.4 Verification and Validation

As defined by the AEGIS Combat System Computer Program

Development Plan ,

Verifica tion and validation of the AEGIS computer
programs is systematic evaluation of the specifica-
t ion imp lementat ion , and operation of th~ program
throu ghout the development cycle. (1:2-1?)

In essence the verific~ tion process determines tha t require-
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ments and specifications of e-?rlier sta~~ s in the development

proce -s have been translated properly into more det~ iled

requirements and objectives, This process involves an

iterative review ~nd revise cycle that translates system

performance requirements into the pro~ ram design requirencnts.

In enc ompasses the FDR , CDR and IPR processes and all associat—

ed documents,

Whil e ver ification ascertains that the r emui rement s have

been properly a1loc~ ted to the comruter pr~~ r ams , valida tion

demonstr-~tes that the program perform s am required in its

intended operationa l environm ent. The validation process Ia

directly related to the Build—A—Litt le , Test—A—Li ttle ,

Integrate—A—Little philosophy . As defined earlier , the Build

is a logical grouping of functions in computer prc~ ram no-~ules

or computer program elements. As part of the validation —

— process , Builds are tested at increasing levels of pro~ r-~m

reauirements and thereafter become integral parta of hi~-her

level Builds. t odule or module—part testin ,~ is conducted as

an Engineering Test & Evaluation (ET&E) using i n fo rmal

pro~ra—i~’er ~enerated test data an-i rrocedure . This type of

testing uses program drivers and the AEGIS Tactical Executive

System (AT~ 3) as -l-esl tools and are conducted in Computer

Pro~ ram Test Site (CPTS). Results an-i scenarios of these

tests are recorded in t-.e pro~-r-r~~er ’s notebnok, ~ui1d test—

in g is si~ i~ i~ r to module tea-~ ing but rerresents a validation

44

‘~ -~~~~~~~ - -.- 
~~~~ 

- _ _ _ ~_ _~~~.r~~~~~_ ~



of a more comp lete rro~r~- ’-- remuir erient, The Interface

Simulator system (1 3) pre~-’raa’~- which are certified by the

develorin~ 
m a n a ~- ers , are utilized in thr ijuild testing. As

Build testin~ and 135 development mrogresses to the element

level, a validation process called Phase II testing measures

the element comruter pro~?raP’ test results against the PPS

requirements. Ph-~se II teatin.-~- takes rl~ce in the  CP~S usin~
the ISS as the prim— t ry test tool an d is c onducted as de f ined

in the Phase II Tast iroc~ dure document which is submitted to

the Navy as- a Ccntrsctual Data Resuirements List (CDRL) Item .

The Test Procedure document defines a pass-fail criteria for

each test i ta”~ of the rraeedure . As element commut er- pam

and equimment mnte :r~~ ion progream s, nultielenent com~uter

program an-i a~ uipmem~t ara inte :-r - -t e d  at t~-e Combat Sy stem

Enzineeri n~- Development (CSED) Site.

5, 5 Configuration ~-m- -

Confi~ ur~ tion rrana -~c-’ent of t~.e element com muter pr~~r~~s

is ~‘ainY ’ined th r r u hout  th~ d av e l o m-- a n t  cyo~ c vim arp :ved

• conf ~~;u rat ion  ~m r . -~ -- -~~t rians. The leve l of contrcl exercis—

ad vm:ie: from nini-~a~ ~i~ tial co~ e m~~i a~g nerie l to

Por -~ai nfi--ur-ation Control Board (C’~u) reviewo f-el’ awing t:e

co~ -’letion of V h u — e  :1 t ’~m t i n g .  The ~F3 and P~~3 es te~~lish t i e

a r a c i f i c a t i o r  1~~ -~~lia?  far  t~ e mc :~~ a t -ar  rn’ - me :~ a

-:-~ .eh ca n ~~~ ;~u cmt i ~r I ~an-~~al. Inter-The I late corY’ i ~:ur t i :~ms ,

th-:t mel .- te t ~~~ 11 ~~~~~ , ar~ ~:-~d as werk~ u ~~~
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C m f ~~ u r m t i o n  control of the computer programs addre ses

: c o n t r o l  of t h e  ch i- o -~es tc t -~e p ro  ~r ar .  s mn ~ m ont rel of tae

omr ~~t er Pro~ r mm Conf i -~ r - ’t icn t en (~~~cI )  s c i f i c a ; i o r ~ in

r e l a t i o n  t o  e a ch  o the r  end t o  other ~ rste-e re uirenents . Tvo

tools  for  p e r f ar m i n~ t h i m  ~~. o~ t~ on h -ev e h -eon e a b l i e h o d  in

the -C e n f i - ---ur- t i on  --m~ rol Boar (cm) and me cent r - -e. l e - r au t or

Fro~ r a r e  L ih r-  ry (~~~r L ) .  Th e 0B rev iews  a n d  a p p r ov e s  c h a ~ o

F -

~ 
-~~o-~~-e end er isure e cons i s t en t  an.1 formal ly  aprrc- -r e d

a c ~~f i c m t i e r L a In a c c o r d an c e  w i t h  c o n t ra c tu a l  rei~u i r e m e nt s .

The CCPL ob jec t ive  is to control the ac’iui-~ition , ma~ et e ne r c e e

-an~i ~is -c i nc - -t i on  of arpccve-1 progran o on f igur ~r t i on s . irodram

change cont ro l  end h i a t — e r y  is m a i n t a in e d  th r ou . ’h Thn ~~~~ II

tes t ing .  Co n fi g ur at i en  cont ro l  st-~r ta when the  ~-~~ule has

been t e sted .  -a n i  açpcove -d at the  desi~ ri a c t i v i t y  1ev-el. Ther- ;-

af ter c o d in n  charcoes  c~ n only occur t h r ou ch  o f f i ci a l  an Te e lo .

- Experience on AEG S E~~—~— l shows the  m a j o r i t y  of
p r a rr an  errors  to  h~ desie-n r e l a t e d  and not coding
rela ted , w t h  the m a j o r  r o r t ion  f - - eon~ du r i n g  pro- -r e  -

t e m t i n e ~, Th~~ mu l tip l e  build appr -each a t t e m p t s  to
f ind and cor r ec t  the problems e-r r l - .- in p r o - r e - i
ieve len-een -t . ( 4 * 6 — 4 1 )  
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1. C onc lusions

The rrimary conclusion t h a t  one draws from a at u i y in

so~’t w a r e  -ej i n~’ ~e-eent i-s tha t  a v -~r ; t  a-~ ount or attention is

bei ng ir ec te d  t o W ar d  im pr o v e m e n t .  In ~eneroi the i~ preve.sente

h-’ve the co!n-~on goal of c onve rting an art  for m int o tec hnolo~~r 
-

by aralication of sound planning, implementing mad monit orird

t~ chn i - iu es .  There is an ov er r id ing  o b j e c t i v e  of seeking out

° roaThar to su°cessful software development. One eust

‘onr i ~~er ~ -e intangible nature of software to understand the

~ roh l~~os t h a t  h -eve p ta gued its mana gement . It is now real ized

t the powerfu l black art cannot be practiced in a vacuum

.~h-~n it rera~ sents moch a large contribution to the mysa ere in

which it rem idem .

This stud y has identified some cornerstone s th~t should

he considere d in sof tware  mana gem ent .

* - Respons ib i l i ty  fcr  computer  rrograms end e-euip aent

a pa r t i c u l a r  system or c ent shoul d  he

assigned to a sing le in d iv idua l .

* Inclu de systems engineerin~s and software support

conmid er - ’t io n s  In the r e eu i r eaen t~ d e f i n i t i o n  ‘~h m a e .

* Aesume a r ea l i st i c  a t~~ tude  tow-a ---d so f tware

flexibility .

L~7

-‘-o -
~~~~~- - 

- a



—.---- — —, .-- -,---- — -  -- -~-- ~~~~ -- ------,-------——- --- — -- ----- — —-----—---- — - .--———--- - -- —- -- - —- — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

* Consider support programs and facilitiem as

essen~ ial and necessary components of the raft—

ware deve lopm ent  rroce~~s .

* 3~ ecify all software required for operetion and

support a-s contr-ect deliverahl-e items.

* ~ea uire complete documentation for all de liverable

software .

* Ensure management v i s ib i l i t y  through  th e use of

a comruter  Program Deve 1ot~~ent Plan , s t ruc tured

Program Reviews and r i l e e t o n e~~. Sr-~c i f y a t t a i n -

ment c r i te r ia .

* Staff the F~C for r~e r f o r — i r ~n t - - c hn i c a l  eva l u a t i o n

of the  s o f tw °r e  d e v e l o p m en t .

* Use Top-Down design -u-i l -mc - du1 -~~- a en t r o a t i o n  fo r

program deve lopment .

* Develop the test  p 1-an in p a r a l l e l  N i t h  th~ r r -og r am

- - -desi gn. Develop tes t  proce dure m in  pa ‘-ellel  with

rro gram imp l em e n tat i  an.

* Use High Order Language ( } i L L )  and S t ruc tu red

Prograreming when possible f-er i—plere eritm ti cn .

* Perform module intee-r~ t ion  an~ system integrTtion

within a Test Grour separate from the Pro~mr -en ing

Grou m.

* Impose confi~ ur~ tion control prior to nodule

itegrition.
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2. Recommendations

In term s of specific recornr’endntions , the cornerstones

of software development listed -~bove should be app lied to any

software acquisition . They, by all means , do not represent

an exhaustive treatment of the management issue but do identify

the tyre of considerations that should be made in the develop-

ment process. The underlying theme of their use is to provide

the def ini t ion , desimn , planning, implementation and testing

re -eu irem ents  of computer  programs tha t  are embedded in a

weapon system . Each one of then cons t i tu tes  am. area in wh ich

complete s tudies  could and shou ld be made.

Severa l essent ia l  areas of so f tware  management  h -~v- not

received detailed consideration in this paper. These would

include cost control , configuration management , documentation

standard s, testing methodol o gy and operational support, it is

recommended that future D3NC study projects address these

areas in -detail .

A general recommendation that  should be made r e g a rd i n g

so f twrr e  develop-sent is akin  to f l a g  waving . Keep it s imp let

• Computer programs should be developed in an orderly and logical

manner in which each task is expressed in term -s of sim pler

tasks until unique and definable units are established which

rela te to higher level tasks through functional interface

-definitions . This establishes the environment in which  sound

-~anage~ ent t e chn iques  can be emp loyed. In es~ ence , we should

~e~ ign software to be manageable and then manage the design.

49

-

~

-

~ 

:~~~~_ ‘ ~~~~, 
-~~~~~~ . ~~~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~~~~ : 

~~~~~~~~~~- - ~~~~~~~~--‘ - -~~~~~~—



- — ~~ - ~~~~~~~~~~~~~~~~~~~~~~~

APPENDIX A

IN TERV IEW QUESTI ONNAIR E

I. Plannjn~

1. Guidance  d ocuments?

2.  Where in the  acqu i s i t i on  cycle were s/w requi rements
considered? Documented?

3. What office ~ana~~es the s/w accuisition?

4 . WBS level?

5, Cost & core estimates?

6. S/w management visibility? Monitorincs?

7 . Is one rersori in charge?

8. r i lestor ies?

II. Imr~lementatjon

1. When were spec i fica t ions  f i n a l i z e d ?

2. When did coding s tart?

3. How was 1angua~e decided on?

4. Were s t ructured programming and/or FDL used?

5. What support s/w is required? How will it be
documented? Do you have data ri rhts?

6. Is s/w a aon.f imur at ion iteia ?

III. Evaluation

1. -That is the s/w test philosophy? Top-down/Bottom-up?

2. Whit  s imulat ions  are used? Are they del ive rab l~ s?

3. What agencies are involved in the s,/w t~ s4in-?

~L • Who buys the  s/w?
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5. Will LBTS be used for  s/w testin- ’-? How?

6. What s/w Q . A .  approach is used?

7. What  is th e  m c~’e r tmn ce  c r i t e r ia?

IV. Integration

1. Who has integr~’t ion r - ’sp onsibi li ty  for  s/w and
har ware?

2. What integration documents exist?

3. Will s,’w and hardware inte~oretion inc lude operator/user int e~-ration?

V. Life Cyc le Support

1. When was LCS planned?

‘. What was the plan?

3. When did the LCS agent get involved?

4. ~hat considerations were given to maintainc ’~-ili t’-?

5. W i l l  the s/w be Service mainta inab le?

VI. General

1. Wh at  is the c onfi~ u ra t ion  control  n an?

2.  Wha t  s,/w i r m u t s  were inc luded in DSARC/ CP?

3. what is the  --d i f fe rence  in s/w and h a r d w ar e  mana ~-e~ ent
approaches?

4. What is your pos i t i on  on s/w vs hardware flexi--ility ?

5. What mercent of s/w development  cost went  to design ,
implementa tion , testing, integration and LCS?

6. What do you see as the mojor risk areas in s/w
d evelo pmen t?

A-2
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