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ABSTRACT

The purpose of this thesis is to determine how and to what extent can the

utilized in the acquisition of computer software. A review of professional literature
such as journals, periodicals, and research reports provide the background
information necessary to explain potential re relationshins between Value Engineering
(VE) and computer softwars. Surveys were submitted to all Eepmr:st,.e‘
Defense (DOD) Program Managers, U.S. Navy Systems Commands, and Defense
Contract Management Command Districts o determine how seaior DOD
management currently perceives the VE computer sofiware relationship. An
analysis of the data resulted in the following conclusions: (1) the Federal
Acquisition Regulation part 48 does apply to software, however, it was written with
an emphasis on hardware and unit cost reduction; (2) the methodologies of VE do
apply to computer software development and acquisition; (3) DOD software
acquisition policies do not effectively support the utilization of VE; and (4)
contraciing personnel and Program Managers require additional training in software
development. Value Engineering is an effective contracting tool that can offer
tremendous opportunities for Government and industry alike when used

appropriately.
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1. INTRODUCTION

A. GENERAL

The purpose of this thegis is to develop an understanding
¢of the Value Engineering program within the Department of the
Navy, to what extent it is currently being utilized, and most
importantly, how the concepts of Value BEngineering can be
applied to computer software procurements. This chapter
provides an overview addressing the potential application of
Value Engineering to computer software, the underlying issues
that have made computer software a critical management
concern, and concludes with a brief organization ¢f this
research.

8. OVERVIEW

Value Engineering originated during World War II as the
result of intense mobilization requirements and the inherent
material shortages that were experienced in order toc the meet
the tremendous demands of the United States’ war fighting
machine. To relieve the stress of material shortages,
substitute materials were utilized to the maximum extent
possible provided that the value and functional utility of the
end product were not compromised. In 1947, Lawrence Miles
developed the methodeology or philosophy which became known as
Value Bngineering. Another term known as Value Analysis is
used synonymously with Value Engineering. This research paper
will consistently use the term Value Engineering for
simplicity and clarity.

In the Department of Defense (DOD}, Value Engineering is
defined as,

a
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facilities, procedures, and supplies £for the
purpose of achieving the essential functions at the
lowest total cost, consistent with the needed
performance, reliability, quality, and
maintainability. [(Ref. 29: P.1-2]

The general term "procedures" in the definition above
lends itself to the application of software. Software
development is predominately a procedure intensive process
similar to that of a manufacturing process. Development of
both software and hardware typically uses processes which
consist of a number of structured phases. Value Engineering
is directly applicable to a manufacturing process in that any
structured process can be changed in such a way as to increase

value to both the customer and the manufacturer. The

regearcher will demonstrate throughout this paper that a
software development process can also be changed in such a way
so as to achieve additional value to the customer and software
manufacturer by applying the methodologies o¢f Value
Engineering to the softwure develcpment and acquisition
process.
At this point a definition of "value" is appropriate.

The definition of value is: (1) the worth of a thing in money

or goods at a certain time, and/or (2) the utility of an item

directly or indirectly satisfying a recognized need [Ref. 2:
P.23]. The primary emphasis of Value Engineering includes:
(1) The identification of costs as unnecessary and (2) The
decision making which will eliminate the identified
unnecesgsary cost ([Ref. 19: P.vii].

Of particular concern at the Congressional level is the
spiraling cost of computer goftware in the Department of
Defense. In the early 19808, DOD expended lesg than ten
billion dollars annually on software development and support
cost. Recently, DOD spent between $24 billion to $32 billion

anmually. Thie fioure renrasante annraximaralyv tan narcent of

the Defense budget. However, approximate aoftware
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expenditures for fiscal year 1994 have reached $42 billion. It
is estimated that Ly the yesar 2008, scftware development and
support costs will represent 20% of the Defense budget.
{Ref. 31: P .1}

RADM Robert M. Moore, while Commander of Naval
Information Systems Management Center in March 1833 defined
the importance of software by stating that,

At one time, it was the hardware that supported the
mission. Today, the hardware is rather generic,
capable of supporting any mission. It is the
scftware that provides the real functionality.
[Ref. 23: P.10]

To illustrate how sophisticated weapon systems have
become over time, a review of the amcunt of scftware cod
contained in them provides a relative indication. For
example, fighter aircraft during the Vietnam era had software
systems that contained fewer than 100,000 lines of asoftware
code. Today’'s fighter aircraft can easily contain up to six
or seven million lines of code. According to some estimates
the ballistic missile defense system or the Strategic Defense
Initiative, could have 40 million to 100 million lines of
code, [Ref. 31: P.2] Today’s weapon systems field
impressive technological capabilities that are 31l scftware
dependent to support mission requirements, However, with the
ever increasing demand for high technology weapon systems with
additional capabilities to meet and counter new and
sophisticated threats to our existing systems, the resulting
demands for software advances increase tremendously.
Unfortunately, software development for new systems can take
up to 10 years or more to develop and within that time threa-
assessments can and do change which require corresponding
changes to the software development. As a result, scftware
costs have sgiraied out of cantrel with no relifet 1:1 sight.
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identify how the met"iuuua.ug¢.€= and goals "of the Value
- Engineering program can be used to enhance the acquisition
process for computer software. '

C. RESEARCH QBJECTIVE

The purpose of this thesis is to develop an understanding
- of how the Department of the Navy manages ita Value
Engineering program with respect to computzr software
acquisition, and to what extent the methcdclogies of VE cculd
be utilized to reduce ever increasing computer goftware costs.
It is the goal of the researcher to provide the means
necessary for acquisition personnel to seriously consider
using VE methodologies as a tool to incentivize defense
contractor performance while reducing overall contract cost
and still maintain appropriate 1levels of "Value".
Furthermore, it iuw hoped that this thesis will provide readers
with the information necessary to exploit and incorporate
acquisition streamlining in all contractual applications of VE
to the maximum extent possibla.

D. RESEARCH QUERSTIONS

The primary research question is derived from the above
research objective and asks: How, and to what extent can the
Repartment of the Navy’'s Value Engineering Program be utiljzed
-

The following subsidiary research gquestion were

developed to assist in answering the primary research
question:

1. What ars the principal £eaturea of the U.S.
Navy’s VE program?

2. What is the role of the Value Engineering Change

t&UUUBGL \'5\-!‘) anu JNUw L3 LG app.u.eu LU var




3. What characteristics, if any, of computer
software acquisition are mcst pertineat to the
application of VE concep:ts?

4. How do U.S. Navy contractors and in-house
perscnnel view the concept of VE with regards to
computer scoftware acquisition?

5. What approach, if any, should the U.S. Navy use
to facilitate the application of VE/VECFs o
computer software acgquisition?

B. SCOPE OF RESEARCH

This thesis develops an understanding of the U.S. Navy’s
Value Engineering program and how it can be more successfully
applied to the procurement of computer software. This study
will apply the concepts of VE to the basic principles of
gsoftware development and acquisition. It is not within the
scope of this study to provide an indepth understanding of
software engineering and development. Furthermore, it is
assumed that the reader has a basic understanding cof
acquisition ccncepts, terminology, as well as the basics of
major weapon systems acquisition.

F. RESEARCE METHODOLOGY

The research methodology utilized in this study invoived
a comprehensive review of current literature and surveys
submitted to DOD Program Managers (PM), Defense Contract
Management Command personnel, and to personnel at the
following: Naval Air Systems Cormwand; Naval Sea Systems
Command; and Space and Naval Warfare Systems Command. The
literature research included a review of: (1} professional
journals and periodicals; (2) research reports published by
United States milicary postgraduate schools; and (3) United
States Department of Defense publications. The survey

rmmn e b= 2 o e e e = & x . - . ms
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G. CHAPTER OUTLINE

Chapter I provides an intrcducticn
a way as to construct a framework for the problems of software
acquisition. The potential application of Value Engineering
to alleviate those problems as a possible solution \is
suggested. Chapter II discusses the U.S. Navy’s current Value
Engineering Program and the application of VECPs. It also
discusses the contractual provisions as outlined in the
Federal Acquisition Regulation (FAR). An outline of various
Government authority directives as it applies to Value
Engineering is also discussed. Chapter 1III includes a
discussion of Value Engineering and its current/potential
application to software acquisition. Unique characteristics
of software acquisition are examined. An analysis of Value
Engineering methodologies is presented in terms of actual and
potential usage of the VECP in the applicatioan of computer
goftware acquisition. Chapter IV includes a discussion
regarding the challenges of acquisition regarding software in
today’'s military environment. Additionally, the current
perceptions of key acquisition/software engineering personnel
will be discussed as it applies to this study. Chapter V will
address conclusions and recommendations, provide detailed
answers to the research questions and suggest additional areas

for further research in Value Engineering and computer
software acquisition.




II. DEPARTMENT OP DEPENSE VALUE ENGINEERING

A. INTRODUCTION

To develop an understanding of Value Engineering as
currently utilized within the DOD, this chapter will first
provide a brief background outlining the origin and centcral
themes of Value Engineering. An analysis of current
regulations as it applies to Value Engineering in Federal
contracting will also be discussed in order to provide the
framework necessary to address the research questions.
Finally, this chapter will conclude with a discussion of the
most current Value Engineering issues that are affecting the
way the DOD is responding to increased defense commitments and
reduced budgets. An example of a systems type value
engineering change will be provided to demonstrats the
applicability of Value Engineering to a "system."*

B. THE BACKGROUND OF VALUE ENGINEERING

In DOD, Value Engineering applies to hardware, and
software; development, production and manufacturing
specifications; standards, contract regquirements, and other
acquigition program documentation; facilities design and
congtruction; and management or organizational systems and
processes to improve the resulting preducts. [Ref, 29] The
main objective of Value Engineering is to obtain the same
function or performance standard at the lowest cost possible.
Value BEngineering can be successful, however, if function or
utility to the end-user can be increased without absorbing
additional costs. Value can be increased by (1) improving the
utility of something with no change in cost, (2) retaining the
same ULliily LOT i1€S8 CUBT, Or (3] COMD1Ning 1improvea utility
with a decrease in cost. OUprimum value is achieved when all

H



criteria are met at the lowest cverall cost. [Ref. 29: P.1-4]
Lawrence D. Miles, a General Electric employee was the
first to develop the ideas of VE shortly after World War II.
His efforts ultimately 1led to the subject of Value
Engineering/Value Analysis. Interestingly enough, Value
Engineering is not a rigid science like other engineering
disciplines. Mr. Miles defined Value Enginsering as,

A philosophy implemented by the use of a specific
set of techniques, a body of knowledge, and a group
of learned skills. It is an nrganized creative
approach which has for its purpose the efficient
identification of unnecessary cost." [Ref. 19: P.1]

Furthermore, he immediately saw the beneficial implications VE
had to offer an organization besides added value and lower
costs. Mr. Miles recognized that his r"philcsophy", if
understood correctly and accepted in the organization,
affected all the vital branches of an organization such as
engineering, manufacturing, marketing, procurement, sales,
quality control, and management. He believed it was important
for an organization to have its departments share a common
cauge to champion, which if done correctly, would ultimately
further the goals of the organization as a whole. The concept
of team work in supporting a common cause, such as attaining
the highest levels of value pcsgible in an item, can ke the
genesis of success for any organization trying to survive in
a competitive environment. [Ref. 19]

Mr Miles designed his approach to Value Engineering from
a basic prospective. Pirat, he developed three simple steps
to accomplish a study in Value Engineering followed by five
basic questions to achieve the desired results of enhanced
value. The three basic steps are:

(1) Identify the function.

£\ PeenVsemtmm Slom BMosomambod mem Yoon  onsmmonn st o d e imre
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(3) Cause value alternatives to be developed.

i




J————

S A, . ————————" {———;

The five basic questions of each Value Engineering study
attempts to answer the following:

(1) What is the item?

{2} What doeg it cost?

(3) What does it do?

{4} What else would do the jcb?

(5} What would the alternative cost? [Ref, 19: P.14-18]

C. WHERE DOES VALUE ENGINEERING START?

value Engineering produces the most beneficial results,
particularly savings, if applied in the earliest stages of
design for a system or equipment. A well thought out Value
Engineering program that is implemented in the design stage or
*still on the drawing board" will reduce the need to retool
production facilities in the future. Costs associated with
operations, maintenance, and support elements can also be
minimized as a result. ([Ref. 17: P.438]

In today’s competitive business enviromment, Value
Bngineering is becoming a strategic tool to capture market
share in order to T"provide better customer value for
equivalent cost or equivalent customer value for a lower cost
fRef. 7: P.39].* This is accomplished using a relatively new
business strategy known as “Target Pricing" and ‘*Target
Costing”®. With Target Pricing/Target Costing, an existing
product is re-designed and re-developed with a target price
and targst cost that will provide some guarantes ¢f success in

‘the market place. Value Engineering is the vehicle that is

applied to this re-design/re-development process to achieve
the target price and target cost while maintaining maximum
value to the customer. The Japanese automotive industry has
besen very successful in competing with their American
counterparts Dby correctly focusing on  effective value
Engineering technigues. ([Ref., 17. P.438]




Figure 1 shows the impcrrance ¢f using Value En
in the design stages of a product by reviewing the nature cf
preduct cost throughout development.

T T YT T TT
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Pigure 1 From Ref [17]

Costs are "locked in* because management/technical decisions
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costs drive the overall cost of the item throughcut the
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development stage. Cost incurrence are costs that are
recognized at the time a cost is incurred during develgpment.
It can be seen that locked in costg drive incurred cost
because decisions have been made in the design stage. [Ref. 6]

Since a product may be in service for over a century or
more, it may well be useful to apply Value Engineering larter
in the service life of a system or equipment. Specific
application requirements of any ecuipment or system may change
over time, whether it is timed in days or years, but the
function still remains the same. A good example of this would
be the automobile since the manufacturing process in this
industry dramatically changes when customers expect more for
their money as technology iuproves.

Regardless c¢f the time-frame involved in the overall
service life of a product, Value Engineering should be applied
if additional value and profitability will result. Value
BEngineerin¢ _.udies have resulted in improvements in numercus
applications and resulted in:

(1) Service life extension.

{2} Reduced repair costs.

{3} Reduced packaging coats by improving
procedures/materials.

(4) Elimination or significant improvement of the
function. [Ref., 29: P.2-85]

D. VALUR ENGINEERING IN DOD CONTRACTS

1. The Yederal Acquisition Regulation

The main objective of Vaiue Bngineering in contracting is
to reduce costs while maintaining or improving quality. DOD
aéheres to the guidance of the Federal chuisiticn Regulaticn

‘-'.&- e w S A el e D - T B _—_——t F = F = i 4.-._“_
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Value Engineering in contracts. Value Engineering clauses are
required on acquisition centracts, including subcontracts,
exceeding $100,000. The contracting officer may require a
Value Engineering clause for contracts under $100,000 if it is
believed that potential savings can be achieved. The FAR
requires the contracting officer to exempt Value Engineering
clauses from the following solicitations and contracts:

(1) For research and development other than full
scale development.

(2) For engineering services from not-for-profit or
nonprofit organizationms.

(3) Providing for product or component improvement,
unless the VE incentive application is restricted
to areas not covered by provisions for product
improvement.

(4) For personal services.

(5) For commercial products that do not involve
packaging specifications or other special
requirements or specifications.

(6).When the agency head has exempted VE from the
contract requirements. [Ref. 11: P.48-2]

Further guidance to assist contracting officers and
contractors can be found in MIL-STD-1771A , "Value
Program Requirements Clause*.

A Value Engineering Change Proposal (VECP) is a proposal
submitted by a contractor, under the provisions of the FAR,
that recommends a change in a contract specification, design,
or process which would ultimately lower the project’s life
cycle cost to the Government (Ref. 35]. The contracter
submits a VBCP through an incentive (voluntary) approach or
through a mandatory approach. VECP8 approved by the
Government which result in contract savings are known as

*arcquisition savings® and may maka rhe eantractar aliaihla tn

share a percentage of the savings with the Government through

Engineering
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a reduction in the cost of the contract. Acquisirion savings

inciude:

{1) Instant contract gavings, The net cost

reductions on the contract under which the VECP is
submitted and accepted, and which are equal to the
instant nnit cost reduction rmultiplied by the
number <&@ instant contract units affected by the
VECP, less the contractor’s allowable development
and implementation costs [Ref. 11: P.48-1].

(2) Concurxrent contract savings, Net reduction in

the prices of other contracts that are definitized
and ongoing at the time the VECP is accepted
[Ref. 35: P.8-1}.

(3) Euture contract savings, The product of the

future unit cost reduction multiplied by the number
of future contract units scheduled for delivery
during the sharing period. If the instant contract
is a multiyear, future contract savings include
savings on quantities funded after VECP proposal
fRef. 11: P.48-1].

(4) Collateral Savings, The measurable net
reductions resulting from a VECP in the agency’'s
overall grajected collateral cost, exclusive of
acquisition savings, whether or not the acquisition
cost changes [Ref. 11: P.48-1].

(5} d

gosts. Those costs the contractor incurs on a VECP
specifically in developing, testing, preparing, and
submitting the VECP, as regquired by Government
acceptance of a VECP {Ref. 11: P.48-1].

Under the incentive approach, the contractor employs his
own resources to develop a Value Engineering program and
submits VECPg, based on his own efforts, to the contracting
officer. This approach is particularly useful since it gives
an enterprising contractor the ability to challenge the status
quo on his own terms. However, the contractor is reimbursed
for ailawab}.e &eve}.cpmnt and ,.mpierze'z aticn costs only when

R LTSS - - - - - - - -
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Under the mandatory approach, a Value Encineering Program
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Requirements Clause (VEPRC) is required. The contractor is
required to perform a specific level of Value Z=ngineering
effort tc achieve savings. Under this approach, the
Government feelg there is sufficient potential to achieve cost
savings and may consider the contractor financially incapable
or reluctant to perform Value Engineering on their own.
Therefore, the Government will pay f£for or provide the
contractor with the necessary resources which will enable a
contractor to submit VECPs to the contracting officer. Any
cost sharing under the mandatory clause will make the
contractor eligible for a lower percentage of the savings, if
any, which are otherwise available under the voluntary clause.
The contracting officer makes the determination whether
or not a voluntary incentive or mandatory VE clause is
required. Under the mandatory clause, the Government incurs
additional risks since there is no guarantee the contracter
will be able to submit VECPs that will support the
Government’s investment. This is likely to occur when a
system is new and has a relatively unstable design and
manufacturing process. However, recall from Figure 1 that the
greatest potential for cost savings occurs in the earliest
stages for design where the need for Value Engineering is the
greatest. When an item or system has a relatively stable
design or manufacturing process, the vcluntary or incentiv
clause would be considered more appropriate. [Ref. 12: P.17]
The VECP is submitted to the contracting officer as a
detailed justification which outlines and documents exactly
how contract savings can be achieved. The VECP is the same
thing as an engineering change proposal (ECP) with one
exception. The VECP is specifically intended to produce cost
savings for the contract while maintaining the original
function of the item. It is a proposal that requires:

lq\ 2. ot o J.- -~ 1.—..-;‘- e e At B e A -..-..J..q_
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the proposal is being submitted.
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{2} Contract

a change:
(a}
{b}

test quantities due solely

{¢c}

cogt reduction without impairing
desired functions provided that it does not involve

[Ref. 29: P.3-3]

Table 1 ligts the VECP share ratios.

In deliverable quantities only.

In research and development quantities or

to results of
previous testing under the instant contract.

To the contract type only.

It ¢an be seen that

a contractor gains more when the voluntary approach applies.

Table 1

Government/Contractor Shares of VECP Savings
{All figures in percents)

VE INCENTIVE VE PROGRAM
{VOLUNTARY} REQUIREMENT
{MANDATORY)
CONTRACT TYPE INSTANT | FUTURE/ INSTANT | FUTURE/
CONCURRENT CONCURRENT
FIXED-PRICE 50/50 50/50 75/25 75/25
{other than
incentive}
INCENTIVE * 50/80 * 78/25
(fixed price
or cost}
COST 75725 75/25 88/1s 88/18
REIMBURSEMENT
{other than
incentive}

AS TER SEMRING RATIO IN THE CONTRACT FROM

It should be notad rthat thess ratios may ba naanriahls hared
on need and available funding.
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When a contractor submits a VECP, the contracting officer
has 45 days to accept it or reject it. If more than 45 days
are required for the Government to review a VECP?, the
contracting officer is required to notify the contractor in
writing detailing the reasons £for the delay and the
anticipated date a decision is expected to be made. The VECP
may be accepted in complete or partial form. The decision to
accept or reject a VECP or the determination of collateral
cost or collateral sharing rates are not subject to the
disputes clause. [Ref. 11: P.48-3]

When the VECP is submitted for review and approval, the
following will be evaluated to determine the feasibility of
the proposal:

(1) The relative merit of the proposed change
versus the unchanged item.

(2) fThe technical competence of the personnel and
the facilities required to accomplish the change.

(3} The manhour backlog to incorporate changes
that have already been approved.

(4) The affect of spares, repair parts, data, and
publications.

(5} The affect on the aelivery schedule,

(6y The affect on training and training eguipment.
(7) The affect on test and support equipmen;.

(8) The availability of funds.

(9) The affect on reliability and maintainahiliry,
(10) The return on investment (Ref. 12: P.48]

If the VECP is approved, the contracting officer will
negotiate the amount of cost savings with the contractor. To

Sarmemd ma sctumh Lo Mol s sl cdammevont ow Base amln Ao onim et o b
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and the contractor, the extent of the change to the contract
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as a whole must be determined. In other words, the impact on
each of the affected ccst elemenis when thay are comparsd to
the original contract must be taken into account. Cther
things to consider would include the impact on concurrent and
future contracts involving the same type of item. It is
sometimes difficult to determine exactly where savings sheould
pe defined when looking forward throughout the service life of
a certain product since user requirements change over time.

It is in the best interest of the Goverrment to avoid
paying large sums of money for savings if the estimated life
span of an eguipment or system is actually shorter than
original estimates predicted. It is clearly a challenge to
gauge the true measure of contract savings when implementing
& VECP, 9particularly when the nature of the contract is
extremely technical. Great care romust be taken when
determining the relative change a VECP has on the contract and
the corresponding savings attributed to that change in order
for the Government to realize maximum value from the Value
Engineering clause.

For major weapon systems procurements, the FAR requires
a Value Engineering Program Requirement Clause (VEPRC) for
initial production buys. Pigure 2 outlines the basic
acquisition framework for the service life of a major weapon
system. The acquisition process beging with the determination
of a mission need and progresses through five distinct
milestones and phases. The Defenae Acquisition Board (DAB},
chaired by the Under Secretary of Defense (Acquisition and
Technology) USD(AsT), conducts an exhaustive milestcne revieyw
to determine:

(1) Where the program is versus where the program
should be;

(2) Where the program is going and how the Program
Manager proposes to get there;
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(3) What risks exist in the program and how the
Program Manager will didentify and close those
risks; '

(4} Is the Program Manager’'s precposed appreoach
affordable, [Ref. 28: P.11-C-1)

Wﬂﬂ
WEsion XD

Figure 2 From Ref [28]

When the USD(A&T) is confident that all the pertinent
issueés have been addressed, he will grant approval for the
program to proceed to the next phase, The intrcduction of VE
is required at Milestone III, production approval. The VEPRC
is not required when in the contracting officer’'s judgment,
the contractor has demonstrated an effective Value
Engineering program or the contract award was based on
adequate competition. [Ref. 11: P.48-2]




2. Offlice of Mapagement and Budget Circular Neo. A-1311

To effectively carry out the Congressional rejquirements
outlined in the FAR, the Executive branch communicates
specific instructions to all Federal Agencies via OMB
Circulars. On 21 May 1993, the then Director of the 0ffice of
Management and Budget, Leon Panetta, released the latest
update regarding Value Engineering which requires additional
procedural emphasis in reporting and recordskeeping, planning
and review, and funding considerations in annual budget
requestd to OMB. Additionally, the use of Value Enginesring
is now required to include the use of a product, service, and
process improvement orientation. [Ref. 35: P.2] The Value
Engineering emphasis which focuses on a process improvement
orientation is mecre conducive tc a scftware develcpment
environment. Specifically, Circular A-131 requires Pederal
Agencies to:

Use Value Bngineering as a management tocl, where
appropriate, to ensure realistic budgets, identify
and remove nonessential capital and operating
costs, and improve and maintain optimum quality of
program and acquisition functions. Senior
management will establish and maintain VE programs,
procedures, and processes to provide for the
aggressive, systematic development and maintenance
of the most effective, efficient, and economical
and environmentally-sound arrangements for
conducting the work of agencies, and to provide a
scound Dbasias for identifying and reporting
accorplishments. [Ref. 35: P.2]

OMB Circular A-131 encourages the use of other management
techniques in conjunction with Value Engineexing to achieve
reduced costs. These techniques include, but are not limited
to, design-to-cost, total gquality management, life cycle
costing, and concurrent engineering. [Ref. 35}
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3. Value Engineering Guidance For DOD and Navy Use

Wwith OMB A-131 directing Federal agesncies to use Value
Engineering, DOD implements its Value Engineering Program
through DOD Instruction 5000.2 of 23 February 1991 which is
policy and procedure for acquisition management. DOD policy
is to require Value Engineering. in the design for
manufacturing and production. Reporting and format
requirements are also listed to enable the DOD components to
submit their annual statistical summaries of Value Engineering
accomplishments to OMB. [Ref. 28]

Major systems commands within the Navy draft Value
Engineering instructions which are tailored to their
individual organizations. For example, the Naval Air Systems
Command (NAVAIR) promuigates its policy in an instruction to
all headquarters and field components of the Naval Aviation
Systems Team (TEAM), This instruction incorporates guidance
directly from the FAR, OMB Circular A-131, and DOD Instruction
5000.2. sSpecific VE responsibilities are outlined for senior
management perscrnnel and individual f£ield activities within
NAVAIR in order to implement an effective Value Engineering
program. (Ref, 30]

E. VALUE RNGINEERING: A NEW DIRECTION

1. The Pezry Memorandum

In June 1934, the Secretary of Defense, Dr, William J.
Perry released a memorandum which directed a new way of doing
business in DOD with regards to specifications and standards.
This memorandum directs the use of performance specifications
EVa pavgsams as auy avyuisilivu Caleyory. wien perrormance

specifications canpot meet requirements, then non-Govarnment
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standards or commercial standards are required. In the event
performance or commercial standards cannot be used to satisfly
an acquisition requirement, a waiver must be granted by the
Milestone Decision Authority for use of a military standard or
specification. Replenishing existing inventories do not
require waivers. [Ref. 22}

Dr. Perry also encourages the use of the Value
Engineering no-cost settlement method in existing contracts.
The FAR discusses the no-cost settlement method as follows:

To minimize the administrative cost fcr both
parties where there is a known continuing
requirement for the unit, consideration should be
given to the settlement of a VECP submitted against
the VE incentive clause of the contract at no cost
to either party. Under this method of settlement,
the contractor would keep all of the savings on the
instant contract, and all savings on ita concurrent
contracts only. The Government would keep all
savings resulting from concurrent contracts placed
on other sources, savings f£rom all future
contracts, and all ceollateral savings. Use of this
method must be by mutual agreement of both parties
for individual VECPs. ([Ref. 11: P.48-4}

The significance of using 9er£smace and commercial
specifications is significant to Value Engineering. 1In a
Value Engineering study, all aspects of the item or process

- are challenged to suggest alternatives that would either lower

cogt, increase value, and maintain function. By eliminating
military specifications and standards, the ability to suggest
alternatives is expected to be considerably less restrictive.
This is because performance and commercial specifications have
the potential to offer a widrr range of alternatives to
achieve a higher degree of value for an item.
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2. 104th Congress H.R. 719

On 27 January 1995, Representative Collins of Illinois
introduced H.R. 719 which is cited as the "Systematic
Application of Value Engineering Act of 1995." This
legislation, if enacted, will require the development of
criteria to assist Federal and contractor employees in
identifying projects that have the highest potential for
savings when the methodologies of Value Engineering are
applied. H.R. 719 emphasizes the need to apply Valus
Engineering in the early stages of development or design of an
_ item or process in order to reduce life-cycle costs. Two
rather enterprising proposals in this bill regarding Value
Engineering acquisiticn savings are:

(A) Fifty percent shall be available to the agency

for project, system, or development; and use for

programs in effect on the date of the enactment of

the Act under which incentives are provided to

employees of the agency to identify and implement

methods for achieving savings ian programs,

projects, systems, and product development of the
agency.

(B) Fifty percent shall be deposited in the
general fund of the Treasury and used to reduce the
Pederal debt. [Ref. 36)

When used appropriately, Value Engineering is recognized
as an effective cost saving tool. The legislative language in
H.R. 719 indicates that Congress fully supports the concepts
of Value Engineering and intends to ensure that it receives
appropriate management attenticn throughout the Pegderal

Govarnment.




¥. A VALUR ENGINEERING SYSTEMS EXAMPLE

At this point it is appropriate to provide an example of
the application of Value Engineering to a system or process.
This is done in order toc assist the reader in relating the
basic concepts of Value Engineering to a software development
process.

Purchasing agents for the State of New Mexico were tasked
to reduce the amount of mailing costs for standard documents
that were regularly mailed to their state residents. A Value
Engineering study was conducted to analyze the complete
function of the entire mailing process. Ksy perscnnel such as
systems analyst, buyer, and office personnel were invited to
participate in the study so that inefficient costs could be
challenged. The resulting changes to the 0ld system saved the
gtate in excess $250,000 per year, Significant changes
included:

(1) Redegsigning and reducing the number of forms
used.

{2} Producing standard forms in-house vice
purchasing them from commercial sources.

(3) Programming computer operated mailing systems
to mail multiple documents in one envelop to the
same address vice mailing single documents multiple
times. [Ref. 8: P.575]

Regardless of the syétem or process that is inveolved,
none are perfect and inefficiencies or alternatives can
always be challenged in order to increase value to the end
ugser. The same holds true in theory to a softwave development
process, Software process improvement s a continual
assessment of development practices which seeks to eliminate
inefficiencies and introduce refinements, It ie ﬂ-ff:c*‘* Lo
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Capability Maturity Mcdel (CMM). Each software development
project is driven by very intelligent human beings, but by
their very nature they have yet to achieve levels of "ultimate

perfection® beyond that defined in the CMM. [Ref. 20]

G. SUMMARY

Value Engineering is a relatively easy concept to
understand. It i3 well documented throughout Federal
Government and when used appropriately it is a proven method
to reduce cost and increase value to the end user. To be
successful Value Engineering requires constant management
attention to achieve acceptable levels participation. Despite
the high levels of success Value Engineering has experienced
in the past, additional emphasis is warranted to deal with the
financlal realities associated with the post Cold War era.

Chapter III will discuss Value Engineering concepts that
involve software development and acquisition.




III. SOPTWARE VALUE ENCINEERING APPLICATIONS

A. OVERVIEW

As stated earlier, the rising cost of softwarse
acquisition is consuming an increasing percentage ¢f the DCD
budget each year. In 1994, DOD software costs were
approximately 42 billion dollars and future costs will
continue to escalate. [Ref. 20] As weapon systems become more
complex, the software development effort required to
successfully field these systems increases. It is not
uncommon for the development of software in today’s weapon
gystems to experience cost overruns, schedule delays, and
performance problems. These problems can be the result of
inadequate  management tctenticn, ill.defined system
requirement, and inadegquate testing. With the high cost of
such weapon systems, reasonable expectations from the public
demand fully functional systems. [Ref. 32: P.1-3]

value Engineering is recognized as an effective cost
cutting technique for weapons and systems programs, bLut has
not been used to its fullest extent. [Ref. 34: P.2-4] The
National Performance Review has recommended using performance
based contracting incentives such as Value Engineering bonuses
to encourage better vendor performance for Information
Technology procurements.

Value Engineering and Software Engineermg are both
*people® businesses in that both disciplines require
exceptional *thought processes® in order to be successful.
However, there 1is 1little evidence to suggest that the
methodologies of Value Engineering a-tually support the
acquisition and development of software within DOD. Software
related VECPs are extremely rare because it is not widely

auu&gue\.& i FORLWME DUVLLCTLAUY ayyx;ea‘ LU BULLwWALE,

[Ref. 21: P.270]

23

o e e S sy




This chapter will present a basic application of the
methodologies ¢f Value Engineering to software acquisiticon,

Further analysis will cover actual applications of software
Value Engineering.

B. VALUE ENGINEBRING CONCEPTS

Tc consider the application of Value Engineering to
software, a review of the basic definition is required. The
FAR defines Value Engineering as,

...an organized effort to analyze the functions of
systemg, equipment, facilities, services, and
supplies for the purpose of achieving the essential
functions at the lowest life cycle cost consistent
with required performance, reliabilicy, quality and
safety. [Ref. 11: P.48-2]

This fairly straightforward definition has a very basic
meaning that does not appear to communicate any limitations to
the reader. This definition fulfills the explicit purpose of
Value Engineering as presented by Mr Miles by identifying
unnecessary cost in an item and making a decision to eliminate
that cost. [Ref. 19: P.viil]

At this point it 1is appropriate to introduce the
definitions of software and software engineering to this
analysis. Software is defined by Webste<'s dictionary as

1. Written or printed data, as programs, routines,
and symbolic languages, requisite to computer
operations. 2. Documents containing information on
computer operations and maintenance.

[Ref. 27: P.1105] ’

Software engineering is defined by Barry W. 3cehm in SOfiwars
Enaineering Economicg as:

...the annlication af aciancs and marhamarire hy
Wil LT Capapililities QI COmMputer egquaipmenc are
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made wuseful ¢to man via computer programs,
procedures, and associated documentation.
iRef. 4: P.16} .

Mr Boehm amplifies this definition one step further by stating
that a good software engineer produces software that is
"ugseful to man."” To be "useful to man" iteans that software is
affordable and performs functions required by society. The
central theme of his book appears to revolve around the
software engineering concept of controlling software ccst in
order to fulfill human needs. [Ref, 4: P.17]

1. Software Devalopment

Bach software development project begins with a review of
available technigues and processes that are used to develop
goftware. To ensure quality software is produced, appropriate
management attention must be directed in the areas with the
potential to generate challenges beyond original expectations.
Software develcpment is extremely complex and can be compared
to the construction of aircraft. Adrcraft manufacturers use
a variety of tools, materials, and processes to develop an
aircraft consistent with contract regquirements. Both software
and aeronautical engineers constantly look for new techniques
and processes to improve their products. [Ref. 2: P.1}

Figure 3 outlines the steps typical of software
develcprent for a large scale software project. Bach step
contributes to the production of specific software products.
[Ref. 3: P.2-2]. These prcducts are usually asscciated with
a list of functional requirements that evcive from incomplete
drafts to highly detailed specifications [Ref 13: P.24].

It can be seen from Figure 3 that software development
can be a complicated process. In order to apply the
mecaouoiogies O vailue kEngineering, Speciric  SOrtware
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Pigure 3 From Ref {3]

The sections that follow will <compare software
engineering methodologies with applicable Value Engineering
methodologies.

a. WNeinberg’s Experiment

T sefruscs svnlessulas am haseccakhis scal faw o

software developer would be to provide software products that
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fulfill the needs of a customer in a uniform manner. In other
words, 1f a customer specifiss that he desires a scftware
product to exhibit certain characteristics, such as program
efficiency or program clarity, then the customer would
normally not expect other characteristics to suffer as a
result of preferring one cver cthers. This software
engineering concept is known as "The Plurality of Goals." The
plurality of goals means that different software goals
conflict with each other in software development. This means
that {f one particular software goal receives special
emphasiy, then other gsoftware goals will most likely suffer as
a result. [Ref. 4: P.20-21]

In Wienberg’s experiment, five teams were given a
programming assignment. The assignment was the same for esach
team, however, each team was to place special emphasis oa &
specific software goal. The teams were each given a different
a goal to concentrate on. The results showed that all the
cther software goals analyzed suffered as a result of
concentrating on one specific goxzl. Figure 4 shows the
results of the experiment in which the plurality of goals is
demconstrated. Mr. Boehm points ocut that the first team whose
objective "effort to complete® shows that

...pure concentration on minimizing the software
development budget and schedule is likely to have
bad effects for software life-cycle budget.

[Ref. 4: P.21]

From a Value BEngineering standpoint, one would
question and challenge every aspect of the plurality of goals
in order to achieve the highest levels of value. Cne
applicable Value Engineering technigue is to "Use information
from only the best source.* Some useful guesticns that should
be asked would include:

® wny 1S5 Memory our most 1mportan? sortware goal?
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¢ How important is program clarity to our organization?
® why should output clarity be considered?

® Would other software goals better suit cur nesds and
why?

® Who can provide the best answers; the software engineer
or the customer?

@ what are our real reguirements, will something else
suffice? [Ref. 19: P.48]

Resulling Rark on Performarcs®

Team obschive: Effont 10 Number of  Memory Program  Qutput
Optimize Complete Stataments Retuired Clanity Clarity

Effort 10 compiste 4 5 3

Number of statements 2 3 §

‘—.
Memary requined 1 4 4
* ’ SRR
Program clarlty 4 3 3 . 2 2

Cutpet cierity 2-3 s g 1 1 l

Pigure 4 From Ref [4]
This type of value analysis may result in a positive

value change to the original regquirement. Weinberg’s

SAPTL LNEUL USIVLPLIGLEY LOAT aii BUITWAI® CHNATACCEX1SBCTICS are
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not represented uniformly in the development process as one
would think. This makes it essential that the usar is
provided the opportunity to examine their requirements in
Jetail. In software development, user involvement regquires
additional emphasis due to inaccurate or incomplete
requirements definiticn, conflicting needs, user registance,
and communication breakdowns [Ref. 20: P.32]. Thoroughly
challenging all relevant aspects regarding the software goals,
as suggested above, is required to provide useful information
that will lead to decisions that will result in additional
value to the customer. [Ref. 18: P.48]

b. Marginal Analysis

One method to assegs value in scftware engineering
is to graph value relative to cost. Mr, Boehm discusses this
approach by stating,

The total value (TV) of an information processing
gystem isg its effectiveness when expressed in the
same units used to express the cost (C) of the
system. In that case, the net vaiue (NV} is defined
as the effectiveness-cost difference, NV-TV - C
[Ref. 4: P.208] [Parenthemes added]

FPigure S shows the cost function C(x) graphed with
the Total Value function TV(x). It can be seen that for any
given activity, Net Value is maximized at activity level
Xnaxs Which is where Net Value has the largest positive value.
{Ref. 4: P.206]

figure € shows the net value function which could be
derived from Figure S simply by subtracting total value from
cost. Notice how when NV is negative, the activity is
undergoing a phase of investment., When NV is positive, the
activity level is profitable. Beyond activity level X., the
organization is no longer profitable and has over invested.
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Pigure 5 From Ref [4]
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Pigure 6 From Ref (4]




Mr Beoehm points out that the slope of the NV curve or marginal
net value (MNV) can be used for decision making purposes.
According to Boehm, three conclusicns can ke made from the

MNV:

1. If the MNV is positive, increase the activity
level.

2. If the MNV is negative, decrease the activity
level.

3. If the MNV is zero, the activity level is
optimal (X,,.). [Ref. 4: P.209]

In a Value Engineering study it is beneficizl o
*Get all available c¢ost®. For cost to be meaningful, accurate
figures must be developed to make informed management
decisions. Cost behavior will fluctuate depending on the
nature of an organization‘’s cost elements and the activity
level at which it operates. Rates such as overhead, labor,
and material, can exhibit variations at different levels of
output. Rates can also impact cost as evidenced by various
levels of efficiency or economies of scale. As activity
levels change, each change in cost should be guesticned to
determine its true meaning and its resulting impact upon the
organization. Mr Miles states the importance of getting all
available costs:

Without meaningful cost, decisions will not, and
cannot, be made to provide good value.
[(Ref. 13: P.45])

To accurately collect the cost data presented in
Figures 5 and 6, a thorough analysis of all relevant cost data
must be reviewed for all activity levels as discussed earlier
in order for these graphical depictions to be meaningful and

arcurate for the uear  This is tyus fay all Avgsnissrisne
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since cost structures for each scftware development preject in
an organization is completely different from any other
software development project. ([Ref. 19: P.42]

Value measurements cannot be extracted from an
organization’'s accounting ledgers, but must be determined from
an assessment of utility or worth. Recall that value 18 a
measure of utility and worth resulting from some detailed
analysis which satisfies a recognized need. [Ref. 18: P.23]

¢. Goldplatiag

Any product, whether it is hardware ur gsoftware can
experience excessive cost in development simply by adding
*nice to have items* that do not add value to the customer.
In software engineering, "goldplating" makes the job larger
&nd adds costs which are disproportionate to original software
requirements. One common method to make the software job
larger, and increase the cost significantly, is toc succumb to
the temptation to add additional software engineering tc a
large software project. [Ref. 4: P.191)

According to Boehm, *goldplating® can result from

‘adding unneeded features £o goftware requirements, Three o
his examples include: '

th

(1) Inscant Response Time: Overloading processing
systems with rapid response times for all
transactions that exceed user requirements.

(2) Pinpoint accuracy: Requiring systems to produce
mathematical calculations to 4 digit accuracy
versus 2 digit accuracy. _

(3) Bverything for everybcdy: Systems developed
which provide a corporation’s entire information
processing needs into one comprehensive integrated
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In Value Engineering, "Using industry speczialists to
extend specialized krowledge," could be usged t£o challenge the
tendency to "goldplate" software products (Ref. 19: P.71].
Getting appropriate levels of value in a product or system
requires challenging all known alternatives in order for
managers to make value decisions. Appropriate questions to
ask in this category should include:

® What is the exact functicn the software must perform
and why?

@ Who is in the best position to define the unique
requirements of the software and why?

® what software costs are asgoclated with ideatified
functional requirements and why?

® What other software solutions will satisfy identified
requirements and what are theilr relative costs?
[Ref. 1%: P.71]

Asking pertinent gquestions that are exhaustive in
nature will challenge all relevant pecople that interact with
an organization to specify minimum unique requirements. This
will ensure that appropriate levels of value will be achieved.

For example, an airline regervation processing system
must have an adequate response time capable of processing a
predetermined or historical number of transactions per day.
Value would be lost if the processing system had the capacity
to process double or triple the maximum amcunt ¢f transacticns
that are incurred on a day-to-day basis. On the other hand,
a reservation clerk has to have the right amount of time to
process a transaction. What person is the best person to
determine transaction processing time? The reservation clerk
certainly is a key player because any clerk is physically
limited in what one person can do in one day. Therefore, they
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has some tolerance for the average amcunt of time they are
willing to spend waiting in a line, or on the telephone, in
order to service their requirements. The airline president is
" concerned that too much time is spent processing transactions
and not enough time f£illing available seats on all flights.
Plight attendants must know how much food and beverages to
stock for each flight in order t¢c meet customer demand for
those who book reservations at the last minute, yet control
cost goals at the same time. Operational analysis personnel
need flight data to study trends to ensure resources are
properly allocated to the most profitable rcoutes traveled,
The Federal Aviation Administration requires airlines to
produce passenger lists immediately after takeoff in the event
of an emergency. [Ref. S: P.142]

These examples show how many different types of people
can be involved when congidering minimum software requirements
for an information processing system. To ensure optimum
levels of value, the influence of a system should be analyzed
against all applicable elements of an organization. This will
provide management useful information that will indicate to
what extent their requirements have been met and what may need
to be done to eliminate unnecessary requirements and
inefficient cost. [Ref. 19: P.71]

d. Legacy Systems

One thing all businesses inevitably experience over
time is change. To sufficiently meet the needs of a
competitive business environment, scftware systems must also
be capable of changing. However, those software systrems that
do not keep up with the changing times are classified as
legacy systems. Legacy systems are informally defined as,
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Large software systems that we don’t know how to
cope with but that are vital to our organization,
[Ref. 1: P.19]

Replacing legacy systems in a business organization
requires a thorough analysis of how change has evolved over
time. Software contains the rules of an organization that
have accumulated over time, 80 a review of the software system
rather than the human processes involved is required. 1In an
organization normal business operations change over time,
however, efficient change is impeded if software systems are
not updated. Crganizations need to view software evolution as
an integral part of software development. [Ref. 1: P.19-21]

Avery Division of Avery Denninson, a $2.6 billion office
supplies firm in Pasadena, California uses a company developed
technique kncwn as Avery Value Analysis as a sclution to their
legacy systems. Their approach is to consider all of the
opportunities for changes in business processes, cost of
processes, and alternative processes. Cross-functional teums
use brainstorming techniques as a means to compare and
evaluate differences in their legacy and manual systems.
This allows Avery to identify where changes, such as
outsourcing requirements, need to be made in order to obtain
better value. [Ref. 10: P.88]

Another method for an organizaticn to apply Value
Engineering to legacy systems, or any other software system,
is to analyze the business value of the system. Table 2
represents a system broken down by key business applications
and objectives. The rowe represent business applications and
the columns represent business objectives. This
representation allows business applications to be compared in
relation to business objectives. A weighted score is assigned
to each busineas annlicarion baged on relarive imnarrancs nr
value to the organization. Complete rankings can then he
prioritized for business applications in a manner that
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translates numerical rankings into value rankings that
management personnel can use as a decision making tool.
[Ref. 25: P.28]

This method of Value Analysis provides management with
the best infcrmation peossible in a manner that is readily
interpreted. Remember the Value Bngineering technique that
suggest to use only informaticon from the best scurce,
Cross-functional teams provide the best information possible
because these teams are individuals who are most qualified or
closest to the problem. Pecple wilo work directly with the
relevant aspects being analyzed are better suited to provide
more reliable information to management personnel. Management
must take this information and consider this input in terms
such as reliability, credibility, and risk in order to make
value decisions. ({Ref. 19: P.49)

Table 2
I—-—mm. e ——
BUSINBESS VALUE ANALYSIS

Application | Market Profic Information Score
Value Contribution | Significance
Credit/Debit 10 10 10 30
Sales Support 40 30 20 $0
Inventory 10 k1) 20 €0
Accounting 10 10 30 L1
Order Batry 30 20 © 20 70
Total 100 100 100 300
SSurce: Re? 12%) B S

 Using a scoring system, such as the one presented above,
to assess value 1is an effective tool with unlimited
applications. For example, the u. s Air Force implemented a

FFm T mer Thaemd st = e = ’:_....n e T R = e = h_———.—\.sm=n=x;a E o T s e it

- - - e e T LT Ch - R e T




system technique to highlight inspection procedures which
determined the need for maintenance requirements of all C-130A

aircraft wings. These maintenance requiraments were intended
to correct structural deficiencies such as corrosion, cracks,
and previous structural repairs. Each structural deficiency
was assigned a point value determined by the severity of the
defect. C-130A aircraft wings with a score ¢f 3000 or more
required a complete wing overhaul. The success of this Value
Engineering technique permitted the U.S. Air Force to drop the
C-130A wing rehabilitation program from its annual budget.
Total estimated savings over a three year period were
calculated at over $68 million. [Ref. 15: P.11}

e, Software Reuge

To consider software reuse asg applicakbls tc Valus
Engineering, a review of the FAR is appropriate to define
useful technigues. The FAR states that Value Engineering is,

The formal technigque by which contractors may (1)
voluntarily suggest methods for performing more
economically and share in any resulting savings or
{2} be reguired to establish a program to identify
and submit to the Government methods for performing
more economically. [Ref. 11: P.48-2]

Software reuse is the practice of uaing existing
gsoftware assets to develop new applications. Reusable
software can be code segments, specifications, design, test
data and test plans, software tools, or anything associated
with software. Software reuse can be viewed as a method to
reduce software development cost while improving software
quality and reliability. [Ref. 33: P.2-5)

The concept of reuse is common to all engineering
disciplines. Products manufactured are usual'ly developed
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have been previously brought into existence. For example,
aircraft and automobiles are not manufactured from scratch.
Existing designs, techniques, and knowledge are commonly
reused in the manufacturing process to facilitate product
development. 1In a similar manner, manufacturing reuse can be
adapted to soltware development, maintenaace, and acquisition
processes, [Ref. 26: P.1}

Congress and DOD have repeatedly stressed the
importance of reducing software development and acquisition
cost. Software reuse has proven to be a ¢ost effective tool
for both DOD and industry. The Reuse BExecutive Primer
produced by the Software Reuse Initiative Program Management
Office in February 1995 noted the following software reuse
achievements:

The Navy experienced a 26% reduction in required
labor hours to develop and maintain its
Restructured Naval Tactical Data Systems (RNTDS).

Raytheon saw a 50% increase in productivity in its
Missile Systems Division.

Fuiitsu’'s Software Development for Electronic
Switching Systems (ESS) began delivering 70% of its
BSSs on schedule (as opposed to only 20% before
adopting reuse principles).

The Army estimates a cost avoidance of $479.9
million for 4its Tactical Command and Control
System, allowing additional mission requirements to
be addressed during a period of funding short
falls. [Ref. 26: P.2]

Value Bngineering can be applied to software reuse
by encouraging a contractor to utilize reuse to the maximum
extent possible. Normally, a contractor is paid for the
effort they spend writing the software. As additional lines
of code are written, additional earnings are produced. To
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the DOD Reusable Ada Packages for Information systems
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Development Center Library (RAPID} . When reuse is substituted
in the software development preocess, time and effort can ke
reduced substantially. Value Engineering results by
translating the resulting time and effort into acquisition
savings which can be shared between the Government and the
contractor. Although this usually means less money paid to 2
contractor as a result of contract cost reductions, profits
can still be significant through cost elimination.

(Ref. 14: P.38]

Although Value Engineering works well in theory for
software reuse, it is difficult to apply im practice. The new
military standard for software development and documentation
is MIL-STD-498 which superseded MIL-STD-2167A. The purpose of
MIL-STD-498 i8 to establish uniform requirements for software
development and documentation. MIL-STD-498 requires
contractors to identify and evaluate reusable software
products for potential use when competing for a contract.
This information is documented in the ccntractor’'s software
development plan. Obviously, this prevent: a contractor from
voluntarily suggesting an economical software reuse
alternative in the name of Value Engineering until after the
contract has been awarded. However, depending upon the
competiticon involved in a particular contract, the Government
has the advantage of being more informed than thes gontractor
about the potential number of software reuse opportunities
because all the offerors competing for the contract identify
known software reuse products applicable to the requirement.
[Ref. 6: P.8]

£. Software Maintenance
Software maintenance represents a significant

portion of software life-cycle cogts. The cost asgociated
with maintaining software in DOD after fielding is approaching
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70% of the total software cost. A critical management concern
in DOD is that the requirements ror software maintenance
personnel is estimated to increase by 12% per year. However,
the current availability of gqualified personnel to satisfy
software maintenance requirements is only increasing by 4% per
year. [Ref. 9: P.7-2]

Maintaining software is not the same as maintaianing
hardware. Hardware requires maintenance because components
eventually break down over time. When hardware components are
replaced, the item’s original configuration remains intact.
When software regquires maintenance, a new goftware
configuration is created because code must be modified or
added to support a required capability. (Ref. 9: P.7-5]

At this point it is appropriate to define software
maincenance. Software maintenance ia defined asg,

S W

The process of modifying existing operational
software while 1leaving its primary functions
intact. Software maintenance is classified into
two main categories: (1) Software update; which
results in a changed functional specification for
the software product and (2) Software repair; which
leaves the functional specification intact.

[Ref. 4: P.534]

For cost and planning considerations, software maintenance
congiderations are critical during the planning and
requirements phase of development. If an error or desired
software change is detected early in the development phase,
the problem is relatively easy to correct. When errors are
not detected until after the software is fielded, the
correction and effort required is very significant. Changes
mugt ke made to records such as maintenance, training, ana
operational manuals. Additionally, there is an administrative
burden that is also incurred since management attention must
usually address any changes to oraganizational matterg iz a
formal manner. Corrections that are not made in the planning
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and requirements phase can cost up to 100 times more to fix
after the software has been fielded, (Ref,K 4: P 40}

(1) Design Analysis/Value Analysis Checklist. In
Value Engineering, two conceptual tocls that are useful in
determining value are design analysis and value analysis
checklists. Design analysis is a methodical step-by-step
design review of an item which is then compared to the
function the item performs. A design analysis determines
whether an item can be eliminated, simplified, substituted, or
changed to facilitate a mere eccnomical production preocess.
A value analysis checklist analyzes the function of an item
against an extensive checklist which is used to evaluate the
item’'s value. Any question on the checklist which does not
provide a satisfactory answer regarding an item’s value is
challenged until an acceptable alternative can be found that
provides satisfactory improvement. [Ref. 4: P.562-563]

In software development, future maintenance actions
should be considered as early as possible to reduce total
software life cycle cost. Any product, whether it is gcoftwars
or hardware, can be designed to facilitate future maintenance.
Two positive examples which could aid future maintenance for
a software product include:

A document in which pages, figures, and tables are
numbered by major headings, e.g. 1-3, 1-2,...,2-1,
2-2,..., 80 that insertions and deletions may be
made without renumbering the entire document.
{Ref. 3: P.3-10]

A program which is deliberately designed to fit
into less than the available resources (core, disk,
tape, mass storage, etc.), sC as to leave room for
modification. [Ref. 3: P.3-10])

A design analysis focuses on an item’s function and
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development is the production process. This is conducive to
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gsoftware design analysis since its documentation must exhibit
functional completeness and traceability back to functional
specifications. To centrol future maintenance cost, software
maintenance should be easily identified and controlled to the
maximum extent possible. [Ref. 2: P.164]

Future value of a software system can be preserved
with a rigid design analysis made up ¢f an extensive checklist
of questions. This checklist can be developed using a Value
Engineering technique known as brainstorming. Although the
challenges to a design could be numerous, some questions a
software maintainer might consider evaluating include the

o M whtt

following:

what is the overall design philosophy?

~ Are the system’s componentg coupled as looaely as
possible?

Have parameters of the system in areas of likely
future change been identified?

Have existing re-usable components been identified
for incorporation into the system?

Are the future system maintainers satisfied with
the extent to which the system design satisfies the
maintenance degsign goals set for it?

Are the future system maintainers fully
familiarized with the design philosophy?
[Ref. 2: P.164]

A value analysis checklist can also be generated
using brainstorming techniques which can frcus on potential
maintenance areas that impact future value. Again, gquestions
that could be evaluated to analyze future value include:

- LA X %

what are the performance capabilities ¢f the systenm
and how might they grow?

Which areas of requirement miaht become unneceasary

[PPPen &wlwvw&v l'
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Is there the possibility of a need to have
different versions of the sgystem with different
capabilities?

What are the implications on manpower and computer
resources if the identified changes come about?

which areas of function have the greater chance of
requiring change in light of experience with the
system. [Ref. 2: P.104]

(2) US Army Software Value Engineering Study. In
1987, the U.S. Army Communications Electronics Command (CECOM)
inictiated a Software Value Engineering study in order to
implement master plans for each Army Command. The idea that
Value Engineering could be applied to software engineering was
based on the premise that the two disciplines were primarily
people oriented. It was also thought feasible because
software products might contain unnecessary or inefficient
cost during software development and support processes. The
study was:

A joint effort between Value Engineers and Software
Engineers to determine if and how the methodology
of Function Analysis, the heart of the Value
Engineering/Analysis discipline, can be applied
fruitfully to software development and support.
[Ref. 21: P.269]

The study found that fielded software products may
include code that ig inefficient, redundant, or dead. The
cost of such code is clearly inefficient and unnecessary and
some analysis is required to determine what, if anything,
should be done to correct the code. In such a situation,
relevant Value Engineering/Scftware Engineering gquesticns
should challenge the status of the code itself. The members
of the study used a software orientated Value Engineering Job
Plan that employed Functional Analysis System Technique (FAST)
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diagrams to document a common understanding of the software
development and support processes.

In Barry Boehm’'s book on $Software Engipneering
gEconomics, he describes the considerations and decisions
involved when software maintenance is weighed against
financial constraints. This is the basic thrust of the 1387
CECOM study. Esgsentially, management must decide how much
maintenance activity a software product must undergo before
its value deteriorates (Ref. 4: P.545]. To determine
appropriate levels of value for an organization, a cost
benefit or point of diminishing returns analysis might ask the
following questions:

At what investment are inputs being consumed
without a great deal of resulting output?

At what point of diminishing returns will
additional inputs produce relatively 1little
increase in output? [Ref. 4: P.189]

A significant finding in the 1987 CRCOM study
focused on the issue of human commnication. Software
projects are normally made up of more than one person.
Different people on software projects, all of whom exhibit
fallible human traits, interact together to pursue a common
goal. As the number of people in a proiect becomes larger,
communications become more difficult and result in
diseconomies of scale. Figure 7 shows how increasing a
project can contribute to problems in communications.

Boehm points out that in a software project with N
people, there are N(N-1}/2 potential nterperscnal
communication paths. For example, with N=4 people there are
6 different comunication paths possible. With more people on
a project there are more possibilities for social differences
to disrupt communication and impede efficiency
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to avoid these problems is to reduce the number of people on
the project as much as pesgible. [Ref, 4: P.130)

Involvement from maintenance personnel early in the
system definition stage of software development was found to
effectively reduce total software l1life cycle cost. This
finding alone is the corner stone of Value Englineering,

X 4>

1% ]

N=8

Figure 7 From Ref [4]

Recall from Figure 1 that Value Bngineering is best applied in
the R&D and design stages of development because management
decisions will *lock cost® into the item. This is a crucial
lesson particularly with the computer age experiencing rapid
increases in the development of software languages, processes,
and products. [Ref. 4]

C. SUMARY

Throughout this chapter the methodologies of Value
Engineering were applied to the development of computer
software. The approaches taken for each of the examples cited
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above demonstrates what Value Engineering is and what it is
not. It is important to remember that Value Engineering is a
valuable tool because it is a philosophy and not a science and
therefore makes it applicable to such processes as software
development and acquisition.

Chapter IV will present and analyze the perceptions of
DOD precgram managers and software engineers to determine the
extent to which Value Engineering can be successfully applied
to software development.




IV. DOD PROGRAM MANAGER AND SOPTWARE ENGINEERING PERCEPTICONS
OF VALUE ENGINEBRING IN SOPTWARE DEVELOPMENT

A. INTRODUCTION

This chapter will present and analyze the perceptions of
DOD program managers and software engineers with regard to the
application of Value Engineering methedelegles to scftware
development. The information in this chapter was primarily
accumulated through the use of 335 surveys mailed to DOD
Program Managers, U.S., Navy Systems Commands, and Defense
Contract Management Command Districts. There were 8§81
responses which represent a return rate of 24%.

The gquestions used in the surveys were designed to
provided a brief description of how Value Engineering might be
applied to software. The survey was deliberately designed to
include six questions as requested by varicus program managers

queried during initial research investigation. A copy of this i

survey can be found in the Appendix. Responses were primarily
written by software engineers or personnel with extenaive
software experience.

All responses provided some information that was unigue
in some way to the respondents’ personal opinions or to the
working environment of the military commands to which they
were assigned.

B. SURVEY QUESTIONS AND ANALYSIS

1. Question cne
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discugses Value Engineering (VE) requirements. In your
opinicon, does VE apply to computer software? If your answer
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is no, please state specifically what subpart of FAR Part 48
precludes the use of VE in computer scftware acguisiticen and
why. If your answer is yes, please state specifically what
subpart of FAR Part 48 does apply to software acquisition and
why it does.

Respopnge: Among the responses, 71% indicated that FAR
Part 48 does apply to computer software, 15% indicated that
FAR Part 48 did not apply, and 14% provided no respcnse.

All the surveys that reported Value Engineering does
apply to software acquisition effectively communicated strong
support for the VE/software relationship in the FAR. Those
that responded favorably provided one or more of the following
remarks (frequency of remark is indicated in parenthesis):

1. FAR Part 48 can be interpreted to apply to
software based on the concept or general definition
provided in the FAR: "VE is the formal technique by
which contractors may voluntarily suggest methods
for performing more economically and share in any
resulting savings.® (15)

. - There is nothing in FAR Part 48 that precludes
the wuse of Value Engineering in software
acquisition. (12)

3. Value Engineering applies to software when its
purpose is achieving the essential function at the
lowest life-cycle cost consistent with required
performance, reliability, quality, and safety. (11)

4. In FAR 52.248-1(b)(1)&(2), a Value Engineering
Change Proposal (VECP) must: Require a change to
this, the instant contract to implement; and (2)
results in reducing the overall projected cost to

the agency without impairing essential functions or
characteristica. (5)

S. Value Engineering applies to software when it
is viewed as a process. (5)
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applied to software provided the £ollowing responaes
(frequency of remark is indicated in parenthesis):
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1. Software has no recurring cost
Software is produced only once,
production runs for coftware, only

in production.
there are no
redevelopment,

(4)

2. Software development is considered as R&D, or
Architect-Engineering (A&E) which is not allowed in
FAR Parts 48.001(b) {2) and 48.104-1(c). (2)

3. There is no method known to quantify Value
Engineering savings in software development. (2)

4. The Government does not buy the scftware, it
essentially buys the processes and methodologies
that are based on the Software BEngineering
Ingtitute’s Capability Maturity Model (CMM). The
five levels in the OMM are used by the DOD to gauge
software development risk. (1)

Analygis: This questicon wag designed tc determine
whether respondents believed language in the FAR was intended
exclusively for  hardware items. Initial research
investigation using telephone queries indicated a majority of
contracting personnel did not believe, or had never considered
that, Value Engineering could be applied to software. A
survey research methodology was determined to be the best
course of action to determine what specific elements of FAR
Part 48 could be viewed to preclude the use of Value
Bngineering methcdologies in software develcpment.

It is interesting to note the differences in the
favorable and unfavorable responses to this question. Among
the favorable responses, there was widespread acceptance of
the Value Bngineering/software relationship contained in the
ianguage of the FAR Part 48. The surveys consistently
reinforced the idea that Value Engineering, as ocutlined in the
FAR, could be applied to anything whecher it was software or
hardware.

Among the unfaverable responses, a cultural scftwar
gevelopment theme Irom a business perspective was apparent in
various forms. For example, many software acquisitions are
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done in a competitive environment where a Value Engineering

program requirements clause is not required, In thig
situation, the existence of competition alone is sufficient to
guarantee the Government the lowest possible cost. Another

example 1is provided in the Capability Maturity Model (CMM)
where a contractor’s software development proficiency is rated
on one of five possible levels, five being the best. The MM
for software provides software engineers with an organized
strategy for process improvement. The CMM focus cn process
improvement sounds very similar to the concepts of Value
Engineering. However, the name "Value Enginesering” is noct
specifically identified as such within the scope of process
improvement in the software engineering environment.

2. Question Two

The U.S. Army has applied Value Engineering to software
reuse. What unique characteristics of software reuse exist
that are applicable to the methodologies of VE? Should VE be
applied to other areas such as commercial-off-the-shelf (COTS)
goftware products?

Response: This question was designed to assess the
legitimacy of Value Engineering methodologies in software
reuse. This question was complicated by the current legal
‘issues, such as intellectual property rights and liability
concerns, which currently plague effective goftware reuse in
DOD. Fifty nine percent cf the respondents indicated that the
methodologies of VE could be could applied to software reuse.
Fifteen percent of the respondents did not believe the
methodologies of VE could be applied to software reuse.
Twenty six percent of the respondents d4id not provide a
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Those that responded favorably provided cne or more of
the following responses (frequency of remark is indicated in
parenthesis):

i. VE can be applied to software reugse 1if it
reduces life-cycle costs and improves reliability.
(15)

2. Reuse of software to reduce the number of lines
of c¢ode o be written is a candidate for VE
incentives. (9)

3, Value Engineering methodologies can be applied
to anything, therefore, software reuse and COTS are
valid candidates. (7)

4. Value Engineering can be used to provide
alternatives; software reuse and COTS can be
considered suitable alternatives. {2}

S, Value Bngineering can be a valid solution for
scftware reuse and COTS provided the measured
effore to develop a new application does not exceed
what would have bDbeen required t¢ develop the
original software requirement. (1)

Those that responded unfavorably provided one or more of
the following responses (frequency of remark is provided in
parenthesgis):

1. Value Engineering does not apply to COTS since
it is commercial in nature. (7)

2. The practice of using software reuse in DOD
has not matured enough to effectively use Value
Bngineering methodologies. (3)

3. COTS by definition is acceptable as is;
changes cannot be made in the name of Value
Engineering to a COTS product. (2)

4, Potential software reuse and (0TS solutions

are required by MIL-STD-498 to be addressed prior
to centract awards. (1) ‘
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Analysig: A majority of the favorable responses shared
a common indepth understanding ¢f the methodslogies of Value
Engineering. This indication was reinforced by some reference
that the respondents had some previous experience or knowledge
relating to Value Bngineering and expressed unequivocally that
the methodologies of Value Engineering 4id apply teo scftware
reuse. It was interesting to note that scme of the favorable
responges expressed an urgency or necessity to incentivize
software reuse with an appropriate contracting tool such as
Value Engineering in order to fulfill the potential savings
reuse has to offer DOD.

Despite the fact some respondents suggested there have
been studies in the software engineering community to
determine how Value Engineering applies to software reuse, the
submission of VECPs for reuse are virtually non-existent.
Bagsed on some of the suggestions presented in the surveys,
this reflects an indication that the utilization of software
reuse is not yet widely accepted within DOD.

3. Question Three

Some quality characteristics of software include, but are
not limited to, understandability, portability,
maintainability, testability, and usability. To what extent
can the methodolcogies of VE be applied to ‘these
characteristics?

Responge: A software product develcped with superior
goftware engineering exhibits all the quality characteristics
listed above. However, if a software product lacks quality
characteristics it may not sufficiently meet the requirements
ot the user [Ret 3: P 3- 34.
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which a VE emphasis on any particular software quality
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characteristic may contribute additional value to a user in
the development of software. Sixty percent of the respondentus
indicated that VE methodologies could be applied to gquality
gsoftware characteristics; 24% indicated that VE methodologies
did not apply to quality sofiware characteristics; and 16%
provided no response to the question.

Those that responded favorably provided one or more of
the following responses (frequency of remark is indicated ina

parenthesis):

1. VE methodologies can be applied to the extent
that development and life-cycle cost are reduced.
{18)

2. VE increases functionality due to improved
processes which results in decreased effort and
code reduction. (9)

3. VE can be applied to anything, particularly
guality characteristics which are most important to
the user and can be measured. (3)

4. . VB methodologies can enhance portability and
maintainabilicy gquality characteristics due to
longterm considerations affecting life-cycle costs.

(8)

5. VE applications provide alternative solutions
and tradecffs by analyzing basic functions and
overall design structures. (4)

Those that responded unfavorably provided one or more of
the following responses (frequency of remark is provided in
parenthesis):

1) VE savings must be quartifiable in the
software environment. Calculating accurate
z{ze?sxzres of savings are too difficult to determine.
&

{2} VE has no apgiicat_isn*g;ce software quality

e e T e e Do i f pe e E o oan - O e X

specifications and operational  requirements
documentation. {2)
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{3) VE methecdologies do not relate to software
quality characteriscics. (2)

(4) VE is geared to production unit cost; software
production cost is insignificant in this case. (1)

Analveis: Since software quality characteristics
indicate the extent to which good software engineering takes
place during development, it appears 1logical that some
characteristics might be more relevant than others in terms of
VE.

A common theme among the favorable responses indicated
that all of the quality software characteristics were
theoretically applicable to& the methodologies of VBE. It is
interesting to note that maintainability and portability have
been specifically identified as having direct VE applications.
Figure 8 shows the rising cost of sofiware maintenance
relative to software development,

m -~
- MAINTENANCE
DEVELOPMENT
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Figure 8 From Ret [zif

Based on the survey responses and the numerous considerations
ana aicerpacives Qiscussed 1n cpapter LIXI;, it woula suggest VE
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is a wvalid methodology £or sgoftware maintenance, The
portability characteristic also lends itself well to VE since
it applies to two basic questions that are addressed in any VE
study: (1) What else would do the job? and (2) What would the
alternative cost?

Measuring the value of quality software characteristics
is subjective in nature because there is no single quality
measure [Ref. 3: P.3-1]. From a contracting perspective, it
is apparent from the FAR that VB is not intended for measures
of subjectivity. The FAR emphasizes a tangible "unit costc®
for production. Because software is not considered a tangible
product, the difficulty in placing a tangible VE savings
becomes real and validates the usage of a Cost-Plus-Award-Fee
contract where subiectivity ig the basis of measurement,

4. Question Four

The software development process includes structursd
phased/steps. Can the methodologies of VE be applied to any
phase in the software development process? Are there any
particular phases that do not apply?

Regponse: This questicn was designed in order to
determine the applicability of Value Bngineering beyond the
restrictive language of the FAR which emphasizes unit cost.
The question was also intended to provide an indication of how
familiar software engineers are in the area of Value
Engineering. Sixty four percent of the respondents indicated
that the methodologies of Value Engineering applied to the
software development phases. Seventeen percent of the
respondents indicated that the methodologies of Value
Engineering did not apply the to the scftware develcpment
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Those that responded favcrably provided one ¢r more of
the following responses (frequency of remark is indicated in
parenthesis):

1. VE applies to any ©phase of software
development that will 4initiate changes to a
contract and will lower total life-cycle cost. (35)

2. VE produces greater savings when implemented
in the earliest stage2 of software development.
(15)

3. VE can be applied if new techniques provide
new tools or processes that ultimately reduces
goftware development costs. (7)

4. VE 1is best applied when a baseline or
configuration has been established. (3)

5. VE studies can optimize software development
processes by tracing and analyzing overall mission
requirements. (1)

Those that responded unfavorably provided one or more of
the following responses (frequency of remark is provided in
parenthesis):

1. VE does not apply to software development. DOD
is actually purchasing the most optimal software
development process available, (3)

2. Software development is considered R&D. FAR
Part 48 specifically excludes R&D efforts. (2)

3. Bconomical advantages cannot be accurately
defined in the phases/steps of software
development. (1)

4. Definitions common to VE are intended for
hardwar> applications. The Software Engineering
discipline uses unique definitions that do not
translate well with "hardware® applications. (1)

Analypia: DOD software engineers have sufficzently
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The responses strongly suggest that the concepts of Value
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Engineering can be applied to software development phases.
Numerous responses indicated basic VE applicaticns such as
*early VE involvement". Other responses noted that VE changes
which result in *reduced life-cycle cost" clearly indicate a
positive VE/software development relationship.

However, there is general agreement that any savings
incurred as a result of Value BEngineering technique~ are
subjective in nature, Furthermore, these savings are
extremely difficult to measure with accuracy.

Since DOD uses the rating levels defined in the Software
Engineering Institute’s Capability Maturity Model as source
selection criteria, any changes in what is already perceived
ag an optimal goftware development process is viewed with a
high degree of skepticism. Changes to the software
development process tend to have a high potential for cost
growth. As a result, suggested changes attract considerable
management attention in order to control sensitive budget
constraints,

5. Quessticn Five

What can or should be done within DOD, if anything, to
encourage the use ¢f VE in software acquisition/develcpment
(e.g. education, award programs, designate Government savings
for use in generating additional savings incentives for
contractors, etc.)?

Assponse: This question was designed to determine if DOD
VE program initiatives are effective in their current form.
Survey respondents were presented with the opporturity to
justify the exclusion of VE in software if applicable. Twenty
three percent of the respondents did not address the question
while 9% indicated no need to encourage additional incentives.
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Sixty eight percent provided recommended changes to enccurage
improvements.

Those that responded with recommendations to improve VE
program incentives provided cne or more of the following
responses (frequency of remark is indicated in parenthesis):

1. Additional emphasis on education is regquired.
(25)

2. Award procedures need improvements to
incentivize contractors. Profit is the bottom line.
(10)

3, ' Bvolving environmental/cultural changes will
induce the required VE program changes. (6)

4. Incentivize VE Dby -encouraging softwars
reuse/COTS utilization. (6)

5. Strong leadership commitment is required to
make the VE program work effectively in software
acquisition. (5)

6. VE must be emphasized in the contract. (5)

7. - Revise FAR Part 48 to incorporate software
acquisition. (4)

8. Simplify the VECP submission process.
Excessive requirements discourage VECP submissions.
(3)

Among those that responded with unfavorable comments
provided one or more of the following responses (frequency of
remark is provided in parenthesis):

1. A paradigm shift (away from production unit
cost reduction) must be addressed before VE can be
effective in software acquisition. (2)

2. VE will add unnecessary/exc=ssive bureaucracy
to software acquisition. (1)

3. Award Fees are more appropriate than VE

incentivas in anftwars apmiisdeian (1)




4. VE is simply not addressed in software
development/acquisition. (1)

Analysis: It is interesting to note the favorable
recormmendations listed above reflect the standard requirements
te.g educaticn, leadership ccmmitment, and streamlining,
etec.) of any successful DOD program. The U.S. Congress has
documented the same reccmmendations in order to improve the
effectiveness of VE in PFederal Agencies. The favorable
responses share many of the same ideas for improving VE in
software acquisition. These recommendations are typically
easy ta'iéen:ify at the working level. However, they are alsc
unusually difficult to implement and manage without consistent
leadership and oversight. [Ref. 16}

The unfavorable responses ccusistently expressasd a nesd
to measure VE savings accurately. Another common theme was to
eliminate bureaucracy in the form of reducing the number of
reviews and to focus on the Software Engineering Institute’s
CMM to save money.

Approximately one half of the 23% of the respondents that
did npot address the gquestion simply responded to unigue
software areas they thought were important. These respondents
were from individuals with various engineering backgrounds. No
indication was provided whether they had previcus contracting
experience or otherwise felt unprepared to respond.

6. Question Six

Additional Comments (?)}:

Rasponpe: This question was intended to encourage
respondents to provide relevant information about issues or
concerns which could be addressed cutside the framework of the
survey. Thirty three percent of the respondents provided one
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or more of the following comments {(frequency of remark is
indicated in parenthesis!:

1. The biggest problem in applying VE to scftware
acquisition is quantifying savings. (5)

2. VE is important to software from the
maintainability viewpoint. (4)

3. The basis of VE is that anything has the
potential to be Value Engineered, including
software processes. (3)

4, Configuration management can become a problem
due’ to changes in user requirements. These changes
can ke cost prohibitive. (3)

5. Software has an integral relationship with
computer hardware which is not often displayed in
Government and contractor organizations. This
hinders gocd development processes including VE.
(2)

6. Everyone in DOD thinks software development is
*black magic," and it is not. Software is no
different than any other discipline, except that it
is new. Neither is it easy. (1)

Analysig: The aifficulty in accurately guantifying VE
‘savings in software development is a common concern among
goftware engineers. However, no responses indicated that
quantifying VB savings could not be done. Maintaining
software is another area of shared concern among software
engineers because the amount of fielded software is growing.
As discussed in Chapter III, this is a valid concern. It
costs more to maintain software once the initial design has
been completed. [Ref. 9]

It is interesting to note that this was the cnly guestica
that prompted the connection between hardware and software.
fSinre goftwara 18 denandent unon hardware. it would seem

‘logical that a VE software study would require corresponding
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hardware components to undergo scme scrutiny to determine if

alternatives are available,

€. SUMMARY

This chapter reported and analyzed the perceptions of
Program Managers, software engineers, and contracting
specialists regarding the application of Value Engineerinc
methodolcgies to software acquisition/development. A
significant majority provided favorable responses to questions
one through five. It appears that numerous Value Engineering
opportunities and significant savings ccould be achisved if the
current DOD Value Engineering program was modified to’
accommodate software acquisition.

variocus suggestions were made that could facilitate the
required changes. Howsver, based on the responses submitted
2 significant paradigm shift will be reguired to implement
Value Engineering methodologies. For example, 4% of the
respondents specifically stated that after years of software
engineering experience, they had never observed VE
applications in software development. Three percent indicated
that they used VE methodologies in software development.
However, there were only four examples that ¢ould be recalled
by software engineers where software VECPs were documented in
the last five years. In one case, an Air FPorce contractor had
to be made aware of the VE cpportunity and even encouraged to
submit the VECP. This suggests that Value Engineering
methodologies need additional management emphasis in order to
be effective,
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V. CONCLUSIONS AND RECOMMENDATIONS

A. OVERVIEW

Since the latter part of the 1980°‘s, the Department of
Cefense (DOD) budget has been shrinking. Value Engineering
has been an effective cost saving technigque for both
Government and Industry alike. In a prepared response to the
latest update to OMB Circular A-131, Dr. John Deutch stated,

The DOD Value Engineering (VE} program, through our
internal and industry efforts, reports savings and
cost avoidance of over $1 billion annually, more
than any other COD cost reduction prcgram. [Ref. 7]

This atatement eloguently dJdemonstrates that Value
Engineering is a worthy program which warrants continued
support well into the future. As DOD approaches the 2ist
century, senior management will undoubtedly look to the most
effective cost saving procgrams available, Value EBngineering
'is one possible solution to minimize the negative effects cf
downsizing the military establishment. However, the success
of a program such as Value Bngineering will ultimately depend
upon DOD’s ability to manage the cultural and political
challenges of changing environments and smaller budgets.

The focus of this regearch was to determine how the
Department of the Navy manages its Value Engineering program
with respect to computer software acquisition, and to what
extent the methodologies of VE could ke utilized to reduce
ever increasing computer software costs. This chapter will
present the conclusions and recommendations of this research
effort.
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B. CONCLUSIONS

1. The Pederal Acquisition Regulation (FAR) Part 48
does apply to software acquisition. However, it was written
with an emphasis on hardware and unit cost reduction.

FAR Part 48 makes numerous references to "unit cost®
which are associated to the various definitions relating to
acquisition savings. A term such as "unit cost® does not lend
itself well to software acquisition. "Unit cost" tends to
relate to tangible items such as hardware. Software is not
considered tangible. "

Twenty seven percent of the survey res
-gtated that VE doces apply to software only because of the
general definition of VB characterized in FAR 48.101. Beyond
the general definition of VE, there is no specific reference
that discusses the calculation of acquisition savings
associated with software VECPs. As currently written, FAR
Part 48 provides no guidance whatsoever in applying an
accurate savings formula to software acquisitions.

2. The methcdologies of VE do apply to cooputsr
software development and acquisition,

This c¢onclusion is based on the nature of Value
éngineering. Recall frcm Chapter II that VB is a philcsephy
and not an exact science. Anything can be *Value Engineered"®,
regardless of whether it involves hardware or software. Value
Engineering challenges everything and excludes nothing to
identify inefficient cost. Until an item or process has bheen
declared "absolutely perfect”, then VE can always be utilized

to achieve improvement. Mankind will always continue to
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In software development, there are several development
processes and tools available that assist the scitwars
engineer. Scme procesgses and tools are better than others,
but all are subject to improvement. It is important to keep
in mind that as 3 discipline, software engineering is still
relatively new. Since the 196C‘'s there have been incredikle
advances in software developments which have tremendously
increased the capability of every major weapon system. OQver
the next 30 years, the methodologies of VE can be used to
accelerate the development of software to unprecedented levels
of performance that were previocusly thought to be impossible.

3. DOD software acquisition policies do not effectively
support the utilizatiocn of VB.

We have seen from Chapters III and IV that software reuse
and COTS can be considered valid candidates for VE. However,
the military standard for development and documentation,
MIL-STD-498 precludes the use of VE for these applications.
Recall that contractors are required to identify potential
reuse/COTs soluticns in their Reguest for Propesale. This
virtually eliminates any pcssibility to employ VE solutions in
software development after the contract has been awarded.

Another area of software acquisition that precludes the
use of VB in awarding a contact is based on the Software
Engineering Institute’s (SEI) Capability Maturity Model (OMM).
DOD contractorg can have their software development processes
rated by SBI. The ratings in the CMM range from one to five
levels; five heing the best. When DOD contracts for software,
it does not procure a tangible item, it procures the
contractor’s software development process tdO minimize risk
assocciated with the complexity of the contract’s racuirement.

To be competitive, a contractor migt continuously improve

their software development processsges in order to progress to
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level 5 in the OMM. One could argue that the process
improvements contractors focus on to be competitive is
actually Value Engineering. Unfortunately, the term Value
ngineering is not associated with the CMM.

To that end, the term Value Engineering is not found in
any DOD software publication or guideline. There are of
course processes that can be "Value Engineered” in DOD
software development, but these processes do not define the
term as Value Engineering.

4. Contracting personnel and Prograz Managers (FPM)
require additional training in software”development,

Virtually everyone this researcher talked to regarding
software VECPs expressed common difficulties in submitting
VECPs. There are two significant prcblems involved, and both
are related to each cther. The first prcblem deals with
educating contracting personnel. The second problem deals
with the degree of difficulty required to get a software VECP
approved.

a. Education

To successfully implement any VECP, contracting
personnel must possess a basic undergtanding of the change
being considered and how that change affects the contract. In
the area of software development, contracting officers and PMs
do not have the education to properly manage major weapon
system contracts that are software intensive.

In February 1895, the DCD Scftware Acguisiticn Best
Practices Initiative Workshop in Warrenton, Virginia
identified this deficiency as a significant management problem
in anfrware deuvslonment. Varimme aneakara at the Workshen

reported two significant f£indings: !
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I

associated with contracting officers result in poor contract
administration because problems in software development cannot
be anticipated, identified, and/or corrected in a timely
manner, and (2) PMs need additional education in oxder to
provide the Defense Acquisition Board valid information during
Milestone reviews.

With the problems discussed above, this causes
contracting officers and PMs to view software related VECPs
with suspicion., A VECP will not get approved unless it is
thoroughly understocd by contracting officers and PMs. Cne
survey response specifically stated that a software related
VECP was disapproved because it was not believed that VE
applied to scoftware.

b. VECP Avoidance

Because contracting officers and PMs do not have
adequate training in software, software engineers will avoid
VECPgs as a contract incentive or reguirements sclution.
Survey respondents who indicated previcug experience in VE
stated there is too much effort required to submit and follow
up on software VECPs. As a result, software engineers will
seek alternative methods to fulfill their meet objectives.

5. Implexenting VE methodologies in software
development and acquisition will require dedicated management
commitment to achieve acceptable levels of succesas.

Value Engineering and software engineering are two
different disciplines, particularly in DOD. This research
concludes that there is no administrative mechanism currently
available to connect them. There is no written instruction or
guidance in DOD which specifically directs the use of VB in
sorcware acguisition.
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Wwithout such guidance or instruction, it is incumbent
upon management o provide the leadership to make the
necesgsary changes. Simply put: personnel in non-management
positions cannot be expected to effectively incorporate
drastic change without proper guidance frem leadership.

C. RECOMMENDATIONS

1. Any attempt to incorporate VE in software
acquigition will £first requirs 8 comprehensive analysis.
Senior DOD management will need to determine the feasibility
of such a change.

As discussed earlier, there are no adminigtrative
mechanismg available in DOD to connect Value Engineering and
Software Engineering. A comprehensive analysis would be
required to determine what impact or influence the
introduction of VE would have on software acquisitions. At a
minimum, current guidance such as the new MIL-STD-49%8 would
require considerable changes. In light of the dynamics of
software acquisition, dramatic changes in basic procedure
would in all likelihood be extremely unpopular. Most people
in Government naturally resist additicnal program requirament
thrust upon them, regardless of the circumstances.

In any event, a significant “paradigm shift* would have
to occur in both industry and Government to incorporate VE in
software acquisiticng. This weculd chvicusly take time to gain
acceptance. It would also take time to learn how to make the
environment of software amenable to VE. However, if a studly
concluded VE should be incorporated in software acquisition,
then the following sub-recommendation would apply:
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a. Revise FAR Part 48

This section of the FAR was written at a time when
DOD was experiencing a military buildup. Today, DOD budgets
have constrained the number of weapon systems that are being
purchased. DOD simply cannot buy the number of tanks, ships,
and planes that it did in the 1380’s. A FAR revision is in
order to accommodate smaller acquisition quantities. This
revision will also have to address simple procedures for
calculating savings associated with software VECPs.

2. Determine and provide adequate software acquisition
and devalopment training to contracting officers and Progranm
¥anagers.

As discussed earlier, contracting cfficers and PMs do uct
have adequate training in software. It only makes good sense
to regquire acguisition personnel to have more than a basic
understanding <f what they are buying. Every major weapon
system in DOD is software intensive, therefore, no contra<ting
officer or PM can avoid software related procurements.
Recall from Chapter 1 that in fiscal year 1994, scftware costs
for DOD were $42 billion. With so much time and money being
spent on software, contracting officers and PMs should be
adequately traired to manage the administrative difficulties
asgociated with software acquisition.

P. RESEARCE QUESTIONS
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The principal features cf the Navy's Valus Engineerin
program are based on various acquisition guidelines which
incorporate the policies discussed in the FAR. To implement
cthe regulations Congress outlines in the FAR, the Executive
Branch of Government issued OMB Circular A-131 which directs
Federal Agencies to use VE as management tool where
appropriate. In DOD, the principal features of VE are
outlined in DOD Instruction 5000.2 These features essentially
define VE in DOD and provide requirements for reporting annual
VE activity statistics for each DOD component. The VE report
is used to gauge the status of the VE program and to identify
areas of improvement.

Within the U.S. Navy, each Systems Command promulgates
its own instruction to establish a Value Engineering program.
These command instructions provide specific guidance in
training and reporting procedures. Specific staff positions
are identified and explicit VB responsibilities are discussed.
Field activities assigned tc Systems Commands are included as
action addressees.

What is the role of the Value Engineering Change Propogal
{VECP) and how is it applied to VE?

The VECP is the contractual mechanism that implements VE
in a contract. The VECP is used by contractors to document
suggestions which encourage a change to a contract. The
contractor is essentially attempting to justify a more
economical method to fulfill contractual requirements.
Therefore, a change resulting from the implementaticn of a
VECP reduces the cost of a contract. The corresponding
reduction in cost is then shared betweed the Government and
the contractor based on the share ratios listed in the FAR,
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acquisition are most pertinent to the application of VE
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Value Bngineering methodologies can be applied to several
aspects of computer software acguisgitien. By analyzing
software engineering concepts such as The Plurality of Goals,
and Marginal Analysis, VE studies can provide valuable insight
into available alternatives. Each alternative can then be
judged according to its perceived value by the user.
Ultimarely, the user will make a decision that maximizes the
value of the acquisition.

Other unique aspects of software acquisition that can
apply to VE include topics such as Goldplating and Legacy
Systems. These aspects are much easier to understand in terms
of VE applications because they have relatively simple
concepts that translate well with "hardware*.

One ohijective of Value Engineering is to reduce total
life-cycle costs. This research demenstrated that VE in
goftware maintenance applications can have a significant
potential to reduce total life-cycle costs. S8imilarly,
software reuse and COTS applications were also shown to be
valid VE candidates.

Survey results in this research indicated that a majority
of these people believe that VE does apply to software.
However, there is no administrative mechanism available to
connect VE and software acguisition. While contractors all
agree they strive to continuously improve their development
processes, it is clearly recognized that it is not being done
in the name of VE.

Value En¢ineering must be emphasized repeatedly in the
area of software development in order to be effective. This
includes the insertion of VE references in all DOD software
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software relationship. No DOD program succeeds without solid
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backing from management. It is ciearly not sufficient to make
aone line reference that states VE applies to software in OMB

Circular A-131 and DOD Instruction 5000.2. There is much
more that can be done in order to inundate VE in software
acquisition.

What approach, {f any, should the U.S. Navy use to

facili n 14 . £ VE/VECE :

{sition?

Bducation is the key that will facilitate the application
of VE/VECPs in computer software acquisition. Contracting
officers must be trained to identify unique opportunities
where VE can apply to software. As with any VE application,
contracting officers must aggressively seek out VECP
opportunities presented by contractors. To be successful,
this will only happen if contracting officers have been
properly trained. Value Engineering is done because it makes
good sense. Accordingly, contracting officers must know what
makes good sense in software acquisition.

was: How
wh xten a 's Valu
tilize the acciiairtion af commirer
software?

This research has demonstrated that Value Engineering can
be utilized in the computer software acquisition. This can be
accomplished by applying the methodologies of VE to the
following concepts of goftware engineering:

(1) The Plurality of Goals.
(2) Marginal Analysis.
(3) Goldplating.

(4) Software Maintenance.
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Although there are opportunities available to utilize VE
methodologies in scftware acguisiticn, thare is very little
evidence to suggest that the U.S. Navy takes advantage of
those opportunities. This research has identified two
distinct reasons which directly contribute to the lack of VE
in software acquisition.

Contracting Officers and Program Managers lack adequacte
training and education in software to effectively implement
VE in software acquisition. To add to this prcblem, the DOD
Value Engineering program as a whole has had a history of
management and visibility problems (Ref 34: P.17]. Without
adequate training and education, the U.S. Navy'’s VE program
cannot be effective in sofcware acquisition.

There is no administrative mechanism that connects VE and
software acquisition. OMB Circular A-131 and DCD Imstructicn
5000.2 merely state in one gentence that VE applies to
goftware. FAR Part 48 makes no reference whatsoever to
software, Furthermore, there is no specific U.8. Navy
guidance that addresses a recommended approach to expleoit VE
opportunities in software acquisition.

With the lack of VE emphasis in scftware development and
acquisgition, the focus on improving software development and
acquisition processes are defined in MIL-STD-498 and the SEI
Capability Maturity Mcdel. Both of these scftwars guidelines
are currently the preferred tools that contractors rely upon
to concentrate on continuocus improvement. By focﬁsiag on
continuous improvement in the development of software,
contractors can readily gauge their relative competitive
positirn in the source selection process. This continuous
improvement paradigm in software development currently
obviates the need for VE.
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£. ARBAS FOR FURTHER RESEARCH

The following area is reccmmended for further research:

Cenduct an analysis of the top ten DOD contractors to
determine what <changes, 1if any, are currently being
implemented in their VE programs. DOD has witnessed several
defense contractors merge within the last five years. These
mergers are occurring in the name of competition and survival.
A useful study would concentrate on specific elements of a
"new contractor’s" VE program tg determine which elements are
successful and why.

This analysis would  necessarily investigate a
contractor's VE approach to subccntracting plans. The result
a this study could shed light on how to effectively manage a
VE program for subcontractors. DCD could use this infeormaticn
to efficiently manage reduced budgets and to assiast other
contractors in the hopes of keeping them competitive.

In any event, this analysis could also provide insight
into an effective management apprcach te VE, DOD will ke
procuring fewer weapons in the future and that will tend to
reduce the VE opportunities that were available in the past.
This is the right time to development new VE approaches in
DOD. We simply cannot afford to do busineas in the future by
locking at the past.




APPENDIX

SURVEY QUESTICNS

1. The Federal Acquisition Regulation (FAR)} part 48
discusses Value Engineering (VE) requirements. In your
cpinion, does VE apply to computer software? If your answer
is no, please state specifically what subpart of FAR part 48
precludes the use of VE in computer software acgquisiticn and
why. If your answer is yes, please state specifically what
subpart of FAR part 48 does apply to software acquisition and
why it does.

2. The U.S. Army has applied Value Engineering to software
reuse. What unique characteristics of software reuse exist
that are applicable to the methodologies of VE? Should VE be
applied to other areas such as commercial off the shelf (COTS)
software products?

3. Some quality characteristics of software include, but are
not limited to, understandability, portability,
maintainability, testability, and usabiliry. To what extent
can the methodologies of VE be applied to these reuse
characteristics?

4. The software development process includes structured
phased/steps. Can the methodologies of VE be appliec to any
phase in the software development process? Are there any
particular phases that do not apply?

5, What can be done within DCD, if anything, to enccurags
e

the use of VE 1in software acquisition/development (i
educaciou, award programs, designate Govt. savings for use in
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generating additional savings incentives for contractors,
atc.})?

6. Additional Comments (?):
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