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ABSTRACT

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

Department of the Department of the Navy's Value Engineerilng Prograrm be

utilized in the acquisition of comput softwr.A review of prfeina lit-r-t-r

such as journals, periodicals, and research renports provi•d.. the har-rgyr,,nd

information necessary to explain p-te"b'nta i..r..toh;no.,,, V*Ih, V• ,

(VE) and computer software. Surveys web" to a Depr.. ent of

Defense (DOD) Program Managers, U.S. I'•"a1 Syste. Co. ands, aon Defense

Contract Management Command Distericts to U&eWtrin. u uw O J•u

management currently perceives the VE computer software relationship. AM

analysis of the data resulted in the following conclusions: (1) dhe 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)

contracting 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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I. INTRODUCTION

A. GENERAL

The purpose of this thesis 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 Engineering 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 bri4aef orgizatio f th4

research.

B. OVuRVIEW

Value Engineering originated during World War II as the

result of intense mobilization requirements and the inherent
material shortages that were experienced in order to 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 waxinmum extent

possible provided that the value and functional utility of the
end product were not compromised. In 1947, Lawrence Miles
developed the methodology or philosophy which became known as
Value Engineering. 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,

functional requirements of DOD systems, equipment,



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
researcher 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 ~P4oo an o= f V=l ,,i
Engineering to the software development 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
unnecessary cost (Ref. 19: P.vii].

Of particular concern at the Congressional level is the
spiraling cost of computer software in the Department of
Defense. In the early 1980s, DOD expended less than ten
billion dollars annually on software development and support
cost. Recently, DOD spent between $24 billion to $32 billion

nw~~ti1 l.-his f tqmire j,~a i-reaw,~4mala Iv ven Lmý_vonevt e~f

the Defense budget. However, approx!mte eoftware

2



expenditures for fiscal year 1994 have reached $42 billion. It

is estimated that 2)y the year 2008, software d.v.lopment. an-..d
support costs will represent 20% of the Defense budget.
(Ref. 31: P 11

RADM Robert M. Moore, while Commander of Naval
Information Systems Management Cetr in M^a0rh 13 d e

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
software that provides the real functionality.
(Ref. 23: P.101

To illustrate how sophisticated weapon systems have
become over tire, a review of the aount of software code

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 software
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.21 Today's weapon systems field
impressive technological capab.l.t.es that are all sfwr
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 devel•opn•..t. As a result, software
costs have spiraled out of control with no relief in sight.

weapon system acquisition process. This research will

3



identify how the methodologi.es and goalas 644L VC.A

Engineering program can be used to enhance the acquisition

process for computer software.

C, RESEARCH OBJECTIVE

The purpose of this thesis is to develop an understanding
of how the Department of the Navy manages its Value
Engineering program with respect to computsr software
acquisition, and to what extent the .eth^dlogi• of , could

be utilized to reduce ever increasing computer software 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 levels of "Value'.
Furthermore, it im hoped that this thesis will provide readers
with the information necessary to exploit and incorporate
acquisition streamlining in all contractual applications of Vi
to the maximum extent possible.

D. RZSEARCR QUZSTIONS

The primary research question is derivd% f r om the•, k-a aJ V S

research objective and asks: How. and to what extent can the
Department of the Navy's Value Engineering Program be utilized
In the acauisition of computer software?

The following subsidiary research questions were

developed to assist in answering the primary research
question:

1. What ar. the principal features of the U.S.
Navy's VE program?

2. What is the role of the Value Rnaineering Chanap
%vj b 9 ýrj cL&,& UUw Lis LL tp.L.Leu YLU Yar

4



3. What characteristics, if any, of computer
software acquisition are mcst pertinent to the
application of VE concepts?

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

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

N. SCOPE OF RESEARCH

This thesis develops an understanding of the U.S. Wavy'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

software development and acquisition. It is not within the
scope oZ this study to provide an indepth understanding of
software engineering and development. Furthermore, it is
assumed that the reader has a basic understanding of
acquisition concepts, terminology, as well as the basics of
major weapon systems acquisition.

r. RESEARCR MnODOLOGa

The research methodology ut-'13l ized In th-I sG st• udy in.vol.ved
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 Corrand; Naval Sea Syste••s
Com•and; and Space and Naval Warfare Systems Command. The
literature research included a review of: (1) professional
journals and periodicals; (2) re3earch reports published by
United States military postgraduate schools; and (3) United
States Department of Defense publications. The survey

S



G. CHAPTER OUTLINE

Chapter I provides an 4nrd,,o t h to°• n oc

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 III 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 actAal and

potential usage of the VECP in the application of computer
software 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 recomnmendations, provide detailed
answers to the research questions and suggest additional areas

for further research in Value Engineering and computer

software acquisition.

6



II. DEPARTYANT OF DEFENSE 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 aM cnr
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 conmmitments and
reduced budgets. An example of a systems type value
engineering change will be provided to demonstrate the

applicability of Value Engineering to a 'system.'

B. THE BACKGROUND OF VALUEENGINEERING

In DOD, Value Engineering applies to hardware, and
software; development, production and manufacturing
specifications; standards, contract requirements, and other
acquisition program documentation; facilities design and
construction; and management or organizational systems and
processes to improve the resulting pd ts. [Ref. 291 ThM
main objective of Value Engineering is to obtain the same
function or performance standard at the lowest cost possible.
Value Engineering 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
eamo utnixy ror iess cost, or tji comnining improvea utitity
with a decrease in cost. Optimum value is achieved when all

7



criteria are met at the lowest overall 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 led 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 Engineering 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 organized creative
approach which has for its purpose the efficient
identification of unnecessary cost." [Ref. 19: P.13

Furthermore, he immediately saw the beneficial implications VE
had to offer an organization besides added value and lower
costs. Mr. Miles recognized that his "philosophy", 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 conmmon
cause 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 comnon cause, such as attaining
the highest levels of value possible an an. item, can be 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. First, 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.

(3) Cause value alternatives to be developed.

S



The five basic questicns of each Value -gi--n.._ir.rr studAyp

attempts to answer the following:
(1) What is the item?

(2) What does 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. WHEU DOES VALUE ENGIN3ERING START?

Value Engineering produces *he 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 environment, Value
Engineering is becoming a strategic tool to capture market
share in order to "provide better customer value for
equivalent cost or equivalent customer value for a lower cost

[Ref. 7: P.391 .' 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 target cost that will provide some guarantee of 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
been very successful in competing with their American
counterparts by correctly focusl-ng on effectlve Value

Engineering techniques. [Ref. 17. P.4381

9



Figure 1 shows the .im"p"ortan.,ce of us.n.g lvalue Enginc±arng

in the design stages of a product by reviewing the nature of

product cost throughout development.

cumueative
Cam P rUnl of

Produc

840

* 70
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240

* 60- / .

.0

ROD WIg. D-.- . V"e-"
MWsi an* d Chain
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Figue1? From Ref (1.7

Colts are "locked in' because management/technical decisions

~ ~ .. t. r.-3"

costs drive the overall cost of the item throughout the
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development stage. Cost incurrence are costs that are
recognized at the time a cost is inrunrcA Adingdevel Aopmen

:t can be seen that locked in costs drive incurred cost
because decisions have been made in the design stage. tRef. 6S

Since a product may be in service for over a century or
more, it may well be useful to apply Value Engineering later

in the service life of a system or equipment. Specific

application requirements of any equipment 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 s1nce the m..nu factur .... pro s -in t-Is

industry dramatically changes when customers expect more for

their money as tecbnology iu.proves.
Regardless of 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
Engineerinc :udies have resulted in improvements in numerous
applications and resulted in:

(ii Service life extension.
(2) Reduced repair costs.
(3) Reduced packaging costs by improving

procedures/materials.
(4) Elimination or significant improvement of the

function. [Ref. 29: P.2-51

D. VALUE WGINRERING IN DOD CONTRACTS

1. The Federal Acquisition Regulation

The main objective of Value Rngineering in contracting is
to reduce costs while maintaining or improving quality. DOD
adheres to the guidance of the Federal Acquisition Regulation

- --------



Value Engineering in contracts. Value Engineering clauses are
required on acquisition contracts, including subccntracts,
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 organizations.

(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.48-21

Further guidance to assist contracting tfi-ernand
contractors can be found in MIL-STD-1771A , "Value Engineering
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. 351. The contractor
submits a VECP through an incentive (voluntary) approach or
through a mandatory approach. VECPs approved by the

Government which result in contract savings are known as

share a percentage of the savings with the Government through

12



a rec,•tion in the cost o rth rnntrarr hrIi 42 1 r4• Qi1h•ng

include:

(1) Instant contract savinas. The net cost
reductions on the contract under which the VECP is
submitted and accepted, and which are equal to the
instant 'nit cost reduction multiplied by the
number ct instant contract units affected by the
VECP, less the contractor's allowable development
and implementation costs [Ref. 11: P.48-I1.

(2) Concurrent 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-I].

(3) Future 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
[Ref. 11: P.48-lI.

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

(5) Contractor's Development and Imolementation
Costs, Those costs the contractor incurs on a VECP
specifically in developing, testing, preparing, and
submitting the VECP, as required by Government
acceptance of a VECP [Ref. 11: P.48-li.

Under the incentive approach, the contractor employs his
own resources to develop a Value Engineering program and
submits VRCPs, 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 allowable development and ±mplement aton costs o.ly when.

Under the mandatoryapproach, a Value Engineering Program

13



Requirements Clause (VEPRC) is required. The contractor is
required to perform a specific level of Value Engineering
effort to achieve savings. Under this approach, the

Government feels 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 Gover-wment will. pay for or p"rc44^ 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 contractor
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 voutr r netv

clause would be considered more appropriate. (Ref. 12: P.171
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 sam.e
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:

the proposal is being submitted.

14



(2) Contract cost reduction without impairing
desired functions provided that it does not involve
a change:

(a) In deliverable quantities only.

(b) In research and development quantities or
test quantities due solely to results of
previous testing under the instant contract.

(c) To the contract type only.
[Ref. 29: P.3-31

Table 1 lists the VECP share ratios. It can be seen that
a contractor gains more when the voluntary approach applies.

Table I
Government/Contractor Shares of VECP Savings

(All fi gres 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 * 50/50 75/25
(fixed price

or cost)

COST 75/25 75/25 85/15 85/15
REIMBURSEMEWT

(other than

incentive)

*SA1 AS THE SHARING RATIO IN TER CONTRACT nROM REP Eii1
It should be noted that theme ratios may bg naurerahIe ba&,A

on need and available funding.

15



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 VEC?, 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 AfO. The decsuon *-o

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.48-31

When the VECP is submitted for review arndd a.ppro.. th eu

following will be evaluated to determine the feasibility of

the proposal:

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

(2) The 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 delivery schedule.

(6) The affect on training and training equip-^nt

(7) The affect on test and support equipment.

(8) The availability of funds.

(9) The affect on reliability and maintainab•l•ty.

(10) The return on investment [Ref. 12: P.486

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

and the cont&actor, the extent of the change to the contract



as a whole must be determined. Tn other words, the impact on
each of the affected cost e I .em.s whn. th-ey areC.. .. a-r. Ao

the original contract must be taken into account. Other
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 sn'. A

be 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 Government to avoid

paying large sums of money for savings if the estimated life

span of an equipment or system is actually shorter than
original estimates predicted. It is clearly a challenge to
gauge the true measure of contract savings when implementing
a VECP, particularly when the nature of the contract is
extremely technical. Great care mast 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. Figure 2 outlines the basic
acquisition framework for the service life of a major weapon
system. The acquisition process begins vth the determinat•on
of a mission need and progresses through five distinct
milestones and phases. The Defense Acquisition Board (DAB),
chaired by the Under Secretary of Defense (Acquisition and
Technology) USD(A&T), conducts an exhautz.tev,'e4 m•leon,,-e rev,.tewf• r

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 ident:.fy and close those
risks;

(4) Is the Program Manager's proposed approa-h

affordable. !Ref. 28: P.11-C-lI

A&MuVSmON mIL&S"OtES & PHASES

in 01I -

Fguxr 2 From Ref [281

When the USD(A&T) is confident that all the pertinent
issues have been addressed, he will grant approval for the

program to proceed to the next phase. The Introduction of VE.
is required at Milestone III, production approval. The VNPRC
is not required when in the contracting officer's judgment,
the contractor has demonstrated an effective Value
Engineering program or the contract award was s \n
adequate competition. [Ref. 11: P.48-2]
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2. Office of Management and Budget Circular No. A-131

To effectively carry out the Congressional requirements
outlined in the FAR, the Executive branch coimnunicates
specific instructions to all Federal Agencies via OMB
Circulars. On 21 May 1993, the then Director of the Office cf
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
requestS to OMB. Additionally, the use of Value Engineering
is now required to include the use of a product, service, and
process improvement orientation. [Ref. 35: P.21 The Value
Engineering emphasis which focuses on a process improvement
orientation is more conducive to a software e.velopment
environment. Specifically, Circular A-131 requires Federal
Agencies to:

Use Value Engineering as a management tool, 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
sound basis for identifying and reporting
accomplishments. (Ref. 35: P.2)

ONE Circular A-131 encourages the use of other management
techniques in conjunction with Value Engineering to achieve
reduced costs. These techniques include, but are not limited
to, design-to-cost, total quality rmanageme"t, l•f4e cyle

costing, and concurrent engineering. [Ref. 351
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3. Value Engineering Guidance For DOD and Navy Use

With OMB A-131 directing Federal agencies to use......
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. 283

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) promulgates 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. Specific VE responsibilities are outlined for senior
management personnel and individual field activities within
NAVAIR in order to implement an effective Value Engineering
program. (Ref. 30]

X. VALUE INNEEnING A NNW DIRECTION

1. The Perry Xgmorandum

In June 1994, 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
&.%iJ. r&aW&il &" ~ ~ l GL~ vaw~xy hen perxormarzce
specifications cannt meet requirements, then non-Govarrnent
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standards or commercial standards are required. In the event

performance or commercial standards cannot Abe used to satiafy
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. rRef. 223

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 for 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 its concurrent
contracts only. The Government would keep all
savings resulting from concurrent contracts placed
on other sources, savings from all future
contracts, and all collateral savings. Use of this
method must be by mutual agreement of both parties
for individual VECPs. (Ref. 11: P.48-41

The significance of using performance and commercial

specifications is significant to Value Engineering. In a
Value Engineering study, all aspects of the item or process

are challenged to suggest alternatives that would either lower
cost, 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 perfornmwnce and.. C erc4arsl $rZ. fcaro. fv

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 Value
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 in 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
Federal debt. [Ref. 36]

When used appropriately, Value Engineering ii 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' attent.10. thogott e Federl

Government.
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F. A VALU ENGINEERINQ SYSTrAw EXAnLZ

At this point it is appropriate fo provide =ml.e o

the application of Value Engineering to a system or process.
This is done in order to 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 wailing 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 ma-ilng poro-es. Key prnl 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 old system saved the
state in excess $250,000 per year. Significant ch-ang-es

included:

(1) Redesigning 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 addresn vice mailing single documents multiple
times. [Ref. 8: P.575]

Regardless of the system or process that is involved,
none are perfect and inefficiencies or alternatives can
always be challenged in order to increase value to the end
user. The same holds true in theory to a software development

process. Software process improvement Is a continual
assessment of development practices which seeks to eliminate
inefficiencies and introduce refinements. It is difficult to

complies with the gca•s of Software Engineering Institute's
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Capability Maturity Model (CMM). Each software development
project is driven by very intelligent h n bengs, b,,t b

their very nature they have yet to achieve levels of "ultimate
perfection" beyond that defined in the CMM. [Ref. 201

Q. SUMMARY

Value Engineering is a relatively easy concept to
understand. It is 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
financial realities associated with the post Cold War era.

Chapter III will discuss Value Engineering concepts that
involve software development and acquisition.
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II. SOPTWARE VALUE D-G-INEE-RING MIPPL-CUTION3,

A. OVERVIEW

As stated earlier, the rising cost of software
acquisition is consuing an ncreasin percentageofth
budget each year. In 1994, DOD software costs were
approximately 42 billion dollars and future costs will
continue to escalate. [Ref. 201 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
systems to experience cost overruns, schedule delays, and
performance problems. These problems can be the result of
inadequate management attention, 11•.defined system
requirement, and inadequate testing. With the high cost of
such weapon systems, reasonable expectations from the public
demand fully functional systems. [Ref. 32: P.1-31

Value Engineering is recognized as an effective cost
cutting technique for weapons and systems programs, but 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 f-- Informat ion
Technology procurements.

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

(Ref. 21: P.2701
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This chapter will present a basic application of the
methodologies of Value Engineering to fware ac.-,i c.

Further analysis will cover actual applications of software
Value Engineering.

B. VALUE ENGINSRBING CONCEPTS

To 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
systems, equipment, facilities, services, and
supplies for the purpose of achieving the essential
functions at the lowest life cycle cost consistent
with required performance, reliability, quality and
safety. [Ref. 11: P.48-21

This fairly straightforward definition has a very basic
meaning that does not appear to comnn~icate any iLmitations 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.vill]

At this point it is appropriate to introduce the

definitions of software and software engineering to this

analysis. Software is defined by Webster 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,. BCoehn i"n

Engineering Economics as:

-. th. a~ntlirt~Annf n? arlavire A"A maihanxt4,r by
w141; U %apD.LLirAies or computer equipment are
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made useful to man via computer programs,
procedures, and associated documentation.
fRef. 4: P.16]

Mr Boehm amplifies this definition one step further by stating
that a good software engineer produces software that is
"useful to man." To be "useful to man" means 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 cost in
order to fulfill human needs. tRef. 4: P.171

1. Software Development

Bach software development project begins with a review of
available techniques and processes that are used to develop
software. 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 development is extremely complex and can be ccr,-ared
to the construction of aircraft. Aircraft manufacturers use
a variety of tools, materials, and processes to develop an
aircraft consistent with contract requirements. Both software
and aeronautical engineers constantly look for new techniques
and processes to improve their products. [Ref. 2: P.11

Figure 3 outlines the steps typical of software
development for a large scale software project. Each step
contributes to the production of specific software products.
(Ref. 3: P.2-21. These products are usually assocIated wIth

a list of functional requirements that evolve from incomplete
drafts to highly detailed specifications [Ref 13: P.241.

It can be seen from Figure 3 that software development
can be a complicated process. In order to apply the
mecnouoiugSem or va~ue tugineering, speciric sortware
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similarities can be analyzed.
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sotwar deveopriouls b tht flow proide oft are products thatr
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fulfill the needs of a customer in a uniform manner. In other
words, if a customer specifies that he dsires a 6

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 over others. 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 if one particular software goal receives special
emphasii3', then other software goals will most likely suffer as

a result. [Ref. 4: P.20-211
In Wienberg's experiment, five teams were given a

programming assignment. The assignment was the same for each
team, however, each team was to place special emhas•s on a
specific software goal. The teams were each given a different
a goal to concentrate on. The results showed that all the
other software goals analyzed suffered as a result of
concentrating on one specific go&l. Figure 4 shows the
results of the experiment in which the plurality of goals is
demonstrated. Mr. Boehm points out 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.211

From a Value Engineering standpoint, one would
question and challenge every aspect of the plurality of goals
in order to achieve the highest levels of value. One
applicable Value Engineering technique is to 'Use information
from only the best source.' Some useful questions that should

be asked would include:

w wny is memory our most important sottware goal?
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0 How important is program clarity to our organization?

0 Why should output clarity be considered?

* Would other software goals bete "it .. r A aq A

why?

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

a What are our real requirements, will something else
suffice? [Ref. 19: P.481

F~ukirg Bank on Perforrnarv

Teanm o-ecive: Effort to Number of -Meorxy Program OUt
CpMtez4 i ,temiwo RPeciuV Oarly C"

rnr otf Saeme"l 2 I t 3 5

Ve"ry requied•

ProgramCie", 32

C~tp4~t~iC~L 2m

Flgue 4 From Ref E41

This type of value analysis may result in a positive

value change to the original requirement. Weinberg's

=0 aLau auxware cara eriatics are
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not represented uniformly in the development process as one
would think. This rakes I- essential that the ue.r :s

provided the opportunity to examine their requirements in
detail. In software development, user involvement requires
additional emphasis due to inaccurate or incomplete
requirements definition, conf l ctnmneds user r=coa..tace

and communication breakdowns tRef. 20: P.321. 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. 19! P.481

b. Marginal Analysis

One method to assess value n .4software .engtneer;

is to graph value relative to cost. Mr. Boehm discusses this
approach by stating,

The total value (TV) of an information processing
system is its effectiveness when expressed in the
same units used to express the cost (C) of t'ze
system. In that case, the net value (NV) is defined
as the effectiveness-cost difference, NVaTV - C
[Ref. 4: P.2081 [Parentheses added]

Figure 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
X , which is where Net Value has the largest positive value.
[Ref. 4: P.2061

Figure 6 shows the net value function which could be
derived from Figure 5 simply by subtracting total value f -corn
cost. Notice how when NV is negative, the activity is
undergoing a phase of investment. When NV is positive, the

activity level is vrofitable. Beyond activity level X,. the
organization is no longer profitable and rai over Invested.
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Activity lentl x

Figur'e 5 From Ref £4]

(b)

Fi•,ego 6 From Ref (41
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Mr Boehm points out that the slope of the NV curve or marginal
net value (M'V) can be used for decision making purposes.
According to Boehrm, three ncan be madoefrom thE

1. If the %4V is positive, increase the activity
level.

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

3. If the MNV is zero, the activity level is
optimal (Xnax)). [Ref. 4: P.2091

In a Value Engineering study t is ben -C -' ti o
"Get all available cost*. 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 q;ue-'- 4 e d t o
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. 19: P.4S5

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
ae-c-nrarp far tIha use V4a 4& trvite #nr- all nrnswn4_v%#s* 4 nna
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since cost structures for each sotware de....o..n. project 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, b0us. =st- &be dete=.- n f.r

an assessment of utility or worth. Recall that value is a
measure of utility and worth resulting from some detailed
analysis which satisfies a recognized need. (Ref. 18: P.233

c. Gbldplatizg

Any product, whether it is hardware or software can
expezience excessive cos: 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
and adds costs which are disproportionate to original software
:equirements. One common method to make the software job
larger, and increase the cost significantly, is to succ'c=b to
the temptation to add additional software engineering tc a
large software project. [Ref. 4: P.1911

According to Boehm, "goldplating" can result from
adding unneeded features to software reu•o t. The f
his examples include:

(1) ins ant 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) Everything for everybody: Systems developed
which provide a corporation's entire information
processing needs into one comprehensive integrated
I3,eaeomw rtU A 4. rk 1
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In Value Engineering, "Using industry specialists to
extend specialized knowledge." could be used to challenge the

tendency to *goldplate" software products [Ref. 19: P.711.
Getting appropriate levels of value in a product or system
requires challenging all known alternatives in order for
managers to make value decisions. Appropriate queari-n-. to

ask in this category should include:

* What is the exact function 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 associated with identified
functional requirements and why?

* What other software solutions will satisfy identified
requirements and what are their relative costs?
[Ref. 19: P.71]

Asking pertinent questions that are exhaustive in
nature will challenge all relevant people 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 reservation 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 maxiu

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

ý -m U- -$1- 4-- -tA. ~ ~ - -. t

efficient. The customer or passenger waiting in a line &1sc
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has some tolerance for the average amxount 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 filling available seats on all flights.
Flight attendants must know how much food and beverages to

stock for each flight in order to 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 routes t ;l.

The Federal Aviation Administration requires airlines to

produce passenger lists immediately after takeoff in the event

of an emergency. [Ref. 5: P.1421
These examples show how many different types of people

can be involved when considering 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.711

d. Legacy Syst ems

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 systems 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': 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 th-e -les of an or- manizat that

have accumulated over time, so a review of the software system
rather than the human processes involved is required. In an
organization normal business operations change over time,
however, efficient change is impeded if software systems are
not updated. Organizations need to view software evolution as
an integral part of software development. [Ref. 1: P.19-211

Avery Division of Avery Denninson, a $2.6 billion office
supplies firm in Pasadena, California uses a company developed
technique known as Avery Valu~e Analysis as a solution 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 teams
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.881

Another method for an organization to apply V'alueIu

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 rows 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 eachl bnuainsus ann1Ie;-rinn bas-l&o ralar41na Imnnrtanroa or

valnue -to the organization. Complete rankings can then be
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 information possible in a manner that is readily
interpreted. Remember the Value Engineering technique that
suggest to use only inftrmation fro th lbest soulr e.
Cross-functional teams provide the best information possible
because these teams are individuals who are most qualified or
closest to the problem. People who 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

BUSINESS VALUE ANALYSIS

Application Market Profit Information Score
Value Contribution Significance

Credit/Debit .0 10 10 30

Sales Support 40 30 20 90

Inventory 10 30 20 60

Accounting 10 10 30 so

Order Entry 30 20 20 70

Total 100 100 100 300
Source: Rof[2] •i

using a scoring system, such as the one presented above,
to assess value is an effective tool with unlimited

applications. For example, the U.S. Air Force implemented a
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system technique to highlight inspection procedures which

determined the need for maintenance requirements of all C-130A

aircraft wings. These raintenance re..U.. t. . were nte.de.d
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 of 30000 or mor

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.111

e. Software Reuse

To consider software reuse as applic.2le to Value

Engineering, a review of the FAR is appropriate to define
useful techniques. The FAR states that Value Engineering is,

The formal technique by which contractors may (1)
voluntarily suggest methods for performing more
economically and share in any resulting savings or
(2) be required to establish a program to identify
and submit to the Government methods for performing
more economically. [Ref. 11: P.48-21

Software reuse is the practice of using existing
software 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.2-51

The concept of reuse is common to all engineering
disciplines. Products manufactured are usualt.y 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 conmmonly
reused in the manufacturing process to facilitate product
development. In a similar manner, manufacturing reuse can be
adapted to software development, maintenance, and ..C..UA-iton

processes. [Ref. 26: P.11
Congress and DOD have repeatedly stressed the

importance of reducing software development and acquisition
cost. Software reuse has proven to be a cost effective tool
for both DOD and industry. The Reuse Executive 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.

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

The Army estimates a cost avoidance of $479.9
million for its Tactical Command and Control
System, allowing additional mission requirements to
be addressed during a period of funding short
falls. (Ref. 26: P.21

Value Engineering 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
reu, '-4 - _. ~&...
the DOD Reusable Ada Packages for Information systems
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Development Center Library (RAPID). When reuse is substituted

i n t h e s o f t w a r e d r - - g - - a .-

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 pa4i to a
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
softward reuse, it is difficult to apply in practice. Thene
military standard for software development and documentation
is MIL-STD-498 which superseded MIL-STD-2167A. The purpose of
MIL-STD-498 is 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 contractor'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
competition involved in a particular contract, the Government
has the advantage of being more informed than the contractor
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.81

f. Software Maintenance

Software maintenance represents a significant
portion of software life-cycle costs. The cost a..o..atd

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 for software maintenance

personnel is estimated to increase by 12% per year. However,
the current availability of qualified personnel to satisfy
software maintenance requirements is only increasing by 4% per
year. [Ref. 9: P.7-21

Maintaining software is not the same as maintaining
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 requires maintenance, a new software
configuration is created because code must be modified or
added to support a required capability. [Ref. 9: P.7-51

At this point it is appropriate to define software
maintenance. Software mainten-ance is defined as,

The process of modifying existing operational
software while leaving 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.5341

For cost and planning considerations, software maintenance
considerations are critical dur•--4ng 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
must be 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 chanaes to orcanizational matters in 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 bee.n. fienlrinr *Rafef A. D P.l*

(1) Design Analysis/Value Analysis Checklist. In

Value Engineering, two conceptual tools 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 more economicall p-•rut,•,•o oess.
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 i.t is software
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. 1-1, 1-2,...,2-1,
2-2,..., so 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.), so as to leave room for
mod.fication. [Ref. 3: P.3-101

A design analysis focuses on an item's function a-d
rnam• Tn an•t•nra ann4rtear•nn flt Aaa4n. nhsea rf aaF'.-ra

development is the production process. This is conducive to
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software design analysis since its documentation must exhibit
functional completeness and traceability back to functional

specifications. To control 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 of an extensive c -hecklist

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 c..nsider9 evtaall .. t- I-clud t

following:

What is the overall design philosophy?

Are the system's components coupled -a -a1tly .6
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 design goals set for it?

Are the future system maintainers fully
familiarized with the design philosophy?
(Ref. 2: P.1641

A value analysis checklist can also be generated

using brainstorming techniques which can frcus on potential
maintenance areas that impact future value. Again, questions
that could be evaluated to analyze future.-& "-.alue. In•cslu.:

What are the performance capabilities of the systlm.
and how might they grow?

Which areas of requirement miaht be-rmo, unnoanmmary
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Is there the possibility of a need to have
different versions of the system 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.1041

(2) US Army Software Value Engineering Study. In

1987, the U.S. Army Conmunications Electronics Commiand (CECOM)

initiated a Software Value Engineering study in order to
implement master plans for each Army Cornand. 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.2691

The study found that fielded software products may
include code that is 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/Software Engineering questIons

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 Technicue (PAST)
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diagrams to document a common understanding of the software

development and support processes.
In Barry Boehm's book on Software Enaineering

Economics, he describes the considerations and decisions

involved when software maintenance is weighed against
financial constraints. This is the basic thrust of the 1987
CECOM study. Essentially, 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.- organ.z......., 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 little
increase in output? [Ref. 4: P.1891

A significant finding in the 1987 CECOM study
focused on the issue of human comnunication. 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 project 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-I1/2 potential interpers-nal
communication paths. For example, with N-4 people there are
6 different communication paths possible. With more people on
a project there are more possibilities for social differences
to disrupt conmmunication and imneAoe e-i O.•y Thes only way
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to avoid these problems is to reduce the number of people on
the project as much as rpossible. tRe. 4: P.1301

Involvement from maintenance personnel early in the
system definition stage of software development was found to
effectively reduce total software life cycle cost. This
finding alone is the corner stone of Va1"e W--n-nor4-g

N44
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FigUre 7 From Ref [41

Recall from Figure 1 that Value Engineering is best applied in
the R&D and design stages of developrent 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. wacaarY

Throughout this chapter the methodologies of Value
Engineering were applied to the development of computer
software. The approaches taken for each of the, exa-amlss ci.d A
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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 program managers and software engineers to determine the
extent to which Value Engineering can be successfully applied
to software development.
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IV. DOD PROGRAM MANAGER AND SOFTWARE ENGINEERING PERCEPTIONS
OP VALUE ENGINEERING IN SOFTWARE 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 nmehodolc;es-, ...
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 Conmand Districts. There were 81
responses which represent a return rate of 241.

The questions 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 requestedbyvrospgrmmngr
queried during initial research investigation. A copy of this
survey can be found in the Appendix. Responses were primarily
written by software engineers or personnel with extensive
software experience.

All responses provided some information tht was unqu-e-
in some way to the respondents' personal opinions or to the
working environment of the military commands to which they
were assigned.

D. SURVEY QUESTIONS AND ANALYSIS

1. Question Oue

discusses Value Engineering WE) requirements. In your
opinion, 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 V7-E In coluter softare ac= 4ot- 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.

lngna2: Among the responses, 71% indicated that FA
Part 48 does apply to computer software, 15% indicated that
FAR Part 48 did not apply, and 14% provided no response.

All the surveys that reported Value Engineering does
apply to software acquisition effectively coi=.unicated 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: OVE is the formal technique by
which contractors may voluntarily suggest methods
for performing more economically and share in any
resulting savings." (15)

2. There is nothing in FAR Part 48 that precludes
the use 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
characteristics. (5)

S. Value Engineering applies to software when it
is viewed as a process. (5)

applied to software provided the following responses
(frequency of remark is indicated in parenthesis):
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1. Software has no recurring cost in production.
Software is produced only once, there are no
production runs for coftware, only 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 software, it
essentially buys the processes and methodologies
that are based on the Software Engineering
Institute's Capability Maturity Model (COM). The
five levels in the COM are used by the DOD to gauge
software development risk. (1)

Analysis: This question was Adesn.e.d týýo dtnn
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
Engineering methodologies in software d.evelopmnt.

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 Engineering/software relationship contained in the
language of the FAR Part 48. The surveys consistently
reinforced the idea that Value Engineering, as outlined in the
FAR, could be applied to anything whecher it was software or
hardware.

Among the unfavorable responses, a u.lu.ral s.oftware
oeveJopment tZeme from 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 this
situation, the existence of competition alone is sufficient to
guarantee the Government the lowest possible cost. Another

example is 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. Thle CMM
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 IValue Engineering" is not
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)
software products?

Raelaon : 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 software reuse in
DOD. Fifty nine percent of the respondents indated thtth

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 rea-ponden-t A not provide a
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Those that responded favorably provided one or more of
the following responses (fvriartr nf roark i4 4 rA

parenthesis):

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

2. Reuse of software to reduce the number of lines
of code to 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 Engineering can be a valid solution for
software reuse and COTS provided the measured
effort to develop a new application does not exceed
what would have been required to develop the
original software requirement. (1)

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

i. value Engineering does not apply to COTS since
it is comiercial in nature. (7)

2. The practice of using software reuse in DOD
has not matured enough to effectively use Value
Engineering 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 COTS solutions
are required by MIL-STD-498 to be addressed prior
to contract awards. (1)
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Aalysil: A majority of the favorable responses shared
a common indepth understanding o^f t' A A--he CW of Value
Engineering. This indication was reinforced by some reference

that the respondents had some previous experience or knowledge

relating to Value Engineering and expressed unequivocally that

the methodologies of Value Engineering did appIly to software
reuse. it was interesting to note that some of the favorable
responses 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.
Based 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 methodologies of VE be applied to these
characteristics?

Repns: A software product de-veloped wit'h superior

software engineering exhibits all the quality characteristics
listed above. Horever, if a software product lacks quality
characteristics it may not sufficiently meet the requirements
of the user (Ref. 3: P.3-3].

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 respondents
indicated that VE methodologies could be applied to quality
software characteristics; 24% indicated that VE methodologies
did not apply to quality software characteristics; and 16t
provided no response to the question.

Those that responded favorably provided one or more of
the following responses (frequency of remark is i.at .... A

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
quality characteristics which are most important to
the user and can be measured. (9)

4. VE methodologies can enhance portability and
maintainability quality characteristics due to
longterm considerations affecting life-cycle costs.(0)

S. VE applications provide alternative solutions
and tradeoffs 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
measures of savings are too difficult to determint.
(6)
(2) VE has no application since software quality

specifications and operational requirements
docunentation. (2)
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(3) VE methodologies 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)

Analy.is: Since software quality characteristics
indicate the extent to which good software engineering takes
place during development, it appears logical 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 VIE. 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 sofLware maintenance
relative to software developnat

MAMMLA=~
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Figure 8 From Ret (211

Based on the survey responses and the numerous considerations
axua 4.Lceznacivev aiscussea in unapter Lii, it VVuld But~ap-t VV
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is a valid methodology for software maintenance. The

portability characteristic also lends itself well to VE since
it applies to two basic questions that are addressed in any VE
study: (I) What else would do the job? and (2) What would the
alternative cost?

Measuring the value of quality software chlracteristics

is subjective in nature because there is no single quality
measure [Ref. 3: P.3-1I. From a contracting perspective, it
is apparent from the FAR that VE is not intended for measures
of subjectivity. The FAR emphasiz: Ca tangible "un• , costs
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 subjectivity is the basis of manrevent.

4. Question Four

The software development process Inc.ludes structured

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?

3p•o : This question was designed in order to

determine the applicability of Value Engineering 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 t the software deeopmn

nhsaaa '%ea*uop now^ "g*%- n A.-.JA------------------

question.
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Those that responded favorably provided One Or MOre Of

the following responses (frequency of remark is indicated in
parenthesis):

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

2. vE produces greater savings when implemented
in the earliest stages' of software development.
(15)

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

4. VE is 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 (freqency of remark is Provided in

parenthesis):

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

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

Aia1ynis: DOD software engineers have sufficiently

The responses strongly suggest that the concepts of Value
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Engineering can be applied :o software development phases.
Numerous responses indicated Z.si VZ -appl ao such. a
"Nearly 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 -,vongs

incurred as a result of Value Engineering 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
as an optimal software development process is viewed with a
high degree of skepticism. Changes to the software
development process tend to have a high pot-ent-al fr4 Cost

growth. As a result, suggested changes attract considerable
management attention in order to control sensitive budget

conatraints.

S. Question yivt

What can or should be done within DOD, if anything, to
encourage the use of VS in software ac- stAn /deve~lopm-ent
(e.g. education, award programs, designate Government savings
for use in generating additional savings incentives for

contractors, etc.)?
Zagng: This question was designed to detenni•ne 4f- OD

VE program initiatives are effective in their current form.
Survey respondents were presented with the opportw.ity 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 encourage

improvements.
Those that responded with recommendations to improve VE

program incentives provided one or more of the following
responses (frequency of remark is indicated in parenthesis):

1. Additional emphasis on education is required,
(25)

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

3. Evolving environmental/cultural changes will
induce the required VE program changes. (6)

4. Incentivize VE by encouraging software
reuse/COTS utilization. (6)

S. 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 parenthesils):

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/excqssive bureaucracy
to software acquisition. (1)

3. Award Fees are more appropriate than VE
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4. VE is simply not addressed in software
development/acquisition. (1)

Analysis: It is interesting to note the favorable
reccmrendations listed above reflect the standard requirements
ie.g e duC.a t ion, leadershaip. cortet and "~aw4r.

etc.) of any successful DOD program. The U.S. Congress has
documented the same recommendations in order to improve the
effectiveness of VE in Federal Agencies. The favorable
responses share many of the same ideas for improving VE in

software acquisition. These recor=nendations are typically
easy to identify at the working level. However, they are also
unusually difficult to implement and manage without consistent
leadership and oversight. [Ref. 161

The unfavorable responses Cc1.. t--ent A a &&==%A

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
C04 to save money.

Approximately one half of the 23% of the respondents that
did not address the question simply responded to unique
software areas they thought were important. These respondents
were from individuals with various engineering backgrounds. No
indication was provided whether they had previous contracting
experience or otherwise felt unprepared to respond.

6. Question Six

Additional Comments (7):

ftpMmet This question was intended to encourage
respondents to provide relevant information about issues or
concerns which could be addressed outside 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 software
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 be 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)

An yss The diff~iculty-, 4n accurately oquant-ify-4-g Ur

savings in software development is a common concern among

software engineers. However, no responses indicated that

quantifying VE 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 IIl, 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 only question

that prompted the connection between hardware and software.
•.M-ne anftumra I4 Aanpn~an- tinnn hard~fara, ir. wnuIA GP.P

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

alternatives are available.

C. SUMAaRY

This chapter reported and analyzed the perceptions of
Program Managers, software engineers, and contracting

specialists regarding the appl$cation of Value Engineerinc

methodologies to software acquisition/development. A
significant majority provided favorable responses to questions

one through five. It appears that numerous Value Engineering

opportunities and significant savin a gs.....A be%.... V f

current DOD Value Engineering program was modified to
accommodate software acquisition.

Various suggestions were made that could facilitate the
required changes. However, based on the responses submitted

a significant paradigm shift will be required 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 developme-nt. Three percent i-d-cas

that they used VE methodologies in software development.
However, there were only four exiarles that could be recalled
by software engineers where software VECPs were documented in
the last five years. In one case, an Air Force contractor had
to be made aware of the VE opportunity 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
Defense (DOD) budget has been shrinking. Value Engineering
has been an effective cost saving technique 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 (VM) program, through our
internal and industry efforts, reports savings and
cost avoidance of over $1 billion annually, more
than any other DOD cost reduction program. [Ref. 71

This statement eloquently demonstrates that "Value

Engineering is a worthy program which warrants continued
support well into the future. As DOD approaches the 21st
century, senior management will undoubtedly look to the most
effective cost saving programrs avaIl-a ble VauIn~eri
is one possible solution to minimize the negative effects of
downsizing the military establishment. However, the success
of a program such as Value Engineering will ultimately depend
upon DOD's ability to manage the cultural and political
challenges of changing envirorments and smaller budgets.

The focus of this research 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 c•uld, be u z treduce

ever increasing computer software costs. This chapter will
present the conclusions and reconmmendations of this research

effort.
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B. CONCLUSIONS

1. The Federal 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 Gas ",Unit cost doc "o 6J.

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 responses o-eif-al"

stated that VE does apply to software only because of the

general definition of VE 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 V1 do apply to co=putar
software development and acquisition.

This conclusion is based on the nature of Value
Engineering. Recall from Cham-pter" 1 Vi L a US4l ...ph

and no: 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 been

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 S-V OU•L...

engineer. Some processes and tools are better than others,
but all are subject to improvement. It is important to keep
in mind that as a discipline, software engineering is still
relatively new. Since t"e 1960's ..her.e h..v. e been rd
advances in software developments which have tremendously

increased the capability of every major weapon system. Over
the next 30 years, the methodologies of VE can be used to
accelerate the development of software to unprecedented levels
of performance that were previously thought to be impossible.

3. DOD sof tware acquisition policies do not effectively
support the utilization of VW.

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 solutions n thleir ReTuest for Prpo . Ti

virtually eliminates any possibility to employ VE solutions in

software development after the contract has been awarded.
Another area of software acquisition that precludes the

use of VE in awarding a contact is based on the Software
Engineering Institute's (SEI) Capability Maturity Model (Ott).
DOD contractors can have their software development processes
rated by SRI. The ratings in the C00 range from one to five
levels; five being the best. When DOD contracts for software,
it does not procure a tangible 4tem 4 prcue t

contractor's software development process to minimize risk
associated with the comnlexitv of the contract's remoirement-

To be competitive, a contractor muet continuously improve

their software development .. in ^ýrAar rn nrar•a •n
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level 5 in the CMM. One could argue that the process

improvements contractors focus on to be competitive is

actually Value Engineering. Unfortunately, the term Value
Engineering 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 Program Managers (PX)
require additional training in software'development.

Virtually everyone this researcher talked to regarding
software VECPs expressed conmmon difficulties in submitting
VECPs. There are two significant problems involved, and both
are related to each other. The first pr•-O deal 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 understanding 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 1995, the DOD Software A.--,.-414- aeC-

Practices Initiative Workshop in Warrenton, Virginia

identified this deficiency as a significant management problem
In .enftiaarp davamlrftant-' V*e4eime an~mant at tho Worktah'rt!
reported two significant fInda•. l) • ,,o iQ
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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 order to
provide the Defense Acquisition Board valid information during
Milestone reviews.

With the problems discussed ab;e, thIs causes
contracting officers and PMs to view software related VECPs
with suspicion. A VECP will not get approved unless it is

thoroughly understood by contracting officers and PMs. One
survey response specifically stated that a software related
VECP was disapproved because it was not believed that VE
applied to software.

b. VECP Avoidance

Because contracting officers and PMs do not have

adequate training in software, software engineers will avoid
VECPs as a contract incentive or requirements solution.
Survey respondents who indicated preious experience n 'rv

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.

3. Zmplementing Vz methodologies in software
development and acquisition willr•equire dedicated management
commitment to achieve acceptable levels of success.

Value Engineering and software engineering are two
different disciplines, particularly in DOD. This research
concludes that there is no administrative mechanism curetl

available to connect them. There is no written instruction or
guidance in DOD which specifically directs the use of VE in
socrware acquisi•ion.
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Without such guidance or instruction, it is incumbent
upon management to provide the leadership to make the

necessary changes. Simply put: personnel in non-management
positions cannot be expected to effectively incorporate

drastic change without proper guidance from leadership.

C. RECOMZD=ATIONS

i. Any attempt to incorporate Vi In software
acquisition will first require a comprehensive analysis.
Senior DOD management will need to determine the feasibility
of such a change.

As discussed earlier, there are no a-ministrative

mechanisms 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-498 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 additional program requlraments

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 acquisitions. This woulA ^ov,,,s,, tayke t'me to ga

acceptance. It would also take time to learn how to make the
environment of software amenable to VE. However, if a stuly
concluded VE should be incorporated in software acquisition,
then the following sub-recon..endation would aplIv-
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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 ben--g

purchased. DOD simply cannot buy the number of tanks, ships,
and planes that it did in the 1980'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 ""CPs.

2. Determine and provide adequate software acquisition
and development training to contracting officers and Program
Managers.

As discussed earlier, con tr.act in g oWf ficersan Prs do o

have adequate training in software. It only makes good sense
to require acquisition personnel to have more than a basic
understanding zf what they are buying. Every major weapon
system in DOD is software intensive, therefore, no contraating
officer or PM can avoid software related procurements.
Recall from Chapter 1 that in fiscal year 1994, software costs
for DOD were $42 billion. With so much time and money being
spent on software, contracting officers and PMA should be
adequately trained to manage the admInIstratve dif• i 4- t4

associated with software acquisition.

D. IzSRu a QSTIONS

The following subsidiary research questions we-ri geLim1Le

to the research effort:
What are the principal features of the U. &my's I
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The principal features o th Nav" s a

program are based on various acquisition guidelines which
incorporate the policies discussed in the FAR. To implement
che regulations Congress outlines in the FAR, the Executive
Branch of Government issued 043 Circul. A-1.l whc re
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 Conmand promulgates
its own instruction to establish a Value Engineering program.
These conmmand instructions provide specific guidance in
training and reporting procedures. Specific staff positions
are identified and explicit VE responsibilities are discussed.
Field activities assigned to Systems C.M-.nds s-r ±ncldd no

action addressees.
What is the role of the Value Engineering Change Proposal

(VECP) and how is it aDolied 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 fm the 4 -"e--0ta1- of a
VECP reduces the cost of a contract. The corresponding
reduction in cost is then shared between the Government and
the contractor based on the share ratios listed in the PAR.

Whatcharacteristics, if -any. of com~uter-software

acauisition are most gertinent to the application of VE
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Value Engineering methodologies can be applied to several

aspects of computer software a to- By analyz ng

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.

Ultimately, 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 objective of Value Engineering is to reduce total

life-cycle costs. This research demonstrated that V• in
software maintenance applications can have a significant

potential to reduce total life-cycle costs. Similarly,
software reuse and COTS applications were also shown to be
valid VE candidates.

How do U.S. Navy contractors and in-house oerseonnl viGw

the concept of VE with regard to computer software

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 acquisition. 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 Engineering 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

software relationship. No DOD program succeeds without solid
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backing from management. It is clearly not suffiCient to make
a one line reference that states VE applies to software in OvG

Circular A-131 and DOD Instruction 5000.2. There is much
more that can be done in order to inund4ate Am- acf-tware
acquisition.

What aDrroach, if any. should the U.S. Navy use to
facilitate the apDlication of VE/VECPs to computer software

Education is the key that will fac-lltate 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 aggressivly 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 officr m.. o.. ... Wh...
makes good sense in software acquisition.

The primary research question for this study was: How,
and to what extent can the Deparrment of the Navy's Value
Enrineering Program be utilized in the armilpiItIn nf ro.,_,!pr

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 software eng.ineering:

(1) The Plurality of Goals.

(2) Marginal Analysis.

(3) Goldplating.

(4) Software Maintenance.

(6) Software Reuse/COTS.
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Although there are opportunities available to utilize VE
methodologies in softwa~re &custtn teeis_ ver a4t

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 adequaze

training and education in software to effectively implement

VE in software acquisition. To add to this problem, the DOD
Value Engineering program as a whole has had a history of

management and visibility problems [Ref 34: P.171. 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. 0D2 Ci~rcullar Aý131 ýfand DOD" Irnst-rdctt-on
5000.2 merely state in one sentence that VE applies to

software. FAR Part 48 makes no reference whatsoever to
software. Furthermore, there is no specific U.S. Navy
guidance that addresses a recommended approach to explc4t VT

opportunities in software acquisition.

With the lack of VE emphasis in software development and
acquisition, the focus on improving software development and

acquisition processes are defined in MIL-STD-498 and the SEI
Capability Maturity Mocdell. Both of thIese so-ft-warle wtee

are currently the preferred tools that contractors rely upon
to concentrate on continuous improvement. By focusing on

continuous improvement in the development of software,
contractors can readily gauge their relative compeat-4t--ve

positirn in the source selection process. This continuous

improvement paradigm in software development currently
obviates the need for VE.
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S. AREAS FOR FURTEER R$SA1,-'

The following area is reco.ended•u f-r-Aurther r..e r .

Conduct an analysis of the top ten DOD contractors to
determine what changes, if 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 to determ.ine whih e n are
successful and why.

This analysis would necessarily investigate a
contractor's VE approach to subcontracting plans. The result
a this study could shed light on how to effectively manage a
VE program for subcontractors. DOD could use A.&. &orma,•..

to efficiently manage reduced budgets and to assist other
contractors in the hopes of keeping them competitive.

In any event, this analysis could also provide insight
into an effective management prc to DOD wil be
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 business in the fururp by

looking at the past.
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APPENDIX

SURVEY QUESTIONS

The Federal Acquisition Regulation (FAR) part 48
discusses Value Engineering (VE) requirements. In your

opinion, 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 acquisition 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 yE? Should VE be
applied to other areas such as corercial off the shelf (COTS)
software products?

3. Some quality characteristics of software include, but are
not limited to, understandability, portability,
maintainability, testability, and usabnl-,14-t. Towrevr
can the methodologies of VE be applied to these reuse
characteristics?

4. -he software development process includes structured
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?

S. What can be done within DOD, If ... ,4n, 4f

the use of VE in sortware acquisitionfdevelopment (ie.
educacion, award programs, designate Govt. savings for use in
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generating additional savings incentives for contractors,

etc.) ?

6. Additional Conments (?):
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