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DEFINITIONS
IDA publishes the following documents to report the results of its work.

Reports

Reports are the most authoritative and most carefully considered products IDA publishes.
They normally embody results of major projects which (a) have a direct bearing on
decisions affecting major programs, (b) address issues of significant concern to the
Executive Branch, the Congress and/or the public, or (c) address issues that have
significant economic implications. 1DA Reports are reviewed by outside panels of experts
to ensure their high guality and relevance to the problems studied, and they are released
by the President of IDA.

Group Reporis

Group Reports record the findings and results of IDA established working groups and
panels composed of senior individuals addressing major issues which otherwise would be
the subject of an IDA Report. IDA Group Reports are reviewed by the senior individuals
responsible for the project and others as selected by IDA to ensure their high quality and
relevance to the problems studied, and are released by the President of IDA.

Papers

Papers, also authoritative and carefully considered products of IDA, address studies that
are narrower in scope than those covered in Reports. IDA Papers are reviewed to ensure
that they meet the high standards expected of retereed papers in professional journals or
formal Agency reports.

Documents

IDA Documents are used for the convenience of the sponsors or the analysts (a) to record
subsiantive work done in guick reaction studies, (b) to record the proceedings of
conferences and meetings, (c) to make available preliminary and tentative results of
analyses, (d) to record data developed in the course of an investigation, or (e) to forward
information that is essentially unanalyzed and unevaluated. The review of IDA Documents
is suited to their content and intended use.

The work reported in this document was conducted under contract MDA 903 89 C 0003 for
the Department of Defense. The publication of this IDA document does not indicate
endorsement by the Department of Defense, nor should the contents be construed as
reflecting the oHticial position of that Agency.

This Paper has been reviewed by IDA ta assure that it meets high standards of
thoroughness, objectivity, and appropriate analytical methodology and that the resuits,
conclusions and recommendations are properly supported by the material presented.

- 1990 Institute for Defense Analyses
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PREFACE

The practice of reusing computer software, in which software developed for one system
is reused in another software system, has the potential to significantly reduce the cost of software
and increase its reliability. There are, however, significant barriers to reuse resulting from nontech-
nical factors such as lack of financial incentives, organizational difficulties, and lack of specific
contractual mechanisms. This paper is intended to provide the Strategic Defense Initiative (SDI)
community with appropriate background to understand these issues and recommendations that,
when implemented, can be applied to help encourage reuse.

This paper was prepared for the Strategic Defense Initiative Organization (SDIO) by the
Institute for Defense Analyses (IDA). It responds to the requirement of Task Order 597.2, SDIO
Software Technology Plan, in “recommending changes to the acquisition of SDIO reusable soft-
ware and describing modifications to the Request for Proposal (RFP) process, contact language,
and evaluation of proposals.”

The paper was reviewed by the following members of IDA: Mr. Herbert R. Brown, Mr.

Michael S. Nash, Dr. Marko Slusarczuk, and Dr. Richard L. Wexelblat.
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SUMMARY

INTRODUCTION

This paper describes and defines software reuse and its benefits, discusses factors currently
inhibiting software reuse, and presents a strategy for encouraging reuse within the Strategic Defense
Initiative (SDI) program.

There is little agreement on what constitutes software reuse. Some definitions include any
way in which information developed for one system is reapplied to another. Others are more restric-
tive, allowing, for example, only the reuse of software that was specifically designed to be reused.
Software reuse is defined for this paper as the process of creating and using representations at any
level (specifications, design, or code) that are designed in such a way as to be general enough to be
effectively reused in developing a software system.

Software reuse has many potential benefits for the development of software for SDI. The
principal benefits are (1) increased productivity of developers and (2) increased quality of design,
code, and documentation. These principal benefits can lead to others such as cost savings, reduced
development time, and increased reliability.

Although many of the benefits of software reuse can be achieved now, its full potential will
only be realized when certain technical barriers have been breached. Work is particularly needed in
the areas of domain analysis, reuse libraries, software componentization, and others.

Nontechnical problems inhibiting software reuse are the primary focus of this paper. They
are poor organizational structures, financial disincentives, and the lack of specific contractual mech-
anisms.

Poor organizational structures. Software reuse can be practiced in four ways: (1) Reuse
at the project level within a particular company; (2) Reuse across projects within a particular com-
pany; (3) Reuse across different companies working on a team project; and (4) Reuse of standard
components as is the case with hardware. At the present time, nearly all reuse is done within a par-
ticular company and is relatively unplanned. While it is expected that large-scale reuse and its
accompanying benefits will only occur when reuse occurs across different companies and is more
carefully planned, this will require increased management commitment and agreement on
approaches to and standards for reuse.

Financial disincentives. A widespread perception among contractors is that there are sig-
nificant financial disincentives to software reuse. For example, contractors have as their principal
asset expertise in an application area and the ability to apply this expertise by developing software
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for a particular system. If contractors are required to deliver their expertise to the government in the
form of reusable software components, they can lose their competitive advantage. To avoid such
disincentives, mechanisms need to be developed that can provide net positive incentives for reuse.

Lack of specific contractual mechanisms. Specific contractual mechanisms that encour-
age reuse do not presently exist within SDI and ti;e services, and some practices, such as the ten-
dency to demand excessive data rights, actively discourage reuse. In the shcrt term, approaches are
needed that can apply existing mechanisms, such as award fees, to provide incentives for reuse. In
the long term, it may be necessary to modify federal acquisition regulations, for example, to allow

contractors to retain more data rights to reusable components.
RECOMMENDATIONS

Strategy for Reuse in SDI. The software reuse strategy that we propose for SDI includes

the following recommendations:
+ Initiate pilot programs to demonstrate the feasibility of potential reuse practices and to

gather empirical data on SDI reuse opportunities.

+ Organize a Strategic Defense Initiative Organization (SDIO) software reuse office to
establish and advocate a software reuse policy across all programs.

» Develop a Strategic Defense System (SDS) software reuse operational plan based on
active participation of the SDIO office, Service, and element program offices and con-
tractors.

+ Develop economic incentives for software reuse in contracts.

* Make use of software reuse technologies and management approaches from other DoD
programs, and develop joint efforts with these programs.

» Adopt a software reuse cost model.

» Investigate the proper role of domain analysis.

Implementation Mechanisms. The following implementation mechanisms can help

implement the proposed reuse strategy:
* Require offerors bidding on a contract to address software reuse in the description of
their technical expertise, approach, and management in their proposal.

* Require contractors to have a Software Reuse Plan as part of the Software Development
Plan required by DOD-STD-2167A.
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Include software reuse considerations in the evaluation criteria for a request for pro-
posal.

Use a performance-based award fee to reward successful reuse or the adoption of reuse
methodologies.

Allow contractors to gain certain rights to software developed with government funds
as a means of rewarding successful reuse.
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1. INTRODUCTION

The reuse of software in constructing the large-scale software systems that will be required
for the Strategic Defense System (SDS) offers the potential of increasing productivity in building
parts of the system and increasing the quality of the system. These increases in productivity and
quality can result in cost savings, reduced development time, higher system reliability, and other
benefits. The concept of software reuse includes the use of existing software in building new
systems as well as the construction of new software that is designed to be reusable.

The goal of Institute for Defense Analyses (IDA) Paper P-2494, Strategies and
Mechanisms for Encouraging Reuse in the Acquisition of SDI Software, is to provide the
necessary information to allow contracts to be written that encourage the reuse of software for
SDS. The paper consists of an introduction to the technology of reuse, its current state of practice,
strategy for encouraging reuse, specific implementation language for Requests for Proposals
(RFPs) and contracts, and guidance for proposal evaluation.

Although the authors of this paper acknowledge that major technical problems must be
solved before the full potential of software reuse can be realized, we feel that some benefits can be
obtained now. However, software reuse is difficult because of such nontechnical factors as
organizational structures, financial disincentives, and lack of specific contractual mechanisms that
allow and encourage reusable software. This paper attempts to address these problems and to
provide potential solutions that wil’ allow software reuse to benefit Strategic Defense Initiative

(SDI) software development.




2. SCOPE

This paper is intended to provide software managers and contracts personnel in the SDI
program with information to help them expand the use of software reuse in procuring software.
The paper describes and defines software reuse and its benefits, discusses factors currently
inhibiting software reuse, and presents a strategy for encouraging reuse within the SDI program.
It presents specific ways of implementing software reuse, including additions and changes to RFPs
and contracts, and guidelines for evaluating contractor proposals with respect to reuse. The paper
was developed from a review of the unclassified technical and management literature on software
reuse, an analysis of current RFPs, contracts, relevant Federal Acquisition and Defense
Regulations, the SDI Software Policy, relevant standards (e.g.,, DOD STD-2167A, Defense
System Software Development), and interviews with contracts personnel in the Department of

Defense (DoD) and in the Federal Government.




3. SOFTWARE REUSE BACKGROUND

3.1 POTENTIAL BENEFITS OF SOFTWARE REUSE

A wide variety of benefits have been claimed by the software reuse community :

a. Increased productivity

b. Increased reliability

c¢. Higher quality design and code

d. Decreased development time

e. Reduced need for testing

f. Cost savings

g. Reduced maintenance

h. Lower risk

i. An ability to build larger, more complex systems

These claims can be difficult to sort out because they are interrelated. In fact, most of these
claimed benefits result from two principal factors: (1) increased productivity (of designers and
implementors) and (2) increased quality (of design, code, and documentation). Increased
productivity of personnel is perhaps the most common claim, and one that, if true, can legitimately
result in cost savings, decreased development time, and an increased ability to build larger, more

complex systems. Higher quality of code, design, and documentation generally can result in a




reduced need for testing, reduced maintenance, higher reliability, lower risk, and an increased
ability to build larger, more complex systems. A reduced need for testing and reduced maintenance
can also result in cost savings.

These claims should be viewed with skepticism, as we will discuss in more detail in
Section 3.4 (Reuse in Practice). There is little clear evidence that any or all of these benefits can
be predictably achieved for any given software project. Much of the available data is either for
software developed under conditions that may not be easily replicated elsewhere, for specific
applications that may not be similar to SDI problems, or for small-scale tests that may not be
applicable to major industry software efforts. Data from many industry efforts is not available or
is incomplete for competitive reasons. For any given software project, attempts to reuse code in an

inappropriate way may well have a negative effect.

3.2 WHAT IS SOFTWARE REUSE?

Software reuse is not a new idea. In one form or another, it has been practiced almost since
the beginning of computing, by using subroutine libraries.

The modern move to reuse has frequently been attributed to a challenge posed in an
address by M. D. Mcllroy at a 1968 NATO Software Engineering meeting in which he pointed to
the success of the hardware components industry (which was beginning to produce standard
components in the form of digital electronic chips) (Mcllroy, 1969). Mcllroy asked why an
analogous industry could not be developed around software components. The extent to which this
analogy is appropnate has been the subject of considerable debate, as has been the reason why,
more than two decades later, such an industry has not developed.

One of the difficulties in understanding reuse is the very different ways that software reuse
has been defined, with experts failing to agree on any one definition. These definitions typically
retlect differences in what contexts are considered legitimate and in what level of representation

(from abstract knowledge to specific program code) are appropriate for reuse.




For example, the following definition takes a broad interpretation of the allowable context
for reuse:

“Software reuse is the reapplication of a variety of kinds of knowledge about one system
to another similar systemn in order to reduce the effort of development and maintenance of that
other system.” (Biggerstaff, 1989, p. xv)

Another definition, however, strictly limits the context: “Sottware reuse, to me, is the
process of reusing software that was designed to be reused. Software reuse is distinct from
software salvaging, that is reusing software that was not designed to be reused. Furthermore,
software reuse is distinct from carrying over code, that is reusing code from one version of an
application to another.” (Tracz, 1989, p. 36-46)

The appendix contains a list of definitions of reuse that indicate the diversity of ways that
different experts view the concept of reuse.

From these definitions, the following conclusions can be drawn:

a. The present interest in and emphasis on reuse is a result not of any specific technical

achievement, but instead simply reflects a way of thinking that accepts reuse as poten-
" tially important and as feasible. This view is moving toward considering all entities
involved in developing a product—whether they are specifications, requirements,
source code, object code, documentation, etc.— as potentially reusable objects. Most
experts assume that, in most cases, successful reuse of a component will require mod-

ification of that component.

b. Experts have been concerned with whether truly reusable software must be specifically
designed for reuse; some disparage the practice of using any unplanned reuse, terming

it software salvaging. (Tracz, 1989, p. 36)

Because there is no generaliy accepted definition for software reuse, we felt it necessary
to provide the reader with such a definition designed with the SDS situation in mind. In our

definition of reuse, we take a broad interpretation of the allowable level of reuse—it can be design,




code, specifications, etc.—but a narrow interpretation of the allowable context: Software reuse is
the process of creating and using representations at any level (specifications, design, or code) that
are designed in such a way as to be general enough to be effectively reused in developing a

software system.

3.3 SOFTWARE REUSE IN THE DEVELOPMENT CYCLE

Until recently, software reuse has occurred in a relatively unplanned, idiosyncratic
fashion. Despite the debate over just what practices might be considered legitimate “reuse,” it is
fair to say that the greater the extent to which reuse is planned, rather than accidental, the greater
the benefits that will be achieved and the lower the risk.

Typically, a more sophisticated attempt to apply software reuse involves four activities:
domain analysis, component and tool construction, system construction, and development of a
reuse library. The order that these activities are carried out can vary considerably depending upon
the situation, as discussed in the following paragraphs.

Domain analysis involves the detailed study of a particular application problem and how
solutions to it can be developed for implementation with a computer. Most domain analysis today
is done relatively informally by consultation with experts in narrow and relatively well understcod
domains. However, it is widely agreed that the broader and more detailed the domain analysis, the
easier it will be to find commonalities among different problems that allow the construction of
more general software components that can be reused. Thus, it is usually recommended that a
broad, extensive domain analysis be done at the beginning of a software development effort. The
usual barrier to this is that an extensive domain analysis is very costly, an initial investment that is
often hard to justify.

Component and tool construction involves the design and implementation of software
components and whatever supporting tools are required to aid in their development. The term

component is frequently interpreted broadly and can refer to high-level software designs and test




plans as well as source code. There is some overlap between domain analysis and component
implementation, in that implementation issues must be considered in performing an effective
domain analysis.

System construction involves the development of a system, using components that are
newly designed with a system in mind (but also intended for reuse elsewhere) as well as
components that may have been used elsewhere and that may well need modification.

The development of a reuse library involves the creation of a central source of information
about what software components are available, their capabilities, restrictions on their use, and how
they can be obtained. Such a library, also known as a repository, has some way of aiding search for
a desired component. This is generally done with relatively simple techniques, such as keyword
matching. More sophisticated systems might make use of a taxonomy or categorization scheme
developed for a particular broad application area as the result of a domain analysis. A library may
contain the actual software components and their associated documentation for retrieval l;y the
user, or it may simply provide information about where they can be obtained.

How these different activities relate to each other depends on the nature of the system
being built, the extent to which reuse is planned, and whether reuse is done primarily in a small
group of developers or is attempted across a large project involving many different contractors. A
small effort carried out within a single group can effectively reuse software even with a relatively
informal domain analysis. Obtaining effective reuse in a large, complex, multi-organization
project, however, will require an increased forrhality of domain analysis, a more organized way of

planning component, tool, and system construction, and a reuse library.

3.4 REUSE IN PRACTICE

We have observed that software reuse is practiced in four ways:




a. Reuse at the project level within a company. Project team members share source code,
designs, test data, etc. Reuse objects are usually maintained at the level of the individ-
ual or project. Usually, the reuse is not planned or explicitly noted in customer’s con-
tract, since the reuse occurs after the contract award. The software reuse objects have

generally not been developed specifically for reuse and may require modification.

b. Reuse across projects within a company. Project team members working on different
projects share source code, designs, test data, etc. If existing software was identified

for reuse before proposal submission, the contract may identify the reuse.

¢. Multi-contractor reuse on a project. Contractors teamed to build a system may reuse
software from different team members. This type of reuse more than likely would be

planned, which would be explicitly noted in the contract.

d. Reuse component industry. Contractor purchases components (usually source code)
from a vendor for use on a project. The cost of the component and any necessary mod-

ification would be explicitly noted in the contract.

Of the four types of reuse listed, a and b are practiced the most. Reuse at the project level
within a company is generally not planned, done on a large scale, or based on any formal
methodologies. Although the benefits in productivity and reliability can have noticeable effects, it
will not be able to provide the type of savings and improvements that future DoD systems will
require. For example, the need for domain analysis in applying software reuse is critical for
maximizing reuse. This type of reuse also tends to be narrow. It is generally restricted to team
members and depends on their level of expertise and experience. Management generally does not

actively participate in the reuse activities.
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Reuss across projects within a company is usually applied when commonalities on
different projects are easily identified. For example, two projects might require communication
subsystems that are identical. However, more subtle reuse. such as specialized sorting routines, are
more difficult to identify and make available.

On a project and across projects within a company reuse generally occurs without much
management effort or corporate investment. Planned reuse, however, requires a firm corporate
commitment that consists of a financial investment and change in organizational structure to
incorporate software reuse. Reuse applied on a multi-contractor project will require strong
management involvement and agreed upon technical approach(s) for software reuse. In the past,
contractors have been resistant about sharing valuable software without strong data rights
protection. Contractors are also hesitant about using software that was developed by another
contractor. These issues are strong inhibitors for practicing reuse of this type in the current contract

and corporate environments.

3.5 Research Issues and Activities

Although many benefits of software reuse are achievable now, its full potential will only
be realized when the technology for reuse is developed more fully by research.

We see seven significant technical areas that are being (or should be) investigated, with
progress in any of the areas likely to result in enhanced reuse capabilities:

a. Improved methods for domain analysis.

b. Improved indexing and retrieval systems for reuse libraries.

¢. Improved conceptual understanding and representations for reuse.

d. Methods for raising the assurance that software performs as expected.

e. Reuse methods that take into account the fact that software not only carries out a func-

tional task but does so with certain resource utilization characteristics.
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f. Techniques for managing the increased number of parameters that are required for large

components.
g. Improved software tools for reuse.

Each area is discussed in further detail in the following sections.

3.5.1 Domain Analysis

Methods that can help identify com:nonalities in related application problems that can lead
to reusable components are badly needed. These methods include better theoretical approaches to
understanding problem-solving, and software tools that aid in domain analysis. It is likely that
research in expert systems and artificial intelligence in the areas of knowledge acquisition and
knowledge elicitation, in automated knowledge acquisition tools, and in cognitive science
approaches to understanding the mechanisms of human problem-solving can help in those areas
where expert human problem-solving is to be encoded into software.

There are several efforts under way aimed at improving domain analysis. Biggerstaff has
been investigating what information is best captured during a domain analysis and what methods
are best at capturing it. He has built several tools to prototype different approaches to domain anal-
ysis (Biggerstaff, 1989). In addition, the Software Engineering Institute has used the Common Ada
Missile Packages (CAMP) products to investigate domain analysis (McNicholl, 1988). SofTech is
also including domain analysis capabilities into their Reusable Ada Packages for Information Sys-

tems Development (RAPID) Ada component library.
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3.5.2 Indexing and Retrieval Systems

In large-scale software reuse, especially across different organizations, the ability to find
components that might be useful is critical. Current systems make use of approaches borrowed
from the indexing and retrieval of textual documents, including keyword search strategies and
classification taxonomies.

Software classification schemes provide a basis for a library catalog that will allow users
to locate information they need. In fact, several classification schemes providing cross-indexes to
available reusable objects may be essential to find and evaluate reusable software components.
Proposed schemes include functional classifications, code taxonomies, and type hierarchies. None
of these schemes, however, has been tested in prototype catalogs for full-scale libraries.

Two types of automated search techniques are immediately available for libraries: data-
base query systems and literature search systems. Database query systems respond to specific
questions that have concrete answers derived from stored data. Literature search systems, often
based only on keywords in abstracts, provide approximate searches that may not find all references
on a topic and sometimes return unrelated references. Approximate searches are useful when there
is not enough information to formulate precise queries. Natural language query systems have been
demonstrated for narrowly defined application areas and should be considered for future repository
access.

Other approaches that are becoming popular include hypertext browsing and searching
systems (Latour, 1988), and object-oriented hierarchies. Proponents of object-oriented hierarchies
tend to support a different philosophy in which reuse occurs as a natural result of dynamic inter-
action with an object-oriented system, rather than as a result of searching a separate library system

for a specific desired component.
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3.53 Conceptual Understanding and Representation

The problem of breaking a problem down into components and how components are best
represented is important to developing reuse technology.

There is controversy about what entities or levels of representation are the most appropri-
ate for definition as a component. Biggerstaff and Richter, for example, have argued that designs
rather than implementations are the best level of abstraction for reuse (Biggerstaff, 1987). This is
because implementations involve details that are specific to the application problem or target
machine, limit the generality of the component, and inhibit its reuse. However, Booch (1987) has
argued that to make reuse of components truly attractive, implementation issues must be
addressed. In addition, Edwards and Baldo (1990) have argued that the implementation level must
be considered because the major savings resulting from reuse occur during maintenance and reuse
of designs alone will not provide the desired savings during the maintenance phase.

One approach to understanding how software can be divided into components has been to
develop a formal model for software reuse. This approach was taken at the Reuse in Practice work-
shop (Baldo, 1990), where the beginnings of such a model, the 3C Model, were produced. This
model is an attempt to describe reusable software components based on three aspects: (1) the con-
cept, (2) the content, and (3) the context. The concept refers to a description, at an abstract level,
of what the component actually does. The content refers to the details of how the abstract concept
is actually implemented. There can be more than one content for a concept, since generally there
are many algorithms for implementing a given task, usually with different performance and
resource characteristics. The context of the component refers to those aspects of the software envi-
ronment that can give additional meaning to either the concept or the content. In the case of the
concept, the context of a particular data type for an operation defined by the concept can, for exam-
ple, provide additional meaning to that concept. The content also has a context which can alter the
meaning of its implementation. For a more detailed description of the 3C model, see Edwards &

Baldo (1990).
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3.5.4- Methods for Assuring that Software Performs as Expected

One frequently stated inhibitor of reuse is that programmers do not trust software that they
did not write. Unless a programmer has confidence in a component from a library, he or she will
not use it. Methods that can help assure that a component performs as expected can help address

this problem (Hooper, 1990, p. 86).

3.5.5 Resource Utilization Characteristics

Currently, reusable software components are both designed and classified based on a func-
tional model, i.e., what the component does. Component selection, on the other hand, is driven not
only by the function a component performs, but also its resource utilization characteristics.
Resource utilization is a term that refers to the fact that each component requires various abstract
resources from its environment in order to run (for example, memory space, processor execution
time, file handles, access to a terminal, etc.). Furthermore, the types and amounts of resources are
different for each implementation of each component.

Unfortunately, the resource utilization of a component is currently treated in an random
manner. For effective reuse, it is important not only to have a model of the functional behavior of
a component, but also a well-defined model (or set of models) of the resource behavior as well.
However, no such model(s) are now in use. Instead, components are currently stored in a library
along with simple performance information based on benchmarks measured on a specific target,
and which only address memory or cpu utilization.

Without an effective and comprehensive means of capturing and presenting resource uti-
lization information to a potential component user, it will be very difficult for resource trade-offs
to be made during component selection. This will aiso make reusable componcnts less viable for

real-time or embedded systems, where resource performance is a critical concern.
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3.5.6 Management of Parameters

It is frequently stated that the most savings from reuse results from reapplying relatively
large components (Biggerstaff, 1987). As components become large, however, the size and com-
plexity of the parameiers that are required to drive them can result in a secondary requirement for
parameter configuration assistance. The principal problem is the empirically observed limitation
in the ability of humans to deal effectively with long lists of relatively unstructured parameters.
Another more temporary problem is the inability of some compilers, particularly Ada compilers,
to handle components with large numbers of parameters.

The tendency of large compt “ents to have many parameters results from the fact that large
components are typically constructed from smaller components, which may each be constructed
from still smaller components, forming a hierarchy. While many of these parameters can be fixed,
large components may still include many of the parameters of each smaller component that it uses.
Components at the highest level can thus develop very large sets of parameters.

Approaches need to be developed to help humans deal with such large sets of parameters,
and there has been work toward solving this problem, such as operating system configuration tools,
window system defaults editors, shells for selection and composition of components, and shells

for statistically well-designed experimental parameter search

3.5.7 Software Tools for Reuse

Once techniques in each of the previous six areas have been uncovered by research, pro-
duction-quality software tools must be developed. Such tools are the key to moving these tech-
niques from the research domain into practice. Without automated support, reuse techniques will

only be slowly adopted and will also be slow to show savings.
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4. STRATEGY FOR SOFTWARE REUSE

This section discusses the development of a strategy for software reuse for SDI. We first
discuss the context of the problem by briefly mentioning some existing programs that involve
reuse, including the Software Technology for Adaptable Reliable Systems (STARS) program,
CAMP, and Ada software repository. We then discuss in some detail the Joint Integrated Avionics
Working Group (JIAWG) program. The JIAWG effort has developed a strategy for encouraging
software reuse across certain Air Force, Army, and Navy programs, and, since we agree with much

of the JIAWG approach, we have tried to adopt a similar strategy for SDI.

4.1 STARS/CAMP PROGRAMS

Several DoD programs can be expected to develop technologis, standards,
methodologies, and contractual and management strategies for software reuse. At the present time,
however, only the JIAWG program has developed contractual strategies. Other programs have
been primarily technology oriented.

The STARS program was established to improve software in DoD programs. Key goals
are improving quality, reliability, and productivity, with software reuse a means to this end. STARS
has funded the prototyping (by Boeing) of a software reuse library and other reuse technologies
are expected to developed. Although STARS has not been very involved in contractual and
management issues, the program has started to consider legal and data rights issues.

The CAMP program has developed methodologies, tools, and a library for reuse of
software for missile applications. In this program, a domain analysis was performed on software

for ten different missiles, with over 250 reusable software components being identified. A software
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tool was developed that assisted a software designer in locating relevant existing components that
could be used in a new missile, in analyzing candidate components, and in creating new
components. Although the program has not addressed contractual issues in any detail, a report by
Computer Sciences Corporation (1986) has suggested that contractual incentives must be provided

for reuse.

4.11 JIAWG

The JIAWG was established by the Services in response to a mandate by Congress to
identify common aspects of avionics equipment in three aircraft programs—the Navy Tactical
Aircraft (ATA, currently known as the A-12), the Air Force Advanced Tactical Fighter (ATF), and
the Army Lightweight Helicopter (LH, previously known as the LHX). As part of the JIAWG
effort, a software reuse subcommittee has been deveioping plans and standards to support and
encourage software reuse within each of these programs as well as across the programs, including:

a. A plan for the development of reuse standards and a reuse library.

b. Reuse standards which address specific activities that occur in different stages in the

software life cycle.
c. A plan for providing incentives to contractors for the reuse software products.
d. A plan for maintaining the integrity of reusable software products.

The JIAWG subcommittee views the technologies needed to create a library and use the
components in the library as mature enough to be used. They recommend populating a library with
reusable components that are writte;n as part of a demonstration/validation (DEM/VAL) program
and then use these components in a full-scale development (FSD) project. They also expect to
reuse components in a later pre-planned product improvement (P°I) phase and in a post-

deployment software support (PDSS) phase.
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The overall JIAWG software reuse plan is divided into four phases: analysis,
implementation, operational insertion, and transition and transfer.

In the analysis phase, the subgroup performed a functional domain analysis and cost
analysis (JIAWG, 1989, p. 3), which concluded that “an investment of $20 million over the next
few years could save DoD $50 million.”

In the implementation phase, the contractor would be required to include a description of
the software reuse approach in the Software Development Plan (SDP). This approach must address
the following issues:

a. A proposed approach for analyzing the system to identify, utilize, and implement reus-

able software life cycle objects based on the JJAWG-approved domain analysis meth-
odnl~gy.

b. Implementation of a contractor library based on a JIAWG standard for reuse libraries.

¢. Incorporation of the JJAWG standards for rc: .able soitware into the contractor’s soft-

ware development process.

In the operational insertion phase, a library w.iii be populated with reusable objects that
met the JIAWG standard, and the comronents cataloged.

In the transition and transfer phase, the library will continue to be populated. However,
projects will begin to extract reusable objects for use on FSD instead of DEM/VAL efforts. JIAWG
also expects that during this phase, the need to furnish contractor incentives for reuse will

diminish.

4.2 RECOMMENDED SDI SOFTWARE REUSE STRATEGY

At present, the SDI Software Policy advocates software reuse, however, there is no
programwide description on how software reuse will be realized. Since the impact of software

reuse on SDS is unknown, a strategy is needed that will assess the program to identify potential

19




applications of reuse that will provide reasonable cost reductions and a plan to achieve this
objective. This section provides a set of recommendations that can be used by SDIO in planning
for the insertion of software reuse into the SDS program.

Initiate pilot programs to demonstrate the feasibility of potential reuse prac-
tices and to gather empirical data on SDI reuse opportunities.

Most of the existing evidence demonstrating the feasibility of reuse is in areas such as
financial applications and not embedded systems. Evidence indicating where reuse might be
effective in SDI is badly needed. To implement such a plan, software reuse pilot programs can be
initiated on DEM/VAL activities amongst the elements. The pilot programs can be either shadow
projects cr part of the actual effort when reuse technology being used is well understood and
mature.

To do so, a partial and highly abbreviated domain analysis is necessary across a few SDS
Elements. Such an analysis would identif, software components or computer software
configuration items (CSCls)/computer software units (CSUs) that may be sufficiently similar in
different Elements to serve as prospective reuse opportunities.

Since there has been no direct or formal analysis of component identification for software
reuse for SDS, it is recommended that the System Engineering Integration Contractor (SEIC)
Functional Analysis document and interviews with Element Offices be used to identify
commonality across components for potential software reuse. It is recommended that the SDI
System Engineer identify common software functions that have potential for software reuse across
a set of SDS elements.

After identifying candidate components, an Element office should be selected to build a
component based on a set of software reuse methods and standards (i.e., if they exist) that is
agreeable to all users. Support for the component will be the responsibility of the Element Office
selected for development. All users shall be invited to all component design, coding, and testing

reviews.




The monitoring of the pilot programs should be well defined with respect to metric data to
be collected and questions to be answered. The pilot program should at a minimum collect
statistics on the followinglz

a. Software architectural design metrics. The amount of resources used to identify com-

ponents that have potential to be reused across a set of elements. For the pilot project,
the SEIC Functional Allocation Document and interviews with Element office design
engineers will be used as a means to identify components that can be reused across ele-
ments. The number of man-months required for this activity, methods, experience of
personnel performing the analysis, classification of personnel interviewed at Element

Offices, number of site visits, and tools used should be identified.

b. Component unit testing. Type of testing methods used, time to run tests, time to correct

errors found in test, and machines and other resources required for tests.
c. Component integration testing. Time required and tests used for component integration.

d. Component modifications. Any modifications required for component to execute in

Element environment.

e. Integration of component. Time required to integrate component into target system (i.e.,

including modifications in item d.).

Organize an SDIO software reuse office to establish and advocate a software
reuse policy across all programs.

This office should provide software reuse guidance on software reuse methodologies,
software reuse standards, and software reuse tools to the Element Offices. It should maintain a set

of software reuse statistics for SDS (e.g., number of software designs reused, percentage of

1. The reader should note that the metrics being considered for the reuse pilot program are for the
design, implementation, and testing phases of the software cycle.
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software test data reused on a specific element) and lists of current and future applications of
software reuse within SDS. Finally, the office should provide input to the SDI software policy as
needed for software reuse.

A software reuse manager should be appointed and staff selected in accordance to the
reuse activity ongoing within SDS. The SDIO Computer Resource Working Group subcommittee
on software reuse should be utilized for input as requested by the SDIO/EN Software Manager.

Develop a SDS software reuse uperational plan based on active participa‘ion
of the SDIO office, Service, and element program offices and contractors.

The plan would describe the structure of the SDS software reuse office, operations of the
SDS software library, selection of reuse standards, etc. Software reuse in SDI involves many
technical, contractual, economic, legal, and management issues that interact in a complex manner.
Successful reuse will not occur on a large scale unless all agree with the approach and are
motivated to cause reuse to take place.

Develop economic incentives for software reuse in contracts.

Such incentives should encourage contractors to reuse existing software when
appropriate, rather than developing new software. When developing new software, design for
reuse should be encouraged but only when appropriate. Incentives can include performance fees
based on successful demonstration of reuse or reuse practices, and allowing contractors to retain
data rights to reusable software components to allow economic benefit when software components
are reused.

Make use of software reuse technologies and management approaches from
other DoD programs, and develop joint efforts with these programs.

As new DoD or government programs are established and become active, SDS should
snare information (as it is now doing with STARS and JIAWG) and work with program offices to
develop joint efforts. Joint efforts are needed in funding software reuse research, in developing
empirical data on reuse feasibility, and on developing contract incentives (such as consistent data

rights policies).
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Adopt a software reuse cost model.

The costs of reuse in the SDI context must be better understood. We recommend that SDI
adopt a cost model that can predict the costs of software development with and without reuse. This
can be done by selecting an existing cost model, modifying an existing model, or creating a new
one.

Investigate the proper role of domain analysis.

Software reuse can be done most effectively when a relatively extensive, large-scale
domain analysis is an early step in the development process. Unfortunately, a full domain analysis
is difficult, expensive, and may require long periods of time to achieve. Efforts to define the SDI
problem should be reviewed for their relevance to domain analysis. The relative benefits and costs

of a full, formal domain analysis across SDI need to be compared with less formal approaches.

23




5. IMPLEMENTATION MECHANISMS TO ENCOURAGE SOFTWARE
REUSE

This section discusses specific implementation mechanisms and language for contracts
and RFPs that can help implement the strategy described in the previous section.

Five specific implementation changes in the contracting process are suggested:

a. Require offerors bidding on a contract to address software reuse in the description of

their technical expertise, approach, and management in their proposal. \

b. Require contractors to have a Software Reuse Plan as part of the Software Development

Plan required by DOD-STD-2167A.
¢. Include software reuse considerations in the evaluation criteria for an RFP.

d. Use a performance-based award fee to reward successful reuse or the adoption of reuse

methodologies.

e. Allow contractors to gain certain rights to software developed with government funds

as a means of rewarding successful reuse.

Sections 5.1 through 5.5 discuss how these items can be implemented.
5.1 DESCRIPTION OF SOFTWARE REUSE TECHNICAL EXPERTISE, TECHNICAL
APPROACH, AND MANAGEMENT

In the RFP, contractors can be directed to specify their technical expertise and approach
for software reuse in the proposal. Similarly, efforts by the contractor to develop organizational

and management structures that ean help reuse can also be considered.
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The following text is an example of what should appear in the Technical Proposal section of an
RFP:

Software Reuse

As part of the description of the offeror’s expertise and technical approach to soft-
ware development in the Technical Proposal, the offeror shall describe its exper-
tise and technical approach to software reuse.

Software reuse is the process of creating and using representations at any level
(specifications, design, or code) that are designed in such a way as to be general
enough to be effectively reused in developing a software system.

The practice of software reuse is either the reuse of existing software rather than
developing new software, or the development of new software in such a way that
its components can be reused in some other part of the SDS than it was designed
for.

The description of the offeror’s expertise in software reuse shall include the fol-
lowing: 1) examples of projects in which the contractor has developed software
using reusable components and/or developed reusable components, and achieved
high levels of productivity and quality as a result, 2) examples of software reuse
research and development performed by the contractor, 3) training programs in
reuse for contractor personnel, and 4) examples of projects in which the contractor
has planned reuse efforts through the use of domain analysis.

The description of the offeror’s technical approach to software reuse shall include
the following: 1) a preliminary analysis of the problem domain that is sufficient
to indicate the most likely alternative methods for making use of existing soft-
ware, 2) a discussion of potential benefits and risks of reusing existing software,
developing reusable software, and using conventional approaches, 3) a descrip-
tion of any specific technical methodology for reuse that the contractor intends to
use.

[The description of the technical approach referred to above constitutes an initial version
of the Software Reuse Plan discussed in Section 5.2.]

The following reusable software is available in the SDS Software Library or com-

mercially and must/may [select one] be evaluated for use in the software effort.

A preliminary evaluation shall be made and included in the proposal, with a more

in-depth evaluation, where appropriate, carried out as part of the contract work.

The usefulness of software shall be evaluated with regard to the anticipated costs
and benefits of utilizing or not utilizing each component.

(SDIO should provide a short list of software that must be evaluated, either in the RFP or

in an appendix to the RFP. Libraries can also be listed here that can be searched by the contractor
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for potentially reusable software. SDIO should assist contractors in gaining assess to libraries.]

The following text should be inserted in the RFP in the section on the “Management
Proposal.”

The offerors shall describe what organizational structures and management initi-

atives they expect to use that help encourage software reuse. These initiatives may

include 1) organization of software development teams along functional rather

than product lines, including use of a matrix organization, 2) relationships with

other contractors that tend to encourage a single organization or group to design

and implement software that is functionally similar across different subsystems of

a platform or across different platforms, 3) relationships with other contractors

that encourage reuse of software from one organization entity or group to another,
and 4) incentive programs that reward employees for successful reuse initiatives.

5.2 SOFTWAKE REUSE PLAN

Contractors should be required to develop and maintain a Software Reuse Plan, stating
how reuse is incorporated into the software development effort. Such a plan can be considered a
part of the Software Development Plan required byDOD-STD- 2167A. An outline of the Software
Reuse Plan should be provided as part of the proposal.

There are two possible ways of implementing this requirement. One is to provide
instructions in the RFP for inserting information in the Software Development Plan itself. Another
way is to use a separate Contract Data Requirements List (CDRL), and define what is required for
the Software Reuse Plan in the Statement of Work. Each approach is discussed in more detail in

Sections 5.2.1 and 5.2.2.
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5.2.1 Inclusion in the Software Development Plan

To make the Reuse Plan part of the Software Development Plan, the contractor should fol-
low the instructions provided in an RFP that refers specifically to DOD-STD-2167A, DI-MCCR-
80030A.2

10.2.5.1.1 Contractor Facilities

In this subparagraph identify, describe, and highlight the location of those items
in the software engineering environment (SEE) that will be used to implement
software reuse. This should include any libraries or tools that support the software
reuse activities outlined in subparagraph 10.2.5.2.1 (Software Development Plan
subparagraph 3.2.1).

10.2.5.1.2 Government-furnished Equipment, Software, and Services

In this subparagraph summarize the expected percentage reuse of any govem-
ment-furnished software, and whether it is taken as information only, whether it
is to be used with modification, or whether it is to be used as is.

10.2.5.1.3 Organizational Structure

If a Contractor Reuse Manager and/or Support Personnel are planned for the orga-
nization, this subparagraph shall detail the duties, responsibility, authority and/or
role of the individual(s).

10.2.5.1.4 Personnel

If a structure has been defined to support reuse, indicate total number of personnel
involved in this activity.

10.2.5.2.1 Activities

Any reuse activities should be identified and described in this subparagraph, and
any impacts on the schedule should be addressed. Reuse activities include but are
not limited to domain analysis, developing reusable software objects (RSOs), the
populating and use of a reuse library, the reuse of existing RSOs, the evaluation
and testing of RSOs, and reuse training.

2. These instructions have been developed by the JJAWG Reuse Subcommittee.
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In this context, the term “domain analysis™ refers to an identification of areas for
potential reuse within the relevant technology or product domains, and to the
determination of feasibility from the perspective of cost benefit and schedule
impact to produce RSOs in the areas identified.

The term “reusable software object” refers to life-cycle objects that are created
during the software development process, that are needed to operate, maintain,
and upgrade the deliverable during its lifetime, and that have the potential for
reuse. The objects may include (but are not limited to) requirements specifica-
tions, design documents (both top level and detailed), source and object code, test
specifications, test code, test support data, user manuals, programmer notes, and
algorithms. These objects may be textual, graphical, or both; anc they are usually
stored on electronic media.

10.2.5.2.3 Source Identification

This subparagraph should identify and describe the source for all pre-existing
RSOs, and should provide a plan for obtaining the RSOs, indicate the need date
and availability of each, and indicate any preparations required to make the RSOs
usable.

10.2.5.3 Risk Management

Procedures for managing risk associated with the reuse activities specified in sub-
paragraph 10.2.5.2.1 (Software Development Plan subparagraph 3.2.1) should be
identified in this subparagraph.

10.2.5.5 Interface with Associate Contractors

This subparagraph should include a description of the interface with all associate
contractor reuse activities.

10.2.5.7 Subcontractor Management

This subparagraph should include a description of the management of all subcon-
tractor reuse activities.

10.2.5.9 Software Development Library

This subparagraph should contain a description of access and control procedures
for RSOs, including any RSOs that were obtained under a license agreement.

10.2.6.1.1 Organizational Structure — Software Engineering

If reuse activities are planned, this subparagraph should describe the organiza-
tions responsible for those activities.
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10.2.6.1.2 Personnel — Software Engineering

If reuse activities are planned, this subparagraph should describe the number and
skill levels of the personnel involved.

10.2.6.1.3.1 Software Items

In the list of software items identify and describe any reuse libraries or tools, and
any other items used or software reuse activities within the software engineering
environment.

10.2.6.2.1 Software Development Techniques and Methodologies

For all reuse activities detailed in subparagraph 10.2.5.2.1 (Software Develop-
ment Plan subparagraph 3.2.1), this subparagraph should explain how the tech-
niques and methodologies adopted support those activities.

10.2.6.2.3 Design Standards

This subparagraph sho’d specify design standards that support both general soft-
ware engineerir- .~ .s and specific software reuse goals. As appropriate, the fol-
lowing areas and -_sues should be addressed:

a
b
c
d
e.
f.
g
h

i.
Je

k.

. The uesign of the system software to a specific code implementation, such as Ada

. ‘ihe approach to Ada compilation unit dependencies

. The approach to performance monitoring

. How the design standards promote information hiding
How existing RSOs will be incorporated into the software designs

. The approach to the design of new RSOs

. The use of design objects from previous program phases

. How the design will be adaptable for changing requirements within the system life-
cycle, and will support growth options

How the design will be adaptable in other systems of a similar sort

How the packaging (tasks, packages, generics, and subprograms) of the objects and
functions in the design supports the adaptability of the systems software

How the design will isolate project-specific requirements, such as processor-specific
objects, project hardware specific objects, project-specific algorithms, and objects that
require a security classification

What will justify the selection of project-specific design objects as opposed to more
generic and adaptable design objects
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10.2.6.2.4 Coding Standards

Coding standards, which conform to DOD-STD-2167A, Appendix B, should
address specific items that will improve the reusability of the code modules.

10.2.8.2.1 Procedures

This subparagraph should identify and describe the procedures for evaluating and
qualifying a product as a RSO.

10.2.9.1.1 Organizational Structure — Configuration Management

In this subparagraph describe the organization(s) responsible for the configuration
management of reuse libraries.

10.2.9.1.2 Personnel - Configuration Management

In this subparagraph describe the number and skill levels of the personnel respon-
sible for the configuration management of reuse libraries.

10.2.9.3.1 Flow of Configuration Control

In this subparagraph describe the process for dealing with problems and changes
to RSOs within a reuse library.

10.2.9.3.3 Review Procedures

In this subparagraph describe the purpose of and procedures to be followed by the
review board associated with the configuration control of a reuse library.

5.22 The Reuse Plan as a Separate CDRL

Another alternative is to require a reuse plan separate from the Software Development

Plan. For this alternative, add Section 5.2.2.1 to the Statemnent of Work and add a new CDRL to

the contract as described in Section 5.2.2.2.

5.2.2.1 Language for Statement of Work

Add the following language to the Statement of Work, followed by the text from Section

5.2.1 (if desired, the items can be renumbered):
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Software Reuse Plan

The contractor shall prepare, keep current, and deliver a Software Reuse plan that contains
the following:

[include text here from Section 5.2.1]

5.2.2.2 CDRL for Software Reuse Plan

A separate CDRL shall list the Software Reuse Plan as a deliverable, with the statement,

“Contractor Format Acceptable” in item 4 (Data item report number).

5.3 EVALUATION CRITERIA FOR SOFTWARE REUSE IN THE RFP

In evaluating each contractor’s proposal for a given contract, the software part of the pro-
posal is assigned a weight that reflects how heavily software should be considered in assessing the
entire proposal. The practice of software reuse is in turn assigned a weight that reflects the extent
to which software reuse considerations should play a role in assessing the software part of the pro-
posal.

In writing proposals, contractors can reasonably be expected to emphasize requirements
of the RFP in proportion to their assigned weight. The assignment of a reasonably significant
weight to reuse indicates to contractors that SDI is serious about utilizing software reuse. It is also
necessary that SDI select a weight that reasonably reflects the value of reuse in terms of its
expected benefits.

We recommend that software reuse account for about 15% of the weight assigned to soft-
ware. We feel that at the present time there are sufficient unknowns about the risk and benefits of

utilizing reuse that a weight higher than this is not justified. Contractors should receive a favorable
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evaluation for considering software reuse in a prudent and knowledgable way. Contractors who

respond with a correct analysis of reuse possibilities but who conclude that it is not feasible in the
given situation, can be judged to be highly responsive.

The criteria used to calculate a total software reuse score (i.e., maximum value of 15%
with respect to the total software proposal weight) will be based on the following evaluation cri-

teria:

a. The description of the software reuse expertise of the contractor

b. The description of the technical approach proposed for software reuse
¢. The description of management and organization for software reuse
d. The software development plan

Each criteria will be discussed in the next four sections (5.3.1, 5.3.2, 5.3.3, and 5.3.4) and

assigned a weight to be used in calculating the total software reuse score.

5.3.1 Evaluation Criteria for Software Reuse Expertise

In evaluating a contractor’s expertise in reuse, three main factors should be considered:

a. The contractor’s experience with software reuse on past projects and contracts
b. Research and development efforts in reuse
¢. Training programs in reuse

The following information should be given regarding prior projects:
a. What percentage of the project cost was allocated for reuse? (This includes direct costs
such as library construction as well as indirect costs such as the increased cost to pro-

duce a module if it is reusable.)
b. Did the contractor support a reuse library?

c. Did the contractor make use of reusable objects from a reuse library?
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d. Did the contractor develop reusable components? If so, were the reusable objects deliv-

ered to the library?
e. What methodologies and standards were used for reuse?

f. What research activities, such as those with internal research and development (IR&D)
funding, were undertaken? (Efforts should be rated much more highly if there is a plan
to make use of research efforts in actual development and in training of software devel-

opers.)

Since planned large-scale software reuse has been a recent innovation in DoD systems,
most software engineers and managers will likely have limited experience in reuse. Training activ-
ities such as internal courses, university courses, and seminars, as well as efforts to integrate these
new skills into existing software development projects, should be considered in the evaluation.

It is recommended that this criteria be weighted as 20% of the total software reuse score.

5.3.2 Evaluation Criteria for Software Reuse Technical Approach

So far, examples of software reuse that have achieved a high degree of success have been
in narrow, well-defined domains. For example, many system facilities in operating systems are
designed and implemented as objects that can be accessed through the run-time library to build
application or systemn programs. Although domain analysis has yet to become a standard require-
ments in DoD contracts, an informal form of domain analysis is usually involved in software
development. Evaluators should examine the contractor’s technical approach for evidence of
expertise in the particular domains that will be needed for the system as well as experience in infor-

mal and formal activities that are similar to domain analysis.
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The “Technical Approach™ section of the proposal should contain an explicit description
of the relative costs and benefits of applying reuse to different aspects of the problem, identify the
risks involved, and provide a justification for their analysis. Evaluation should not emphasize the
percentage of code reused or developed, but the general pragmatic approach and prudent choices
based on proper assessments of benefits and risks.

The evaluator should note all reuse methodologies, practices, and tools contained in the
technical approach, assess each with respect to the maturity of that technology, the appropriateness

of the technology, and the contractor’s experience with the technology.

It is recommended that this criteria be weighted as 40% of the total software reuse score.

5.3.3 Evaluatiun Criteria for Description of Software Reuse Management and Organiza-
tion

The evaluator should assess the contractor for its ability to encourage software reuse in the

following areas:

a. Does the contractor generally support reuse on projects on its own initiative?
b. Does the contractor support reuse across projects?
c. Does the contractor support reuse in prime/subcontractor arrangements?

d. Does the contractor reward and encourage its software engineers to apply software

reuse?

e. Does the contractor provide training and participate in software reuse research and

development activities?

f. Does the contractor have a reuse library or other organized means of identifying reus-

able components?

It is recommended that this criteria be weighted as 20% of the total software reuse score.
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5.3.4 Evaluation Criteria For Software Development Plan

Section 5.2.1 lists sections of the Software Development Plan in which contractors will
provide information pertaining to their approach for software reuse. The present set of instructions
for the Software Development Plan supplied in the RFP is based on recommendations from the
JIAWG. Unfortunately, the JJAWG ATF RFP, which will contain these instructions, will not be let
until the fall of 1990. Since this part of the proposal has the potential to be large and difficult to
assess, we recommend that SDIO and JIAWG perform a joint study to determine a set of evalua-
tion criteria for the Software Development Plan and produce a report that documents this effort.

It is recommended that this criteria be weighted as 20% of the total software reuse score.

54 CONTRACT INCENTIVES

To provide economic incentives for software reuse, two approaches are discussed along
with suggested contract language. The first approach is the procurement of reusable objects and
the second approach is the use of reusable objects in SDS.

In order to procure a set of potential reusable components for SDS, the program will
initially have to provide contract incentives to stock a library with a set of baseline components.
These reusable objects will be designed, implemented, and tested for reuse, which will add
additional cost to their development and maintenance. Since it is not feasible from a cost
perspective to require all SDS software to be developed for reuse, only objects which have a high
potential for reuse should be considered.

Also, SDS will rely upon the reuse expertise of the contractor to identify reusable objects.
This provides the contractor with the ability to make their own decision on what reusable objects

of the system have the potential of keeping the lowest risk and with most cost efficient approach.
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The recommended approach to procure such objects is to have the contract identify
reusable objects in their proposal, with an award fee to be determined by the SDS program office
after the reusable object has been delivered by the contractor and evaluated by the government.
The following contract language can be inserted? in the solicitation, Part 1 - The Schedule, Section
B - Supplies or Services and Price/Costs:

Award Fee Provision

An award fee provision shall be included in the contract which rewards the con-

tractor for outstanding performance in developing reusable objects, and for effec-
tively reusing such software objects.

Award Fee Criteria

An evaluation shall be conducted on any reusable object identified in the contrac-
tors proposal and accepted by the government for inclusion in a SDS software
reuse library. The period for evaluation of award fee should be at least [TBD}, and
no longer than every [TBD]. It is anticipated that the award fee funds will be allo-
cated over the award fee periods with percentages applied that relate to develop-
ment activity milestones. Award fee procedures should require the contractor to
provide a self-assessment to the Government prior to each award fee review. The
SDS Reuse Evaluation Board shall include SDIO, Services, and element repre-
sentatives. The contractor’s efforts shall be evaluated to determine an award fee
to be paid based on the Award Fee Criteria stated below:

The contractor will also be awarded for the use of reusable objects in system development.
The criteria® will be provided in the solicitation, Part 1 - The Schedule, Section B - Supplies or
Services and Price/Costs:

Award Fee Criteria for evaluating the use of reusable objects:

Degree that software objects are reused that exceed what was proposed. This
includes both reusable objects developed under this contract and from other
sources.

Cost savings resulting from reuse based on the actual cost of software compared
with proposed cost.

3. The contract language used in this docurnent was modified from the JIAWG Contract Elements
for Software Reuse, 189-S8, 15 March, 1990.

4, The contract language used for this criteria has been modified from the JIAWG Contract Ele-
ments for Software Reuse, J89-S8, 15 March 1990,
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Improving upon proposed software schedule due to reuse without negatively
impacting the overall contract cost or schedule,

Demonstrated productivity improvement.

5.5 DATA RIGHTS

The Federal Government procurement regulations for the acquisition of computer
software are based on the Federal Acquisition Regulation (FAR) for civilian agencies and DoD
FAR Supplement (DFARS) for the DoD. The DFARS require that unlimited data rights for any
software developed in whole or in part by Government funds be assigned to the Government. The
rationale for unlimited rights is stated in DFARS 227.472-1(a):

For defense purposes, millions of separate equipment and supply items ... Tech-
nical data resulting from research and development and production contracts must
be obtained, organized and disseminated to many different users. Finally, the
Government must mnake technical data widely available in the form of contract
specifications in the interest of increasing competition, lowering costs, and pro-
viding for mobilization by developing and locating alternate sources of supply
and manufacture.

Industry views this problem in a different light. Industry representatives of the Data
Technical Working Group [Probert, 1984, p. 11] concluded the following issues about unlimited
data rights:

Industry is reluctant to invest in new technology for the government because [of]
sweeping datarights demands by the government, and apprehensiveness about the
loss of proprietary information. ... This creates a climate unfavorable to the
transfer of such technology [to the Government).

... the Government is failing to obtain the most innovative and creative computer
software technology from its software suppliers. Thus, the government has been
unable to take full advantage of the significant American lead in the software tech-
nology for the upgrading of its mission-critical computer resources.
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A major objective of software reuse is to utilize reusable softiware artifacts5 throughout
the entire software development process. To provide software developers with the capabilities to
access and use reusable software artifacts requires a legal and contractual framework that enables
the appropriate reuse technologies to be used and provides incentives for industry to utilize reuse
technology as it matures and becomes available.

The area of software reuse and its associated legal issues is an extremely complex and
controversial topic. Intellectual property rights mechanisms, such as copyrights, patents, and trade
secrets, often pose substantial barriers to reuse. These mechanisms need to be studied so that ways
of eliminating or reducing these barriers can be found, and the mechanisms harnessed
appropriately so as to help provide economic incentives for reuse.

The liability of software developers resulting from the malfunction of software is another
significant issue that can inhibit reuse, because of questions about who is responsible when
software that is originally developed by one organization and reused by another malfunctions.

Future work by the authors will consider these questions within the context of SDS and

federal acquisition regulations.

5. Any product of the software development process (Peterson, 1989).
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APPENDIX - REUSE DEFINITIONS

“...any way in which previously written software can be used for a new purpose or to
avoid writing more software.” (Kerighan, 1984).

“The terms ‘software reuse’ and ‘software reusability’ are applied to many techniques,
methods, and processes. This spectrum includes portability in [the] classical sense, code-sharing
in successive releases, common subsystems, common routines in applicaation families, [and]
repeated exploitation of algorithms...” (Lenz, Schmid, & Wolf, 1987).

“...reusable code [is] defined as any technique that increases productivity by eliminating
redundant practices in program generation.” (Cavaliere, 1989, p. 132).

“Reusability is a general engineering principle whose importance derives from the desire
to avoid duplication and to capture commonality in undertaking classes of inherently similar
tasks.” (Wegner, 1984).

“Reuse is employing knowledge that has been compiled through previous experience.”
(Agresti & McGarry, [March 1988]).

“Reusability. The extent to which a module can be used in multiple applications [bold in
original]. (IEEE Standard Glossary of Software Engineering Terminology, p. 30).

Software is defined to be any machine processable representation of systems, subsystems,
or system elements, and associated documentation and data. This definition of software includes
all computer programs and data bases, whether embedded in SDS components or development for
models, simulations, analyses, automatic test equipment, or other uses pertaining to SDS and,

therefore, covers both formally delivered and non-deliverable software products.” (SDISP, 1989).
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