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Preface

The purpose of this study was to describe the reasons
why software reuse has not becaome a viable practice within
the Department of Defense, even though it is a practice that
is desired.

Personnel connected with reuse sfforts in the
Department of Defesnse were administered a telephonic survey
to sstablish evidence to determine which of three
explanations bast explained why reuse has not hecome a
viable practice. The hypothesized explanation of reuse not
becoming a standard practice due to the lack of canformance
to a change model from organizational design literaturs was
deemed to be the best supported explanation,
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Abstract

_;> Recent svents, the Dol Software Master Plan and the new

DARPA initiatives, have indicated a renswed interest in DaD
to implement an sffective software reuse program. Although
this goal was attempted previously, it met with poor
results. Three possible explanations of why resuse has not
bhecome a viable practice in the Dol were posited. The first
explanation was that reuse in the Dol failed hecause there
was no single higher order language; ths second explanation
was that reuse failed solely because of the barrisrs
inhibiting it; and the hypothaesized explanation was that
reuse failed because Dol did not follow an adequate change
strategy based on a change model from organizational design
literature. The literature was examined in light of the
three possible explanations, and a telaphone survey was
performed to gain Further evidence from personnel, both
inside and oputside the DoD, that are involved in reuse
connected with the Doll. The results of the phone survey
were analyzed in a gualitative manner based on the
literature review, and then each possible explanation was
analyzed against both the literature and the survey results.
The hypothesized explanation was deemsd to provide tha best




SOFTWARE REUSABILITY: A STUDY OF WHY
SOFTWARE REUSE HAS NOT DEVELOPED INTJ A STANDARD
PRACTICE IN THE DEPARTMENT OF DEFENSE

I. Introduction

General lIssue

The Air Force and others who depend on high technology
are currently in the midst of a software crisis. There is
currently a shortage of qualified softuware development
personnel, while the 0ol budget for software development is
expected to be about $25 billion in 1831 according to the
Electronic Industry Association 13985 ten yaar forecast.
Softwars reusabirlity, though not a panacea for all software
problems, sgems to have a definite place in lessening the
crisis,

The concept of software reuse was first formally
introduced by Mcllroy in 1868, who gnvisioned it as a sub-
field of software development: a segment of the industry
that would design, code, test and distribute reusable
software components, much the same as hardware components,
such as computer chips and resistors (35:481)., Mcllroy's
definition of reuse is fFairly restrictive, containing only a
subset of a more current, expansive definition of reuse,

which is




the reapplication of a variety of kinds of
knowledge about one system to another similar system in
order to reduce tha effort of development anrd
maintenance of that other system. This reused
knowledge includes artifacts such as domain knowledge,
developmant experisnce, design decisions, architectural
structures, requirements, designs, code, documentation,

and so Forth. (8:xv)

It has heen estimated that only 20 to 30% of any nesw
software project involves original, unique code; the other
70 to 80X is code that is commonly used for such things as
input/output, pecrforming standard calculations, and placing
programs on computers (39:488), With this in mind, it is
easy to see how increases in productivity of up to 400% in
Japanese software factories (39:492) and cost decreasas of
up to 30% in coding software modules (%3:10) have bheen
demonstrated., A recent Air Force project, thz Common Ada
Missile Packages (CAMP) program, demonstrated gains in
productivity in rausing software. The CAMP program obtained
a programming rate of 426 linss of code per anan month with
reusability, while the rate without reusability was only 341
lines of code per man month (2:3). Additional sources have
indicated similar productivity increases (61:18; S$9:495,496;
53:10). Anobther benefit is decreased maintenance costs of
up to S0% when using reusable code, code templates, and
application genecators in developing new systems (61:18).

With all of the potential benefits of reuse, it would

seem that reuse would have developed into a standard

practice to help ease the crisis., Unfotrtunately, this has
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not been the case. With a few exceptions, reuse is
predaminantly an ad hoc process that is practiced
sporadically at best (52:87). Lack of reuse is due to a
number of factors. First of all, reuse requires a
fundamental change in the way an organization develops
software (52:87). Second, there is no well defined
methodology or thoroughly adequate software tools in
existence to help foster reuse (52:87). Finally, reuse is
not fFree; development costs increase 20 to 25% when software
is developed for reusahility due to stricter documentation,
dasign, and testing standards (61:18). Since as early as
1875, the Department of Defense (Dpl) has been interested in
software reuse as a means of readucing software develbpmgnt
costs and increasing reliability (17:19), yet the pecception
of many is that little progress has been made in realizing

this goal (23:1, $3:3).

Specific Problem

Feced with software that was unreliable, inflexible,
difficult to maintain, not meeting users needs, and not
rewsable, as well as escalating development and maintenance
costs and a proliferation of programming languages, the DoD
formed a Higher Order Language Working Group in 1875
(28:30,31). The result of this group was the Ada language.
| Dol hoped, by establishing Ada as the required higher order

programming language for DoD software development, that




softuwsre repcsitories of Ada packages would develcp and
start to decreass software development costs (5:%,5).

Realizing that largse-scale component resuse was not
developing, various Dol agencies madse attempts to stimulate
reuse. Dol initiated the Software Technology for Adaptable
Systems (S5TARS) projsct in 1884 to

...provide bsetter management practices, improve

software acqguisition strategies, improve the underlying

software tachnologies, increase personnel skill lsvels,
create more powerful development and maintenance tools,
increase the sxtent to which tools are used, and make
advances in both softwares system methodology and

softwsre theory. (46:15)

Software reusability was one of the key goals of the
STARS project (6:78). The CAMP program was initiated in
1884, with STARS funding, to demonstrate the "fFeasibility
and utility of this concept For real-time embedded systems”
(2:1). A 1385 STARS workshop advertisement in the Commerce
Business Daily best sums up Dol’s hopes after Ada uwas
required on all nsw acquisitions:

..., With the promulgation of Ada as a single High Order

Language (HOL) to build fusure applicatiens within thse

three ssrvices, thers sxist nsw ppportunities for rause

of software. Reuse can reduce devalopment time and
maintenance costs, and improve reliability. <21:1iii)

Reuse was still not occurring on the scale envisioned
with the introduction of Ada. In 1888, fiv Force Logistics
Command was tasked by Headquarters Air Force to develop a

cataloging plan for reusable software on the premise that

"cataloging is the essential first step in achieving the




benefits of software reusability from a logistics pocint of
view” (22:1). Little was dore with this plan, and most of
the concepts presented in it were transferred into the next
Dol attempt to spark reuses, a 1889 DoD Ad Hoc Software Reuse
Strategy Group. The objective of the Ad Hoc group was to

gain the sponsorship of a high ranking individual to help

make changss to overcome the barriers of data rights,

incentives, and cataloging that were keeping reuse from
occurring. Unfortunately, the sponsor never materialized.

Other DoD writings have also indicated a number of
barriers to accomplishing software reusability that need to
be overcome before it can bascome a reality. These barriers
include data rights (48:13, 2:5, 23:2), liability (23:8),
incentives (23:2, 4B:14, 53:38), cataloging (53:35, 48:13,
©3:5), distribution (2:6, 53:36), libraries (&:6, 23:5,
93:36, 48:13), component gualification (48:13), technical
problems (23:4%, 48:14, 2:5), and adequate contractual
language (48:13).

One problem not noted in the literature is the vision
Doll has of reuse. Other than & few notable exceptions, the
major thrust of Dol sctivity is geared towards daveloping a
softwere components industry. This is a very narrow vision
of reuse as it was previously defined, and it is the vision
that pervades most Dol reuse sfforts to date ¢2:1, £3:1,
48:13, 53:36,37, 21:iii). Unfortunately, this vision
probably has the lowest return on investment of the many

strategies that could be devsloped more Fully (F:ixv,xvid.
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Another problem not noted in the literature is the lack
of communication, both within and betwsen services, on the
current state of affairs in reuss. 0Only one pserson
contacted in initial raesearch knew a contractor working feor
the Army was preparing to relsase a report that indicated
data rights issues are not a major inhibitor of reuses and
that thers is incentive enough now for contractors to reuss
software (24).

All of the problems related in the last several
paragraphs are indicative of a more serious, unifying
problem: the lack of a cohesive strategy for developing
reuse within the DoD as well as a definitive point of
cantact to track and couordinate reuse issues.

While all of the people conducting the efforts
mentionad above felt that thay were taking the bast approach
to helping reusse beconmg a reality, it appears that
inadequate research has been accomplished to {1) define the
problems facing reuse; (8) validate that perceived problems
were actual problems; (3) define a vision of tha
gxpectations of reuse and then define measurable goals to
determine progress towards attaining those expectations; and
(43 defins & valevant strategy to instantiate reuse as a
common practice. In short, little has bsen done to plan for
implemaencing reuseo.

Three different explanations of why ~euse has not
become as well practicsad as first envisioned will be

examined in this thesis. The first explanation is that a

B




single higher order language did not exist that supportsed
reuse, and that once a single required higher order languags
was introduced, reuse wouwld naturally occur. The next
explanation is that reuse has not occurred because of ths
barriers that inhibit it, and if the barriers could be
removed, reuse would occur. ' The final explanation is that
the DoD did not follow the precepts of a change model found
in organizational development literature. It is important
to note that the change model takes into account barriers in
implementing change, and although there ars barriers to
reuse, ths barriers may not be the total cause for reuss not
becoming a standard practice.

There ars s number of change models defined in the
literature. GQBenerically tha change model is a multi-step
process that (1) recognizes a need for change, (22
detarmings a vision for change, (3) buwilds staksholdar
commitment to transition plans, (M) inditiates plans with
defined leadacrship and broad communication, (%) evaluates
the effectiveness of change thiough feedback and measurable
goals, and {6) looks for new opportunities to Further
improve. Several changs models will be examinad in Chapter
2, where an gperational definition of the change model used
in this thasis will be explained.

Dol is apgain on the thraeshold of a8 new effort towards
making softuware reuse a standard practice. RAlthough very
vague, the February 1990 draft DoD Software Master Plan

addresses reuse, although many of the of the technical

7




issues are left to a different plan. The Defense Advanced
Research Projects Agency (DARPA) held a workshop in June
1880 to gain contractor support for new research in the
reuse area that is supposed to dovetail with the missing
technical issues in the Software Master Plan. With these
two new actions on the near horizon, it bscomes more
important than ever to determine why previcus efforts that
sounded very similar to the new afforts did not attain the

level of reuse desired.

Hupothesis

The hypothesis being tested is that software reuse has
not become a standard practice in the DoD because the Dol

did not adequately follow the principles in the change madel

in implementing the process of reusability.

Regearch Objectives

Why has reuse failed in the DoD, and what can be done

to encourage the standard practice of reuse?

Inveastigative Quastions

1. I3 software reusability a viable option for the DoD

and can it be cost effective?




s

2. What is the DoD experience with software

reusability, what software domains have been explored, and

can any general conclusions be drawn?
3. uWhat planning and stakeholder invclvement uwere
accomplished in attempting toc implement reuse throughout the

DoD7?

Scope

The research will be limited to programs and issues
dealing with Ada, although other artifacts than cods could
be considered for reuse from programs developed in other
higher order languages. R1ll DoD components will be examined
to establish the current baseline for reuse within DoO. The
research will be more qualitative than quantitative in
nature, the main purpose being to establish a current
baseline and explain why reuse has not hecome a standard
practice,

The remainder of the thesis is devoted to (1) a review
of the current reuse literature; (2) a description of the
methodology; (37 tha results of the structured intecrvisw,;
and (4) conclusions drawn from the evidence base and

racommendations to correct the deficiencies discovered.




I1. Literature Search and Review

Introduction

Scope of the Search and Review. The literature revisu

was primarily limited to issues dealing with Ada and reuse,
although other models are examined, when appropriatses, that
do not deal directly with Ada.

Organization. This review will first examine the roots

of reuse. Second, a successful software reuse program, a
Japanese software factory, will be described. The third
area examined is the paradigms associated with reuse.
Fourth, the various issuss identified as inhibiting softuware
reuse will be investigated., Fifth, the current state of
practice of reuss will be examined, both in the private
sactor and within Do, Sixth, past and current Dol reuse
plans will be discussed., Finally, an explanation of the

change model will be discussed,

Discussion of the Literature

Roots of Reuse. 7he earliest recognition of the notion
of reusability has been attributed to Maurice Wilkes, who in
1848, with the advent of the fFirst stored programs, felt

**3t libraries of routines should be kept for general use to

avoid redundant programming effort (62:171). Tha first

formal propasal of reuse as it is currently envisioned is
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attributed to M.D0. Mcllroy, who proposed software

reusability on a large scale; seeing it as an entire

industry devoted to the design, code, test, and distribution

of software compaonents (35:4B81). Although the idea has bsen
arocund for quite some time, little had been formally
accomplished through the mid 18B0’s to make softwars
reusability a reality, with the exception of Japanese
software factories.

A Japanese Software Factory. The Toshiba Corporatian

has had an active software factory since 18976. The softuware
written there was for real-time, highly critical functions,
such as nuclear power stations, elsctric utility networks,
chemical process plants, and steel rolling mills. 0Ona of
the concepts embadied at the factory is reusabhility. An
article written in 1981 stated software development was
increasing at the rate of 18% per year, but due to
profitability constraints, the corporation could not afford
to hire additional workers. Reusable software made up the
difference. New code developwint was estimated to be 500 to
BOO lines of source code per man month, while production
with reusable code was estimated to be 2000 to 2300 lines of
source code per man month, "PROMOTE REUSE!" became a
company slogan, with a corrgsponding growth of 14% per year
of reusable software components. (50:308)

The secret to Japanese success was through
methodologies that are currently available. The environment

for development was consistent over the entire time period;




one computer with a standardized toocl sst. Cods was
targeted for use in one of four mini or midi-computers, and
more than five types of microcomputers. (50:303) Languagas
used were PL/7 , FORTRAN, assembler, and TPL, which is a
high level language for real-time industrial control mini-
computers (50:312). Cross assemblers were used to convert
the developed code into object code for the targstad system
(50:312). Registered programs were stored in a library
under two categories, standard programs and job oriented
programs, which could be accessed hy inputting a program
name or Function code from developers terminals (50:314%),

A Follow-up article in 1887 indicated that reuse was
still significant, but that the overall rate of impravemsnt
was more along the linss of B to 9% per year (43:153). This
demaonstrates the results that can be expected by
establishing a culture for reuse, specializing within
specified domains of expertise, and providing a standardized
programming environment with no additional technological

breakthroughs (61:18), While the Japanese were the first to

have formalized a reuse system, some US Firms have now

implemented reuse as 8 formal strategy. Some of these Firms
will be examined in the section devoted to the current gtate
of practice.

Reuse Paradigms. There is a spectrum of paradigms in

software reuse that range from the simple solution of using
existing software packages on one end of the spectrum, to

application generators that help end users.build systems in
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a given domain, and to transformation systems that process
specifications written in a formal language and produce
executable code on the other end of the spectrum (35:473)J,
Each paradigm represents a different vantage point of reuss,
and each has varying paybacks in economic terms. The
paradigms examined in greater detail in the following
paragraphs are (1) reuse of existing software packages, (2)
reuse of code components, (3) reuse of design, (%)
application generators, and (5) formal specification‘and
transformation systems (35:%739),

Existing Software Packages. This form of reuse

has the greatest leverage in terms of economic payback.

Once a package is developed, it is sold to thousands of
users who, through their feedback to the developer, provide
invaluable information in detecting errors. One can imagine
the chaos that the state of practice would be in if word
processors, spreadsheets, and data base programs had to be
redeveloped by each user. One specific product, the
spreadsheet, has fostered a whole secondary industry devoted
to customizing applications, making the spreadsheet software
an extremely valuable reused program (35:4686).

Along the same lines, higher order languages have saved
programmers from having to rscode basic software building
blocks, such as if-then-alse statements. UWhile not
practical in sll applications (it is difficult to find an
existing commercial software package that will perform

missile guidance and targeting functions), package reuse is




an avenue that islnct exploited as well as it could be in
DoD applications.

Code Reuse. This is the type of reuse that was | »
suggested by Mcllroy. It is accomplished by building
libraries of software components, and then using these

components within a new framework to build different

programs than existed befaore.

This type of reuse doesn’t
have nearly the sconomic leverage of other forms and rapidly
reaches a payback ceiling that is hard to breach (10:8)J,.
This assertion is clearly demonstrated in the Japanese
software factory, where the rate of improvement has leveled
off at about B to 9% per year (48:1531,
There are currently a number of difficulties in code
reuse. The first is the difficulty in characterizing the

code for a8 new developer toc be able to identify potential

blocks for reuse (10:7,8).

Thare are also, for the most

part, no common domain definitions as exist in the realm of

hardware. UWhen a hardware sngineer is designing a new

componegnt he has a vast array of standards that have to be

met for his component to have much wsefulness., Little has

been done to define the same type oF standards for software.
(9:xviii) This type of standard is differentiated From the
standard constructs found in higher order languages, such as

if-then-else, and deals mostly with input and output

considerations, The breakdown in the hardware/software
analogy is also demonstrated by the lack of a components

industry in software. The hardwsre industry makes money

14
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from replicating components and selling them. The softuwars
industry can only sell the license to a site once, meaning
that developers have to continually come up with new
libraries and find new sites to sell (12:1B81). This problem
is further compounded in that the market for a given set of
components is relatively small, and that the expertise
associated with the software is in the developing
organization instead of the using organization (12:18B1).
Most code is designed to work with a specific target
computer, and is optimized to perform as well as it can in
the target environment (10:6). This makes rsuss more
difficult when transferring to a new targst environment, a
problem that is common in Dol embedded applications.
Software written strictly from reused code typically has
performance problems and problems with inappropriate
functionality €10:8). The final problem is the cost of
finding appropriate components and than building the
software framework that they will Fit into. This process
can many times be more expensive than starting an effort

from the very beginning (9:xv,xvi).

Design Reuse. Although currently difficult to

accomplish, this form of reusg has a potentially large
payback (10:8)., By guing higher in abstraction levels,
reuse becomss easier becawse the design of a componant is
not as entrenched in hardware peculiarities as code is. By
freeing the design from language restrictions, reuss of the

design by various projects using dissimilar languages
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becomes much easier. The major problem is in characterizing
the design to make it accessible to future designers and
programmers, Code is well represented in the standard
constructs of higher order languages; no such standards
exist for software designs. (10:39)

The first step in design reuse, if not reuse in
general, is a domain analysis (35:482). This is not a

trivial, or well defined, task. There are several gquestions

connected to domain analyses that dan't have any easy
ansuwers. How does one perform a domain analysis? UWhat is
the output Ffrom a domain analysis® Does the output include
data types, processes, important algorithms, and constraints
on the interactions betwseen processes and types? How is the
analysis best recorded for future vge? How do we use the
domain analysis once it has been accomplished? Researchers
are studying these problems now. (35:482) The quality of
analysis done is critical to the success of reuse. This can
best be demonstrated by the successes in domain analysis
found in the compiler and simulation domains today. (35:483)

Application Generators. Application genearators

S

are software packages that turn high lavel spaéifiaations,
in the form of manu selrction, icon sslection, o |
application-specific language, intofén application prmgvam'
(16:25). Gpﬂliqétion gengrafars got thair start as devices
that generated programs whosg output was a_seviés of

repobﬁs, They mera'latar axtendsd to he able to interface

with axi$ting databases, perform statistical operationy, and



display the results., 0One advantage of these gerizrators is
that they contain built in knowledge of file creation,
record input and output, report writing, and various logical
operations on fislds of records. A second, major advantage
is that application generators don’'t require the lengthy

debugging on code they produce versus uwhat must be done on

code written from scratch. They also ease maintenance in
that when a change needs to be mads, it is done in the
front-end, non-procedural language and then regenerated.
Application generators also make an excellent prototyping
tool for developing new programs. (35:485,486)
Historically, spplication generators have anly found
success in data processing, data base inguiries, user
interfaces, and parsers. Nsw research at RT&T Bell
labaratories is extending the use of application genarators
to both system and real-time software, While the initial
rasults have bheer axcellent, there are several probloms
associated with generstors., (16:85,86,87)
Generators are typically single purpose, so any
| varticular generator can only be used effectively in a
limited number of applicaticns, ﬁpoth&f praoblem is that
they are difficult to build. Ona‘Final-prqblém‘is the
. p difficulty in determining Qhﬁn an_applicatian genarator
would be ussful to build, and resiructuring organizational
sof tware develag&eﬁt_stratﬁgies to get the aﬁpfmpriatm
people involved in huildiﬁg the generator when {t is deemed

worthwhile. (16:85,28,87)



Formzl Specification and Transformation. A formal

specificastion and transformaticn system is a software system
that uses abstract program ideas, expresses them in a fcrmél
specification language, and then transforms them into
efficient application code (35:484). The transformation
system differs from an application generator in that it uses
an abstract design and formal specification instead of =
non-procedural language for input, and the transformation
rules can produce a varisty of language implementations,
where an application generator only generates to a single
language (13:383). The argument for this type of systaem
lies in the fact that commonly written programs embody a
myriad of implementation decisions based on the system in
which they will reside and the language they will bs
implemsnted in that are unnecessary in specifying the
problem that needs to he solved. This creates numerous
reuse problems that can be overcome by using an abstract
specification to define the problem sclution, and than

letting the transformation algorithm convert the

specification into executable code on the target machina.

(13:377)

There are several problems involved with transformation
technology. All the work done sc Far has been on small
systems, and it is not known how the transformation systems
will fare whan sxpaﬁdsd to handle larger systems (35:464%).
The transformation system is slow in oparation €13:397).

The specificetion language is crucial to the system, and
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many of the languages, thus far, produce specifications that
are more complicated than the resulting programs. Finally,
if debugging is required at the output level, the whole |
process becomes less attractive due to the dissimilarities
between the specification and the fFinal code (35:484, 485,
Now that a variety of paradigms for reuse have been

examined, it is prudent to examine the barriers that exist
to successful rause,

Barriers tm Reusability. While some of ths barriers to

reuse have been dues to technical difficultiss, the Japanese
have demaonstrated that thess can be successfully overcoms
(50:308>. A number of issues were previously mantioned, and
these, as well as saveral others, will be covered in greater
depth in the following paragraphs,

OData Rights Issuss. Data rights issues weare

mentioned in the majority of the papers reviewsd., A
constant source of confusion, data rights are hotly debated
on a continual basis betwaen system program offices (5P0s)

ano contractors, sach trying to protect what they belisve

their rights to be, Numarous issues leave many unanswered

quastions. What softwars is proprietary, and whatiépftmara
isn't? If the contractos usés.softmabé dévalopediatfhzé twn
expense to develop the program softwase, does he have to
_provide his developmentsl software to tha governnant?™ What
do restricied cights really mean?

lData rights have bheen constantly evolving over the last

sevan years, and it is still uncertain as to where they will
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end up (B0:44). One view is that softwares needs to be

cifferentiated from technical data:

The function and purpose of software is different from
that of technical data. Software performs tasks;
technical data merely conveus information. Because of
this, the economics underlying the development and
marketing of software and technical data are
significantly different. Software generally involves
significant research and development costs which can
only be recouped through the marketing of the product,
software itself, whereas technical data is

generally produced as an ancillary step in the process
leading to production of the actual item to be
marketed.

The critical point here is that the capital cost of
design and devslopment fincluding the cost of software
tools and/or CAD/CAM programs which aided in the
development effort) are recouped as part of the sale of
the suystemrm, not through sales of technical data that
might have heen generated in developing the system.
DoD's policy with respect to hardware systems takes
this into account by treating hardware systems in a
manner differsnt than it treats technical
documentation. 0Opl's present policy with respect to
software, however, is heavily technical data oriented,
and does not allow software design costs to be
racovered in the same manngr,

Thus, thse sconomics of softwars developmesnt indicate a
naed for breaking software (and the documentation which
is an intagral part of its development und svolution)
out from the quasi-technical data treatment it has thus
far receivad, With regard to development costs and
capitali ation, software {s in many ways more like a
hardware componant than it ig like the technical
dovumentation which supports the hardware, The Dol
procurament policy neads to be structured so as to take
account of thase technical and economic similarities
between software and hardware, as well as the
disgimilarities between softwars and technical data.
(55:3,%)

This seams to be one of the morg important problems
with data rights in software. In hardware systems, the
government has rights to the data underlying the developmant

‘of the hardwars device, but continues to purchase the
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manufactured hardware item on a piece by pisce basis. Sincs
software realiy only exists on paper or magnetic media, it
is treated exactly the same as technical data, and the |
contractor has no ability to sell it to the government on a
piece by piece basis, since the government feels that it has
the rights to the product. There is noc manufacturing
process, other than simple duplication, in replicating
software, further blurring the‘distinction between hardware
and softwara. Little has besen done to change this
situation, resulting in a continual strain to
governmant/contractor relations (55:5),

Another aspect of this problem is whether or not
software should be considered under copyright law or patsnt
law. The problem first developed in 1880 whan Congress
passed a8 hill that extended copyright protection to
softwarse, making the event the first time that a technology
was considered under copyright laws (54:79). Congress
caompared source code to a boogk, not realizing that softuare
was instead 3 technology that could rightfully be coversd
under patent law (54:73). Tha next several paragraphs will
examing the differences between copyright and patent laws.

Copyright law was initially established to protect the
expression in 8 work, and not the ideas in the work (5%:80).,
There are threse different types of copyrights

.. artistic works, factual works, and functional

works., Artistic works generally enjoy the broadest

copuright protection, Factual works a nartowser scope,
and functional works a very narrow scope. (Truly ‘
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functional works, such as chairs or microwave ovens,
are bscauss of their functionality not protectible
under copyright at all.)

In general, more elements of artistic works (like a
play) will be considered to be expression than in a
historical work (like a biographyl, and more things
will be considered to be ideas in functional works
(like an sngineering drawing) than artistic or factual
works,

The underlying rationale for this variance is that
different groups need different amounts of protsction,

The law gives artistic works the most protection to
encourage artists to sesk ever more profuse ways of
expressing themselves on themes of enduring interest ¢
the 10,000th novel about love may still teach us
something about love, particularly if the law forces it
to present it differently than ths previous 8,838
novels).,

Factual works fFall in the middle because historians,
for example, need to be abls to draw more on each
other’s work to advance the progress of knouwlsdge.

Functional works have the least protection because
bridge engineers, for exampla, have a great need to
draw on the uwork of other engingers who have designed
good bridges so they in turn can build safer and mare
reliable bridges. Furthermore, patent protection is
available to reward truly innavative engineering
dasigns.

Software initially seemed to be like a literary work to
Congress because it is written out in source code, Jjust
like a draft of a book., But concentrating on this
aspact of software obscures its Functional aspects and
the engineering process hy which it is developed. It
ls more appropriate to think of software as akin to an
enginesring drawing than to a novel. (54:83)

This divergence of opinion betuween ideas and expression

has caused mixed judicial decisions, Further clouding a

tlear understanding of what copyright status exists for
software (54:80). Copyright law alse works against reuse in

the control cof derivative works, with the holder of the




copyright having the right to control the derivative work

(5%:85).

The other process available to protect an interest in
software is patent law, a body of lasw that was designed to
protect inngpvative or nonobvious processes, machinss,
manufacturing msethods, compositions of matter, or any
improvements toc these CS&:Bi). Patent law forces the
inventor to specifically show what is patentable, versus
copyright law which "covers the undifferentiated whole of a
protected work and unspecified aspects of it that courts may
later construe to be an sxpression” (54:85). Patent lauw
also allows, and sven sncourages, derivative works to
furthaer the state of the art, severely limiting the risk of
liability teo the user (54:865),

It is clear that this is a confusing legal issue,
although it is not clear how it should be best resolved. It
is unclear if Caongress could modify the past legislation to
remove some of the confusion, or if they could modify both
copyright and patent law to handle software more reasonably.
One favarable aspect to this problem is that, in a recent
‘ﬁrmg study, researchers tentatively concluded that uwhile
data rights in software are a probhlem, they are no more an
inhibitor in reuse than in a3 normal software development
(e4).

Liability Issuss. Liability in reusability seems

to be mostly a concern within the Air Force and Dol), having

only appeared in ong of the articles reviewed. Both
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Headquarters Systems Command and Air Staff listed liability
as an area of concern in phone conversations, and it is only

briefly mentioned once in the Report of the Dol Ad Hoc

Software Strategy Group Meeting. The article reviswed noted

that in today’s litigious society, liability must be a
concern (12:180). Liability is a subject that must be
clearly defined in case of system failure due to softwars
supplied by a third party, although sufficisnt lesgal
precedents exist in other engineering areas that this should
not be an insurmountable task (12:180)., It is interesting
to note that a rscent Army study tentatively concluded that
liability is not a barrier to rsesuse; developers intervisuwed
indicated that if thsy reused code from another source in
their product, they would be liable For the overall
functioning of the product (24%).

Incentive Issues. Articles mentioning incentives

had views that went From "This leads to the question of
incentives, and we find this to be the overriding management

problem” (38:97) to "Reusable softuware has an intrinsic

incentive: the power to be compstitive. .. .Few other

incentives are required” (2:7). In actuality, both vieuws
are correct in different circumstances. In order for reuse
to occur, there must be some economic incentive,

The first statement above appliss to the situation
where contractors are required to use or produce reusable
softwara. Based on this statement, the DuD has identified

two areas that need incentives: "...(1) to dgvelop reusable
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software; (2) to use reusabls software” (23:2). While this

may seem simplistic in nature, reusability can not cccur

unless both conditions exist. IF the only thing

incentivized is desvelopment, the reuse effort could be

stymied if nobody reused the developed modules. Conversely,

if using reusable code is incentivized, it will not succeed

unless reusabls software is available. Finally, it is

envisioned that once the effort is started, it can move

entirely to the private sector where it can grow thrdugh the
incentive of profitability (11:36,37).
The second statement relates to the situation where
contractors have developed their own rsuse resources.
Tentative results from an Army study indicated that

contractors already have incentive to reuse software so thay

can be more competitive in bidding contracts (53:283. This
is a8 practice that has been increasing in the last saveral

years, but is still an ad hoc activity in many contractor’s

facilitiaes.

Cataloging and Distribution Issues. Cataloging

and distribution was a subject discussed in a majority of

the literature. Unless some type of cataloging and

distribution system exists, softwares reusability will not

pceur (48:13,14), One of the major problems is the lack of

a8 defined cataloging standard (23:5). Another impediment is

where to place a library and who will be in charge of it

(53:36,37),

There are currently a number of small

facilities that now offer reusable software, which indicates
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a trend of organizations unwilling to uss someone else’s
software, as well as providing further fFragmentation of
cataloging standards (23:5),

Distribution of softwarse developed for the military,
when found to be available, is further complicated by
government rastrictions. When software is developed in
conjunction with a weapon system, it is considered to he
"militarily critical”, causing it to be treated under export
control regulations. This condition precludes nest
distribution. Distribution is fFurther complicated since feuw
government agencies have ths capability to distribute
software, Another problem is the Form contractors must sign
to receive reusable software. The currsnt form stipulates
that contractors cannot be reimbursed for changes to the
software, These distribution problems will have to be
ocvercome hefore easy distribution of reusable software can
occur. (2:8)

Ego Issues. Programmers, for the most part, are
an independent group of pecple who enjoy soulving problems;
taking some of this away from them through reuse is often
times sean as "de-skilling” (30:174%). Programmers enjoy
showing their ability to optimize code and make it as fast
as possible in as little memory as possible (30:174%). The
"Not-Invented-Here” (NIH) syndrome causes suspicion of
software not developed by the current programming staff,

which further inhibits reuse (12:179), The NIH syndrome

also shows up in programmers being afraid that they won't
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appear indispensable and that they will appear wsak by using
someone else’s code (B2:172). NASA-Ames has attempted to
diminish this problem by de-identifying the code author
(38:5-98>.

Education. The need to train people in a new
methodology is often overlooked, and software reuse is no
exception (35:487). Emotive objections to a different
technology can best be overcome by education (30:175).
Currently there are no known software engineering
methodologies that stress code reuse, or design or
specification reuse either. Little emphasis is placed on
reusability in teaching institutions, and little motivation
is being provided to students to save programs from course
to course or to try and build on what they already have.
(62:173)

Another impsdiment to the sducation problem is the lack
of standard references (33:480). An analogy is drawn to the
housing construction industry

If any reader of this report were interasted in

building a new house, any public library would contain

a host of reference books on every aspect of

construction, while sample floor plans and architscts

renderings are widely available from periodicals.

«.. However, if a reader of this article is interested

in building a new software system, such as for a small

digital PBX, how many references would be available?

v To gcontinue the parallel with home construction,

the level of information avsilable to software

practitioners in 1883 would be analogous to trying to
construct a new home using only reference sources that
destrited how to use hammers, saws, and power tools,

how to cut lumber, how to construct walls and roofs,
and how to connect plumbing, but having no blusprint or




construction drawings of what the Fimal house uwas
supposed to look like. (35:480)

The only standard references available in 1983 were those
dealing with assemblers and compilers, databases, operating
systems, sorts, and graphics (33:480), Littlie has changed
since then. The author goes on toc note that
... one of the significant steps to full reusability
will be the careful exploration and publication of the
cumulative experiences of the industry in developing
the major kinds of applications that are now
widespread. This is likely:to result in new classes of

reference and tutorial volumes, and perhaps in major
changes in softuware engineering curricula. (23:4381)

Component Qualification. A recent Army study

tentatively concluded that the lack of qualification for
reusable code components is detrimental to reuse (24).
People are reluctant to use something when they "don’t know
where it’'s been,” so to speak. In order for reuse to
develop across contractor and agency lines, some form of
mutually agreed tc set of qualification standards will have

to be Jjointly developed and agreed upon by both government

and industry., This is not a trivial task, and little seems

to be developing in this arena. Unforturately, it would
seam that this problem might render existing code librariaes,
outside of those that individual companies maintain For
their own use, worthless.

Current Reuse Activities. There are a number of reuse

programs occurring both in the non-DoD and the DoD




environments. Programs from each area will be examined to
define the current state of the art in reuse technology.

Non-DoD Reuse Activities. There are a number of

efforts being conducted in reuse within private industry and
in the government outside of DoD. The Hartford Insurance
Group has had an active reuse program since 1881 that allouws
for rapid prototyping and savings in developmant and test
costs (15:132,133). The reuse effort was in a Cobol
gnviranment (15:132). Raeuse was supported through a company
commitment of money and manpowsr, and an active jpublic
relations and education program (15:137,133).

NASA has an excellent reputation for software rause
dating back to as garly as 1373. One study reported a reuse
rate of 32% in 25 different ground support software systems
For unmanned vehicles that ranged in zize from 3,000 to
112,000 lines of source code (57:2162. All of this code was
written in Fortran (57:216). Another source {ndicates a 4:1
return on investment in reuse at the NASA/Amsg Resaarch
Coenter (38:5-398). The software environment was 8 mix of
"Fortran (65%), PL/1 (15%), Pascal (10%), C (5%), and other
(5%)" (38:5-98). There were & number of Fsctors that lsad
to this success

Crucial to the supcess of this software sharing program

has been a management commitment to invast & small

percentage (about 2%) of the software isbor dollars in
the construction 9f an ingstitutional softwars library,

a reporting system, a systematic information

acquisition process, and a two to thrae pasrson support
activity that catslogs software submitted in &




prescribed format, verifies the information, and enters
the data into the archive.

... Incentives are provided to stimulate contributions:
public Forums, persoral contact, cash rewards,
persuasion, and coercion. Thz library manager is
carsfully selected to work well with contributors as
USETS.

The user can access the catalog from any terminal. The
catalog entries are distributed widely through the
network, and the library manager assists the user in
the retrieval process. Automation of this step is in
process. Browsing through the catalog is encouraged.
The catalpg is occasionally distributed in hard copy.
Software submitted to the library is characterized hy
short title, long title, operating system, language,
CACH classification, portability assessment, key words,
lavel of documentation, an abstract, and an acquisition
number. This data is verified to assure credibility.
Equally important are efforts to publicize the
collection through newsletters, seminars, and
wourkshops., ((35:5-88)

This is particularly revealing since NASA works in a
governmagnt environment net dissimilar to DoD,

Although it would be possible to list morse companiss
with successful reuse programs, the bottom line s bhest

summad wp in a recent article:

A numbar of U.5, companies are reaping significsant
productivity increasgs due to post savings associated
with software rausa ... These gains have heen
ageconplished by specific actions from upper managemant:
(12} identifying reusability as & cocrpurate objactive
for the technical staff; (&) instituting company-widse,
organized efforts to plan For reuse; and (3)
@stablishing programmers' incentives for sach software
part accepted for a reuse libracy. (%0:180)

Dol Reuse Activities. Thare are a number of reuse

axampies in the Dol commusity, both formal and informal.
The informal activities will be examined First, with current

programs geared specifically to reuse second. The
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information in both of these sections hés been gained
through experience, intervisws, and to a lesser extent,
written sources. Citations will be provided for the written
and intervisw sources.

Informal Activities. There are a number of

examples of reuse among Dol contractors, although many ssem
to be on an ad hoc basis. The examples in tha next feuw
paragraphs come from this author's sxperiences as a program
manager and as a softwars engineer involved in each df the
projects mentionad.

Boeing Rerospace in Seattle reused several programs
from the B-1B development on the SRAM 1] program to be able
to bid lower in competing for the contract. 0Objects reused
included test data reduction software, test simulation
softwars, and previous efforts in six deagree-of-Freadon
software. Transferring of key personnel into the project
brought along a wealth of background in terms of domain
knowledge, which is being reused through the designer's

gxperience, In addition, most of the avionics and Flight

control software developed for the SRAMN 1 will be resusad in";"”

a tactical variant of the missile, cutting development tima
snd cast considerably. Reuse also extendsd to the mission
planning software through a study of the design of the
mission planning software for the current SRAM system, and
the reuse of that design where possible. Boeing is also
working on an automated environment for software development

known as the Boeing Automated Software Enginzering (BRSE)
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system, which will provide a standard snvironment from
project to project, significantiy reducing the efforts of
developers in learning the intricacies of new development
environments for sach new project.

General Dynamics of Fort Worth made a conscious
decision to use company funds to develop a generic‘test
station for the flight control software group soc they could
have a competitive edge in both bidding and capability to
test Flight control software they developed.

General Dynamics in San Diego reused code developed for
mission planning on one cruise missile for the next
generation of cruise missile they were on contract for.

This simplified and standardized many of the intarfaces
between the two sets of mission planning softwarse, and
allowed the building of a mission simulator softwars
capability for both cruise missiles from a prototype system
they had developed. This reuse was extended to work in
updating both cruise missiles’ mission planning softuware,
even further simplifying interfaces and functionality,
lgading toc cost savings in maintaining both systems,

One person interviewed indicated that Westinghouse had
extensively reused radar software from the F-18 in the B-1B
program (1),

Reuse is not limited to contractors only. Headquarters
Strategic Air Command reused much of the design, and most of
the user interface screens, in rehosting the Strategic

Mission Data Prasparation System from a Perkin-Elmer computer

32




'

to an IBM system to achieve commonality with the rest of

their mission planning and production capahility.

While the list probably could be very long, this givss

a sampling of some of the things that are cccurring in an ad
hoc way. It seems that reuse at the contractor’s facility
can gu a long way towards solving part of the reuse problem.

Formal Activities. There ars sevaral current

programs that have reuse as their sole objective. Each
program will be described in the Following paragraphs.
Points of contact for each of the refarenced programs can be
found in the list of interviewess in Appendix B.

AJPO., The Ada Jaint Program aoffice is
the DoD crganization responsible for the promulgation of
Ada. They are also involved with activities in updating the
language, tracking validated compilecs, holding workshops to
promote Ada, providing sducation about Ada, and working as
an information clearinghouse for the languape and lssuss,
such as reuse, that apply to the language. Ths AJPO
publishes 8 guarterly newsletter, distributes information
dealing with Ada and related practices, like reuss, as wall
as maintaining a bulletin board to further disssminate
information. The AJPD also scts as the U.S. coordinator to
international committees dealing with the Ada language. (42)

ALS/N. The Ada Language System/Navy has
approached reuse by placing the ragquirement that contractors

use the Navy's run time environment in building new dda
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programs. The Navy has assumed the responsibility for
maintaining the software that the contractor must use. (B%)

CAMP. The CAMP program, & program
designed to perform a domain analysis, code rsusahle parts,
and build a parts composition system for missile systams, is
currently in its final phase. The CAMP project was one of
the first formal programs to demonstrate the fesasibility of
reusing components, and was provided a large portion of its
fFunding through STARS. (44)

DSSA. DARPA/ Information Sciences
Technology DOffice (ISTO) is initiating a set of new programs

to define Domain Specific Softuware Architscturaes to find

ways to get leverage from cther than code components. A

kKick-of f mgeting was held at the end of June 1380, and bids
should be going out within the next several months. Severeal
domains will ba examinad, although none of them had been
Firmly identified as of August 1880, (41,51)

£WHOL . The Electronic Warfare Kigher
Order Language program has the task of svaluating &da for
Electronic Warfare softwars systems, systems that have
previously been written in assembly languags. The program’s
goals are to perform a domain ana;gsis, dafine sraas of
commonality, code those areas as defined Ada cdmpmnents. and
hopefully get enough cumponeﬁta to build an entics program
to demonstrate a proof of concept. The program went on

.

contract in Spring 1880. (31>
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Have Module. Thes Have Module program is

designed to provide a standard architecturse for simulators
to encourage the development of generic units that can be
reused over a variety of simulators. The prpgram has
received tri-service and industry support in working towards
establishing this standard. ' The program is in a proof of
concept phase, building an F-1B6 simulator. (27)

JIAWG. The Joint Integrated Avionics
Warking Group is attempting to define contractual
incentives, methods of reuss, contractwal language, and a
life cycle system of acquiring and managing resusable
software on the LH, A-12, and ATF programs. In addition,
the group is working with the Software Engineering Institute ..
(SEI) to perform a partial domain analysis., This group is
supported by the Services and industry. The group was
Congressianally mandated, and then chartered by Doll. To
date, the proposals for reuse have not been accepted by the
A-18 because they are tar along in their develaopment, nor by

the LH program, citing unacceptable risk. The group is

Courrently striving to intorporate reuss into the upcoming

ATF contract and looking Ffor opportunities in reuse as
variants of tha ATF and A-12 ars developed. (33)

"RAASE. The Reussbls Ada Avionics

5y

Software Packagos (RAASP) program has ths goal of performing
a domain analysis in a portion of aircraft avionies,
developing some reusable components, developing a cataloging

scheme, developing an automatsd library, and demonstrating
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the utility of the created parts. The RAASP program went on
contract in Spring 1880, (3D

RAPID. The Reusable Ada Products for
Information Systems Development program was initiated in
1887 as a prototupe software reuse program (63:1). The
first phase has been completed, delivering a domain
analysis, a libhrary system, initial policies and procedures,
and guidelines and standards for reusability and portability
(63:1)., While designed primarily for managemant information
system use, the RAPID library is being beta-testad by both
NASA and the Navy through the JIAWG (63:8). Tha RAPID
Center has also conducted three levels of courses in reuse,
starting with a twp hour executive overview up to a farty
hour programmers course (683:8,3)., RAPID is currently in a
twenty-four month pilot program and is supporting the
Standard Installation/Division Personnel System-3 in its
development effort as a proof of caoncept (63:28).

ShIY. The Strategic Defense Initiative
Organization is currently in the demonstration/validation
phase, but their computer resources working group is trying
to lay the groundwcrk For reuse for when the program goes
into full scale development., The 50I0 is springboarding
from the JIAWG's efforts, so as not to replow the ground
that has already been covered. (3)

SEI. The Software Engineering Institute
was previously mentioned. They are doing 4 number of reuse

oriented activities including domain analysis research,
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research on legal issues, life-cycle approach toc reuse, and
tracking of reuse related projects (473, The SEI is wcrkiﬁg
closely with the JIAWG reuse group (34).

SPC. The Softwars Productivity
Consortium is not a DoD project, but is a consortium owned
by fourteen U.S. aerospace firms that conduct business with
the DoD (4:77). The consortium is currently conducting
research in the areas of reuse, prototyping and knowledge
engineering (4:77). The SPC is currently an active member
of the JIAWE (33),

STARS. The STARS project is currently
werking on reuse frameworks, new Ada tools, and knowledge
based libraries, and maintains a repository of reusable
code. (8)

Discussion. Whils this is by no means a
comprehansive list of programs, it is interesting to note
that, of the programs listed above, only the RAASP rogram
was clearly listed in the comprehengive list of reuse
programs in the Dol Software Master Plan VUolume II1 (20:C0-8,
C-9). The RAPLD program might also have been listed,
although it was not specifically identified by name and the
Army Communications—Electronic Command has tuwo differesnt
compenents that are performing different work in the reuse
arena (14). The Master plan list did provide one other
program, & program to develop reusable command, control, and

communications specifications at the Romg Air Development

Center (20:C-9). Now that some of the programs have been
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described, an examination of the overall reuse planning in
the DoD will be described next.

DcD Reuse Plans. Dol has developed plans for

introducing reuse on two separate occasions. The first
occasion was with the introduction of STARS in 1883, and
more recently with the Dol Software Master Plan., A review
of each of these plans is in order to determine what has
previously been tried, and then to determine the direction
Dol is moving.

The STARS Plan. The STARS plan for reuse appesared

in the November 1883 issue of IEEE Computing, an issue that

was devoted entirely to the STARS program. The goal of the
STARS program was to
. ..provide better management practices, improve
software acquisition strategies, improve the underlying
software technologies, increase personnel skill levels,
create more powerful development and maintenance tools,
increase the extant to which tools ars used, and make
advances in both software system methodology and
sof tware theory. (46:15)
Anpther part of the plan was to "build on DoD’'s
accomplishments in the Ada program, the primary strength of
which is its development or coding of the actual program
modules” (46:15).,
The Application-Specific task area of STARS had the key
goal of making software resusable (6:78). It was recognized
then that "The reusability problem is magnified and

complicated by several contractual and program management

constraints” (6:78), although none of the corstraints are
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mentioned in the article. The plan was to stress the
development of a technology for reusable software in the tuo
to seven year range, and then to transition to new
technologies, such as very high lesvel languages, application
generators, and knowledge based systems in the five to
twelve year time frame (5:78). This task was "to be not
only the technical interface but also the technology
transfer interface bstween STARS and military system

developers” (6:78). The objectives of the task arsa were

- to support development of Ada-based reusable software
and warehousing technology,

- to foster the use of knowlasdge-based techniques in
the development of softwars

- to promote standards and mechanisms for softwars
interchange within and between application areas, and

- to pursue hardwarse/software synecgism that allouws
hardware solutions to the reusability problem. (65:78)

More specifically, the immediate plan was to develop a
reusable parts technology along with 8 parts-composition

system., The plan summary for these two areas was as follous

The following list of premises and phases summarizes an
approach faor advancing the state of the art in softuware
parts technology:

- Premise A. There is commonality among the software
engineering spproaches to be used for various
applications.

- Premise B. There is modest commonality in the actual
software to bs created.

- Premise C. The creators of sets of goftware parts
must have axtensive experience in the proposed
application and be sophisticated in large-scale
software projects.

- Premise . The most critical task is to define the
framawork, werminology, and a cohsrent set of parts,

- Premise E. The bulk of the effort is to actually
program the parts, verify their quality, and
demonstrate their usefulness.
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- Phase 1. Solicit preliminary descriptions of sets of
reusable software parts.

- Phase 2. Develop detailed framework and define
specific parts for some sets from Phase 1.

- Phase 3. Evaluate Phase 2 results and further develop
some sets to create, evaluate, and demonstrate them.

..., Concurrent with the three phases would be a
coordination activity that would (1) provide systematic
communication among the various application areas, (2)
promote standard methodologies whsre appropriate, (3)
identify sets of parts useful in several areas, (%)
reduce duplication of effort, and (5) provide an
interface between these activities and developments in
other areas of software snginesring. (6:81)
.+, The parts-composition system should be created in
parallel with the sets of reusable parts. Tha Phase-2
studiss (described earlier) to develop the framework
For sets of parts should include a preliminary analysis
of how the parts are to be used both manually and
within a parts—composition system. Concurrent with

gt Phase 3, the creation and demonstration of parts sets,
should be the development of prototype parts-—
composition systems. 0Only one or two composition
systems should be attempted and thesy should be somewhat
generic to allow sasy transfer to other areas., The
coordination activity should be active in keeping these
systems compatible with all the parts sets being
created.

A software parts-composition system should be
availahle by the time major software parts are
accessible to demonstrate a complete, realistic
solution of the reusability problem. (65:82)

2
| The single product of this plan was the CAMP program,
complete with a set of parts and a parts composition system.
I ; To date, no program has reused either, although they have
been studied to look For future applicahility (44)., No such
detailed plan existed for the other technologies that were
to be sxaminad for the longer-term solution (6:83,84), v

Although constraints in contractor and government

practices were noted at the beginning of the article, no

. further reference was made to a plan to change them (&:78-
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B5). One cother articls talked about changing the
acquisition management of software, but the only plan in the
presentation was to covene a panel whose goal was to
...recommend appropriate acguisition policies, contract
incentive mechanisms, and related guidelinas to
encourage contractor participation in defense software
efforts; encourage use of modern software practices and
tools that decrease life-cycle costs; and esncourage
development of reusable software components. (43:58)
with nothing more specific than that on reuse (43:56-62).
Reuse was also mentioned in the task area that
concerned itself with the life cycle models. The overall
goal of the support system task area was ”... preparing and
supporting demonstrably effective software develapment
-anvironments and methodologies ...»” (45:101). Part of the
overall goal was thse development of a ... realistic, modern
concept of the life-cycle that treats softwars davelopment
as an incremental process and considers maintenance and
change as essential components” (45:100). The model that
was to be developed was supposed to fFoster software
reusability as a key requirement (45:100). To date, wa
still have the waterfall life cycle model that neither
fosters reuse nor treats software development as an
incremental process (45:101,102; 53:3,34).
Another important component of the STARS plan was the
development of the Software Engineering Institute that was
to act as "a vehicle through which emerging teshnologies

will be engineered into products, validated, and brought

into military practice” (46:100). The SEIl has provided

41




invaluable input on life cycle models, acquisition practice
changes, and legal issues surrounding reuse., However, feuw,
iF any of these inputs dealing with resuse have been
transformed into viable actions by the DoD (20:E-4%7,E-48).

The Dol Software Master Plan. Recognizing that

significant software issues still existed, even with the
many studies and initiatives DoD has had in the last twenty
years, Or George P. Millburn, Chairman of the Defense
Acquisition Board Science and Technology Committee,
established a Software Working Group that drafted a plan to
define a program that could ”... (1) provide increasing
capabilities for existing and emerging systaems; and (2)
reduce the costs associated with the development and life
cycle maintenance of software” (18:1i)., The draft of this
plan was published in February 13830, opened up to public
comment and update in the Spring of 1880, and is currently
awaiting Secretary of Defenss approval, There is still some
guestion as to whether or not the plan will be approved,
and, based on interviews with individuals who would prefer
to remain anonymous, there is a considerable amount of
gmpire defending at the highest levels in the Dol that
potencially Jeopardize this approval. None the less, it is
worthwhile to examine what the current draft plan contains .
about reuswa.

The goal of the plan is best summed up by the following

paragraph from the draft plan:
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The Dol requires an effective way to focus management
attention on, and deal with, software issues. It must
recognize that the root cause is not simply software
oriented, but a direct result of deficiencies within
the overall DoD system. In order to address thsse
deficiencies, specific actions must be taken in the :
following areas: 1) software acguisition and life cycle 2
management; £2) DoD software policies, standards, and
guidance; (3) personnel; and (4) the softuware
technoleogy base and software technology transition.,
This plan addresses each one of these aregas and
identifies specific actions for improvement. However,
there are several highly visible and critical issues
that must be addressed across these areas. They
include the software process, software reuse, high
assurance and secure/trusted software, real-time
software, and parallel and distributed software. Annex
- D provides a high-level review of these cross-cutting
issues as background and motivation for the required
actions of VUolume I. (18:2)

Annex D, discussed above, does contain a very high level
description of most of the problems associated with reuse,
but goes into very little detail about how these problems
should be solved, It alsec fails to mention the problems
associated with educational issues, metrics, and the reusse
of requirsments.

The renewed interest in reuse stems from the statement
that "Reduced DoD budgets will increase automation needs to
reduce inefficiencies and personnal costs, thus creating
Further demands on software. AfFfordability will drive Dol
toward common modular components, with Flexible softuware
support” (18:3,4). Basaed on this renewsd interest, tha
actions, and priorities of these actions, to attain a viable
reuse system are discussed in the next sevaeral paragraphs. .

Recognizing that much of the guidance in software is

fragmented, and that there is a certain amount of
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duplicative seffort between management information systems
and mission critical software, the Master Plan recognizes
the need to consolidate all software management under a
single focal point

The DoD must ensure that: (1) appropriate and adequate

management attention is Focused on the software aspects

of all defense acquisitions; (2) proper vehicles

(policies, guidelines, regulations) are in place which

accommodate the software characteristics and are in the

best interests of both Dol and industry; and (3) that
continuing education regarding the proper usg of such
vehicles is available to all DoD personnel. This
requires that a single advocate, devoted to the
problems of software sensitive systems- including all

AlS, mission-critical, weapons, and scientific and

gngineering systems - be identified within the Dol.

Existing guidance needs to be simplified and

reorganized to astablish a unified approach for

development and acquisition of softuware sensitive

systems., (13:8)

The last statement gspawned two actions, one to
"Designate an office with primary responsibility for
identifying, managing, integrating and implementing software
acquisition and life-cycle managemant policy. This office
will have cognizance over all Dol software” (18:7); the
pther to "Revise applicable policy directives and
instructions to ensure that software considerations are
adaquately addressad within the Defense Acquisition Board
(DAB) structure” (19:7). Both of these actibns are
designated with a priority of one, and an expected
accomplishment time of three to six months for the fFormer,

and tuwelve months For the latter (18:7).
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The Master Plan also recognizes the need for

acquisition reforms

. The DoD must identify and correct those procurement
procedures related to contractual incentives, software
reuse, and capitalization, which contribute to an

. erosion of the DoD software industrial base. Actions .
related to this include revising software procurement N
procedures so as to strengthen the industrial base, R
contributing to an enhanced competition, supporting a '
*hest value” acquisition strategy, and accommodating
commercial interasts.

Some aspects of defense procurement procedures,

specifically those related to reusability, work

breakdown levels, Federal Acguisition Regulations (FAR)D

procedures for capitalization of software tools,

software copyright and data right procedures, have

contributed to what many industry representatives feel

iz a marginal busingss environment. As a result,

commercial firms have made conscious decisions to :
exclude Dol efforts From theic business base. A 4
modified contracting process for software sensitive o
systems which focuses on the use of contractual 3
incentives, modified claims to software data rights, ‘
and increased use of licensing agreements and _
capyrights can mitigate the current situation., (13:3) by

This last statement also resulted in two actions, the
fFirst 1s to "Review acquisition and contracting strategles
to ensure that software considerations are adequately - S
addressed in rgalistic cost, schedule, and performance
terms” (13:3). The second action (s to "Initiate cases with
the FaR Council, as appropriate, to address software related

issues..." (19:9) that included data rights and reusable .

software. The Former action is to be accomplished on a

continuous basis, the latter action in six months, with both : ‘)
M - actions having a priority of one (13:9,10).
N s The next section of the Master Plan that contains a }

reference to reuse 1s in the policy update section,
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”.,., Many current government software policies are based on
outdated spproaches to the software development process.,
Policies need to enable appropriate use of rapid
prototyping, reusahbhle and COTS software, ...” (18:12). The
action required is to "Update, consclidate, and promulgate
consistent Dol policy and guidance for the acquisition and
life-cycle managsment of software sensitive systems”
(138:123, with a priority of one and a time frame of twelve
months to accomplish.

NoD alsc recognizes that

The software workplace has changed dramatically over

the past decades but civil service and military

personnel policies have not adequately reflected these
changes. For personnel with the critical skill mixes
required For the development, maintenance and
evaluation of software, the Dol is becoming less
competitive., As a result, the Dol is increasingly less
effective in technical management areas and in solving

complex problems. (18:15)

The highest priority items are to define career paths
for both military and civilians, both priority one, but with
completion times of twenty-four months for civilians and
thirty months for military. Other actiuns define post
graduate and senior management training programs, thes former
having a priority of ong and timeline of twelve manths, and
the latter a priority two with twelve months to complete
(19:163. Another action, priority two and twenty-four
months to implesment, is to coordinate efforts in Service

academies and post graduate schuols to develop a software

gngineering curriculum (18:16). There are two actions to
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integrate software acquisition and dsveicpment programs into
DoD Joint Service schools on a continuous basis and
establishing mandatory software engineering educational
requirements for all personnel in the acquisition process
within twenty-four months, both having a priority of thraee
(18:16,171.

Technology transition is another area discussed in the
Master Plan. Issues inhibiting technology transition, such
as incentives for consumers and suppliers, standards and
Flexibility, post deployment support, consumers readiness,
suppliers maturity, and technology maturity, are all listed
with little discussion (138:20,21). Initiatives to overcoms
the inhibitors, such as promoting shadow projects, promoting
standard and open interfaces that facilitate reuss,
developing catalogs and reposituriss, and develaping
informetion clearinghouses, are identified with little
detailed discussion (19:21). There are three actions
supporting the technology transition area, the first of
which is ta "Davalop a plan and implamantation‘strategg to
astabl;sh, coordinate, and sustain Dol applicaticn soFtwara
repositories, catalogs, and application-specific suftware
architecturaes, The plan should address definition of
effactivenass metrics for repasitories and catalogs”
(19:282), with a priority of tﬁo and timeline of twelve
months., The other two actions, both priority three, are to
astablish an information élsaringhousa in twelve wmonths, and

to "Develop a process for assessing and monitering the
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technology transition capability of DoD organizations”
(189:22), with a timeline of tuenty-four months.

The final area addressed is the technology needed to
perform the types of actions desired in the Master Plan.
Recognizing that "DoD’s software problems will not be solved
purely via policies and standards” (19:13), the Master Plan
indicated that a strategy that tackles both management and
technical issuss would make the largest difference in
resolving DoD's software problems (13:18). The Master Plan
does not address the technical issues at this time *... in
order to decouple the approval cycle of urgent softuware
management recommendations from the approval cycle for a
major software technology investment program” (19:18), and
instead lists possible areas that should be addressed by
such a plan (18:18,20). It appears that DARPA has come up
with the technology plan that the Master Plan deferred
(11:103, but the interconmection between the two plans is
not totally obvious, since it does not appear that DARPA was

tasked to do this (139:207,

On June &7, 1890, DARPA, threuwgh their Information

Sciences and Technology OFFfice (ISTO), conducted a seminar
with about 100 contractors to discuss their new Software
Technology Plan (41). Based on the briefing slidss (18),
DARPA's plan seems to dovetail with the missing portion of
the Master Plan (18:10). The plan prasented an outline of
the major technical issues mapped to the DoD Software Master

Plan (18:10), along with time Frames in which the areas




should produce results (56:12,133, 0Ons of the major thrusts
of the briefing was an introduction to domain specific
software architecture projects that wsre to be put out fof
bid in the near futurs (%1)J. Other major ohjectives in the
briefing were to acquaint potential bidders with the
projects coming up, including projected funding levels
(11:9)3, and solicitation of Feedback to help improve the
plan (11:13,22),

The history of reuse, one of the first successzl
examples of reuse, reuse paradigms, barriers to reuss,
current reuse activities, and reuse plans have been
discussed thus far. The Final portinon of the literature
review is dedicated to describing the change model that the

implementation of reuse will be compared against,

Change Model. There are a number of change models
described in organizational design literature., The models
are generally of two types: action oriented and process
oriented. A description of sach type of model appears below
as well as a discussion of the model chosen and some other
information on successful, and wnsuccessful, change
programs,

-

Action Drianted Modal. Although there are several

action oriented models to choose from in the literature, the
Action Research Model has been chosen for this discussion
because of its broad applicability and the methods that it
employs to build a change capability into the organization

(36:21)., The model is used by an organizational design
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expert in collaboration with the client organization to

effect a planned change (36:21). The model treats change as

a cyclical process and places heavy emphasis on data | .
gathering and diagnosis prior to action planning and

implementation, and relies on careful evaluation of results

prior to entering a new cycle of change (36:21)

The model is a seven step model consisting of (1)
Problem identificaticon; (2) Consultation with a beshaviaoral
science expert; (3) Data gathering and diagnosis; (4D
Feedback to key client or group; (53 Joint diagnosis of
problem; (B) Action; and (7) Data gathering after action
(36:22-24%). The model is cyclical in nature because it can
iterate through steps 4 through 7 as many times as necessary
to effect the desired change state (36:22). The modsl has
applicability to both under- and over- arganized
prganizations (36:21).

Process Oriented Model. Kurt Lewin provided one

of the earliest models of planned change, sometimes knouwn as

the "Fire and lce” model (36:18,35)., Leuwin belisaved that

the level of behavior, at any point in time, in an

organization was the result of two sets of Forces: those

striving to maintain the status quo, and those striving for

change (36:19)., In order to effect a changs, either the .
forces striving for change can be increased, or the forces
maintaining the current state can be decreased, or some

combination of both (36:13). Lewin believed that modifying

the Forces maintaining the current status produced less
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tension and resistance and therefore led toc a more sffective

strategy of change (365:203.

The Lewin model has three phases of change:

1. Unfreezing., This step usually involves reducing
those forces maintaining the organizations behavior at
its present level. Unfreezing is sometimes
accomplished by introducing information that shows
discrepancies betueen behaviors desired by
prganizational members and those behaviors they
currently exhibit.

2. Moving., This step shifts the behavior of the
crganization or department to a new level. It involves
developing new behaviors, values, and attitudes through
changes in organizational structures and processes.

3. Refreezing. This step stabilizes the organization
at a nsw state of equilibrium, It is frequently
accomplished through the use of supporting mechanisms
that reinforce the new organizational state, such as
prganizational cultures, norms, policies, and
structures. (36:203

Lewin’s model is broad in nature, and must be fleshed N
out with appropriate actions in each phase (36:20)J.

Medel Comparison _and Contrast. While both of the

models describe change, the Action Research Model prescribes
specific steps that an organizational design consultant
would process through to effect a change in the client
organization. The two models overlap in that each describes
a preliminary stage, unfreezing or diagnosis, an action
phase, moving or action, and each describes a closing stage,
refreezing or evaluation (36:28).

Althouwgh the Action Research Modael has been used in
both over- and under-organized organizations, it has been
discovered, in genaral, that an organizational design

intervention does not work particularly well in an extremely
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large organization situation like the DoD (36:430). Lewin’s

process model focuses on the general process of change, and

not specific organizational design interventions (35:28).

No additional literature was uncovered to support or reject
the validity of using a change model to describe the change
process in an organization as large as the Doll. Based on
discussions with an organizational design expert, it was
determined that it would not be appropriate to use an action
oriented model, but that using a process criesnted model was
not unreasonable. Based on this information, Lewin's modsl,
along with some precepts of successful change management,
will be used to evaluate whether or not DoD followed an
adequate change process.

Precepts of Change. Lewin’s model shows the phases of

a change process, but it does little to describe what
actions should be taken to effect a successful change, nor
the conditions that exist in an unsuccessful change. The
next two sections will identify the prerequisites of
successful change, and then the patterns of unsuccessful
change.

Successful Change. There are a number of factors

that apply to a successful change. One pair of authors feel

that:

The change process in a large complex institutional
system has sevearal aspects:

1. Diagnosing the present condition, including the need
for change;

2. Setting goals and defining the new state or
condition after the change;
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3. Defining the transition state bhetwean the present
and the fFuture;

4. Develoning strategies and action plans for managing
this transition;

5. Evaluating the change effort;

B, Stabilizing the new condition and establishing a
balance between stability and Flexibility.

...There are two esssntial conditions for any change
effort to bhe managed effectively. First, the
organization leadership must be aware of the need for
change and its conseguences. Second, a desired snd
state must be relatively explicit; that is, ths
organization leadership must have a relatively clear
idea of the chanpged condition desired. We contend that
prerequisites for action planning and change strategy
are: (1) a good diagnosis of a set of conditions
causing a need for change; (2) a detailed picture of a
desired end state; and (33 a clear and accurate picture
of the dynamics of the present. (7:16,173

The change process described above maps quite wsll into
Lewin’s model and fleshes out the various phases. Steps one
and two of the cited process correspond to the unfreszing
phase, steps three and four map into the moving phase, and
steps five and six map into the refreszing phase. The
process cited above, and Lewin’s modsl, provide the steps in
the phasgs of a well managed change process, but lseave a gap
in determining whether the steps can constitute a successful
change.

One author studied the methods and results of a number
of documented change studiss and found the Following

patterns of successful change:

1. The organization, and especially top management, is
under considerable external and internal pressure for
improvemant long before an explicit organization change
is contemplated. Performance and/or morale are low.
Top management seems to be groping fFor a solution to
its problems.




2. A new man, known for his ability to introduce
improvements, enters the organization, either as the
official head of the organization, or as a consultant
who deals directly with the head of the organization.
3. An initial act of ths nsw man is to encourage a
reexamination of past practices and current problems
within the organization.

4. The head of the organization and his immediate
subordinates assume a direct and highly invaolved role
in conducting this reexamination.

5. The new man, with top management support, engages
several levels of the organization in cellaborative,
fact-fFinding, problem sclving discussions to identify
and diagnose current organizational problems,

6. The new man provides others with new ideas and
methods for developing solutions to problems, again at
many levels in the arganization.

7. The solutions and decisions are developed, tested,
and found creditable for solving problems on a small
scale hefore an attempt is made to widen the scope of
change to larger problems and the entire organization.
8. The change effort spreads with each success
experience, and as management support grows, it is
gradually absorbed permanently into the organization’s
way of life. (7:53)

The study above seems to corrchorate the steps
necessary to change through examination of successful
change. At first glance, it might appear that the above

description would not be applicable to an organization as

large or complex as the DoD. However, it is entirely

possible that a single individual could come into a Focal

point position at the Dol level, perhaps reporting to the
Under Secretary of Defense for Acquisition, who would, in
this case, be the head of the organization, and perform the
actions as indicated. Based on this scerario, it appears
that the model may have credibility. This credibility is

further supported in the next paragraph.
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Neither of the previous descriptions applied directly
to the ﬁDD; however, these perceptions of successful change
are also echoed by another author, who in writing about how
managers sucecessfully implamented change in the DoD found
that

1., They communicate ideas prally and in writing for a

change in management policy to s8ll concerned personnel

throughout the particular area and institute a training
program;

2. They gain support of the career military and

civilian personnel who will continue to operate the

department after the change is instituted;

3. At frequent intervals, they measure progress towards

achieving the change; and

4, They try to adjust the system of rewards and

penaltiss so that adherence te the improved procedures

will be rewarded., (28:131)
which seems to support the previous reported patterns, as
well as pointing out one of the other factors in successful
change.

There are two other factors in successful change that
have not yet been described: (1) the effective use of
communication, (2) training, and (3) the involvement of
external stakeholders as well as the internal stakeholders.
Communication is important on a variety of fronts, as is
shown in the previous description of successful change in ;
the Dold. Communication bhetween the wupper levels of
managaement and the personnel in tha field must be open and
consistent to share ideas in collaborative planning.

Communication is also essential in advertising the plan of

action to halp gain commitment and decrease resistance to
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change. Without effective communication, & change bhecomes
almost impossible to accomplish., Closely allied to
communication is training. Little can expect to bse
accomplished with change unless personnel have sufficient
training to know what the changes are and how to implsment
them. Since the DoD does naot function in a closed
environment, the implementation of change can be thwarted by
external stakeholders if they are not involved in the change
from the start. It is alsoc important to have the intarnal
stakeholders involved in order to better define the
diagnosis and change planning, and to help build commitment
to the change. (37)

Now that the successful change process has been
examined, it is important to look at the factors that come
to bear in unsuccessful change, as well as some observations
about unsuccessful changs implementation in the Daob,

Unsuccessful Change. The study cited previously

on patterns of successful change also identified some of the
patterns found in less successful change implemaentations.

The author identified three examples of inconsistency:

1. The less successful changes begin from a variety of

starting points. This is in direct contrast to the

suscessful changes, which begin from a common point-

i.8., strong prassure both externally and internally. .
Only one less successful change, For exampla, began

with putside pressure on the organization; another

originated with the hiring of a consultant; and a thicd .
gtarted with the presence of internal pressure, but

without ocutside prassurs.

2. Anpther pattern of inconsistency is found in the

saquence of change steps. In the successful change

patterns, we observe some dagrae of logical consistency
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between steps, as each seems to make possible the next.
But in the less successful changes, there are widses and
seemingly illogical gaps in sequence. One study, for
instance, described a big Jjump from the reaction to
outside pressure to the installation of an unskilled

. newcomer who immediately attempted large-scale changss.
In another case, the company lacked the presence of a
newcomer to provide new methods and ideas to the

« organization. A third failed toc achieve the
cooperation and involvement of top management. And a
fourth missed the step of obtaining early successes
while experimenting with nesw change methods.
3. A final pattern of inconsistency is evident in the
major approaches used to introduce change. In the
successful cases, it seems fairly clear that shared
approaches are used-i.e., authority figures seek the
participation of subordinates in joint decision making.
In the less successfFul attempts, howaver, the
approaches used lie closer to the extreme ends of the
power distribution continuum. Thus, in five less
successful change studies, a unilateral approach
(decree, replacement, structural) was used, while in
two other studies a delegated approach (data
discussion, T-group) was applied. None of the lass
successful change studies reported the use of a shared
approach. (7:54%)

Another interesting observation is the general lack of
success tha [oll has had in implementing changes in the
acquisition process in general, which is best summed up in

the following statemants:

Despite the large number of studises and tha similarity

of their Findings, problems of cost growth remain

significant. VUirtually all attempts to implement

improvements have fFallen short of their objesctives. 1t

is increasingly evident that barriers to improving the

acquisition process derive, not from a lack of ideas,

but from the difficulties encounterad by senior :
governmant managers (in Congress as well as the Defensa |
Department) in identifying and changing

counterproductive government and industry ingentives.

There seems to be little hope of solving the chronic

problems if the usual sttempts at reform are tried once

again. A more comprehensive approach is required-- an

approach based on a petter understanding of how and why

the defense business works the way it does and how




government and industry incentives reinforce the
seemingly intractable problems. (28:42)

Most of the proposed solutions to defense management
problems in the past have been undermined in one of two
ways. The first is a lack of continuity. When a
Pentagon official adopts a new control system, thers is
a Flurry of activity, and for a y<ar or two progress is
made. Then the sponsoring military or civilian
official lsaves the Pentagon, a new official takes over
and shifts the focus to other activities, and the old
problems begin to surface again.

The second is the tendency to apply gquick-fix solutions
to reduce budgets for a particular program. An attempt
to find an easy solution—-—for example, a funding
stretchout or a new contract form such as total package
procurement on the C-5A cargo plane, the Tacfire
Program, or the AH-6% Helicopter—-in the misguided hope
that quick-fixes, by themselves, will substitute for
better trained, experienced, and more capable program
management personnel,

Many of the so-called centralized or decentralized
approaches to improvements in the acquisition proceass
could succged if experienced managars--military and
civilian—-- at each level, from the program office to
the 0SD, understood the process, were committed to
achieving its objectives, were deeply invalved in the
procaess For mast of their careers, and were rsuarded
for achieving improved performance. As it is, many
defense managers often have little understanding of the
daesired impravements or lack a commitment to
implementing them, resulting in implementetion that is
superficial or frustrates the goals of the improvemant
program (e.g., imposing expensive reporting
requirements on contractors in the hope that vast
amounts of detailed data will alone achieve cost
controld). (29:49)

After twenty=-seven years of initiatives to improve the
acquisition process, it is increasingly evident that
any changes must include careful and consistent
implemantation if they are to succeed. If a commission
does not speak explicitly and directly about the
problems in implementing its recommendations, it may be
well intentioned and perceptive, but it is unlikely to
be effective,.

In considering improvements in the acquisition process,
one may do well to remembsr that there is no sovereign
power in Washington; instead, there are many
independent powers. [t is easier to block the policy
initiatives of others than to translate one's own
initiatives into action.
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Acquisition reforms up to 1887 have tended to attack

the symptoms of cost increases, not their causes, and

at best have heen only partially implemented. They

have left the basic negative incentives for government

and industry personnel largely undisturbed. (239:51)

Summary. The literature seems to indicate that rsuse
has potential to be a viable Dol practice. Some recent
developments in ressarch on reuse are directed at areas
other than strict code reuse, although code reuse still
seems to define the prominent Dol mindset. Thase other
methodologies tend to have a substantially higher potential
payback than code reuse, and seem to he finding their way
into the Dol reuse planning process.

There are a number of barriers to successful reuse, but
some may not be the obstacles initially envisioned. It is Q
necessary to sort these problems out and determine a plan of |
attack to ocvercoma them. Plans in the past, and even in {he
presant, for reuse hava only emphasized one aspact of
attacking reuse prohlems at a time, which hag led to
difficulties in implementation in the past.

While there are a variety of change models available in
the organizationsl design literature, lLewin's procass

oriented model seewms to be to be more generic and able to o

handle an organization the size of the Ool. The various

observations of successful and unsuccessiul change seem to

indicate that in order for a change to be Successful it must

consist of knowledge of the present, a ma2asurable vision of

the future, active involvement of all stakeholders in
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building plans to overcome obstacles, training in the nsw
technigques, a means for feedback, and strong communicaticns

to get the information to all of the involved parties.

g
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I1I. NMethodology

Introduction

Methods. This thesis relies on svidence gathered

through literature review and telephone interviews to
explain why software reuse has not become a standard
practice in the DOoD, even though it was a desired practicse.
There are two steps in completing the svidence gathering for
this thesis.

First of all, a series of agpen-ended telephons
interviews were conducted to determine what programs had
invaolvement with software reuse, as well as toc make an
initial determination of pecople's gpinions on the problems
facing reusa. The initial hypothesis foruwarded, as
suggested by persannel at HQ AFSC and Air Staff, was that
reuse had failed because there were a number of barriers
that inhibited the process, and that little would occour
until the barriers were removed.

Based on these initial interviews, a revised hypothesis
was fForwarded, and a more structured interview was developed
to conduct a second set of telephone interviews with many of
the personnel previously contacted as well as other
personnel identified as being involved in softuware reuse.
Tha final telephone interview instrument is contained in
Appendix A. The intgrviews were conducted with tha

researcher posing a question From the instrument, and then
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following up,with additional guestiors on an open—-ended
basis based on the response. Responses from the interviesw
were then used to infer whether or not the hypothesis was
valid by examining several explanations of why reuse failed
and then determining which explanation hest £it the evidence

gathered.

Justification

Methodology Choice. The method of choice for research

depends upon three conditions: (1) the nature of the
research question (who, what, how, why, how many, how much,
where), (2) the degree to which the investigator can control
the situation, and (3) whethsr the emphasis is on
contemporary versws historical issues (B6:16,172. Within
these three conditions are seven perspectives that must be

considered in determining the research design:

1. The degrse to which the rasearch problem has been
crystallized (the study msy be either explaoratory or
formall.

2. The method of data collection (studies. may be
abservational or survey)d.

3. The powsr of the researcher tp affect the variables
under study (the two major types of research are the
exparimental and the ex pogst Factol.

4. The purpose of the study (ressarch studies may be
descriptive or causal).

S. The time dimansion (research studies may be cross-
sactional or longitudinal)l.,

6. The topical scope -breadth and depth- of the study
(a gase or statistical study).

7. The research environment (most businass research is
conducted in a Field setting, although laboratory
research is not unusual; simulation {s another
category, somewhat similar to laboratory ressacrchl.
(26:58) A
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Each of these seven perspectives are described bslow as well
as how they apply to this thesis.

Exploratory versus Formal. The diffarence bestween

these two types of studies pertains to the degree of
structure and the obhjective of the study. Exploratory
studies are rather loosely structured with the chjective of
developing hypotheses for future studies. Formal studies
use a more structured approach and teke the hypothesss
generated by an exploratory study and attempt to prove them.
(26:60)

The first stap of this thesis was exploratory in
nature, with the outcome being a revised hypothesis to test
in the second step, or formal portion of the thesis.

Observation versus Sur.«ey. In obsarvation

studies, the researcher obsarves some situation without
asking questions of the people involved in the sitwation.
Surveys allow the investigator to probe people for their
responges to guestions, Within the context of surveys are
formal surveys and interviaews that are either condusted
through the mail, over the phone, ocv in person. (26:80)

‘ A formal survey was thought to be the mest appropriate
methodology to determine the current atate of reuse in Dol,
and was initially considered to document that portion of the
thesis. Initial research indicated that there was no
available list of programs that had attempted, or are

currently implementing, reuse. In addition, as programs
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were uncovered through networking, it became apparent that
reuse was so sporadic and ad hoc, that a formal survey wou;d
not be appropriate at this time. Based on these problems, .
it was decided that telesphone interviews were the most
appropriate instrument for gathering information.
Interviews. ‘Interviews are generally of
three types, the open-ended interview, the focused
interview, and the survey, although only open-ended and
focused interviews are used in this thesis (66:83,84).

The opsn-ended interview consists of the researcher
asking key respondents fFor the facts surrounding the study
as well_as their insights into various situatiopns uncovered
by the‘reéaarcher-ﬁﬁs:aa). This type of interview may take
a long émdunt‘of;timé, may go into areas that are off track,
and doaes nctuguarantea that the researcher will consistently
gain the infdrmatibn desired. To help guard against this
pcssibilitg; thé‘fesearchar should have a list of pertinent
guestions to écﬁfas a guide during the interview process,.
These questidné'arenft questions that are necessarily asked
directly of the interviewee, but rather act as é prompt to
the reasearchar to know what direction to try to get the
interview proceeding. (B86:70,71)

The second type of interview, the focused interview, is
generally shorter in duration than the open-ended intervieuw, ;
and i{s more likely to follow a set regimen of quastions
based on the ptopositions on which data is being collected.

The interviews may still remain open-ended, but are
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generally more directed. A major purpose of the focused
interview is to corroborate facts that the regearcher
believes are already established, while not asking about
topics of a broader, more open-snded nature. (66:83)

Both interview types were used to research this thesis,
Open-ended interviews were used initially to identi{
resources and formulate the ultimate direction thor the
study would take. There were five questions kept in mind by
the researcher during these open-ended intervisus:

(1) What does the respondent feel the current state of

reuse practice is within the DNoD7;

(2) Is the DoD doing anything effectively in reuse?;

(3) Daes the respondent fesel that the Dol has a vision

of reuseT;

(4) What does the respondent feel are the major

problems facing DoD in instituting reuse?; and

(5) Is the respondent aware of programs ar personnal

invaolved with reusa?

After revising the hypothesis based on the open-ended
interviews, a focused interview was constructed and
administered telephunically to most of the personnel
initially contacted as well as a number of other psrsonnal.
The Focused interview questions are contained in Appendix A,

Intarvieuwses were selected on the basis of having
something to do with softwars reuse within the DobD. Initial
contacts were made at HQ AFSC and Air Staff, and from there
additional leads were followed as new names became
available., Types of people contacted include softwasre

manhagears who ware attempting reuse; project anginesrs

working with reuse issues; contractors invoived with rsuse
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and reuse studies; members of headquarters staffs interested
in reuse; and members of the Joint Integrated Avionics
Working GBroup. Names of interviewees for both intsrvisuws
are contained in Appendix B.

Experimental versus Ex Post Facto. The difference

between experimental and ex post facto designs is that the
researcher has some control over the variables in an
experimental design, while in an ex post facto design thers
is no control over variablss., It is actually important that
a researcher does not influence the variahles in an s&x paost
facto design because possible hiases may be introduced.
(26:60)

There is no researcher control of variables in this

thesis, making the study an ex post facto design.

Degcriptive versus Causal. The largest difference
between descriptive and causal studies is their Final
objectives. If the research question is looking for an
answer to who, what, when, where, how much, or how many, the
study is descriptive in nature. If the study answers a why
question, it is considered to be a causal study. (26:60)

There are actually two parts to this thesis. One part

is answering the question of who is implementing reuse in

the Dol and what their results have been, making this
portion of the thesis descriptive. Another part of the
thesis is ansuwering why software reuse has not become a

standard practice in Dol, and is therefore a causal study.




Cross-sectional versus longitudinal., Cross-

sectional and longitudinal represent time periods of the
study. A cross-sectional study is carried out once, while a
longitudinal study is carried out several times, allowing
the researcher to detect charges over time. (26:61)3

This thesis is a cross-sectional study.

Case versus Statistical. A statistical study uses

statistical sampling techniques on a cross section of data
to attain a breadth of coverage. Cass studies usually focus
on a smaller set of data and work towards attaining a
greater depth of knowledge. The difference bestweasn the two
tupes of studies is largely a matter of degree between
breadth and depth. (26:61)J

This thesis falls in ahout the middle of the spectrum
between case and statistical studies, It does not have the
depth of a true case study due to the size of the DoD, and
since the infarmation is primarily qualitative in nature, no
statistical tests will be performed on the data.

Lahoratory versus Field versus Simulation.

s

Laboratory conditions are artificial and used for
axperimental settings. Field conditions are actual
environmental conditions, while simulations are models of
the real world. (26:61)

Field conditions are used for this thesis, with no

attempt at any laboratory or simulation work.




Criteria for Judging the Quality of Designs

Regardless of the type of research method employed,
there are four relevant tests that can be performed to judge
the quality of ressarch: (1) construct validity, &>

internal validity, (3) external validity, and (4D

reliability (66:363., Each is examined along with the means

used to meet the requirements of the tests.

Construct Validity. Construct validity is the test that

shows correct operational measures have beesn established for
the concepts being studied. Construct validity is an area
that is particularly problematic, with criticisms being
raised about researchers developing a sufficiently
operational set of measures and that subjective judgements
are used to collect the data. (B86:36,37,38)

Establishing a Chain of Evidence. The principle

of establishing a chain of evidence supports construct
validity by allowing a separate researcher to take the data
the initial researcher gathered and reconstruct the findings
reached. This chain is established by providing adequate
citations in the actual report, making the original data
available in a study data base, insuring that the data
collection methods adhered to the plan in gathering them,
and documenting the link betwsen data and the initial study
questions., (6B6:96) All of these methods were followed in
constructing this thesis, and the linking of the data to the

hypothesis is explained below.




Linking the Data to the Hypothesis. The

structured interview was designed to test the three

explanations of why reuse had not become a standard practice

in the DoD. Question 10 of the interview deals with the

First explanation of not having a standard languags.

Interview question 8 deals with the second explanation of

barriers being the reason that reuse has not become a

standard practice. Interview questions 2,3,5 and 6 deal 4

with the first phase of tha change model, or unfreezing.

Interview questions 1 and 4 deal with the transitional part,

ar moving, of the change model. (uestion 7 deals with

refreezing in the change model. Questions B8 and 11 are .

designed to help provide input for potential solutions to

the reuse problem, while guestions 12 and 13 are

administrative in nature. The proper use of the change

model, and the appropriateness of the accompanying survey,

ware validated by an organizational daesign expert. . f
Internal Validity. Internal validity is the process of

demonstrating that causal relationships exist, and that it

can be shown that one event leads to another event without

having somg unknown third event being the actual cause of

the outcome (66:38).

Internal validity is difficult to demonstrate in this

N

thesis. The best outcome that can be hoped For is that
ennugh evidence has been provided to show the reader that
some of the reason for reuse rot becoming a standard

practice is due to the lack of stakehaolder involvement and
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planning for change on the part of the Dol. It cannot be

proven conclusively that if the Dol had adopted an adequate

implementation plan that reuse would have flourished. | “
Another concern in internal validity is thse problem of

inferences. The researcher makes an inference on a study

any time that direct observation doesn’t occur. The only

way to mitigate incorrect inferences is to build a research

design that will provide ample evidence that the study is

solid and that the sources of evidence converge on the same

explanation, (66:38)

External Validity. External validity shows that the

findings of a particular study can be generalized to other
research. This study uses analytical generalization, in
which the researcher is trying to generalize the obtained
results to a broader theory rather than to a broader
population of subjects., The generalization is not
automatic; it relies on showing the samg rasults on several
pther similar studies, (66:38, 39,403

Reliability. The object of reliability is to .
adequately document the work pecformed in a study so that a
second researcher could, at some Future time, take the
information initially used and replicate the results., Lack
of documentation, and therefore, lack of reliability has
often been cited as a weakness. In genseral, the best way to
increase reliability is to make as many steps as operational
as possible, and to keep adequate records of the work

accomplished., Two specific techniques described below,

2
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developing a protocol and a data base, are used to increase
reliability. (BB:40J

Developing a Protocol. The protoccl consists of

the instrument to be administered, an overvisw of the study,
field procedures, study questions, and a guide for the study
report. It is used to remind the investigator of what the
study is about, what data is important to collect, and as an
aid in anticipating problems that may arise. (B6:64,662

The protocol for this thesis is distributed through
several ssctions. The overview is contained in the
iwroduction section. Field procedures are covered in the
methodology section. The final instrument is located in
Appendix A, Finally, a guide for the study report is
contained in the methodology section., Sowrces used ars
annotated in the bibliography of the thesis.

Developing a Data Bage. A data base is composed

of the data, or evidentiary base, and the written report.
Thaese two elements, the data base and written report, are
distinct from each other, although they have not always been
treated as such by many practitioners. The abject of having
a data base is to increase reliability by having pertinant
materials available for another researcher to be abla to
replicate the results of the current study. (66:382,93)

The data, or evidentiary, base should contain all notes
taken during field work, documents collected, tabular
materials collected, snd any narratives from interviews.

The existence of this data base doas not remove the

71




responsibility of the researcher to place adequate
supporting material in the written report to support the
conclusions reached, The material should be organized and
made available to other interested researchers. (66:93,84)
The data base for this thesis is distributed through
several locations. UWorks cited are contained in the
bibliography. Lists of personnel contacted for information
are contained in Appendix B. Uncited, collected documents,
as well as the narratives from interviesws, will be retained
by the researcher for a period of 5 years from publication,
and will be made available to other interested researchers

as requested.

ecision Rules

- T L S e raBrsiand

Since guantitative methods are not wsed in this study,

a readily quantifiable decision rule does not exist. The

hypothesis that Dol has not developed a viable reuse program
because of inadequate plamming and lack of conformity to the
change model will be deemed to be supported if sufficient
avidence can be gathered to show that stakeholders weren't
properly involved, planning for reuse was inadequate,
commitmant to reuse is waak, communication about the change
effort is inadequate, and if it can be shown that another
entity outside the Dol has had sutcess with reuse in spite

of facing many of the same barriers cited by the DoD.




Data Analysis Methodology

The responses to the structured irterviews were
analyzed by determining appropriate categories of rasponses
For each question asked, tallying the responses in each
category, and then comparing the tallied responses to the
expected response and analgéing why the responses did, or
did not, caonform to the expected results. HMost of responsas
to the questions in the survey lend themselves to the broad
categories of yes, no, and maybe. Questions nineg anc sleven
are exceptions to this general rule. Guestion nine was
analyzed by tallying the number of respondents identifying
gach barrier, with no limit to the number or type of barrier
that could be listed. Guestion sleven was analyzed by
grouping components of each respondent’'s answer in various

categeries under either management or technical issues.
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iV, Findings

The survey instrument in Appendix A was administered to
the 29 people indicated in Appendix B. The personnel
selected represented a cross-section of individuals who had
been involved with reuse in the Dol community. Each
question from the survey will be presented in order along
with the responses chtained. An indication of the number of
people responding in certain ways will also be presented
with each question; houwever, no statistical analysis was
performed using this data. Quotations are provided on a
non-attributional basis due to the majority of people
requesting anonygmity. It is recognized that quotations
following the various response categories may not seem to
directly support the indicated category; however, this is
the way the respondents stated their answers, and the
quotations will be left in these categories to preserve the
“integrity of the responses. The interpretation of the
results and conclusions are located in the next chapter.

RQuestinn 1. Do you feel that DoD had an adequate plan
for implementing software reuse as a standaru practice when
Ada was introduced?

The cesponses went the narrow gamut from "probably not”
to "definitely not”, with'looz ot the respondents indicating

that a plan wasn't in place. Ung respondent pointed out the

STARS program revisw in the Novemher 1983 issue of IEEE




Computer as the closest thing to a8 plan, but still did not
feel that it was adequate. 0One respondent felt that not
only did Dol not have a plan, that it had in place
acquisition practices that ran counter to sncouraging reuse.
A follow-up question was asked about pserceptions of a
current plan. 0Only one respondent felt that there was
currently an adequate plan for reuss in the DoD; that
respondent pointed to the draft Doll Software Master Elan as
the repository for a reuse plan, Several other respondaents
felt that there were pockets of activity within the various
services that had plans, but nothing cohesive on the Dol
level.

Question 2. Did Dol work closely with industry in
attempting to implement software reusa? .

None of the respondents felt that DoD had worked with
industry in the past. A follow-up question was posed as to
whether or not DoD was currently working with industry.

Thirteen respondents indicated that Dol was not working
closely with industry, but many felt that cooperation may be
vccurring at a project level. Twc of these respondents felt
that their programs were working well with industry.

Another thirteen respondents felt that Dol was starting
to work more closely with industry, citing the CAMP, JIAUWG,
and STARS programs, SEI, SPC, SDI0D, and a new DARPA
initiative. Five of these respondents felt Dol was still

doing an inadequate Jjob, with the other eight feeling fairly

satisfied wich the current efforts.




Finally, three rsspondents indicated that they felt DoD
was working closely with industry, citing the STARS program
and the new DARPA initiative. One of these final
respondents felt that ”"DoD is leading the way, but reuse is
not in industry’s best interest due to lower perceived
profits.”

Question 3. Do you feel that DoD has worked closely
with the various services and program offices to implemsnt
software reuse?

Twenty respondents indicated that they did not fesl DoD
was working closely with the services and program offices.

A wide variety of comments were provided in their responses:

"Not at all, there is no OPR at 0S0O."

"The only thing that has occurred is a high level claim
of wanting reuse.”

"They haven’'t gotten their act together, haven’t
addressed it.”

"The secretariat hasn’t addressed it, sach service is
doing its own thing, and STARS is off doing its own thing.”

"The services typically don’'t work well with Oob, not
sure that DoD is in a position to mandate, and not sure it
would be a good idea if they did.”

Thres respondents felt that, although DoD had not dene
a good job of working with ths services in the past on
reuse, that they uwere now doing a good Job citing meetings
with the Ada Joint Users Group, the Dol Software Master

Plan, and the new DARPA initiative.
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Four respondents indicated that they felt DoD had done,
and is doing, a good job of working with the services and
program offices. A number of programs were cited to
substantiate their feelings: STARS, CAMP, RAPID, research
since STARS began, and a Navy command, control and
communications repository.

One respondent felt unable to answer the question, but
did point out that it seemed like the JIAWG is pushing the
DoD instead of the DoD pushing the JIAWSG.

Finally, one respondent felt that the question was
naive and represented a lack of knowledge of how Dol uworks.
This respondent basically characterized DoD as a no value
added, pass through headquarters that can only set policy.

Guestion 4. Do you fFeel that you ars informed about
the total spectrum of reuse activities so you can henefit
from others’ experiences?

Eleven of the respondents indicatsd that they did not
Feel well informed of the reuse activities. Some of the
comments generated were:

"Thare are pockets of information.”

"There is no systematic way to tie the information
together.”

The other eighteen respondents felt that they wers uwell
informed of what reuse activities were occurring; however,
all also indicated that this was due to personal research or

that it was due to their position. Three of these
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respondents felt they were not as well informed as they
could be. Comments included:

»The information is not readily available, Dol has no
system for distributing information, STARS made it difficult
to get information.”

"1 am informed mostly through personal research;
nothing is readily available.”

?i1f the project is government sponsored, people will
call us and ask for help, otherwise I have no knowledge of
what is going on in reuse.”

"There is no information through official channels.”

"1 am informed because I’'m in charge of a corporate
reuse program,”

Question 5. Do you feel that Dol has a firm commitment
to making softuware reusability a standard practice?

Eleven respondents indicated that they felt no Dol
commitment to reuse. Some of the comments included:

"Software reuse is buried in the Dol Software Master
Plan, there is a lack of direction and interest.”

"There is no commitment and no funding, reuse work is
self-motivated.”

"BDol is giving reuse lip service, it is only being
accomplished on an organization basis.”

"No one has thought through the implications. Senior
officials talk about wanting to make it work, but we need

pilot programs to work out the kinks, there are no examples.
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wé can probably throw 2 lot of money at it, but it will do
little good.”

Twelve respondents indicated that they thought DoD
might be committed to reuse. Five of these respondents
cited the Dol Software Master Plan as the reason for their
Feelings. Other comments included:

"I1f money is there, the DoD is committed, otherwise no.
Thay are doing a hestter Job on new systems.”

"Not yet, it is a goal, but there are no concrete
plans. Dol is committed to Ada, and they are bhecoming more
comnitted to reuse because of that.”

"Dol’'s commitment is indicated by the spesches they
give at conferences and the papers distributed on reuse.”

"DoD’s commitment to reuse is only as good as their
commitment to the Software Master Plan, which is
questionable at hast.”

"If they don’'t have commitment now, they will have soon
due to budgetary constraints and increasing softuare
damand.”

The final six respondents indicated that they felt DoD
was committed to software reuse. Three of them felt that
the commitment was demonstrated by the STARS program. Some
of the comments uwere:

*I feel that Dol shows their commitment through STARS
and other programs.”

"1 feel that the Dol demonstrates their commitment in

the Dol Software Master Plan, and through tha AJPO and SEI.”
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"Through day to day contact with Air Staff 1 feel the
Dol commitment.”

Question B. Do you fFeel that the Dol has a vision as
to where they ultimately want to be in terms of reuse?

Thirteen of the respondents felt that DoD does nat have
a vision of reuse. Typical comments included:

"The vision they have is all ivory tower, motherhood,
and apple pie, it’s more hype than vision.”

"Definitely not.”

"DoD needs to develop 8 vision of software first.”

One respondent felt that the DoD lacked vision, but his
service had vision:

"The Air Force is developing a vision; we knou where we
want to be, we Just aren’t sure how to get there.”

Eleven respondents felt that there might be a vision of
reuse in the Dol., Their commants included:

"It is not articulated., There is a vision of a
standard market place, but there is no understanding of the
economics invalved; no market has emerged.”

"There are people with a vision using Ada repositories
and fourth generation languages, but it ig hard toc say if
it's DoD wide.”

"The JIAWG might, but it seems chactic.”

"I'm not sure of a clear vision, but I think it will
get there.,”

"The vision is documented in terms of obstacles, with

no progress on the ways to overcome the obstacles.
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"The vision is only in terms of cost avoidance; nothing
technically or managerially.”

"I think they are working towards a vision, but it is
not in a state where they can convey it yet.”

"Only to the extent in the ;;}tware Master Plan.”

The final four respondaents felt that DoD has a vision
of reuse, with the following comments supporting this
stance:

"There seems to be various classes of vision, but much
technology needs to be developed; the vision isn’'t fully
articulated.”

"The vision is large softwere libraries on a
distributed network.”

"The DoD vision is identifying key application domains,
having on-line repositories containing generic
architectures, having application éenerators, and having
knowladge based tools to aid reuse.”

Question 7. Do you fFeel that Dol is successfully
incorporating software reusse as an acquisition strategy?

Twenty-six respondents Felt that the Dol is not
successfully incorporating reuse as an acguisition policy.
Their comments were:

"There is no organized process, only pockets of
activities.”

"Not at this time. There are some individual instances;
nothing Dol wide.”

"Thare is no clear definition of reuse.”
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"Not to my knowledge, but it is beinrng considered. If
the contrector proposes reuse in response to an RFP we might
get some.”

”No, we are Just beginning. The Army is trying to
mandate reuse in some of its contracts.”

"We need a revised acquieition strategy, nothing is
happening.”

"We are having troubles getting it into contracts due
to the up front costs.”

"It 1s the weakest area.”

"The infrastructure isn’'t there.”

"The JIAWG and SDIO are trying, but there is nothing on
a Dol basis.™

Three respondents felt that bhetter acquisition
practices were emerging to incorporate into contracts, and
one felt that "in &4 months, yes.” OUOther comments included:

"I'm not sure of the incentives that the government has
to get contractors to use the libraries."”

"In an ad hoc way. The contractor bids are lower with

reuse, the system is working.”

Question B. Do you feel that reuse can become a viable
process in Dol without 3 central focal point to coordinate
activities?

Nineteen respondents indicated that they felt reuse
would not become viable without a central Focal point.

Their comments included:
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"We need a focal point because we nesd a champion.”

"I fFeel that if we have a central focal point, industry
will become more knowledgeable about reuse.”

"We need a central focal point to praovide education.”

"We need somebody with clout to get things done and to
get the informaticon out.”

Five respondents felt that reuse can become viable
without a central focal point, but that the process might be
more effective with one, depending upon the role it was in.
Comments included:

"A central focal point will only be effective if it is
a coordinator and not a central authority.”

"I don’t really want to see the Doll acting as a
policeman saying that code is the only way to reuse; I want
people that know what's available, that set standards, and
that advertise both of these.”

"We need a advocate in each service; one Focal point to
coordinate is useful.”

"It will take longer without a focal point because it
will be hit and miss; the marketplace will drive reuse, and
industry will have to adapt.”

The other five respondents felt that reuse could become
viable without a central Focal point. The respondent's
commants wera:

"LoD must set policy, I'm not sure that a central focal

point is necessary."”
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"I'm not sure that I want the Dol involved in anything
other than contracting.”

*Industry must be sold, the real reuse will occur
there, we don’t nsed Dol oversight.”

*We don’'t need a single focal point; it is too high
level to be useful.”

"STARS is acting as a good focal point and letting
people know what’s going on.”

Questicn S. What are the 3 major barriers you see to
software reusability becoming a standard practice in the
DoD?

The responses to this question will bhe listed in
tabular form, with the number of respondants indicating each
arsa placed next to that area. Some of the responses could
be grouped together into broader categories, but it was felt
that showing the nuances of the bharriers identified would he
more useful., The barriers will ba listed in order of those

receiving the most responses to those receiving the least,

Barrier Number of responses
Contractor Incentives 11
Education 8
Procurament regulations 6
Legal issues 6
Management reward structure ]

Lack of systsmatic process

&£

Lack of understanuuing
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High initial cost

Lack of a person with insight and resources
to put a program togsthsr

n w

Lack of repositoriss

n

Lack of policy

High personnel turnover

Data rights

Contracts and lagal issues

Inability to enforce ONol-wide

Library management

Lack of guantifiable sconomic analysis
Software sngineering not a8 true discipling
Strong Focus on librarias only

Lack of confidence in parts (Not-invented-herel

Lack of standards

2
2
c
e
2
e
e
[
[
[+
e

Bureaucracy

Warranty

Lack of reuse model for real-time systems
Lack of standard taxonomy for library

Inability to make modules sufficiently
generic that they don't bscomne worthless

Lack of information on existing products
Reguirements over-specjification
Waterfall life cycle model

Liability

Question 10, Do you feel that the implementation of Ada

as the required higher order language for Dol should have




been a sufficient action to institutionalize reuse as a
standard practics?

All but one respondent Felt that the introduction of
Ada was not a sufficient action to institutionaslize reuss.
Most felt that Ada was only a tool, and that other processes
and tools were necessary to .promote rsuse.

The one positive respondent said: "lIldealistically, yes;
pragmatically, it probably wouldn’t have worked.”

Question 11, What do you feel that the Dol needs to do

now to institutionalize software reusahility?

The responses to this question will be grouped loosely
between the management process and the technical process.
Within each of these groupings, responses will Further bs
broken down into categories. A1l commants received ave
located in Appendix C.

The ficrst grouping consists loosaly of responses that
can be grouped into dealing with the management process,
Tuanty-seven of the respondents had some management
component in thaeir response. Tne item cited the most often
was ingentivas, with ning respondents having that as some
component OF their response. Legal issuas {(data rights,
liability, warranty), the need for more regpositories, and
the gstablishment of a reuse policy were tha sacond most
cited components, with seven respondents indicating each
area. The categories third most often cited were education,
reuse reszarch funding, and establishing a central focal

point, Bach with five respondents. Three respondents
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indicated the need for an action plan. The categories of
establishing a marketplace, overcoming barriers, and
mandating Ada each received citations from two respondents.
The other categories, at one respondent each, are the need

¢ to institute a cultural change, establishing more
coammunications, and changing the acquisition process.,

The othe: grouping is composed of technical issuss.

Nine respondents had some technical component in their
response. The category most cited was that of performing a
domain analysis, which was cited by five respondents. Thraee
respondents felt that we needed to huy or build more
camponents. Two respondents cited the areas of terminology
and improving the reuse process. The final categories, at
ong respondent each, ars developing an accepted definition
of reuse, developing matrics for the componants in the
repositories, and the development of automated tools to halp

locate componants,
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V. Analysis and Conclusions

Analysis

The analysis of the findings will first focus on the
individual questicns from the survey and then proceed tao
compare the results of the survey analuysis to the three
proposed explanations on why Dol doesn’t have a viable
software reusability program, Finally, the research and
investigative questions will be addressed, and conclusions
will be drawn hased on the hypothesis analysis.

Question 1. Do you feel that Dol had an adequate plan
for implementing software reuse as a standard practice when
Ada was introduced?

It is fairly evident from the responses that DoD did
-not, and does not have an adequate rause plan. This result

was an expected response. Two plans were mentioned by

raespondents: the STARS plan in 1883 and the draft DoD

Software Master Plan from February 1980, Both of thase

plans were examined in the literature review.

The S5TARS plan contained a detailed description of how
component reuse was to be pursued (6:B1,82), but was vague
in planning for other technologies (6:83,84), in changing
the acquisition process (6:78-85, 43:56~62), and in defining
life-cycle models (45:97-104). Based on this lack of

detailed coverage of all the reuse issues, it is sasy to see
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why the plan for reuse could have besen considered

inadequate.

The current plan, the DoD Software Master Plan, is esven
more vague, in terms of reusse, than the STARS plan was,
leaving the technological issues of reuse to a separate plan
(138:13>, and not addressing‘reuse specific issues in any
detail. All of the actions listed are very broad in nature,
with no specific steps given as to how each action will be
accaomplished (18). The vagueness of reuse actions in the
DoD Master Plan may be the reason that most respondents felt
that Dol still lacked an adequate plan. A second
explanation may be that many of the respondants may not have
actually seen the nesw Master Plan,

The DARPA Scoftware Strategic Plan, which may agt as the
missing technical plan from the Dol Master Plan, covers only
technical issues, making it an inadequate plan for reuse
also (5B,

Question 2. Did Dol work closely with industry in
attempting to implement software reusa?

The response was more varied in this question, with
consensus only being reached on the issue of Dol not working
closely with industcry in the past. Even though 45% of the
respondents indicated that Dol was not curtrently working
with industry in implemanting reuse, it was expected that a
higher number of respondents would fFeel that the Dol isn’'t

working closely with industry since Dol is doing so little
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to change the acquisition climate to promote reuss (20:E~-
47,E-48).

The programs cited as examples of DoD working with
industry were varied. The programs listed were CAMP, JIAWG,

SDI0, STARS, SEI, SPC, and DARPA.

The CAMP program is an Air Force program contracted

with a single contractor, having little to do with
cooperating with industry in general, although they have
provided their products to any contractor wishing to work
with them (2:1,2). STARS, a DoD level function currently
under DARPA (11:21), is currently involved with three
contractors in technical research areas (58), although they
have asked for industry input in the past in trying to shape
some of their programs (25:10). DARPA, a DoD lesvel office,
is actively looking for industry input in their new
injitiative; houwsver, nong of their initiative deals with
changing the acquisition climate (11), It is interssting to
note that only one individual mentioned the recent DARPA
initiative on reuse that was strongly seeking contractor
involvement, while one additional raspondent was in DARPA
and responsihle for the new initiative. While the two Dob
level offices have worked with contractors on reuse
technical issues, it appears that little is being done to
handle the types of changes that Dol meeds to effect in the
acquisition process.

According to their 1989 Annual Report, the SEI does

extensive research work, and works on transitioning theirc
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knowledge base to the DoD, industry, professional
prganizations, and other academic sesttings. It is easy to
see why they were mentioned, but surprising to see that thég
were only mentioned twice. 7This lack of mention may be due
to a potential lack of awareness of SEI activities on the
part of the respondents. Although the SEI has made numerous
recommendations for positive changes to the acquisitiaon
system, DoD has done little to implement these changes
(20:E-47,E-48).

The mention of the SPC was somgwhat surprising, since
the SPC is an industry consortium locking at ways to improve
software development in their member companies (4:77), and
not a Dol organization., The SPC was probably mentioned
because they do work with Dol organizations and the SEI on
various issues affecting softuware development; howaevar, it
is a case of the SPC working with Doll, not the Dol
initiating the relationship,

Both SDIO and the JIAWE are excellent examples of
cooparating with industry, but that is due more to their ouwn
initiative than from DoD impetus (33,33, S50I0 is looking at
reuse of their own volition due to personnsl involved with
their computer resources working group having some knowledge
of reuse potentials (3). The JIAWG was congressionally
mandated to look at avionics commonality betusen the LH, A-
12, and the ATF; software reuse is being looked at through
their own initiative (332. 0One prublem the JIAWG has

gxpecrienced in getting industry involved is a lack of
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funding to bring industry representatives to the mestings
(33). aAnother problem is that many of the representatives
who do come from industry are not at a decision making levsl
(33>, Unfortunately, since neither organization is being
pushed by DoD to consider reuse, it is difficult for both
organizations to place their experiences into Dol action to
change the acquisition environment (33,3).

Another excellent example of industry cooperation is
the Have Module program, which few people seem to know
gxists. The Have Module program is working at developing a
standard for bhuilding simulators and is working with tri-
service and industry involvement to produce a standard that
all will be comfortable with (7). This is more the type of
program that needs to be pursued on a Dol level, since
groups of people are more willing to actively support
somgthing new if they had involvement in creating the
solution (37),

Question 3. Do you feel that DoD has worked closely
with the various services and program of fices to implement
software reuse?

The result of 638% of the respondents indicating that
they felt Dol has not worked well with the services and
program offices in implementing reuse was expected. Little
has been done by DoD to define methodology and set policy
concarning reuse (20:E-47,E-48).

The programs cited by raspondents as examples of the

Dol working with the services and programs were an
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intesresting mix. The STARS program is DobD funded, and they,

in turn, provided some of the funding for CAMP (2:1), which
does indicate some working with the services on reuse
issues. RAPID was funded by the Army, not the Dob, which
really doesn’t seem to indicate that DoD is working with the
services (83:1). No further information was uncovered about
the Navy program cited, and therefore, no conclusion can be
made. The final program cited was the JIAWG, which was
mandated on DoD and has largely gone unfunded (33), again
showing little cooperation from Dobl. This is substantiated
by the feeling of one JIAWG member who felt that the JIAWG
was pushing Dol instead of the Dol pushing the JIAWGE.
Nothing was found in the Doll Software Master Plan in terms
of the Dol working with the Services in implementing reuss
19>,

The final responsg was the most interesting, and
correlates with several other responses from paople who felt
that the Dol was not working with the Services. The comment
was about the naivety of the question, stating in effect
that Dol had no wseful purpose and may hinder the process.
This is a perception problam expressed by several of the
respondents., Some of the mandates in the past, the Ada
mandate, for example, uwere pramature and caused a mnumber of
headachaes, but the resources were immature (53:17). It
would seem imperative that Dol work on their methods of
interacting with the Services to provide the Total Quality

environment that Dol is claiming to be striving for (13:2).
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GQuestion 4. Do you feel that you are informed about
the total spectrum of reuse activities so you can benefit
from others experiences?

Although only 3B% of the respondents felt that they
were not informed of reuse activities that they could
benefit from, nobody felt that the DoD had an adequate means
of disseminating the information to where it was available
to make a difference. The expected response was that a
higher percentage of individuals would not feel well
informed, but the overall result was the same since those
respondents who felt well informed became that way through
their own efforts, and not through information the Dol was
generating. It is curious that with reuseé as the goal, more
effort was not put into the reuse of experience throughaut
all programs.

DARPA and STARS ended up getting mixed reviews on how
well they get data out., OF the three respondents commenting
on STARS, @ Felt that they made it difficult o get
information, while the other respondent indicated that he

got his information from STARS. The indictment against

STARS may have been valid, but as of May 1930, STARS has

started to put out a quarterly newsletter to actively inform
people of their .status (58). The unknown now is whare, and
to how many psoplae, the newsletter is distributed. DARPA is
in much the same situation as STARS, although the only
comment made about them was negative in this respect. The

interesting thing is that the comment about UARPA-STARS

94




-

being a closed environment was made by an individual in
another DoD level office, an office with whom one would
expect good cooperation to exist. Again, a review would be
in order to insure that infarmation is freely communicated
since the resources available for reuse are so scarce, and
good communicactions and teamwork are cornerstones of DoD’
Total Quality Management Initiative (18:2).

Question 5. Do you feel that Dol has a firm commitment
to making software reusability a standard practice?

Approximately 3B% of the respondents felt that Dob did
not have a commitment to reuse, which again was an expected
result. Three of those respondents felt that their
individual Services or programs were committed to reuss, but
that they were stymied by the lack of support from Dol in
removing barrisrs.

Another 41% of the respondents were gither unsure or
thought Joll might have a commitment to reuse. Over half of
this group Felt the commitment through Dob's Software Master
Plan, which has alraady been shown to be vagug in its
treatment of reuse., One individual cited the Dol Ad Hoc
Working Group, which was put togethser by an Air Force
Lieutenant Colonel due to his and his Service’s interest in
rause (23:9); the only thing Dol about it was the range of
people that attended (23:10-14),

It may be that DoD is starting to shift their
commitmant some through sponsoring the Software Master Plan,

the SEI, STARS, and increased funding through DARPA (11:5),
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A more firm commitment would be active work on the
acquisition environment and resolution of the legal issues;
both are things that are best handled at the DoD level sinée
it is often difficult to legitimize actions in Services that
run caunter to DoD Directives and the Federal Acquisition
Regulations,

Question 6. Do you feel that the Dol has a vision as
to where they ultimately want to be iﬁ terms of reuse”

Approximately 48% of the respondents felt that DoD did
not have a vision of where they wanted to be in terms of
reuse; also an expected result. 0One paerson characterized an
over-arching problem in that saociety isn't sﬁra whersg it
wants to be in terms of reuse. This haelps to legitimize the
perception of DoD not having a vision; if society in general
lacks vision, how can one component of socisty have vision?
But then again, a vision must start somewhere, and DobD could
legad the way.

Of the respondents that felt Dol sither might have, or
does have, a vision of reuse, only one purveyed that vision
in positive terms,

Working to institute a change is difficult if you have
no clear idea to where you are supposed to be progressing.
It is evident that-tha Dol has no clear vision of reuse when
even the people who Falt that there was a vision are unable

to articulate what that vision is.

Question 7. Do youw fesl that DoD is successfully

inporporating software reuse as an acquisition strategy?
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The response of S0% of the individuals feeiing that DaDl
was not successfully implementing software reuse as an
acquisition strategy was also an expected response.
Although a number of problems have been identified as
running counter to software reuse as an acquisition
strategy, nothing has been done by Dol to mitigate these
problems (20:E-47,E-48).

A few respondents (three) felt that certain programs
were trying, citing SDIO and JIAWG. The SOI0 is still in a
Demonstration-Validation phase, with its Computer Resources
Working Group Jjust starting to confront the issuwes of
implementing reuse (33, The SDI0 is wsing documentation
that the JIAWG developed as a starting point to implement

rewse (3),

The JIAWG has bheen working on tha igsuwe of implementing

reuse For saeveral years now, and is having an extremely
difficult time figuring out incentives that can be usaed that
don't run counter to curraent divectives and policies. Tuwo
of the three programs that tihe J1AWG is working on to
implement reuse have rejected their work, ong being too far
along the acquisition cycle té incorporate, the other not
wanting to take the risk. The final hope is ATF, which
seams to be receptive to the idéa. but is not sure of how to
work with the incentives that the JIAWG has come up with,
(A3

One respondent felt that Dol was .implementing

successful reuse in an ad hoc way by receiving lower bids




from contractors that practice reuse., While this serves to
benefit the government, it is not indicative of an action on
DoD’s part in spurring on reuse activity. As & matter of
fact, this type of activity can be running counter to a Dol
perceived goal of a parts system, since contractors will be
less likely to release reusable software they have because
it will negate their competitive advantage. However, it may
also be one of the best leverage points in terms of reuse
cast savings without having to worry about the barriers of
data rights, liabil.ty, and the not-invented-here syndrome,
since each company would have thair own library of software.

The positive reasponse to this gusstion was not a2ll that
pusitive., The answer was a weak yes, they are implementing
reuse acquisition strategy, buﬁ'tha respondant was stull
unsure if tha cmntractQFS;haéjﬁng.incéhtive to use the
gxisting library. : | ;

It is -clear Ermmipheféésﬁonsas that the DobD has not
hean Succassﬁui in iﬁplameﬂﬁiﬁgﬁrause as an acdquisition
étratagg. which iéjﬁaﬁ 5&:@:;sing given that they have done
nuth;ng_to é1léyia;$J§ﬁe éréblems associated with the
: atquisigian'pfbéess,;a@;Eeﬁ?,E~%8).

1”4§§;igg“§3ifﬂ6 gbu:Eeel that rewse can become a viable
process in Dob mithﬂuﬁ”é central focal point to coordinate
activities?. |

The Fact that B5% of the respondents Felt that a
'centra;_ééﬁél point was necessary for reuse to become viabla

was expectad; however, it was ymitially envisioned that thas
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would actually be a higher percentage. Those that felt a
central fFocal point was necessary supported their belief by
suggesting that a champion was necessary to push the effort
through the bureaucracy, and that somebody was necded at a
higher level in the chain to be able to sffectively
coordinate activities and disseminate information.

The peaple who either thought that a focal point might
be useful, or that a focal point was unnecessary, felt that
way primarily through a fear of Dol mucking up the process,
or potentially trying to mandate something that was
premature. This is an understandable perception because tihe
Dol has done this before; Ada being a case in point (53:17),
This feeling abowt Dol is consistent with the previous
response to the question of Dol working effectively with the
Services to implement reusa. OF thouse not thinking a focal
point was necessary, most agreed that it would be useful for
Dol to set policy, but nothing elsa. |

It appears that a majority of the respondents agree
that a central focal point is wseful, if not essential, in
effecting changes to the acquisition process, disseminating
informationr, setting policy, and coocrdinating activities to
preclude duplication of efforts,

Quagstion 8. UWhat are the 3 major barriers you see to
software reusability becoming a8 standard practice in the
DoD7?

The tange of barriers inhibiting reuse that respondents

gave was expected, although some ot the areas had a more
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promingnt rating than fFirst envisionsd. The range of
responses is possibly indicetive of the varied backgrounds
of individuals, and where they are positionad in terms of
reuse activities.

As sxpected, the contractual issues of incentives, data
rights, and legal issuss were the most received responses.
Education issues in second place was not expected, since it
isn’t an issue often addressed in 0ol literature, but
refreshing to see because it is difficult to effect a change
without receiving knowledge of the nesw process.

The management reward structure was also a big item in
terms of citings. The major things program managers ars
graded on in an acquisition are cost and schedule (28:183),
both of which reuse can negatively impact (61:183. There is
noc allowance in a program manager’s report card for the
contributions he makes to othsr programs, only how he
handles his own program.

Other issues cited tend to round out the total spectrum
of barriers to reuse, all of which need to be addressed if
reuse is to become suncessful.

Question 10. Do you fesl that tha implemsntation of
Ada as the required higher order language for DoD should
have been a sufficient action to institutionalize reuse as a
standard practice?

The result of all but one respondent feeling that the
introduction of Ada alone was not enough to instantiate

reuse was not unexpected, and possibly represents the
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difficulties people have had in attempting reuse. The

results may have been diffsrent in some respondents’ minds
if asked the same gquestion at the time Ada was introduced.
Some respondents did not make & connection between Ada and
reuse, although some of the literature indicated *nat reuse
was an expected result of QQa (5:4,5)., Most all of the
respondents felt that Ada was a tool that helped to enforce
good programming practice, while recognizing that it was
entirely possible to write bad code in Ada as easily as any
other language.

Question 11. What do you feel that the Dol needs to do

now to institutionalize software reusability?

There were no expected results to this question,
although it was hoped that some more complete strategies
would have heen formulated, The lack of strategy
formulation might have been due to the inability of the
respondent to think about the question for a long period of
time prior to responding hecause of the nature of the
research mathodology. The interesting finding in this
guestion is that only S8% of the individuals gave responses
that correlated well with the barriers that they forwarded
and the responses they gave to the other survey questions.
This is probably demonstrative of the lack of definition of
the problem and the situational nature of each respondent.

Hypothesis Analysis. It seems quite clear from the

survey that the explanation of Ada being enough to

instantiate reuse can be reasonably rejected. Although some
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of the literature indicated that this should be the case
(5:%4,5), it would seem that reuse was oversold and not as
gasy as first envisioned. It is also important to note, in
rejecting this alternative sxplanation, that all of the
current commercial reuse programs, and most of the adhoc
efforts in DoD, were performed using languages other than
Ada. Ada is a tool that should help to facilitate reuse,
nothing maore.

There is some merit to the second alternative
explanation in that there are a number of barriers that have
been identified as needing to be addressed prior to reuse
becoming a standard practice. In order for the barriers to
be considered the sole reason reuse has not become a
standard, one must make the assumption that there is
commitment to reuse, and a vision of reuse to identify the
barriers that need to be avercome. Based on the survey
results, it is apparent that neither a commitment nor vision
have a strong existence in the Dol environment. Therefore,
it seems reasonable to reject barriecrs as being the sole
raason for reuse not bhecoming a standard practice,

The research hypothesis suggests that reuse has not
bacomg more prevalient because Dol did not Follow an adequate
change process. Generally speaking, successful change
invalves commitment, vision, barrigr identification, plans
for overcoming barriers, and inplesmentation., Based on the

survey and the decision rules in Chapter 3, DobD does not

apear tc have commitment, vision, a plan, or an
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implementation. The one thing that has been done is to
identify barriers, but it is unknown if all of the barriers
have been identified.

Other decision rules include communicaticn and
stakeholder invaolvement, both of which were recognized in
the survey as being deficient. The final rule was based on
locating another program in circumstances similar to DoD’s.
The NASA program fills this requirement in that it is
governed by many of the same rules and had most of the same
obstacles to overcome. Generally speaking, it is better to
choose the explanation which best describes the currant
situation, which makes rejecting the other two possible
explanations reasonable, and accepting the hypothesis of DoD
not following an adequate change process as the baest Fit
explanation. Based on accepting this hypothesis, it would
be useful to analyze where the Dol currently fits into the
change prooass.

Tha first phase of change, according to Lewin's model,

is the unfreezing whase, which is characterized by external

and internal fForces pushing for change, and the development
of goals, or vision, that define the desireu state after the
change. Analyzing the current situation against Lewin's
model, it i apparent that Jol has gone partially through
the unfreezing phase, having both internal pressures From
reuse advocates to change, and external pressures Srom
external stakeholders in the Furm of Congressional budget

cuts and overruns in the softwarse acquisition process. Tha -
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second part of this phase is vision development, which
appears to be rather underdeveloped based on the survey
results.

The next phase in Lewin’s model is the moving phase,
which is characterized by planning, reducing forces
maintaining the status quo,‘daveloping new behaviors,
gaining commitment from stakeholders, changing
organizational structures, and defining the transition
state. The action of reducing the forces maintaining the
status quo most readily maps into the changing of the
acquisition process, addressing the legal issues, and
praviding reuse education, none of which have been done.

Developing new behaviors maps into changing the reward
structure of managers to develop positive incentives far
considering reuse. A second activity is changing the
environment through education, since the literature
indicates that the gensral mindset of software developers
inhibits reuse. A third, and probably more difficult method
of changing behaviors would be the changing of the
acquisition climate to encourage cost savings, something
that doesn’'t currently exist according to the literature.
Norie of these steps have been taken by DoD.

Gaining commitment of stakeholders is bast done in a
collaborative setting, which involvas bringing the
stakeholders together to work on issues impacting the
desired change and reaching consensus on a position that all

can support, an activity that also has not been
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accomplished. OFfF course, to gain commitment, an
organization must have commitment, something that is not
readily apparent in DoD, according to the survey. There ié
also very little indication of DoD working with the
stakeholders, both internal and external, to gain a
consensus on the best way to overcome the barriers to reuse.
The changing of organizational structure is not always

necessary to aid the change process, but in this case, it

would seem to be advantageous if handled properly, to add a

central focal point at the DoD level to coordinate,
disseminate information, and champion the reuse cause to
those gatekeepers that can enable the changes to barriers.

Finally, planning and documenting the transition state
are strongly interrelated. Barriers must be identified, and
then m=2ans to overcome these barriers must be found as well
as planning the steps necessary for these means, The Do
has done a reasonable Job of identifying some initial major
barriers, but has no plan on how to avercome them. There
are a number of smaller barriers, some of which could become
major when the First set of barriers is stripped away, that
Dol has also not addressed. The last sentence indisates the
critical nature of time phasing activities to enhance the
overall change process, planning that is alsp lacking in
Dol,

The third step in Lewin's model is that of refreezing.
This is accomplished by evaluating the change for

effectiveness, and then putting mechanisms in place to
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institutionalize the change. Evaluation of the change can
only be done after a clear vision of the desired end state
is formulated, and operational measures are defined to
determine if the goals have been met, again, neither of
which Dol has accomplished. Three effective mechanisms to
reinforce the desired change state are (1) changing the
program manager’s reward structure to correlate with a reuse
strategy, (2) instituting adequate contractual incentives to
encourage reuse, and (3) changing the way that contract
costs are estimated to loock more at system acquisition
activities instead of Jjust building cost estimates based on

expected lines of source code.

This section will examine fFirst the investigative
questions that have been posed, and culminate in discussing
the research objectivae.

Is software reusability a

viable option for the Dol and can it be cost effective?
Based on a review of the literature, other ‘

organizations' successes with reuse indicate that it can be

a viable option for Dob, end that it can be cost effective.

Although there is no hard and fast sconomic data, it is

intuitive that money should be saved if artifacts From

previc programs are used in new efforts. This is most

dramacically seen in contractors bidding lower on projects
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when they reuse topoling and test capabilities from previous
efforts. The key to cost effectivensess is the application
of reuse; not all domains and methods will have the same |
payback. By effectively managing the process of reuss
implementation, reuse should be both viable and cost
effective.

Investigative Ruestion 2. What is the Dol experience

with software reusability, what software domains have been
explored, and can any general conclusions be drawn?

The Dol experience with software reuse has besen rather
limited to this point., Mast significant contributions to
reuse cost savings have come from informal reuse at
contractors’ facilities, allowing the contractors to submit
a lower hid in source selection., Several domains have been
at least partially examined, including missiles, avionics,
command, control and communications, and simulators. HMost
reuse activities tend to focus on performing a full or
partial domain analysis, developing components, and building
some type of library structure, The Fact that so many
programs are working on different library programs is
indicative of the lack of management by Dol on implementing
reuse, There are currently some efforts under way that
break away from the code/repository mentality, efforts which

may help Dol to reap greater reuse benefits.

Investigative GQuestion 3. What planning and stakeholder
involvement were accomplished in attempting to implement

reuse throughout the DoDT
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It is apparent, through survey results, that very
iittle planning or stakeholder involvement were accomplished
in attempting to implement reuse. This will be necessary to
accomplish in this next thrust towards rsuse. It is
important to identify all stakeholders: the Services, other
DoD agencies, program offices, contractors, universities,
and Congress. Reuse implementation will be a difficult
process, at best, unless all of these stakeholders are
involved in the planning process and committed.

Research Objective. Why has reuse failed in the Dob,

and what can be done to encourage the standard practice of
reuse?

Based aon the literature, and the previous analysis, it
appears that the hypothesis of Dol not following an adequate
change process is the bhest supported explanation. The first
alternative explanation of reuse becoming a standard
practice due solely to the introduction of Ada was rapidly
discarded based on the survey results and the successful
reuse activities that occurred using languages other than
Ada.,

The second alternative explanation, dealing with reuse
not becoming a standard practice due to barriers, was shown
to be a part of the over-arching model of not following the
change process, thersby making tha hypothesized explanation
the best choice.

This result is also consistent with observations from

the literature on lack of success in changes in the
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acquisition process. It is further corroborated by the
three indicators of lack of successful change. Although Dol
did not have the fFirst indicator of lack of success, the
lack of a combination of external and internal pressure, it
did meet the other two criteria of having large gaps in the
sequence of change steps described in the literature, and
the lack of a shared approsch in attempting to implement
reuse. Finally, the observations from the literature that
successful reuse programs dsveloped because of corporate
commitment, incentives, and institution of a planned change
with good communications, nons of which Dol has according to
the survey, also tend to support this hypothesis.

While adherence to a change model does not guarantes
success in implementing change, it certainly increases the
probability significantly., The literature indicates that
those organizations that followed a planned change process
have found success in their reuse programs. Based on this,
what does Do0 need to do to institutionalize reuse?

Recommendations will be forwarded in the next chapter.
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Vl. Summary and Recommendations

Summary

Recent events, the DoD Software Master Plan and the nsw
DARPA initiatives, have indicated a renewed interest in DoD
to implement an effectivs software reuss program. RAlthough
this goal was attempted previmusly, it met with poor
results. It is imperative to understand reasons why the
first reuse implementation attempt failed so the same
problems are not encountered in this new attempt.

Three possible explanations of why reuss has not
occurred were posited. The first explanation was that reuse
in the DoD failed bhecause there was no single higher order
language; the second explanation was that reuse failed
solely because of the barriers inhibiting it; and the
hypothesized explanation was that reusse failed because DoD
did not follow an adequate change strategy based on a change

model from organizational design literature.

The literature was examined in light of the three

possible explanations to gain supporting evidence. A
telephone survey wes performed to gain further evidence from
personnal, both inside and outside the DoD, that are
involved in reuse connected with the DoD.

The results of the phone survey were analyzed in &
qualitative manner based on the literaturse review, and than

gach possible explanation was analyzed against both the




literature and the survey results. The explanation deemed
the best Fit was the hypothesis stating that reuse had not
become a standard practice in the DoD due to the DoD not

following an effective change strategy based on a model of

change found in organizational design literature.

Recommendations

First of all, some general recommendations will bhe made
based on the change modsl. Beyond that, there are a number
of steps I feel are necessary to instantiate reuse within
the Doll. These will be listed in the order 1 Feel they need
to occur te follow an orderly change process. As a general
nota, it is important to take into account the changing
political climate in planning for reuse in order to place
emphasis on the most important domains for first
consideration. Basically, given the current world
situation, new program starts will probably be minimized,
-but information systems needs will probably remain constant
or increase, Areas like management information systems,
command and control, mission planning, simulation, decision
suppart systems, personnal, payroll, and communications will
probably be high leverage areas for rsuse when mummercial
of £ the shalf software isn't available. ﬁndther potential
high leverage area is in wesapon system upgrades that m.y be
able to be used across various platforms. Reusa From
existing acquisitioh programs Qill probably be low leverage
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at any level below design due to the custom hardware in sach
system and the short shelf life of technology, with new
systems always attempting to be on the leading edgs.

General Recommendations. The first thing that DoD

needs to do is to complete the unfreezing phase of the
change model by developing a vision of the desired end state
in reuse. It is naive to anticipate that all facets of
reuse can be included in an initial vision of reuse, due to
the pace of technology; however, if a vision of some type
isn’'t developed, recorded, and exported to the stakeholders,
reuse will remain little more than an ethereal goal. This
vision needs to be developed collaboratively to insure all
stakeholders have a commitment., The visiagning process
should be creative in nature, looking at the various
alternatives For reuse beyond thes code components, to insurs
an adequate mix of approaches to maximize pagbacks, It is
also important to accurately assess where the Dol has beean,
and 14 currently in terms of reuse to ensure the vision does
net contain components that have hean shown to be fruitless.
Once unfreezing has been completed, Dol can transition
intc the moving phase. The whole environment of software
development will gradually have to be changed to better
enable reuse, something that the Dol cannot accomplish by
itself, but can actively advocate to those external
stakeholders that can have more influerce. Firm operational
definitions of reuse need to be collsboratively developed so

evacyone is speaking the same language, and these
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definitions must be exported and validated by the softuware
community at large in the form of standards. Uery fsuw
college programs provide instruction on reuse, providing our
contractors with people that are ill-prepared to cope with
reuse, and having some of the ego problems described
earlier, indicating that some lobbying needs to occur with
professional societies that can have some additional
leverage into effecting a change in academia. This is
obviously a long term process, but one that shouldn’t be
expensive.

In the short term, DoD must provide training to
industry, Congress, and the Services on reuse. Barriers to
reuse must be identified and then firm, time-sequenced plans
must be derived to overcome the barriers. Dol should look
at ways to encourage reuse programs within contractor
Facilities to capitalize on current cost savings with
existing resources. Communication is a key event that must
ocour so people know what is happening whan,

Finally, refreezing will ococur., This will be

sccomplished by insuring that adequate reward structuces are

in place and through evaluations of tue effectiveness of the
change. Communication w«:ll again be a key requirement in
reflecting the changes, in getting the informational
feedback for evaluation, and passing on both successes and
failures to help future reuse issues. As time moves on, “he

vision will have to be constantly re-evaiuted for




legitimacy, and the technology will have to be scanned fFor
new opportunities,

Specific Recommendations. The following specific

recommendations are listed in the order that I feel must be
Followed to help insure a successful change process.

1. A single focal point must be established to
coordinate reuse activities. There is currently a large
base of experience and ideas already in existence with no
central point to pull them together to produce a sgnérgistic
effect, which leaves Dol in a weak position in terms of a
comprehensive reuse policy. This Focal point, which could
be established as part of the office proposed under the Dol
Software Master Plan, needs to be at the Dol level, with
ad.-;uate authority to push throwugh the changes neederd to
make reuse successful. This focal point also nesds adequate
resources, in terms of dollars and personnel, to accomplish
the activities described below. The individual sslected
needs to have an adequate technical background in spftwary,
a Firm commitment to rsuse, and strong managsmant and
interpersonal skills,

£. Additional focal points need to be assigned within
the headquarters fFunctions of the various Services and Dol
agencies to oversee policy and be available to provide help
both up and down the communication ladder. This step could
aleo be performed in conjunction with the Dol Software
Master Plan., This type of Focal point may already exist in

some Services and agencies, but the duties may be currently
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divided betuween different individuals based on whether the
program uses 700- or BOO-seriss regulations, nr the
individual may not be Firmly identified as a reuse advocaté
for his Service or agency. It is important to integrate all
reuse under a single advocate for ease of identification by
field persocnnel, and alsoc ta maximize the potential for
reuse across programs,

3. A concerted effort must be made to thoroughly
establish the current haseline in software reuss. All
programs that have experienced reuse, sither through the
spurce selection process, as a result of the project’s sols
purpose being resuss& oriented, or any othar msans, must be
identified sc it can he determinsd what has and has not been
effective in terms of reuse and where future efforts need to
be concentrated. The information captured needs to be fed
into some type of data base for easy retrieval and sharing
among the cammunity. This also provides the potential for
some reuse of requirements and designs for projects, both
fFunctions that have relatively high paybacks and low up
Front costs.

4, In conjunction with the effort to establish the
baseline, a communications natwork nealds to be established
to allow rapid and sasy intetchange of inFormaticn. This
step could also beg in conjunction with the Dol Software
Master Plan, poﬁéiblg as a portion of a more encompassing
Forum, This is a crucial element that is often overlooked

in attempting tou implement change. GQuite often, only

115




-
personnel at higher levels get involved, and the workers in
the field remain largely uninformed, and alsc unpolled for
ideas. This step would probably be most easily accomplished
via & bullstin board or through e-mail on existing networks.
A bulletin board would probably be the most effective means
of implementing this step because of the capability to more
easily build a library of useful download material and the
ability to more easily construct a telephons forum for
discussing issues. The existence of this bulletin board, or
e-mail address, must receive the widest dissemination
possible, using tha current natwork resources, computer
focal points at various locations, base newspapers, command
newspapers, SPC and SEI contacts, articles in trade and
professional Journals, and the rasource lists from the
recent software broad area review personnel survey.

5. Somg cost-benefit studies should he accomplished to
help determing thg best courses of action for reuse to feed
into the visiuning process. It is not readilgiapparaht from
the literature reviewsed that the establishment of a numbar
of repositories holding coda componants.uilljprovidg the
greatast Financial levarage for reuse. ‘Other avenues, such
8% finmancing contractors to sstablish-thair:mmn Formal reuse
programs, must also be explocsd.

6. Once the cost-~benefit analyses have baen completed,
and all the data has been gathered and analyzed in
recommendation three, & vision of DoD reuse neds toe he

"~ establigshed. This should be done iteratively throwgh livs
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forums and through the communications network with &l11 the
external and internal staksholders. The vision must contain
some measurablse end state, so people can know when they haQe
arrived at what they were trying to accomplish. 0Once the
vision has been formulated and validated, it must be
exported to the community at large to gain commitment and
have everyone working toward a unified goal. Unfreezing is
finally fFinished at the end of this step. |
7. The next step in the change model is moving. The
transition state must be definsd betwesn the pressnt and the
future. Where will a repository or repositories be located
during transition? UWhere will thes repository be located
after transition? Will a central foceal point for reuse he
necessary after the procaess is instantiated? Will a data
base of current and past programs be built to start sharing
requirgments, design, and other usaful information? Where
will this data base be located? Will the data base he
continued after the transition, or will the information he
fed into libraries? What technologies will be available at
the start of the transition, and what technologies will be
availabla‘éﬁ the end of transition? These, and many other
::questimnsrlike them, neéd to be answered to define the

transition state. Ihaszcal'pmint alone should not try to
= think ‘of ali the guestions, nor Fihd all the answers alone.
Agsin, cqllabprativéAinvp;vgment Qf‘fhe stakeholders will
help gaiﬁ commitmant anétaet aAﬁnré complete picture,

‘Extensive usa of the network described garlier, along with
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some live meetings, will greatly facilitate accomplishing
this step.

8. UOnce the trahsitién state has been determined, it
is imperative to define the aobstacles that will keep the
organization from successfully moving in that direction,
with a goal being to Find salutions that decrease the
pressure to maintain the status quo versus dictating
changes. A number of problems have already been identified
that will need to he successfully solved.

The data rights/liahility issue is the problem that
probably receives the most notice presently. The issue 1s
not without solution though, only without somebody to tie
the piecss together and work on pushing thé change through
at the appropriate level. The SEI has done extensive work
in the data rights/liability effort, and the RAPID, JIAUWG,
and CAMP programs already have sopme practical experience in
thig area. All of these inputs need to be synthesized into
a single solution that can be supported by the entire
community, and then pushed through the appropriate channels
to effect the charge. It seems that what needs to be done
is to Firmly differentiste software From technicsl data.'
construct easily understnod definitions of what the various
classes of data rights really mean as well as whsen. they
should be applied, and whether the software process should
ha considered undar'copgright or patant law.

Contractual issues will &lso mesd to be affectively

gealt with, In order For reuse to becomg an entrenched
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practice, it will have to be considered seriously during the
demonstration/validation phase through & ssarch of
requirements and designs from other, similar development
projects. This is an activity that should be accomplished
by both program office and contractor personnel.

This contractual emphasis must ceontinue through the RFP
process by inserting reuse as a consideration in contract
proposals with a meaningful weight For selection. Reuse
needs to be rolled into the assessment done during the
software capacity and capability review. Reuse as part of
the source selection process is almaost self-regulating, with
the contractor proposing reuse of previously developed
software being able to offer a lower bid. We must go beyond
this First, simplistic, rule and look to sge if the
contractor is proposing to develop any potentially reusable
spftware, as well as what the costs might be if reuse
doesn't occur. This necessitates a bhasic change in the way
software cost is estimated. A common complaint now is that
reuse doesn’'t occur because contractors are paid on a lines
of source code basis, leaving developers little incentive
for reuse because they are developing fewer lines of source
code when they reuse software. While this is not exactly
the case, the perception of it heing the case is quite
strong because the models we use to estimate the cost of
software are driven by the lines of source code estimate and
other factors that confound the developmant. it is

imperative that altermative cost estimation models be
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devised to more accurately take intoc account the actual
costs involved in reuse. These costs include the cost to
find reusable artifacts, to examine these artifacts for
suitability, to modify and test the artifacts, to re-
document the artifacts when needed, and to code the sffort
from the beginning when the artifacts cannot be used. Some
type of risk factor will have to be developed to insure that
an adequate trade-off analysis can be performed betwsen the
casts of reusing and the caosts from coding from scratch.
There also needs to be some centrally controlled *hit
list” of software developments that would be useful across
nther programs to be ables to effectively determine what
proposed software might be reusable, and then determine if
the additional costs ta make the desired products reusable
is worthwhile., Along with this, although it may seem like
wa are paying for software twice, some sort of equitable fee
structure that allows the developing contractor to recoup
some of his investment across several projects would act as
more of an incentive fFor reuse. It may be that emphasis on
reuse, the existence of the "hit list” to better define
markets, and more open communication about reuse activities
and upcoming developments would combine to make government
repositories uneconomical and would cause the developer to
put some of his own money into making certain components
reusable. 0One possible scenario would be the government
working reuse on a requirements and design basis, with

contractors working reuse on the levels below that., It is
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important to realize that a contractor will not be willing
to freely give sverything he develops, even with
compensation, because of the competitive advantage it may '
give him in future contract efforts. This is to be expected
in a free market environment, even though the defense market
is not a totally free snviraonment.

Further considerations in the contractual area concern
implementing incentives and not reinforcing negative
consequences., Incentives must be easily quantifiable and as
unambiguous as possible for ease in administration.
Incentives must also be designed so the govermnment is not
incentivizing the coding of components that are overly
generic, making them unusable, or components that will Find
very littls use'in other developments just For the sake of
getting a certain percentage of reuse in softuare
development, These two considerations confound an already
difficult problem, but must be taken into account if the Dol
desires a fruitful reuse program,

Anpther obstacle frequently identified are program
manager's incentives. The program manager must have some
component of his grading system take into account the
potential benefit of developing reusable components that are
wseful versus the additional schedule and cost of producing
those units, This is intertwined with the types of
contractual incentives that will eventually be decided on.
If the management reward structure is not treated in concert

with the contractor incentives, there will be very little

12l




~”

motivation for program managers to look beyond their ocwn
praogram for the good of all, further diluting any successful
attempts towards reuse.

Policies must also be changed to reflect a new emphasis
on reuse. It has long been recognized that the waterfall
life-cycle model is a barrier to implementing reuse, but
little has been done to Formally coq?one acceptable
substitutes. Again, this is an area that has already seen a
good amount of basic research; both STARS and the SEI have
viable alternative models. What is needed now is the focal
point that can pull this wark together and effect a change
to policies.

Quality metrics are another crucial element in
instantiating reusse, although they are not as frequently
mantioned due to other, overshadowing, obstacles. G@Quality
metrics nesed to be agreed upon by the community at large to
help reduce the not-invented-here syndrome. Until some
level of confidence can be obtained in components outside of
a company's resources, reuse will not cccur across programs.
This is already demonstrated in the current hesitancy to
reuse the components that exist in repositories today.
Again, this problem is not without sclution, The RAPID
program has some quality guidelines in existence as uwell as
a tool to automatically measure them. The SEI, as well as
some Service laboratories, have also worked on the matrics

issue. This work neseds to be tied together, a viable
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solution worked collaboratively, and then the solution
exported to all individuals to help gain commitment,

The final obstacls discussed, although this does not
represent an exhaustive list of obstacles, is that of
‘education. Current efforts reach too few people in tooc long
a time span to effectively incorporate reuse. A new
mechanism must be developed to train individuals, both
within and outside the Dol, on reuse. There are some
efforts already being accomplished through the SEI, RQPID,
and soon through some professional continuing education
programs at the Air Force Institute of Technology. This
instruction needs to be more widespread and coordinated to
insure that the word is getting out as rapidly as possible
and in a8 uniform manner. 0One possible method is to design
computer based instruction programs on the MERLIN system,
which is government owned, to teach more people about reuse.
A second possibility would be a serises of tutorials on reuse
stored as part of the download filss on a reuse bulletin
board. A third possibility would be composing teams within
each service that provide sducation to both their Service
and the companies they deal with by traveling to different
gites to hold seminars., Another posgibility is some
combination of the first thres possibilities, or something
altogether different. UWhatever is decided, something must
be done or persaonnel will not apply reuse effectively if

they do not understand how it works in the large scheme of

things.




Education needs to take into account a second
dimehsion, that of training personnel coming into the system
through college. Efforts must be made through organizations
like the ACM and IEEE to help establish college coursswork
that deals with reuss as an alternative development
methodology. This will help to speed the cultural change
necessary to make reuss more viable. Another method of
getting reuse into curriculums is to make teaching of reuse
a requirement in university rséearch contracts. This option
would be more palatable if the Dol were ahle to offer some
sample modules on rsuse instruction,

Other barriers will he identified in the proposed
analysis, and each must bhe dealt with in the same way.
Alternative solutions will need to be posed, and then the
decided upon action should be viewed in a cost-benefit
arsna. UWhile many proposed solut .zns may seem good
initially, it may be that they defy common sense, or end up
costing more than the derived benefit from implementing
them.

9. 0Once all of the obstacles have been identified, and
means to overcome them have been formulated, an action plan
coupling the two fFirst steps must be constructed and
commusicated s0 averybody understands the rules they are
working under. This lack of an action plan has thuwarted
reuse in the past, and will do so again if not proparly
addressed. This action plan should include measurable

milestones, and should provide a designated feedback cycle
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to insure that actions are being completed as desired, and
that other ohbhstacles that may come up are recognized and
. overcome.

10. Domain analyses are a key step that must be
performed either as part of the action planning process, or
immediately thereafter. Without domain analyses, it is
impossible to define where the high leverage arsas for reuse
exist; their lack can make repositories bottomless pits of
unused reusable code. The domain analyses should feed into
a growing standard taxonomy for libraries as well as some
architectural standards like the onss being developed by tha
Have Module program. This step will provide the necessary
framgwork to define how reusable components should interact,
and provide a basis for third party vendors to develap
products that can be competitive in the reuse marketplace.

11, The previous few steps defined the moving phase.
‘he final phase is refreezing., With refreszing comes
evaluation of the change process, the instantiation of a
different reward structure to facilitate reuss, and the
constant search for new methodologies to further ceuse.

The vision with the stated end goal developed in a
previous step identifies what operational megssures must be .
taken to ascertain the effectivaness of the change, It is
important to design these factors to be meaningful and as
inexpensive as possible. Once the assessment iy mads, batn
the successes and fFailures must be made available to the

*

community at large so everyons knouws the results.
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The reward structures initially attempted will have to

be reexamined in light of their effectiveness and

suitability. New reward structures that are facilitating of

reuse may be needed at this time to Further the reuse
efforts.,

Finally, a careful watch of technologies becoming
available must be continued to assess how they can best be
integrated into future changes to cortinue to make rsuss

mare viable.
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Appendix A: Structured Survey Ruestions

Below are the questions posed in the focused

intervieus. .

1. Do you feel that DoD had an adequate plan for
implementing software reuse as a standard practice when Ada
was introduced?

2. Did DoD work closely with industry in attempting to
implement software reuse?

3. Do you feel that DoD has worked closely with the various
services and program offices to implement software reuse?
Y. Do you feel that you are informed ahout the total
spectrum of reuse activities so you can benafit from others
experiesnces?

5. Do you feel that Dol has a Ficrm commitment to making

software reusability a standard practice?

6. Do you feel that the DoD has a vision as to where thay

wltimately want to be in terms of reuse?

7. Do you feel that DoD is sutcessfully incorporating
software reuse as an acquisition strategy?

8. Do you feel that reuse can bexcome a viable process in
DoD without a central focal point to coordinate activities?
9. What are the 3 maj)or barriers you see to software

reusability becominy e standard practice in the DobD?

187




"o

»”

e 10. Do you Fesi that the implementation of Ada as the
required higher order language for Dol should have been a
= sufficient action to institutionalize reuse as a standard R
practice?
11. wWhat do you feel that the Dol needs to do now to
institutionalize software resusability?
12. Would you mind having your name placed in the thesis as
a point of contact for reuse information?
13. Would you mind if you were quoted on your comments in.

the thesis?
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Appendix B: Personnel Contacted

Persons Contacted in Step One

-y 1. LtCol Randolph Adams is currently working at the
Department of the Air Force, AF/LEYYS. He was the point of
contact for the taskimg on the AFLC Reuse Plan, and uas a
;I : ‘é participant in the RAd Hoc Rsuse Strategy Group Meeting.

o Telephone (202> 697-5642, Autovon 227.

2. Julie Allen is employed by SAIC, and was one of tha
personnel working on tha Army Reuse Survey. Telephong (8132

670-B77¢&.

3. Dr Dennis Ahearn is employed by Westinghouwse Eleciric
Corporation, and is a member of JIAWG, Chairman of the
SIBAda REUSEWG, and is the tachnical lead For tha RaasSp

pragram, Telephang (301) 933-6234%.

4, Christing Andorson is employed by the Alr Force at Eglin

AFB, and was the formaer CRAMP Manager., 3he is curirently

managing tha Ada SX program to vpdate the Ada Language.

o Telephone (304) &82-3961, Autovon B878.
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5. Maj Rich Armour works at the Department of the Air Force
Software Management Group, HQ USAF/SCW, and is the focal
point for a draft AF Reuse Plan. Telephone (202) 885-5847,

Adutovon 225.

5. Phil Babel is employed by ARir Force, and is the
Aeronautical Systems Division Computer Resource Focal Point.

Telephone (5133} 255-3B56, Autovon 785.

7. James Baldo, Jr. is emplouyed by the Institute for Dsfense
An:lyses, and is working on the 5SDI0 reuse warking group,
the JIAWG, and was a participant in Ad Hoc Reuse Working

Group Meeting., Tslephone (7032 B824-5516.

B, {apt James Cardow is currently tsaching solf'tuware
maintenance in g preofessional continuing education course at
the Alr Foree Institute of Technology, s8s well as being the
individual who drafted the AFLC Software Reuse Plan., His

telephong number was not available at this writing,

g, Jim Evans is smployed by the Air Force at Wreight-
Paittarson AFB, A50/YWBE, and is the lead snginesr on tha

" Kave Module progeas,. | Talephona (513 25%5-7184, Autovon 785,

10. Lt Ri&hard Gross works in the Seoretary of the Ailrc

Force organization, SAF/ARXA, and was the organizer and
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chairman of the Ad Hoc Reuse Working Group Mesting.

Telephone (202) B87-6513, Autovon 227.

11, Beverly Kitacka is employsd by SAIC, and is the Program
Manager {or the SAIC STARS Program, Division Manager for the
Ada Software Division of SAIC, and Chairman of SAIC’s Reuse

Working Group. Telephone (B13) 378-3797.

12. Col Caspar Klucas works in the Mesadquarters Air Force '
Systems Command Software Group, HQ@ AFSC/ENR. Telesphone

(301> 8B81-5731 Autovon 858.

13. LtCol Robert Lyomns is the Computer Resources Manager on
the ATF Program, and a member of the JIAWG. Telesphons (513D

255-1418, Autovon 78%5.

14, John Walker works in the AJPD Ada Information

Clgaringhouse. Telaephone (703) 68685-1477,
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Persons Contacted in Step Two

1. Capt Rebecca Abraham is currently the Head of the
Computer Resources Branch in the Flight Dynamics Laboratory
at Wright-Patterson AFB, and was a participant in the Ad Hoc
Reuse Warking Megeting. Telephone t5133,255mé751, Autovon
785. B

2. LtCol Randolph Adams is currantig working at the
Department of the Air Force, AF/LEYYS. Ha.was the point of
contact for the tasking on the AFLL Reuse Plén, and was a
participant in the Ad Hoc Reuss Strateég'ﬁraup Meeting.

Telephone (202) 637-5642, Autovon 227.

3. MaJ Rich Armour works at thﬁ'Dspértment of tha ﬂib Forse
Software Management Group, HQ USAF/SCW,.and is the Focal
point For a draft a' Reuse Plan. Telephone (202) B95-5847,

" Autovan 225,

4, James Baldo, Jr, is employed by the Institute Fnr“nefanse'f
Analyses, and is working on the SDIO reuse working giroup,
the JIAWG, and was a participant in Ad Hoc’Rause Uorking T N

& - Group Meeting. Telephone (703) B8a24-55186.

5. William Bercaw is currently the Deputy Manager For STARS.

Talephone (703) &843-865%.
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E. Christine Braun is smplaoyed by the Contel Technalogy
Center, and is the Chairman of the SIGAda Development
Methods Committes, as well as in charge of Contel’s
corporate reuse program. Telephone (7033 B81B-4475.

7. Berald Brown is employed by the Department of the Army,
and is the reuse manager for CECOM/AMC, as well as being a
participant in the Ad Hoc Reuse Working Group Meeting.

Telephone Autovon 832-2568.

B. Capt James Cardow is currently teaching software
maintenance in a professional continuing education course at
the Air Force Institute of Technology, as well as heing the
individual who drafted the AFLC Software Reuse Plan. His

telephone number was not available at this writing.

9. LtCopl Bill Cato works at Headquarters Air Force in the
Software Policy UOFFfice, and was a participant in the Ad Hoc
Yause Working Group Meeting. Telephone (202) 695-893934,

Autovon ces.

10. lLes DuPaix works for the Air Force AF Software

“Yechnology Support Center at Hill AFB, and was a participant

in the Ad Hoc Reuse Working Group Meeting. Telephone

7 Autovon 45E~B045.

133




”

11. Lt John Glen is the Program Manager for the EWHOL
Program at Wright-Patterson AFB., Telephone (513) 255-4322,

Autovan 785,

12. Alex Grindlay works for the Department of the Navy in
the SPAWAR office and was a participant in the Ad Hoc Reuse

Working Group Meeting. Telephone (208> B02-3967.

13, LtCol Richard Gross works in the Secretary of the Air
Force organization, SAF/ANXA, and was the organizer and
chairman of the Ad Hoc Reuse Working Group Mesting.

Telephaone (2023 637-6513, Autovon 227.

14. Harley Ham works for the Department of the Navy and is
the Chairman of the JIAWG Reuse Working Group. Telephone
(3173 351-4457.

15, Robert Holibaugh is a member of the technical staff at
the SEI, and is a member of the JIAWG, a participant in thae
Ad Hoc Reuse Working Broup Meeting, as well as consulting on

reuse and domain amalyses. Telephong (412) 268-6750,

16. Capt Rick Holbert works at the Headquarters Air Force
Systems Command Software OFFice, HQ AFSC/ENR, as a reuse

focal point. Telephone (301) SB1-5734, Autovon B58.
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17, Richard I1liff works in the SDI0 coffice, and was a
participant in the Ad Hoc Reuse Working Group. Telephone

(2023 683-1531, Autovon 223.

18. Beverly Kitacka is employed by SAIC, and is the Program
Manager for the SAIC STARS Program, Division Manager for the
Ada Software Division of SAIC, and Chairman of SAIC’s Reuss

Warking Group. Telephone (B13) 37B-3797.

19. Bruce Lewis works for the Uepartment of the Army in
Acquisition and Development in the Army Missile Command, and
was & participant in the Ad Hoc Reuse Working Group Meeting.

Telephone Autpvon 746-04B1.

20, May Ed Liebhardt works in the AJPO, was the US
Representative to a NATD Reuse Working Group Meeting, and
was a participant in the Ad Hoc Reuse Working Group Meeting.

Telephone (202) BS4-0808, Autovon 4.

2l, Jim Lund works for the Department of the Air Force, is
currently the CAMP Program Manager, and was a participant in
the Ad Hoc Reuse Working Group Mesting., Telaephong (304)
8682-2361, Autovon B872.

22, LtCol Erik 6 Mettala is the Deputy Director for
DARPA/ISTO and the marmeger of the DSSA effort. Telephone

(202) B6394-5037
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23, LtCol John Morrison at the National Test Facility for

SDI0 in Colorado. Telephone (719) 3B0-3267.

24. Teri Payton works for the Unisys Corporation on System
Architecture for the Unisys STARS Program. Telephone (703)

620-7770.

25. Or Raghu Singh is the Senior Manager for Computer
Software and Security for the Department of Navy MCCR.

Telephone (202) B602-818B, Autaovon 332.

26. Martin Owens works for the Corporation Mitre, is working
‘on ESD reuse policy, and participated in the Ad Hoc Rseuse

Working Group Meeting. Telephons (617) 271-5174.

27. Capt Bill Watson is instructing a professional
continuing education course covering reuse at the Air Force
Institute of Technology. His telephone number was

unavallable as of this writing.

£8. Bill Wilder works for the Department of the Navy, and is
tha Program Manager for ALS/N. Telephong (208) B802-8204,

.

Autovon 33¢.

29, James Williamson works for the Department of the Air
Force, and is the Program Manager For RAASP., Telephone

(513) 255-6548, Autovon 785,
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Appendix C: Survey Question Number 11 Responses

Below are the reponses to question eleven of the
survey, which is ,"What do you feel that the DoD neeﬁs to do
now to institutionalize software reusabhility?”. The
reponses are npt transcr;bed verbatim, but the major
thoughts that esach respondent had are accurately
represented. The responses are listed in no particular
order to insure arncnymity.

1. Educate program managers and technical people,
provide funding for reuse activities, get repositories up
and running,

2. We need a policy to be implemented and pushed. UWe
need contractor incentives,

3. We need to come to agreement on an action plan that
includes incentives, data rights, and legal issuss. We nead
a structure for repositories or libraries, terminology,
source selection incentives, award fes incentives, training
and education, fostering reuse, and a marketplace.

‘4. Reuse is advocated in the DoD Software Master Plan;
officially set up a reuse office headed by a champion.

5. Sponsor as many consortiums as possible on reuse,
and choose some projects to perform a domain analysis on.,

6. Get a handle on what reuse is and the goals For
reuse, and then provide funding for consortiums and domain

analyses.
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7, Get a facility that can be accessed by developers
using a standard taxonomy. Develop code with sufficient
metrics and tecols for the user to examine. Fix the legal
problems and modify the work breakdown structure to get more
and better information on softuware costs.

8. Focus on where the rescurces are bheing spent the
most, look at common functions, perform domain analyses, and

work on reuse components with upgrades.

8. We need an OPR to push like they did with Ada,

provide technological support, and fight the acquisition
battle,

10. Incorporate reuse from the beginning on nsw
projacts, incorporate into retrofits.

11. I'm not sure there is anything they can do, we must
instill the benefits into carporations.,

12. Effectively work the Ada mandate; improve software
gngineering in both the contractor and government; obtain
good components that are reliable and enhanceable; work the
library and legal problems.

13. Completsly change the mindset of system
acquisition; we need a policy saying that you will reuse
sof tware and make rsusable components.

14, Develop policy like DOD-STD-21674; government
program managers should take stock of existing softuware;
policy should be high lavel and not mandated.

15, Understand that Ada isn’t enough and put more

emphasis on software engineering.
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16, Figure out ways to answer issues., If these kinds
of issues [incentives, data rights, liabilityl are addressed
on a consensus basis with industry, reuse will start to |
happen.

17. Need to create a central repository on a pilot
basis with official backing, Funding, and staff; then gset
the word out. Make reuse a standard operatiocnal policy.
Maybe have a distributed repository until the gap is fFillsed
by a market mechanism.

18. Support underlying technologies and domain specific
application technology; develop incentives for reuse;
overcome bharriers.

19. Review acquisition policies; provide incentives;
gstablish generic architectures and on-line repositories,

20. Shoot the lawyers, agree on liabilities, and
provide incentives.

21. Change the acquisition process and continue to
encnurage domain specific repositories.

22. The Dol person in charge of software acquisition
and the comptroller need to coms together,

23, Find solutions to data rights, liability, and
incentives., Prime the pump with incentives. Naed to
institutionalize with incentives to develop. If incentives
are adequate, reuse should happen., R plan is necessary to
coordinate salf-interests. Air Force needs to strip away

barriers and incentivize.
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2%. We need a central focal point to push reuse,
mandate Ada, and develop incentives to write and use
reusable softwars.

€5. Keep funding our program as one step towards doing
that. Establish an advocate, develop a plan similar to the
one we have, and start marketing. If that can be sold,
other technologies will cpntinue to evolve and can be
applied later.

cB6. Good start with new programs; get irhibitors behind

them.

27. Work out legal issuss preveriting reuss; find ways

to reimburse and subsidiie industry.

eB8. I cringe at the statement of the question due to
visions of some general writing policy to mandate something
he doesn't understand. Educate managers and engingers that
put contracts together to insure reuse is incentivized.
Continue the emphasis or reuse during the development
process. People use the sledgehammer approach in wanting to
give money For each reuse, This may backfire by increasing
functionality in a module to & degree that would make it
warthless for a single application. We need to work both
the supply and demand issues. The supply side is through
licensing components with somg type of royalty fee. UWe must
write in dncentives to sava money on the demand side; this
is difficult to do.

£23. We need to get through the Dol Software Master Plan

and put incentives in place. UWe nesd to clearly articglata




reuse as a requirement in contracts. Have programs come to
SERCI the DSARC process with hoth software and hardware designs to

obtain early exposure tc reuse to gain maximum benefit.
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DARPA initiatives, have indicated a xenewed interest in DoD to implement an effective
software rRuse program. Although this goal was attempted previously, it met with
pooy results., Three possible explapations of why reuse has not hecome a viable
practice lu lhe Dol were posited., The firxst explanation was that reuse in the DoD
failed bocause there was no single higher oxrder language; the sscond explanation was
that veuse falled solely because of the barziers inhibiting it; and the hypothesized
explanation was that reuse falled bacause DobD Q44 not follow an adequate change
strateqy based on & change model fram organigational design literature. The
literature was sxamined in light of the three possible explanations, ard a telephone
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