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This document proposes a strategy:for the Software Technology:
for Adaptable, Reliable Systems (STARS) program to improve our abil-
ity:to exploit the advantages of computer techmology: The original
version was prepared at the direction of Dr., Edith Martin, Deputy:
Under Secretary:of Defense for Research and Engineering (Research and
Advanced Technology) and published 1 October 198. This revised and
expanded version was produced by:the STARS Joint Task Force based ob
Service and Agency:comments on the earlier version and a variety:of
public comment, including those growing out of discussions at a pub-
lic workshop. Details of the STARS Jeint Task Force activities are
summarized in the STARS Joint Task Force Report.

et e

The STARS Program Strategy:contains several levels of detail.
The Executive Summary: provides an overview of STARS. The body
develops the rationale and guiding principles, explaining the motiva-
tion for the goal, supporting objectives, implementation approach,
and organizational mechanisms. Supporting documents provide addi-
tional detail. The Appendices to the 1 October 198 Strategy for a
DoD Software Initiative provide supporting detail of an historic
nature and remain unchanged. STARS Functional Task Area Strategies
detail the tasks, ordered according to the eight categories outlined
in Section 4) which could lead to successful improvement. The STARS
Implementation Approach provides details of the initial implementa-
tion planning and forms the basis for a program plan. The A Candi-

date Strategy:for the Softwgre Engineering Instjtute provides details
for further planning of the Imstitute,
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The U.S. has lost its lead in many:of the mature technologies
upor which our industrial base and military:power were built. The
threat of a similar strategic loss now faces the electromics, com-
puter, and software industries., This must not be allowed to happen
because we depend so heavily.on computers in our mission critical
military. systems. Aggressive action is needed, now, if we are to
maintain our military:supremacy:through the use of computer technol-
ogy .

This document describes a management strategy: and an initial
approach for a DoD~wide Software Technology:for Adaptable, Reliable
Systems (STARS) Program to improve our ability:to exploit the advan-
tages of computer technology. through software. The program will
improve the state of practice in the acquisition, management,
development, and support of computer software for military.systems.
It establishes overall objectives, provides an approach for achieving
‘the objectives, and identifies the management structure necessary:to
develop a program plan. Since this approach will require cooperation
among DoD elements, industry, snd academia, it must be refined con-
tinually: through extensive coordination within DoD and the computing
community:

Virtually:every:system in the current and planned military:
inventory: makes extensive use of computer technology. Computers
embedded in mission critical military:systems are integral to our
strategic and tactical capasbilities. They:control the targeting and
flight of missiles, they:coordinate and control the sophisticated
systems within high performance aircraft, they:are at the heart of
car~ier battle group defense, and they:integrate the complex activi-
ties of battlefield command. The military:power of the United States
is inextricab.y:tied to the programmable digital computer.

Software is the essential element that controls, even defines,
the system. Software is the embodiment of system "intelligence." In
addition, it provides the tlexibility:to respond to changing threats,
needs, and requirements. Despite the capability: it provides,
software poses a host of difficulties that hinder realization of the
full advantage. Development and support of software for major mili-
tary:systems is one of the most complex human endeavors, often
requiring hundreds of people for five or more years at costs exceed-
ing $100M (e.g., the B+1, E-3A, Aegis, Safeguard systems).
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The term "software" denotes more than a collection of computer
instructions. It includes other descriptions: requirements defini-
tions, designs, test programs, and plans, documentation, training
materials, etc. The process of software development imvolves resolu-
tion of systems issues for which there is an inadequate body: of
accepted practice and little supporting theory. Reflecting the state
of practice in industry:and the immaturity:of the underlying technol-~
ogy: base, the state of software practice in the DoD community ranges
from a reasonably:effective, disciplined approach in a few systems to
near chaos in others.

The demand for software is escalating rapidly. Software 1is
often on the system critical path, often late and over budget--the
costs for software sometimes even dominate the project cost. To com-
pound the situation, the supply:of trained professionals is inade-
quate. Both curremt and projected demand far outstrip supply.
Unless action is taken, now, the incressing demand for software in
mission critical military:systems may:not be met in the near future.

For several years, experts in the field have been suggesting
that DoD should do something about "the software problem." Among oth-
ers, six Defense Science Bbard studies have recommended DoD action,
But the extensive advise is not all consistent. There is na single
formulation of "the problem" and therefore no single unifying slogan;
rather there are many:problems implying that progress is needed in
many : areas,

DoD has not ignored the software-related problems. The Science
and Technology Program supports a variety:of efforts to develop the
appropriate techmologies. Bat these efforts are not sufficient to

yield the needed results quickly. They:do not have the necessary:

high-level attention and coordination required for such an important
and critical area. There is no current DoD~wide get-well plan. For
too long, software-related activities have lost out in the competi-~
tion for resources, because managers have not understood how improved
software would help to build better planes, missiles, ships, or
tanks. The STARS program will provide a sharp increase in focus and
support to breathe new life into the software and systems part of the
Science and Technology:Program.

Since the need is to exploit techmology; it is clear that a
cooperative effort among all DoD research activities must be coordi-
nated. We must work closely:with the industry:and academic computing
community:to develop the technology:to both increase productivity:and
improve software quality. But it is not sufficient to develop
improved technology:. The technology:must be used.

ix
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The goal is to improve software productivity: while achieving
greater system reliability:and sdaptability., 1In addition to comnduct-
ing research to improve the state of the art, we need to develop more
powerful, reliable, and adaptable systems through software develop-
ment and support that is more responsive, predictable and cost effec-
tive. In the face of increasing demand for more software and the
shortage of people with appropriate skills, the challenge is to
advance the technology: base and to adopt practices facilitating
widespread use of the technology.

The program will focus om improving the enviromment in which
software is developed and evolves, as a means to improving the state
of practice, A simple but useful view of the envirorment is that of
people using tools to accomplish a mission., The people play:many:
roles including management, acquisition, requirements analysis,
design, coding and support. Depending on their role, they:use a
variety:of tools including comtracts, incentives, schedules, budgets,
or technical tools such as program languages, compilers, and operat-
ing systems. The enviromment includes all of these influences sur-
rounding software development and support.

The technology:and supporting management practices are available
now to improve the current enviromment. One conservative estimate
suggests that DoD can improve productivity:by:a factor of four by:
1000 wcing exmizting tazhrigques, Crdaz=of-zzgnitude productivity
improvements may:.be realized through development and adoption of
advanced techniques. However, based on estimates of DoD software
costs by: 1990, even the more conservative factor for improvement
would produce a multi-billion dollar return on investment.

The initiative”s objectives were established to improve the
state of practice through inprqvinz the enviromment. They:are:

0 Improve the personnel resource by:
- increasing the level of expertise,
- expanding the base of expertise available to DoD;
o Improve the power of tools by:
- improving project management tools, s
= improving spplication-independent technical tools,

- improv’  applicationspecific tools; Voo
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o Increase the use of tools by:
- improving business practices,
- improving usability,
- increasing the level of integration,
- increasing the level of ;utomation.

Tasks have been identified which would meet each objective.
They. indicate a direction and establish a baseline for evolving a
detailed plan, -Coordination is needed among many: DoD organizations
to prioritize and develop this program plan.

The STARS strategy is to establish the funding impetus and the
organizational incentives to ccordinate improvement in the state of
software practice in the DoD community.through the planned evolution
of a substantially:.improved software envirorment. The strategy will
exploit the current technology:base, build on existing DoD efforts,
and coordinate the collected talents and expertise of many:DoD organ-
izations. The initiative is adopting an evolutionary: strategy;
although pursuing some revolutionary:techniques, with the assumption
that DARPA will pursue a complementary:strategy:to investigate new,
revolutionary: sof tware paradigms that might produce dramatic improve-
ments. This will provide DoD with a balanced overall approach.

The STARS program will undertake the task of improving the
envirooment through evolutionary:stages, beginning in FY84. Multiple
contracts will be funded to wuse existing technology: to construct
application-specific, methodology: driven automated support environ
ments based on a common generic core, and demonstrate them on DoD
mission critical system brassboards.

The basis for this strategy:is already:under way: The Ada* Pro-
gram includes projects to develop Ada Programming Support Eaviron-
ments (APSE), Ada-based education and training, and a an initial
requirements document for methodologies (Methodman). The Ada Program
has established both the sociological and technological basis for
sharing tools, It will be a cornerstone for this initiative. With
Ada serving as a focus during the early:stages, the STARS Program is
responsive to recent Congressional direction to accelerate adoption
of Ada.

*Ada is a trademark of the M:partment of Defense.
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The program will have a vertical management structure., A Joint
Program Office will be established under the DUSD (R&AT) with
representatives assigned from each of the Services, Each Service
will also establish an office with responsibility:for STARS activi-
ties. A DoD componment will be identified to lead each critical
technical area with overall responsibility - to plan, execute, and
coordinate contracts for assigned portions of the program. It 1is
expected and encouraged that more than one service will participate
in the planning and execution of each c¢ritical technical area. In
addition, STARS will entertain proposals submitted through DoD pro-
gram managers for development of tools that will directly: improve an
existing DoD project’s enviromment, consistent with the DoD Indus-
trial Modernization Incentives Program.

A Software Engineering Institute will be established to bridge
the gap between R&D activities that experiment with new techniques in
a constrained domain and exploitation of those techniques on real
systems. The Institute will maintain a state-of-the-art software
enviromment testbed. It will evaluate new techniques, integrate
promising elements into the envirooment, demonstrate the effective-
ness of the enviromment on DoD zpplications, develop and implement
Systems Interface Standards, assist in its introduction and use, and
provide appropriate training. The Institute will be composed of both
a permanent and a visiting staff drawn from the DoD, industry, and
academic communities,

The STARS program complements the current software and systems
activities supported by:the Science and Technology:Program., It will
provide increased funding and emphasis on software for seven years.
The budget for STARS will be provided via an Army:Program Element as
identified in an FY84!'Program Decision Memorandum for the Department
of the Army: dated 11 August 198, Allocation of these funds to
designated DoD organizations to execute the objectives will be the
responsibility:of the STARS Joint Program Office. Béginning in FY88,
the programmed funds will be reprogrammed into the individual service
budgets,

The STARS Program is intended to move DoD toward resolution of
problems in exploiting computer technology, just as the VHSIC program
is moving DoD towards resolving hardware constraints in an increas-
ingly: electronics~dependent defense strategy. STARS will not soive
all software problems any:more than VESIC will solve all hardware
problems, Together, the STARS and VESIC programs offer a coherent
and balanced strategy:to maintain world leadership in computer system
technology. Extensive coordination among these programs will provide
for maximum symergy:and bepefit to DoD.

xii

T T T T R PR AR U W VA P D DL TP OV UL W P UL Wt I Y WU VoAl T Yo W




'O e ghu s peag il el SR SN R pal vl i RS AL S SHA SME AL S AR

The STARS payoff potential is emormous, With current annual DoD
embedded computer software costs estimated at $5+6 billion and $32

billion predicted by: 1990, even a modest twofold productivity.

improvement would yield a payoff factor of over 200 on the invest~
ment. Reliability:and adaptability: will also be improved. Most
importantly, operational forces will gain the more effective software
support that they:need to fulfill their future missionms.

xiii
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1.0 INTRODUCTION

Several recent studies have recommended that
effort

DoD undertake a
significant to improve the state of practice in the acquisi-
tion, management, development, and support of computer software for

military: systems. This document proposes a strategy for a Software
(STARS). It

issues which mnust be

Technology .program for Adaptable, Reliable Systems

establishes overall objectives, identifies
resolved with respect to the objectives, and discusses a recommended

implementation approach.

Computer software is an essential component of military:systems.,
Indeed,

tem functionality.

software increasingly:establishes and comntrols military:sys-

However, software is a two~edged sword: it can
also make our future military systems fail in ways that could be
disastrous for our Natiomal security: Such critical failures are a
strong possibility, because software engineering is still an immature
field.

understood, but others are still beset with problems.

Some current software capabilities are powerful and well

This situation is not just due to an inadequate technology:base;
it may:also be caused by:and is certainly:exacerbated by.inappropri-
ate acquisition and management practices and an

increasing shortage

of expertise. Although DoD has activities under way:to rectify.some
of these problems, an aggressive, coordinated, DoD-wide program hav-
is needed. This need is under-

ing bhigh-level management support

scored by:a recent Joint Service Task Force, several Defemse Science
Bbard and Independent Review Committee Studies, and the realization
essential for

that leadership in this field is continued military:

supremacy: and, perhaps, even world economic leadership.

1.1 Software is an Essential Component of Military Systems

Virtually: every:system in the current and planned inventory:

makes extensive use of computer technology. Computers are integral °
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to our strategic and tactical capabilities: they:control the target-
ing and flight of missiles; they coordinate and control the sophisti-
cated systems withia high performance aircraft; they are at the heart
of the defense of carrier battle groups; and they integrate the com-
plex activities of battlefield command. The military: power of the
United States is inextricably:tied to the programmable digital com-
puter.

Over the past twenty-five years, the computer has evolved from a
minor role in military: systems to one of major importance, This
trend has been accelerated in recent years by: the microelectronic
technology: revolution that has dramatically. improved the
cost /performance ratio of computers. This amazing improvement in
cost /performance, coupled with the reduction in hardware size,
weight, and power constraints, has made it possible to use computers
in military:systems applications in ways not contemplated only . a few
years ago. Consequently, the demand for embedded computers has

dramatically: increased., This cost/performance improvement has been

so great that embedded computer systems (ECS). are now the primary:

means of introducing new capabilities and sophistication into our

military:systems with minimum hardware impact.

Software has gradually:become the dominant factor in embedded
computer systems. Typically, ECS software has real-time constraints,
performing both a component control function and an integration func-
tion such as inter-component communication or control. In early uses
of ECS, the system”s functional capability:was embodied 1largely: in
the electronics (e.g., semsors, control devices), with software per-
forming specialized or ancillary:functions. Now the utility: of the
digital system has reached the point where it controls not omnly:the
central function of devices but also inter-system communications;
software has shifted from am incidental role to ome of system func-
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tional definition, with electronics providing the means for executing
these functions.,

The term "software' denotes more than a collection of computer
programs. It also includes requirements definitions, designs, test
programs and plans, documentation, testing materials, maintenance
instructions, etc, Today it 1is necessary to understand the func~
tionality; limitations, and reliability:of the software that runs the
system in order to fully understand system capabilities and opera-
tion, This evolution has been accompanied by: a shift in relative
project costs, so that today the ratio of software costs to hardware

costs has increased greatly.

A principal reason for the increasing reliance om software is
that, when a modification is required, software changes are easier
and less costly:to make than physical system changes. Potentially, a
function embodied in software may be modified, to improve a capabil-
ity:or to meet new threats, more quickly:and less expensively: than
the comparable function embodied in hardware. The Air Force experi-
ence with the F-1111 program illustrates this point., Similar avion
ics capabilities were implemented in analog electronic hardware on
the F~111 A/E and in software on the F-111 D/F. A number of changes
were tracked through both systems. The savings in dollars and
deployment lead-time in the digital F-111 D/F are striking. Hardware
changes cost fifty:times as much as software changes and took three

times as long to make.

Another well-documented exsmple of the benefits of a software

change not requiring a physical change to the hardware was the repro-

1§§§ Software Management and Support After sxstem Deployment, May
1977.

2"Technology: Creep and the Arms Race: ICBM Problem a Sleeper,” Sci-
ence, Vol 201, 22 September 1978, p 1103.




gramming of the Minuteman III missile.2 By modifying the software
vithout expensive physical change, the systems engineers were able to
improve the accuracy:as measured by:the system”s circular error pro-
bability (CEP). The software modification was designed and imple-
mented for all 530 Minuteman III missiles for omnly: $4! milliom, a

fraction of what the corresponding physical modification might cost.

The Minuteman III missile example illustrates an important
economic feature of software. The cost and time required to design a
software change is comparable to the cost and time to design a
hardware change, since both are human-intensive, intellectual tasks
of comparable complexity. But the cost and time needed to implement
these changes favor software by:orders of magnitude, particularly:

when the change is replicated in many:systems.

1.2 There are Difficulties in Exploiting Advantages of Software

Although computers offer important opportunities, a host of
software related difficulties hinder the full azploitation =£ thi:
technology. Many:of these difficulties have been studied indepen-
dently, but there is an intuitive consensus that DoD should take
positive action to address the acknowledged but ambiguous "problem."
A Joint Service Task Force chartered to define and articulate the
problem concluded that there is no single problem. Rather, there are
many: difficulties, including inadequate techmology, inappropriate
acquisition and management practices, and a serious shortage of
skilled people.

Development and support of software for major military: systems
is one of the most complex human endeavors, often requiring hundreds
of people for five or more years at costs exceéeding $100M (e.g., B=
1B, E-3A, Aegis, Safeguard systems). These projects require the
resolution of complex systems issues using techniques and management
approaches that are poorly defined and not well understood. There is °

3 CVL W G S
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an inadequate body:of accepted practice and little supporting theory.
Reflecting the state of practice in the industry:and the immaturity
of the underlying technology:base, the state of practice im the DoD
community:ranges from a reasonably:effective, disciplined approach in
a fewv systems to near chaos in others.

As a result of the inconsistency: in management practices and
supporting‘technology; program managers have relied on prime and sup-
port contractors and have individually: sponsored development of
software management techniques and support systems. A variety:of

project-specific support facilities have been developed and now must
be maintained,

Costs for software are escalating rapidly, sometimes dominating
project cost. More often, although software is not the dominant
cost, it is the pacing item which, if not complete, either delays the
system or reduces its functionality, Bécause software is on the
critical path and provides essential capabilities, evem control, it

is a high leverage component of a system. Cost escalation is not

only:a reflection of increased need and the inability: to accurately:

predict software costs, it is also a symptom of inappropriate
acquilitioﬁ and management practices. Many: managers and technical
personnel have not yet realized the increased importance of software
and do not recognize it as critical until much too late in the system
development life-cycle.

The increased cost is sometimes just the visible effect of a
more basic difficulty: poorly:defined or changing requirements. This
basic difficulty:often leads to other effects, such as complaints
from the user community that the software does not satisfy.their
operational needs. In extreme cases, systems have been abandoned
after delivery: because they are inappropriate to users’ operational
needs. Other difficulties stem from the need for ultra-high relia-
bility and the need to perform advanced sophisticated applicationms.
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Reliability:is essential to DoD because of the criticality: of the

_; missions involved and the inherent dependence of human life on
'E correct system performance.
l. The software generation and support situation is exacerbated by.

a shortage of trained goftware professionals; current and projected
demand far outstrips supply:. The current U.S. gap between demand and
supply:is measured in terms of 50,000-100,000 software professionals,
and if pothing is dome, this gap will grow to 860,000-1,000,000
software professionals by:19903-43(see Figure 1-1). The Amy, Navy,
and Air Force are all experiencing shortfalls; they:independently
predict these deficiencies will become critical in the late 19807s.
As & result, the increasing demand for software in military systems

may:not be met in the near future.

Since the difficulties are often techmical, it is natural to
look to the technical community for solutions. Important contribu-
tions have been, and continue to be, made by: DoD-supported and
independent research, But current support for development of
software technology:is inadequate. Much of the work is specific to
an application or project, not well coordinated, and generally:
unfocused. Software projects must compete for resources with other
critical technology: areas. Despite the dedication of the DoD
research community; software research support has been inconsistent
and inadequate, because senior management has not fully:realized how
improved software techniques would help to build better tanks,
planes, ships, and missiles. Even when the technology:is available,
it is often inaccessible because of poor business practices. Recog-
nizing that not all the difficulties are technological, STARS will

3,Barry:W. Boehm, "Keeping a Lid on Software Costs," Computer World,
January:28, 198,

by, Pfister, Jr., Data Processing Technology and Economics, Digit;i )
Press, Bedford, Mass. 1979.
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apply: significant resources to modermizing procurement practices for
software, providing tools for managers, and for training DoD and

industry:people involved in the software process.

This summary:of the difficulties encountered in exploiting the
advantages of software only: partially: illustrates the problems
recently:described by:the Joint Service Task Force on Software Prob-
lems. Their report 5! contains an extensive appendix detailing
specific difficulties experienced in each of these areas. A corro-

borating view of the problems from an acquisition perspective was
prepared by:the Software Acquisition and Development Working Group.g

1.3 DoD Should Initiate an Aggressive Improvement Strategy

Since software has such a profound effect omn the military: mis-
sion, DoD should take immediate, positive action to improve its abil-
ity:to exploit the full advantage of computer technology:. Manmy: com~
pelling indications suggest that DoD should begin the initiative now.

1.3.1 Investment Pavoff Potential is High

Estimates of DoD expenditure for software vary, but the annual
cost is measured in billions of dollars. For example, the Electron-
ics Industries Association estimated the annual cost of embedded com-
puter software at $5-6B'in 1982, and predicted that it could reach
$32B" by: 19907 (see Figure 1-2).

5Report of the DoD Joint Service Task Force on Software Problems,
prepared for the Deputy Under Secretary:of Defense for Research and
Advanced Technology; July:198.

Gzina; Report of the Software Acquisition and Development Working
Group, Prepared for the Assistant Secretary:of Defense for Communica-
tions, Command, Coutrol and Intelligence, July:1980.

7222 Digital Data Processing Study - A Ten-Year Forecast, Electronic
Industries Association, Govermment Division, October 1980,
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These estimates indicate that software costs are substantial;
they: predict a continued increase in computer utilization consistent
with NASA8 Air Force? and Navy;lo experience as shown in Figures 1-3,
l-4'and 1-5. Given the advantages of using computers in military
systems, such increased use should be encouraged. The potential cost
increases offer considerable leverage for technical and managerial
initiatives and underscore the need for DoD-wide, high-level manage-
ment attention. Even a relatively:modest improvement im productivity
would yield substantial cost avoidance. Although the primary:motiva-
tion for the STARS programs is based on the software in embedded sys-
tems, some of the technology; business practices, training, etc.,
developed will be potentially:applicable to nom-embedded DoD comput-

ers.

1.3.2 Maintaining U.S. Leadership is Essential

The United States has made a strategic decision to rely: on a
relatively: small number of highly:reliable and accurate weapon sys-
tems, Mr. H. Mark Gtove, Assistant Deputy: Under Secretary: for
Research and Advanced Technology, pointed out in his 198 posture
statement to the Congress that the U.S. cannot afford to alter this
strategy:and try:to match enormous Soviet defense expenditures. With
increased use of computers in military:systems, the balance of power
depends on software and systems technology: It is essential that the
U.S. maintain leadership in this technology:to support its amnounced
strategic posture, .

snhrry:w. Bdehm, Software Engineering Economics, Premtice Hall, 1981.

9D. A. Herrelko and D. Denton, "Software Standardization and MIL-

10
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= STD-1750", NAECON Proceedings, 1980.
jjj 10courtesy:of the Grumman Corporationm.
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Software and systems technology:is not only critical to the U.S.
for defense leadership, but also for our economic survival 11, 12 1t
has been predicted that a major technology:surge will occur in this
decade.l3 Ample evidence indicates that computer technology. will be
at the forefront of that surge, and will become a substantial percen—
tage of the GNP. This is only.one of many:indicators supporting the
idea that leadership in software technology may.determine our future

economic position.

The United States is generally:considered to hold a position of
leadership in computer technology12»13, but this lead can vanish
quickly: It will be substantially more expensive to recover the lead
if it is lost!! than to invest now in maintaining our current tech~
nology:lead. The lead in computer technology: requires not only a
strong hardware base, but also the complementary:software and systems
technology:to exploit the hardware. To maintain the 1lead in these
technologies--and, by: implication, military: supremacy--the United
States must assure the continued vitality:of its research base and

upgrade its industrial production base.

Our lead in computer technology:appears to be in jeopardy: At
least three countries have announced national initiatives to capture
world 1leadership in computer technology: with strong focus on
software. Appendix V. to the ] October 198 Strategy for a DoD

Software Initiative provides further details.

11,1ewis M. Btanscomb, "Bringing Computing to People," IEEE Computer,
July: 1982,

12ponaid D. Glower, "The Econot.ics of Technoldgy;" News in Engineer-
ing, May:1982.

13p1an K. Graham, "Software Design: Btreaking the Béttleneck," LIEEE
Spectrum, March 198, '

+
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a. The Japanese goveroment, as a matter of economic policy; 1is

actively: promoting the development of knowledge-intensive
hER industries. A specific objective of the Japanese in the
L 1980°s is to "leapfrog" U.S. computer technology:and become
the world”s leading supplier of advanced computing systems.
Following two years of study:and research, the Japanese have
initiated a program they: believe will result in "Fifth-
Géneration Computer Systems”" by 1990. A major aspect of
this initiative is the conmcern for software.i%.

b. The French have established a world center for computer sci-
ence and human resources. The mission of this center is to
unite the social sciences with computer technologies to
forestall problems stemming from automation., The individu-
als chosen to head this center include .leading world scien~
tists (several of whom are from the U.S.), a nobel prize
winner, and several cabinet ministers.l5

c¢. Great Britain is creasting a software technology:research and
development program from two independent efforts. One,
sponsored by.the Science and Engineering Research Council,
is entertaining proposals from universities to undertake a
technically: focused effort in software technology: research,
The other, sponsored by:the Ministry:of Defemnse, is focusing
on the development of tools and integrated, autcmated
enviromments, 16,

1.3.3 The Defense Science Bdard Recommended Action

At least s8ix Defense Science Bbdard Task Forces and USDRE
Independent Review Committees, plus the Air Force Scientific Advisory
Bdard have recently:reinforced and emphasized the need for extensive,

specific, and coordinated DoD-sponsored software activities.

14*Japan’s Strategy: for the 80”s™, Business Week, December 14, 1981.

wprench World CPU Science Center Stirs House Panel Concerns", Elec-
tronic News, June 7, 1982.

16, vy x, Begins Software Initiative," Industrial Research & Develop-
ment, May:198.

17Rex Malek, "Btritain Gears Up for Push to Fifth Gemeration," Compu- .
terworld, May:24, 19&.
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The Defense Science Board 1981 Summer Study:Panel on Technology:
Base identified seventeen technologies that can be expected to make
"an order of magnitude" differemce in DoD“s deployable, operational
capability. The Panel considered advanced software/algorithm develop-
ment to be among the three techmologies most likely: to provide
dramatic improvements in future weapons systems capabilities. The
panel set two specific goals for software development: an order of
magnitude improvement in programmer productivity within three to five
years, and a noticeable shift away: from the 90% of systems cost
attributable to software. The Defense Science Bbard Study:Panel on
Technology.Base recommended that DoD substantially: increase annual
funding for advanced software technology R&D. The USDRE Independent
Review of DoD Laboratories advised DoD to establish a Center for
Micro—electronics and Computer Science; the committee recommended
that this institution be formed to provide a center of excellence
that, among other intents, would help to recruit and retain software

. -

zalent ty address Do protl=ms.

Other important recommendations of Defense Science Bdard Commit-

tees, as they:relate to DoD software R&D, were summarized in Appendix

1.3.4! The Joint Service Task Force Recommended Action

After reviewing and categorizing the difficulties DoD faces in
exploiting the full advantage of computers, the Joint Service Task
Force on Software Problems drew five conclusions that further
emphasize the critical need for an extensive, coordinated software
initiative,

a. Software represents an important opportunity: for the U.S.

military mission;

b. Technological leadership in software use and development is
a major factor in maintaining military.superiority; <

13
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embedded

The current state of practice in DoD software development

and sgupport has potential adverse effect on the military.
mission;

No "single problem" exists that can be overcome with a sin-
gle solution;

DoD must take a leadership role in solving these software

problems to avert the erosion of our software technology:
base.

task force recommended a DoD-wide software ipnitiative for

computer systems, with strong service cooperation im the

spirit of the Ada and VHSIC programs,

14!
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the STARS program is to improve software embedded in mission critical
systems through coordipated research and development. The DoD cannot
afford to forfeit its leadership position in a technology:so essen-
tial to the defense mission. We must look to the industry: and the
academic computing communities to help us systematically improve the
state of practice in mission critical software definition, design,

development and in-service support.

The STARS program goal is to improve productivity:while achiev-

. ing greater system reliability:and adaptability. We need to develop
more powerful, reliable and adaptable systems through software

development and support that is more responsive, predictable and cost

effective. This means improving our capability:to cope with increas-

ingly: complex threats, while improving our life-cycle development
processes, methods, and tools to field such software faster. This
challenge must be met by: also taking advantage of techmological
advances in software, hardware and systems to reduce the unit cost of
delivered software capabilities,

The STARS program will ewmphasize improving the quality: of
software, rather than continuing to concentrate on better defect
jdentification and removal methods and tools, This will not only:
produce more reliable systems for the DoD, but greatly:reduce the

life-cycle costs of our software dependent systems. The program will

take full advantage of recent advances in computing hardware such as
S the DoD”s VHSIC and VLSI programs and industry: breakthroughs in
microprocessor developments. Improvements will be sought in the

areas of program management and acquisition policies to encourage
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industry:and academia to contribute their best talent to the program.
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In the software development implementation phase of the life
cycle, STARS will leverage advances made over the past few years in
the Ada program by:encouraging expansion of this vital program into
earlier and later 1life-cycle phases through the incorporation of
methodologies suggested by:"Methodman."18

The STARS approach to improving the state of practice is to
improve the skills, tools, and business practices that constitute the
enviroment in which software is developed and supported. The

resulting objectives are to:
o Improve the personnel resource by:
- increasing the level of expertise,
- expanding the base of expertise available to DoD;
o Improve the power of tools by:
-  improving project management tools,
-  improving application-independent technical tools,
- improving application-specific tools;
0 Increase the use of tools by:
- improving business practices,
-  improving usability,
= increasing the level of integration,
- increasing the level of automation,

These objectives directly:support the activities recommended by:
the Joint Services Task Force on Software Problems to improve:

18goftware Development Methodologies and Ada, " METHODMAN, DoD publj-
cation, DTIC#AD Al123710 November 1982

16
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a) software acquisition and management practices;
b) technology:research, development, and utilization; and
¢) development of expertise of people involved with software.

Section 2.) provides a perspective of the software enviromment
from a DoD program manager’s viewpoint. Section 2.2 discusses the
opportunities available to improve the software envirooment. Section
2.3 examines the potential payoff. Section 2.4' discusses the

specific objectives.

2.1 The Environment Consists of People and Tools

The objectives focus on improving the state of practice by:
improving the enviromment. This subsection offers a perspective of
the software enviromment from the point of view of a DoD program

manager responsible for system development or imservice support.

Software is ome part of a system, developed to provide important
operational capabilities for that system. Software creation and evo-
lution is therefore a system engineering activity; involving many:
management and technical tradeoffs. These tradeoffs are con-
strained by:many:factors, including the mission, the interfaces to
specific equipment, the schedule imposed, the computing facilities
available, the capabilities of the software team, the management
practices and standards imposed, business practices, and contractual

obligations.

The enviromment in which software is developed and evolved
reflects all of these factors. In the demanding world of DoD sys-
tems, software is developed and supported primarily:through comtracts
that are the respomsibility of DoD program managers. The program
ménager is not primarily:concermed with software. Rather, the pro-

gram manager is concerned with the system (airplane, missile, fire

17
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control). Software may: be 3 necessary and critical component, but to
the program manager, it is a means, not an end.

An effective enviromment must provide a context for all the
tasks and activities that occur during a software system’s life-cyle.
This life span for software ranges from the conception of 8 required
capability to the software”s retirement from use, a period that could
easily be from fifteen to twenty: years. The software life-cycle cov~
ers all stages of the life span: definition, design, comstructionm,
test, . installation, operation, and in-service support imcluding
modifications,

A simple view of the enviromment, useful for understanding the
objectives, is that of people using software engineering technology"
or methods and tools (techniques, management practices, notatioms,
support software) to accomplish any:task. A program mapager must
build a system by:asssembling an appropriste team of people who under-
stand the application, providing them with the necessary.methods and
tools, and guiding them towards the construction of a system. Within
the counstraints of existing management directives and available team
expertise, the program manager chooses available methods and tools
(or devises new ones) for budgeting and contracting. A contractor is
acquired through some combination of acquisition tools. Together the
program manager and contractor structure the software enviromment.
In most cases, the program manager relies on the contractor, whose
concern with the envirooment is often different from the program
manager’s. The DoD program manager imposes restrictions within the
constraints of directives, regulations, policies, and incentives.
The contractor bripmgs additional technologies to the enviromment in
the form of management procedures, camﬁuting facilities, and
automated tools. Neither wants to accept unnecessary: risks by:intro-

ducing new technology, wunless there is demomstrated potential EP;

18
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quality:of the product.

Although the computing community:has sometimes used the word
"enviromment" to describe the collection of automated tools, it is
clear that the software enviromment is much broader. Figure 2-1
illustrates the STARS view of the Software Enviromment. The system
life-cycle is shown across the center. Only: after system require-
ments are understood does the software life-cycle begin.

This life-cycle is supported by:a software engineering process
which may be formalized by.a specified set of procedures or methods.
The automated support enviromment consists of software toolg wvhich
either completely: automate or provide automated support for the
software engipeering process., The programming process, which does
not begin until the implementation phase, is reasonably well sup-
ported today:by:automated tools. The minimal Ada Programming Support
Enviromments (MAPSE), currently:under development, seek to provide an
integrated basis for further automation of the process. (Note the
wvord enviromment in MAPSE is used in a restrictive sense — it might
better be termed Ada automated programming support enviromment.).
Automated tools may: be added to this base to provide an expanded

level of automation, perhaps even supporting software design.

Procedures in earlier phases of the life-cycle are more loosely:
defined and approached differently, depending on the methods
selected. Although there are existing automated tools available to
support socme methods, the level of automation is still immature. The
concept of an Ada Programming Support Enviropment (APSE) is to enable
integration of tools to support specific methods with those generic

tools which are method independent. Some techniques are specifically:

oriented to an application. Automated tools to support them may:or
- may:not be independent of the methods used., The acquisition and .
management of systems are essentially procedural, .although those

19
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MANAGEMENT SUPPORT TOOLS )

APPLICATION SPECIFIC AUTOMATED TOOLS

METHODOLOGY DRIVEN AUTOMATED TOOLS

AUTOMATED
SUPPORT i
ENVIRONMENT .--" _-~ | Automated Generic Tools
.7 R Supporting the Programming
PR 7 Process
e S o MAPSE
- System of tware Software Operation
Life-Cycle [Requirements moacnqmamsﬁm mwwmwm_no- Design ~5wWMﬂm=~o- & SUPPOT ¢
SOFTWARE ENGINEERING PROCESS
MANAGEMENT PROCESS
PROCEDURAL

Figure 2-1:

SYSTEM ACQUISITION PROCESS

STARS View of the Software Environment
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procedures may be facilitated, even enforced, with appropriate tech-

nologies.

For s given project, the effort to build tools, devise mew tech-
niques, and train people to use them is an added burden. For exam-
ple, development of procedures, standards, or support software to
facilitate construction and configuration control are a burden. The
effort may:be justified and yield payoff, either during development
or during im-service support, but it consumes significant resources
not directly:involved in building the system. This same effort 1is

repeated for many:different systems.

This is the opportunity:which offers leverage for the DoD. 1If a
flexible, reliable enviromment--including an automated support
enviromment-~could be easily:configured for any:givem project, then
the burden to provide support for individual projects would be
reduced, and the enviromment would more likely:be used. If DoD pro-
vides contractual incentives like productivity.shared savings rewards
to encourage industry.capital investments in an environment, substan-
tial duplication costs will be avoided while improving productivity

and reliability.

The improvements should have the support of the program manager,
the contractor, the user, and the in-service support agency. The
policies, procedures, standards, management practices, and incentives
must encourage innovation. Improvements must be packaged for easy:
adoption and use, and must help, rather than constrain, system

develcpment and in-service support,

2.2 The State of Practice Can B& Improved Sigmificantly

The state of practice can be improved only:if there is a reason-
able collection of opportunities and an identifiable strategy:to cap-
italize on those opportunities quickly. DoD has made a concerted
effort to assess the opportunities that would enhance the use of cot~ -
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trun of the U.S. computing community:in DoD, industry, and academia,

v

- thirteen opportunity:areas were identified. Independent assessments

Cv vy erz«e

of these opportunities, given in Appendix II dated 1 October 1982,
are encouraging. A broad range of potential activities offer excit-
ing promise and substantial payoff.

On the assumption that the technology: improvement option offers
substantial benefit, much of the focus in these opportunity:assess-
ments is on technology. However, other equally:compelling opportuni-
ties address acquisition, management, technology:transfer, .and per-
sonnel skill improvements. It is clear that many:areas are ripe for
exploitation and that the technology:is available today:to improve

the state of practice substantially.

The message of a need for technology:exploitation is reinforced
by: technology-oriented visions of the future. With the assistance of
DARPA and Rome Air Development Center (RADC), two groups of software
experts were asked to provide different visions of software develop-
ment and in-service support activities in the 1990“s. These concep~
tions are presented in Appendix III dated 1 October 198. One por-
trays what the future might be like in the early:1990"s if successful
incremental evolutionary. improvement takes place during the 1980°s,
The other vision is based on the possibility: of a revolutionary:
change in the way: we generate and modify:software-—-it envisages a
whole new way:of doing business. In both visions of software techno-
logies in the early 1990°s, the experts worked under the comstraint
that the notions and techniques employed must already:have been pro-
posed or be under consideration in some serious research efforts,
Neither view was proposed as the "right" view or even as the only:
possible view, and neither can be accepted as the ideal. Rather the

two views demonstrate the breadth of available opportunities.
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]' 2.3 Improving the Enviromment Offers High Payoff

:. The current state of the art does not provide measures to quan-
?} tify: the initiative’s effect on such factors as ability:to manage
i complexity, software adaptability:and reliability. However, recent
i. development of extensive and reasonably:well-calibrated software cost

AN estimation models makes it possible to estimate the impact of an
. improved software enviromment on effort required to develop a DoD
software product in the 1990°s.

Two such productivity:estimates are developed in Appendix VIII,
based on the COCOMO model for software cost estimation.l? One esti-
mate, based on the multiplicative effects of changes in a software
project”s enviromment factors (see Figure 2-2), yields an estimated
productivity: gain by:a factor of 4.34. The other estimate, based on
suming the savings achievable within each software project phase and

activity, yields an estimated productivity:gain by:a factor of 3.93.

Taken together, these estimates indicate that the successful
development and use of an improved software envirooment could provide
DoD software projects in the 1990°s with a fourfold productivity:
gain! The estimates are clearly:semsitive to several assumptioans,
but even doubling or tripling productivity.would be well worth the
investment. Even greater payoffs may:be available from developing
improved technology:suggested by:other payoff assessments proposed
for specific opportunity:.areas in Appendix II dated 1 October 1982,
These estimates indicate the high potential for payoff available
almost immediately:from investment in environment improvement.

The potential payoff for a revolutionary: improvement in the

enviromment is not so easily quantified. There are few models on

O lgnarry:w. Boehm, Software Engineering Economics, Prentice-Hall,
- 1981. .
I:*' :
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which to base such estimates. However, recent demonstratioms of
knowledge-based systems and advanced computer architectures offer an
exciting glimpse of the potential. The payoffs cannot be stated in
current terms, because our notion of software development and support
will change, and different skills will be required when working with
these new concepts.

These payoff assessments provide compelling justificationm for
investing in software support systems for strictly:economic cop-
siderations. Other, even more important payoffs may:be available in
terms of faster development, increased reliability:and improved func-
tionality, -

2.4 Achieving the Goal Requires Capital Investment

Software development and in-service support is curremtly:a labor
intensive activity, In some respects, it is very:much a cottage
industry. Tools have been developed to support portioms of the pro-
cess and the gains from those tools suggest substantial payoff; but
the tools are rudimentary. The quill per was a great improvement
over the chisel for producing the written word, but that word was
still laboriously:copied by:other quill pens in other hands, It was
the printing press that provided orders of magnitude factors of pro-
ductivity: improvement. We must conduct research and development to

produce tools that provide similar improvements.

Revolutionary:approaches may:offer high leverage and should be

pursued, but we cannot ignore the potential benefits of also pursuing

a more conservative evoluiionary: approach, By collecting current
tools, including those that are conceptual or procedural, and then
;} incrementally: improving the collection, several payoffs can accrue.

Integrated collections of tools increase productivity:of skilled peo-

Y'-"'. -

Fﬁ ple to produce better quality:products and manage increased complex-
éﬂ ity. Extending the scope of those tools to provide support for the .
o
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!! early:stages of the life-cycle will potentially increase the relia-
- bility:and adaptability:of the resulting application systems.

f?i It is generally:accepted that productivity increase is derived
. from capital intemsive rather than labor intensive activity: The
food to feed this country:(as well as a major portion of the rest of
the world) 1is produced by:approximately:three percent of the U.S.
population, by'comparison to forty:percent in the early part of the

century. Similar productivity: gains have been realized in heavy.

industry, particularly:in the last twenty:years., By comparison, the
capital investment per farmer is §75,000, the capital investment per
heavy:industry:worker is $45,000, and the capital investment per
software practitionmer is between $1,500 and $15,000. If we want to

t! improve the productivity:of people involved in the software process,
ti we must make the necessary:capital investment. This philosophy:of
- investment for productivity:is supported solidly:in the DoD under the

DoD Industrial Modermization Incentives Program.

2.5: The Objectives Support the Goal

Improving the state of practice requires improving the environ—
ment. The enviromment is composed of people and tools, but improving
the environment requires not only: improving people and tools: tool
use must be encouraged also. Since the objectives are interdepen-
dent, it is essential that all objectives receive sufficient atten-

tion to obtain the full advantage.

This section describes the three objectives and their subobjec~-

*» tives, which are reiterated in Figure 2-3. More detailed discussion
-

= of tasks to support these objectives is given in Section 4.1 and in
53 the Functional Task Area Strategy:documents, .
9
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2.5.1 STARS Will Improve The Personnel Resource

The best standards, practices, programming languages, contract-
ing incentives, indeed any. collection of tools are of little use
without the expertise to apply:them. The nation”s pool of skilled
software personnel will not increase rapidly. enough to meet the
demand for software. An underlying aim is to meet the increasing DoD
demand for software with personnel whose numbers will not increase
sufficiently. Especially:in the face of a rapidly:changing technol~
ogy, support must be provided for continued training of capable pro-
fessionals, including those who support the process as well as those
who are directly:involved in software production and evolution. This
objective to improve personnel performance may. be viewed as the
underlying productivity: objective as well as a driving force in the

tool-oriented objectives.

A subobjective is to increase the level of expertise available
to DoD. This subobjective implies not only:that we must face up to
the training of DoD people, but we must find ways to encourage the
defense industry: to wupgrade the quality:of people who work on DoD
projects, Curricula must be developed, education, training, and
scholarship programs must be supported, and innovative means of
knowledge delivery:must be developed. Recent advances in knowledge-
based systems might be used to revolutionize training, a side effect

that, if successful, would justify:the entire STARS program.

Another subobjective is to increase the base of expertise avail-
able to DoD. Through "~ STARS, DoD will boost the number of skilled
people available for DoD projects. Scholarship programs with a DoD
work commitment and better reward programs will attract people.
While attracting new people, opportunities muét be pursued to retain
existing DoD talent. Although we must pursue this subobjective sim-
ply:to maintain parity:in the face of increasing competition for .

skilled people, it is unrealistic to expect substantial increases.
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The STARS program must concentrate on improving the quality:amnd pro-
ductivity:.of people. This is not only:the more realistic alternative

but is necessary:to support the goal of producing more reliable and
adaptable systems,

2.5.2 STARS Will Develop Process Improvement Technologies

Human productivity:is stromgly: affected by the use of process
technologies. A STARS objective is, therefore, to improve and
develop these technologies which include the techniques, methods,

practices and tools supporting software over its complete life cycle,

It is just as necessary:to support managers as it is to support tech-
nicians. Although a management tool may:be quite technical, the dis-

tinction is between technologies supporting management and those

k¢ LR N

directly: supporting software production.

- A subobjective is to improve and develop project management
techniques as they: pertain to software. The manager plays a major
role in software and systems development and support. The difference
between success or failure -- between a project being on schedule and

on budget or late and over budget--is often a function of the

—— v
R vﬂ"" e .
P e P
A e K

manager”s effectiveness, Technologies can help the manager plan,

. track, and shape a project.

Another subobjective is to improve the power of application
independent technical methods and tools. Computer professionals must
apply: technology:and deal with system complexity. Widely: useful
application-independent technical tools are part of the

T

. professional”s tool kit.‘-They'permit the application of software
- technology:to a variety:of tasks,

ifﬁ The third subobjective is to improve the power of application- e
E‘ specific technical methods and tools, Although most of the technol-
Tj ogy:developments support many:applications, attention must be given
Elt to application-specific improvements. Veéry high level languages must
.
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be developed to free the application engineer from unnecessary
detail. Application libraries must be developed to provide a collec-
tion of tested data structures and functioms. Technmiques for
developing reusable software must be developed to avoid unnecessary:
duplication of effort. Both reusable automated support tools and

reusable software products need to be developed.

This categorization of software process technologies is illus-
trated in Figure 2-4. Many:general-purpose tools, including those
that support management, are independent of applications. Others are
appropriate only: for a specific application area. These
application-specific tools are often more oriented towards use by:

non-computer professionals who practice in a specific area.

2.5.3 STARS Will Increase Use Of Technology

A collection of methods, practices and tools is oaly effective
when used. STARS therefore has the objective to increase the use of

appropriate technologies.

A subobjective is to improve business practices to provide
incentives to use the technology. Acquisition policies and stra-
tegies must be updated and revised to recognize the role of software.
Contracting incentives established under the DoD Industrial Moderni-
zation Incentives Program to encourage capital investment and use of
modern technology must be applied to the collection and use of
software development tools. Incentives to produce reliable software

that is easy:to change and support must be found.

Another aubobjective.is to improve usability. Tools designed
for human use need to be engineered with users in mind. They must
be easy:to use, and their human engineering must facilitate acnd

encourage their use.
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A third subobjective is to increase the level of integration.

1

Collections of methods and tools that work well together are such
more usable than those that are not well integrated, They' must be
engineered with the realization that a given method or tool is only:

one of a collection. Each must be consistent with the entire col-
lection.

The final subobjective is to increase the level of automation.
Automated support will free people from tedious tasks, ensure con-
sistency,; enhance accuracy; and increase productivity. Automated
support for the various tasks, managerial and technical, must be

developed.
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3.0 STRATEGY

The STARS program is a management action to place needed
emphasis on software and system issues. The strategy is to establish
the resources and mechanisms to accelerzte improvement in the
software state of practice for the DoD community. Contractors will
be sought to build applications specific, methodology: directed
automated support enviromments for defense applications to quickly
exploit available technology. 1In parallel, STARS will encourage the
necessary: research and development to support future improvements.
The strategy:will exploit curremt technology;, build on existing
activities, take advantage of emerging technology, and coordinate the
collected talents and expertise of DoD people in many: organizations.
It will require close cooperation from the industry:and academic com-

puting community.

Section 3.1 describes the gemeral principles that will be fol-

lowed. Section 3.2 describes the mechanisms to be used.

3.1 The General Strategy

Although the software enviromment warraunts special emphasis at
this time, it should not need such special attention forever. How-
ever, the effect of STARS should be permanent, consistently: yielding
improved technology. This subsection indicates how STARS will build
on existing activities, create the necessary:emphasis, and transition

to a new steady:state,

3.1.1 Special Emphasis Will lLast For Seven Years

The STARS program will have a vertical management structure (see
Section 6.0). A Joint Service Team will manage the STARS activities
as a program office under the Deputy:Under Secretary:of Defemnse for
Research and Advanced Technology (DUSD(R&AT)) for seven years. Funds

to support STARS will be provided by:an Army: Program Element that .

will be managed by:the STARS Joint Program Office, but the tasks to
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support objectives will be executed and managed by: designated DoD
organizations that will 1lead, plan, and coordinate the various
efforts. At the end of the seven years, the planned STARS funds will
be reprogrammed into the service budgets and the DUSD(R&AT) office

will assume a normal oversight role.

3.1.2 STARS Will Build On Existing Efforts

The STARS program will build on the existing activities of DoD
organizations. Current research, development, standardization, and
acquisition efforts establish a partial foundation upon which the
program may: build, Activities under way:that directly:support ini-

tiative objectives will be supplemented and expanded as appropriate.

It is essential that these existing Service activities continue.
Selection of tasks for STARS will be based on the assumption that
these activities would continue to provide results to further support
the program goals.

3,1.3 gCurrently Plannmed Efforts will be Coordinated

Each of the Services plans to have an automated support emviron~
ment for embedded systems, The Army: is building a common Post
Deployment Support System (PDSS) to provide automated in-service sup-
port. The Navy: has completed a study.by.a Software Engineering
Eavironment Working Gioup (SEEWG). to define its future automated
enviromment. The Air Force Logistics Command is in the process of
defining requirements for an Embedded Computer Systems Support
Improvement Program (ESIP).

The Army:and Navy:are committed to use the Ada Language System
(ALS) as the basis for their automated support environmment. The Air
Force is likely:to adopt some combination of fhe Ada language System
and the Ada Integrated Enviromment. As a result, the Services will
be adopting a similar starting point for in-service support of Ada-

based software.
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In another planned activity, the Joint Logistics Commanders have
initiated an effort to overhaul the Data Item Descriptioms (deliver-
able products in a software acquisition) and to remove many of the
differences in the way: the three Services view the software life
cycle. The associated military standards are also being revised to
reflect a common view of the possible life cycles and to permit
incorporation of new technologies including Ada products. These Data
Item Descriptions must be kept current as new techniques are intro-

duced into practice.

Computer system security:is important for DoD systems. The imi-
tiative will pursue opportunities that affect computer security in
coordination with the Computer Security:Consortium. Likewise, test-
ing is an essential part of the software life-cycle, The Defense
Test and Evaluation (T&E) community:has aggressively. pursued defini-
tion of software test and evaluation opportunities. The STARS pro-

gram will pursue appropriate projects ir coordination with the T&E

community.

The STARS program will establish the basis for close coordina-
tion among these efforts. It 1is essential that, as we build new
software support facilities,.we ensure that they:enjoy:the best that
technology: can offer and that there is maximum consistency:among the
Services. As the Joint Logistics Commanders have recognized, greater
commonality among Service software support facilities improves the
opportunity:to share investment and increases industry: ability: to

support defense requirements.

3.1.4! The STARS Program Has Three Stages

At any:point in time, three essential activities are under way:
to improve the state of practice: research, development, and integra-
tion and use. The STARS program will have three stages; each stage

will support research, development, and integration and use. While °
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supporting research and development for the next stage, each program
stage will focus on integration and utilization of techniques avail-
able at that time. Utilization for the first stage must build on
previous research and development that has produced technology ripe

for exploitation. These stages are summarized in Figure 3-1.

Stage 0 in the remainder of FY83 will consist of preparation
during which the necessary organizational mechanisms will be esta-
blished, existing DoD development activities that potentially:support
these objectives identified, detailed plaoning conducted, initial

studies launched, and requests for proposal prepared.

Stage 1 will focus on consolidation of demoustrated tools, tech-
niques, practices, educational programs, and other technologies to
structure an enviromment consistent with the state of the art.
Existing techniques that improve some aspect of the software life-
cycle, including project management, requirements definition and
analysis, specifications, and testing, will be incorporated into a
consistent but perhaps not integrated, enviromment., The goal of this
stage is to put current technology:into practice. During this stage,
research and development activities will be initiated to support
later stages.

Stage 2 will focus on enhancement of the enviromment adopted in
Stage 1., The enviromment will evolve as the technology matures and
feedback is received from users. Techniques, standards, practices,
knowledge delivery: systems, and technology:now being demonstrated
experimentally:will undergo additional development and refinement
during Stage 1 and be introduced in Stage 2. Research and develop-

ment to support Stage 3 will continue.

Stage 3 will focus on trangition in two senses, First, the

STARS program and funding responsibility will tramsition to its

L m g e  EIL gy 3 T L ard oo ot il ssi ol aunicaath adul Ll uea - ElE e aAat E at a E - T T T .7'7.1

steady: state, Second, the enviromment may: also enter a stage of |
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transition, If the research launched under the STARS program and
complementary: DARPA research efforts are successful in producing
revolutionary: improvements, it is 1likely: that they:will be first
ready:in the early 1990s. Depending on the state of technology: at

that time, further enhancement will either be evolutiomary or revolu-
tionary.

3.1.5: Balance of Evolutionarv and Revolutionary Approaches

The principal emphasis will be on evolutionary: improvement of
the envirorment for the following reasons:

o The evolutionary: approach offers predictable and almost
immediate payoff.

0 The technology:base upon which to evolve improvements has
been identified.

© The current research efforts will suppert further evolution-
ary: improvements in the enhancement stage.

© The evolutionary:approach is consistent with existing DoD
Service and Agency.plans.

o There is a substantial base of existing software that wmust
be supported.

o The potential payoff from early: improvements may:be applied
to the tremendous volume of software to be produced in the
next few years.

Adoption of the evolutionary:approach does not preclude research
to investigate revolutionmary approaches or their later adoption.
Although much of the effort in the initial stage will focus on evolu-
tion, research activity will be initiated to exploit potentially
revolutionary: approaches including artificial intelligence,
knowledge-based systems, functional programming, and advanced archi-
tectures. Knowledge-based systems will also be exploited in parts of

the evolutionary approach. Specific tasks relating to revolutionary:

approaches have not yet been identified. An RADC-sponsored team of °
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experts is currently: refining the opportunities, Their recommernda-

tions will be included in evolving planms.

In addition to ongoing DARPA research supportive of STARS, DARPA
will initiate an aggressive program to investigate and demonstrate
the feasibility:of artificial-intelligence-based software and distri-

buted software enviromments. Only:if DARPA supports research aimed

at development of more re;olutionaty:approaches will the evolutiomary:

approach be justifiable. The DoD must have a balanced program with
multiple approaches if we are to maintain the full advantage of com~
puter technology into the next decade. Revolutionary:results should

be ready:for widespread use by:the early.1990s, when they:will become
factors in the transition.

3.1.6 The Ada Program Will Serve as a Cornerstome

DoD has actively:pursued improvement of the software engineering
enviromment evolving standards, policies, procedures, and automated
tools, Although these enviromments are generally:specific to a par-
ticular Service or Service element, there is a growing recognition of

the leverage available from shared enviromments,

The Ada Program has been a cooperative activity: to develop a
common programming language that can serve as the basis for addi-
tional sharing., The Ada Program has adopted the concept of a common
automated software development and support enviromment into which
automated tools may: be conveniently:installed. Through a community-
wide, interactive process, the STONEMAN requirements definition?0 for
a system to support work in the Ada language was evolved over a two-
year period. STONEMAN defines the concept of an Ada Programming Sup-

port Enviromment (APSE) built upon common interfaces and data

2°Reguirements for Ada Programming Support Environments, DeD Public?-

tion, February:1980.
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representations for automated tools.

The APSE concept is being adopted by:all three Services to aid
the development and support of Ada-based software. Two designs for a
kernel APSE are being developed. The three Services are further com~
mitted, by a Memorandum of Agreement among the Assistant Secretaries
for Research, to consistency:.in the kermel APSE to permit tool shar
ing. Although these APSE developments are initially:concerned with
the programming process, which accounts for only:20% of the effort in
the software development,21 the APSE concept provides a basis for

further development of a shared enviromment in the fullest sense.

The Ada Program may:be considered a preliminary: stage of the
initiative because it establishes the sociological as well as the
technological basis for a shared automated support envirorment. This
focus on Ada, particularly:during the comsolidation stage, is respom
sive to Congressional guidance22 to accelerate adoption and accep-
tance of Ada., Since it is not feasible to accelerate the time when
the first projects may:use Ada, the alternative is to accelerate the

number of projects which may:take early:advantaze of Ada.

Although Ada helps to focus the strategy; Ada should not com-
strain it, Ada offers the opportunity:for rapid exploitation of some
new techniques, but should not prevent the realization of other
opportunities. Ada and its activities were established to capture
the state of the art as it was in the late 1970"s and early: 19807s.
We do not want to freeze technology: at the state when Ada was
developed. While pursuing an Ada oriented enviromment and integra-

tion of life-cycle activities, we must encourage research into alter-

21y, v, Zelkowitz, A. C. Sl~w, and J. D. Gannon, Principles of
Software Engineering and Design, Prentice-Hall, 1979.

22Congressional Record-House, August 16, 198, p.H5 988.
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native software philosophies such as functional programming, high
level languages, and knowledge-based systems. Neither should this
strategy:ignore the base of software already:written, or being writ-
ten in other languages. Tools which might assist in continued sup~

port of such systems offer comsiderable advantage for the near term.

3.2 Mechanisms are Needed to Support the Evolution

Specific mechanisms must be established for coordinating
research activities, management practices, educational programs, and
incentives to improve and use the enviromment, Many-of the mechan-
isms are already in place and simply:need strengthening, greater sup-
port, or increased attention. Others are planned and only: require
encouragement, Still others require innovative actions. This sub-

section presents the mechanisms to be used.

3.2.1 DoD Organizations Will Execute Designated Tasks

The DoD Science and Technology: Program has proved effective
across & broad spectrum of technology:development. The Service and
Research and Exploratory.Development Agency: (6.1, 6.2, 6.3A) commun-
ity: has produced technology: ripe for exploitation and a distributed
body:of expertise that needs to be coordinated, The activities of
the DoD research and development organizations are independently.
structured because the varied missions of the DoD components often
require different technological innovatiomns. In the case of computer
technology; particularly:software, the technology:is generally. shar
able, offering enormous leverage to DoD. Incentives and mechanisms
for greater coordination of DoD activities and greater management

support for ¢ ‘sting research activities are needed.

The STARS program assumes that other DoD (as well as industry:

and academic) research activity will continue as planned. STARS will

complement these existing activities and will provide funds to
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selected DoD organizations to execute and manage contracts to support
the program goals.

DoD organizations will be assigned responsibility: for ecritical
areas based on existing organizational interest and expertise, Each
selected organization will have responsibility:to see that DoD exper—
tise is maintained in its area, that a critical mass of coherent
research is focused on DoD-related problems in that area, that

research in its designated area (though supported elsewhere in DoD)

is fully:coordinated, that nor-DoD funded research results are fully:

recognized, and that promising research results are prepared for

exploitation. Specific, measurable objectives must be developed for

each area by:the selected organizations.

It is assumed that DoD organizations, in order to maintain their

expertise, will continue to fund research in areas for which they.

have no designated STARS respomsibility. However, the designation of
a responsible organization for each critical area will allow for
local shifts in individual program management emphasis without
adverse effect on the DoD technolegy:base, and will remove the pres-
sure for each organization to cover the entire field with its limited
resources. STARS will provide funding to designated organizations to
supplement existing activities in designated areas. At least by:
FY90, the funds programmed for STARS will be reprogrammed into the

Service budgets as appropriate to continue to reap benmefits into the
1990” s,

3.2.2 An Institute Will Engineer and Support New Technology

There is a distinct gap between R&D activities that demonstrate
new techniques in a constrained domain and the exploitation of those
techniques oun real systems. This gap is evident from the current

state of affairs., To support a production application effcctively,

it is necessary: that a technique, standard, practice, automated °

42

" PR LI NP AL WL W Sy W AU W E U WO ST SOREP I S e SR




n e 4

Y

.<'z‘-'-’f
P . .
oL P R S I

{

. v BT ATeE Y YT
SN AR
KA

Ta """

T

-*r’l.*r T

t.,_.A.L«--‘ PRI WL PP S WD SOy S v PP U -~

- T Ty e LT e e e w5 e e T B

tool--indeed any: technology:element--be engineered into an existing
or developing enviromment. It must be demonstrably: effective in a
measurable way:on a real application, have adequate documentatiom and
training support, and (ideally) have automated support. However,
many: techniques, management practices, and technology.innovations
have been developed but are not being used, because the requisite

evaluation, engineering, and demonstration have mnot been accom-
plished.

To bridge this gap, a Software Engineering Institute will be
established. The Institute will develop and maintain an emviromment
that always strives to be the best the state of the art will allow,
It will evaluate new techniques, integrate promising tools into the
environment, demonstrate the effectiveness of the enviromment for DoD
projects, and provide training, documentation, and user assistance.
The Institute will be responsible for providing continued support,
including consulting, training, and enhancement. The Institute will
be supported by:DoD and will be composed of both a permanent contrac-
tor staff and a visiting staff, Computing professionals frcm DoD,

industry, and academia will be encouraged to visit and to participate
in activities of the Institute.

During the initial consolidation stage, the Institute’s environ-
ment will evolve from a MAPSE, creating an enviromment complete with
management practices, standards, and training programs. The Insti-
tute will cooperate with DoD research organizations and others to
insert new techniques into this enviromment and will disseminate and
support this enviromment throughout the DoD, industrial, .and academic
communities, It will be a source of ;echnical guidelines and will
assist in the technical aspects of develoﬁment and maintenance of
standards. It will have a role in providing experiential training to
DoD professionals and in establishing the basis for DoD, industria},

and academic trainming curricula,
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In subsequent stages, while continuing to maintain and evolve
the enviromment, the Institute will experiment with alternative
approaches. Details of the plan for the Software Engineering Insti-
tute are to receive further consideration over the next few months

from a special high-levcl panel.

3.2.3 Early Supvort will be Offered to Ongoing Projects

Many: systems are currently: in development, or will enter
development before the effects of the STARS program will be realized.
Yet these systems will be in service for many: years. Substantial

payoff may:accrue by:providing early:support for such projects.

There is ample evidence of the value of technologies over the
life-cycle of a software system. However, program managers are
often well into a project, with the enviromment already: composed,
before the wutility:of an additional technique, reporting scheme, or
automated tool is suggested. At the time of the suggestion, the pro—
gram manager must predict the value of the proposed technology,
weighing the proposed resource expenditure against an uncertain
future gain for the project. Too often, schedule comstraints, costs,
or simply:the program manager”s inability:to assess the future gain
argue against adopting the suggestion. Even when the project is
still in source selection, proposed techmiques, reporting schemes, or
automated tools and their cost must be weighed both by.the contractor

preparing the proposal and the program manager selecting the contrac-

tor.

In order to assist projects already under development, each ser-
vice STARS organization will entertain unsolicited software DoD
Industrial Modermization Program proposals from industry. submitted
through DoD program managers that provide for primarily.contractor

capital investment in supporting technology. that will directly

improve the productivity:of a project’s enviromment. These moderni-
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zation proposals are envisioned to suppor: those investments which

the contractor would not make without government incentives. Such

investments are generally: necessary to increase company: productivity:
and responsiveness to defense needs. For such contractor invest-
ments, the govermment will provide the contractor an acceptable rate
of return, decrease risk, or both., Shared savings and investment
protection are the two most often used contracting tools that achieve

this objective. Shared savings on instant and future contracts cam

>~ SNVSHIOHMAR BN
, HAAAIAS L

also be used to provide the contractor with an attractive return on
investment (ROI). The contractor”s share of the savings is not arbi-
trary; it is that share of the savings which will result in a wmutu-
- ally- agreed upon return on the contractor”s incremental investments.

Investment protection can be provided where necessary: to foster a

stable, long term business arrangement. In additionm, specific ema~

- bling technology: development to collect and integrate software

ey
.

development envirormeats can be directly:supported in part or total

by:the ecoverrment with STARS funds. Proposals will be considered
that

a) offer potential bemefit for the project,

b) are potentially:applicable to other DoD projects, and

c¢) satisfy:STARS objectives.

5 The STARS program will consider proposals submitted by: conmtrac-
é; tors currently: involved in system development or as optionms in
h response to new requests for proposals, but the proposals must be
submitted through a DoD program manager. Selected proposals will be
supported by:STARS funds and will be managed by the responsible pro-
.. gram manager. Technology: resulting from accepted proposals will be
éi . considered by:the Software Engineering Institute for incorporation
into its enviromment. This approach must not be used to supplant

program office responsibilities to develop support systems but rather

! g
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to encourage the development of tools with early payoff. Neither
should this approach be used to band-aid systems. The opportunity is
to build extensible tools which can be used in future systems as well
as the targeted system.

This mechanism provides for unsolicited proposals, submitted
through progran managers, that aim for immediate payoff to existing
projects. However, STARS will generally seek proposals through com-
petitive procurements. Evolving plans will be kept public and
reviewed through periodic conferences so that contractors may prepare
for these competitions and not waste time second-guessing the STARS

program in the costly preparation of unsolicited proposals.
3.2.4 STARS Needs Industry and University Cooperation

The STARS program will require cooperation between government,
industry and academis. DoD is providing the impetus and leadership
for the program. An understanding of the interests and motivation of
the other 3sectors and their potential contribution to the program
will allow DoD to leverage its support and get the greatest benefit
from the investment.

The STARS program is focused on improving software embedded in
DoD mission critical systems through coordinated research and
development activities., These sctivities are necessary to consoli-
date technologies already developed, identify and £ill in the missing
pieces, and initiate resesrch to raise the overall software engineer~
ing state of the art., These research activities will help, but they

will not ensure that the better technologies are used.

To raise the software engineering state of practice in the
defense industry and internal DoD organizations respomsible for mis-
sion critical system development, the STARS program must generate an
atmosphere of cooperation and technology sharing. The desired work-

ing enviromment must be structured to provide for the nation’s
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. defense through maximum cooperation within the context of the free

enterprise system.
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The research and development components of the STARS program
provide sufficient ipcentives to universities, laboratories and
industrial research organizations to participate on a contractual
basis. However, the true leverage for STARS accrues to the DoD
through the application (or insertion) of maturing software engineer-—
ing and support technologies in mission critical defense system pro-
grams. This advantage will be realized if we can provide the impetus
to the defense industry tc adopt maturing technology and improve our

industrial technology base.

Those prime and major subcoutractors already involved in defense
business can be most easily encouraged to participate in STARS
activities through DoD subsidized technology development contracts.
Some members of this community invest a portiom of their IR&D funds

to improve their internal software engineering capabilities in direc-

tions recommended by the DoD. We need to encourage an increase in

such voluntary expenditures to complement the DoD direct investment.

For STARS to be successful in the longer term, it needs to go

one step further. The program should stimulate industry investment

] in improving software engineering capsbilities that are compatible
Ei: with STARS to improve the eatire techmology base. However, there are
ﬁ : major obstacles to be overcome in executing this concept. To
ui encourage industry, economic considerations must be given to major
=3 prime contractors, subcontractors and entrepreneurial firms. Tech-

nology targets must be of common interest across DoD and where possi-

ble to the commercial sector. The software acquisition process must P
L‘ . complement profitability and protect trade secrets whenever possible.
I The msjor incentives to emlist voluntary industry ianvolvement lie in

a well balanced program that is focused on solving problems of*

genuine concern to everyome in the software engineering business.
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STARS has identified a number of areas which satisfy these criteria.
For instance, STARS is concerned with:

a. the complete software life-cycle from system concept to its
withdrawal from operational use;

b. software error or fault prevention with emphasis on solving
perennial problems such as requirements analysis and
software architectural design;

¢. solving software support problems that manifest themselves
during long term in-service system use;

d. new ways of developing software to take advantage of
hardware advances such as those generated by the VHSIC pro-
gram.

On the other side of the ledger, the fear of losing proprietary
rights to wmethods and tools developed with private investment is a
major disincentive to industry in voluntarily sharing their "best"
technologies. Curreat DoD procurement methods are often perceived by

industry to result in ona of two potentially umndesirable conditiors:
a. the new technology will be placed in the public domain;

b. the new technology will be labeled DoD critical and be res-

tricted from further use.

The DoD must be willing to meet these challenges by initiating
creative approaches to system acquisition. The incentives must be
structured so that the defease community will have access to the
benefits yet appropriately reward those who invest. Effective
methods of subsidizing the development and use of improved software
engineering technologies must be found to ensure the state of prac-
tice is raised in our vital industrial base. It is clear that both

the DoD and industry must reap rewards from their efforts.

In gummary, those from industry who cooperate with the DoD

through the STARS program will be working to solve real problems in.

concert with the best team of practitioners the DoD can assemble., If
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creative contracting can emcourage entrepreneural efforts, investment
capital may be attracted. This ultimate free enterprise leverage
device will help create a sustained pattern of technological growth.
STARS will then have achieved its stated purpose: to energize the

wTTTaE

technology base to maintain our military supremacy through the use of
comput er technology.

..y

w
¥ &

l'_a""

o L e
n
.

e

49

A ) Y
P PN }
P s N




A AR Sown Soun ores oat oo AEE SC Rl MR st e

4.0 FUNCTIONAL TASK AREAS

Planning for the STARS program has benefited from the advise of
& substantial segment of the computing community: From the extensive
input available, it is clear that ample opportunities exist to pursue
the objectives, But the advice is not comsistent, and together all
the opportunities would require far more resources than DoD could
responsibly: commit. Hence, focus and selection are necessary:. This
section describes functional tasks which should be considered for
STARS funding. Not all parts of these potential tasks will be sup-
ported. The priorities will be established based on Service identi-

fied needs.

4.1 The Tasks Help Achieve The Objectives

The evolutionary:strategy:will build on existing DoD activities.
Current DoD activities that might contribute to the STARS program are
being evaluated. This section offers a rationale for the initial
high level functional tasks. Each subsection will describe the func-
tional task ares, motivate its importance to STARS, and summarize the
issues to be addressed. Detailed descriptions of these functional

task areas are provided in the STARS Functional Task Area Strategy

documents,

The program has been decomposed into these functional task areas
80 that experts in specific areas may: focus attention on their
respective area to ensure that the appropriate issues have been ider-
tified. These functional task areas do not represent plans which
would necessarily:be executed independently. An implementation stra-
tegy which defines projects cutting across the functional task areas

will be discussed in Section 5.

Figure 4+]1 correlates the individual task areas with the objec-

tives, showing that the comnsiderable synergy among the objectives

carries over to the potential tasks. Bécause of the synergy, failure °
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to support a task area may:pot only:result in forfeiture of the bene-
fit of meeting the corresponding objective, but it may: also reduce
the benefit of other objectives. Consequently; enabling tasks on the
critical path for the STARS program have been identified.

4.1.1 Measurement Is An Essential Component

The measurement task area stresses development of quantifiable
indices of merit that can support comparisons and evaluations of peo—
ple, software products, and the processes associated with software
development, support, and use in government and industry. Although
measurement activities could be described in the context of the other

areas, they: have been collected into one area to provide focus,

Among other things the measurement tasks can help determine how well

the overall STARS Program and specific efforts meet the STARS objec-

Pk At N N
AR AT

Tt B
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tives. Since the program must have figures of merit and experimental

models to use in evaluating the effectiveness of various activities

and in selecting follow-on activities, these measurement tasks are
essential. For example, a metric might deal with the portability.of
the tools developed.

In addition, consistently: applied wmetrics are essential for
effective management of software. The ability:to measure the capa-

bilities or productivity:of practitionmers could, for example, help

2;: program managers use the right people in the right places. If cost

R can be predicted accurately, waste from poor decisions may: be

o avoided. 1f the effectiveness and reliability of tools can be
p "

:Cj- . evaluated, then program managers can make informed decisions. And

;5f measures of software quality will make contracting incentives more ,
Eﬁ? manageable,

@

:f- Measurable goals must be established for the program and priori-

- ties assigned to individual tasks, Cost/benefit analyses must be -

- .-
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conducted to help establish task priorities and resource allocation.
An initial collection of metrics should be adopted and a baseline
established against which to measure progress. Systems should be
instrumented to facilitate data collection. A consistent data base
should be maintained to support analysis. Research should be cono-
ducted to augment or enhance the initial set of metrics and to

develop and test hypotheses related to software development and sup-
port.

4.1.2 Human Resources Skill levels Must Bé Improved

Personnel skill levels must be elevated through education and
training programs and the application of knowledge-based automated
tools. An improvement in the enviromment will have 1little impact
without a corresponding improvement in the skills of the people in
govermment and industry:working in that enviromment developing or
managing the systems. Skill 1level is a subjective determinatiom
based upon the types of education and training and years of experi-
ence in software related areas. 7The eilective use ovi tovis is depen~
dent on a sound understanding of the tocls and the principles they:
support. Just as importantly, the application specific skill levels
must be improved. The skill levels of the human resources have been
identified as the most important single influence on software produc-
tivity:(see Figure 2-1), It is interesting to note that we will not
let someonme fly: a multi-million dollar airplane without rigorous
training and certification, but we do not even have standards for

certifying someome to develop multi-million dollar software systems,

The key:concerns addressed are, (1), persomnel motivation, (2)
enhancement and provision of learning opportunities and mechanisms,
and (3) increase quality:and quantity: of skilled personmnel. The
motivation for software persomnel to improve their skills should be
provided in the form of career incentives and requirements for traim

[N .
ing or certification. These incentives should be designed to reward
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software engineering skills development and to promote the retention
of skilled personnel.

Internal training programs and learning in the operational
enviromment should be emphasized, wusing both traditional and new
knowledge based computer automated methods, because of the relative
cost effectiveness and ease of relating to real work activities.,
Research should be performed on new mechanisms for onthe~job train-
ing, particularly:in knowledge-based learning aids. However, educa-
tional institutions should also be supported to initiate or expand
software engineering programs, and scholarship and fellowship support
given to DoD personnel and possibly:to persons who commit to a period
of military: or c¢ivil service. The needs of managers, teachers,
acquisition, and technical personnel must all be met with both qual-
ity:and up to date training.

To ensure that there is an sdequate pumber of personnel avail-
able with the proper expertise, the exact types of skills needed by
DoD must be defined, measures of personnel quality: ard productivity:
will be developed (possibly including professional certification
where current professional certification efforts do not meet all DoD
needs), and these tied to career paths., Steps also will need to be

taken to ensure the quality:of training.

In addition to directly:supporting the objective of improving
skill 1levels, this area also should support the improved use of
tools, especially:in the krowledge-based instructional technologies
that can be built into automated enviromments to aid software pro-
fessionals in using new tools., Finally, with increased skill levels,
software quality:attributes such as ease of change and reuse will be

better appreciated by.software and contracting personnel,
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4.1.3 Project Management is a Kev to Success

Tools should be provided to support both government and industry
project management. A manager who can accurately predict cost,
closely :monitor schedules and resource zonsumption, and estimate the
effect of changing requirements, is able to allocate resources to
avoid problems., A manager with such tools is bettor equipped to fip~
ish a project on time and within budget. Respondents to the Software
Technology:Initiative questionnaire considered this an important area

and it was emphasized in the report of the Joint Service Task Force
on Software Problems.,

To provide immediate support, an imitial collection of existing
project management tools should be evaluated and adopted during stage
1. This set could be identified from the National Btreau of Stan
dards tool taxonomy: and through review by: experienced project
managers, a process already. initiated by:the AJPO. 1In addition, the
planning support contractor for ihe STARS program will be required to

provide a formal planning system complete with automated support for
managing STARS.

To provide full support, additional technologies should be
developed and automated support increased during Stages 2 and 3.
This longer term effort would take a comprehensive approach starting
from the needs of managers by: first identifying, defining, and
evaluating the importance of software management functions, activi-
ties, and decisions. This must be coordinated with the support sys-
tems task area, because managerial and techmical approaches are
closely. intertwined and must be carefully matched. Research and pro-
totyping should be performed, followed by:the development of advanced
versions that will be folded into the ongoing efforts in support svs-

tems.,

0 - u = . - . . Y 3 - re a o
RN TS AL AT SIS L G W A Shay S o . A a R




Issues of concern include planning and estimating, software pro-
:5_: duct visibility:and control, staffing and organizing, using metrics,
. and innovating successfully. In addition, managerial aspects of
technical innovations (e.g., visibility, planning, and control) must
be coordinated to ensure that managability is not lost through techo

ically motivated changes.

In addition to directly. supporting the objective to improve the
power of project management methods and tools, these tasks will sup-
port the objective to increase the level of automated support for
tools and will support increased tool integration. Through training

and use of these technologies, the objective of increasing the pro-

ject manager”s level of expertise will be supported.

4.,1.4! System Technology Issues are Addressed

Software is only:ome part of DoD mission critical computer sys-
tems, and these systems must be addressed from an overall systems
point of view. The systems area is concermed with the target system
environment and its relatiomship to its support system enviromment.
A target system is a configuration of systems software and hardware
in which the applications-specific software operates., The systems
area is responsible for providing access to the systems technology:
base and advancing it in response to expected future mission needs.
Improvements in the overall quality:of defenss systems depends upon a
corresponding increase in the quality: of the underlying systews
software and hardware. This in turn requires wmethods, tools, and
knowledge to make effect{ve use of the advanced systems technology:be

placed in the support systems enviromment.

Needed increases in quality:will involve a number of properties; e

particularly: important are adaptability:and reliability:as reflected

by: their inclusion in the name of the STARS program. Reliability: is

a property whose improvement should recieve early: emphasis, Of spe-

X J

MRS Ak 20 A an A A A




i I 4 4N T T T e
L X St
et st e <

P
r~
-
L -
-
L
4

[
P—

LAt B G SR o At
T A :

-

ANER i A A AL b e

SO g
',

IR San Mren. Bt SNias

cial note is testiﬁg (primarily: for reliability but also fur other
properties) which absorbs a large portion of the dollars spent omn

software and is also an area vhere significant exploitable opportuni-
ties currently:exist,

Four topics that appear to provide the greatest benefit have
been identified with the realization that these may be broadened in
the future. These are systems architecture, systems software,

software /hardware synergy; and envirommental concerms.

Systems architecture is emphasized because new architectures
(such as distributed, functional, and data flow architectures) hold
significant promise for immovative approaches to systems. However,
much more needs to be dome on both the applicability:of the architec-
ture to DoD problems and providing access to them through support
systems envirooments. In addition, new architectures will provide
the means by:which target system packages and their configurationm can

be more adaptable and reliable with higher functionmality.

Systems software is emphasized because it is the means by: which
adaptability: can be provided in a configuration of systems packages.

It bridges the gap from higher level systems functions to the under-
lying hardware.

Software /hardware synergy:is emphasized because the expected
rapid advancement of both software and hardware technology over the
next decade raises many:questions about how to design systems. The
recent emergence of VLSI technology raises the question of which sys-
tem parts should be implemented in software and which parts in
hardware. These questions become even more important in light of
emerging VHSIC technologies., Of particular interest are methods,
tools and knowledge that assist in the co-evolution of software and

hardware.
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Envirommental concerns are emphasized because of the importance
of the relationship between the target system enviromment and the
support system emviromment throughout the development and useful life
of the system.

Many:of the potential tasks in this area are expected to be of a
research nature because of the need to address fundamental questionms.
This task area contributes to meeting the challenge of increasing the
power of application-independent tools, especially: for the develop-
ment and support of complex systems., In addition, this area will
produce more powerful tools and methods for using the innovative com~
puter systems architecture made possible by:the VHSIC and VLSI pro-
grams,

4,15 Application-Specific Demounstrations Will Bé Conducted

Potential tasks in this functional task area seek to build upon
a core enviromment which is the integrated efforts of all the task
areas in the STARS orogram, BRB&# dawveloping those technnlogies and
products applicable to each application area, .application~specific
augmented enviromments will evolve that will promote the use of reus-
able software within application areas. Each application considered
within this task area must be motivated by: real DoD requirements.
These requirements must be presented so that consistent software
interfaces can be developed and reusable software defined, developed

and demonstrated.

To promote the development of consistent software interfaces and
reusable software guidelines, the efforts within this task area will
encourage the formation of application-specific user groups. Once

software 1is stated in terms consistent with the defined interfaces

and guidelines it is easier to recognize the function performed by:

each software part or module. Thus the potential exists for reuse of

parts from similar applications. Software reuse saves development -
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time and momney; and field-proven software is more reliable. These
application area efforts and demonstrations provide a natural path to
insert into real DoD programs the approaches being pursued by:STARS

projects which are providing general purpose software tools.

Initially; ao analysis of DoD applications will be conducted to
select approximately: six application areas for which to develop,
refine, and demonstrate applicatiom—specific STARS software environ-

ment. Attention will be given to the acquisition strategy which best

promotes software reuse. Contractors would be expected to begin by:

identifying the functions and data types in their application areas

and designing their approaches. Technology:to be explored in early.

stages will involve package libraries and package composer systems.
In order to effectively: reuse software, mechanisms for software
warehousing and reuse must be investigated, developed, .and demon-

strated. 1In at least two, perhaps three of these areas, other

approaches such as application-oriented languages (including very:

high level languages), application generators, knowledge-based sys-
tems, and application—specific computer architectures will be inves-
tigated. Ongoing demonstrations will also provide STARS with a vehi-
cle for rapid demomstration of the automated enviromment and new

additions to it,

4.1.6 Software Acquisition Procedures Will Be Improved

Activities in this task area will seek to improve existing
software acquisition procedures, business practices, and incentives.
They:will identify:and remove impediments in the acquisition process
currently: hindering efficient software development and support.
Incentives must be devised to promote the efficient development of
quality: software, to consider life-cycle costs, .and to encourage the

effective use of modern technology. The appropriate incentive struc-

ture is essential for DoD to obtain the bemefits of the technmology. .

This may:require substantial changes in acquisition strategy. A
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software acquisition panel will be established with a mixture of peo-
.f}, ple who are well versed in the DoD acquisition process including a
:;f representative from the Industrial Productivity:O0ffice, people who
J understand the acquisition problems associated with software, and
people who understand software techmology: The panel will be sup-

ported by:a contractor familiar with DoD acquisitiom.

The panel will consider recommendations for contract incentive
mechanisms and changes to acquisition guidelines and policies that
will reward the use of modern software engineering practices, reward
the use of appropriate tools, reward the development of reusable com-
ponments, and optimize life~cycle costs. The panmel will work with
other groups, such as the Joint Logistics Commanders task forces, to
improve the acquisition process and encourage use of such techniques
as rapid prototyping. Other areas to be addressed are software data
rights revisions of the Defense Acquisition Regulations (DARs) and
Federal Acquisition Regulations (FARs), greater emphasis on systems
and software engineering during DSARC, educaticn and training of the
contracting community: om software issues, use of software quality:
measures and incentives, and the review of IR&D procedures to
encourage useful software projects. In addition, planned innovations
in project management and technical approaches will be reviewed to
ensure that needed changes in acquisition practice are available when

the innovation is introduced,

4.1,7 Human Engineering Addresses Techniques and Workstatiom

This functional task area is concerned with those aspects of
human performance that affect or are affected by:software. Indivi-
dual, tesm, and organizational performance are extremely: important in

software development and in the use of application systems. Human

4

T! performance depends not only.on the level of knowledge and skill of
) individuals but also on their effective interaction with computers,
o unautomated material, and other people. Future software development
e 60
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iu and support will be much more efficient when user and software organ-
g izations interact effectively, teams function smoothly, and humans

- and computers communicate quickly.and easily.

Because of their immediate promise, initial efforts should be
directed towards design or selection of workstations. At the same
time a definition of a framework for an R&D program in human
engineering must be developed. This should be followed by.develop~
ment of workstations for demonstration and by:a systematic R& pro-
gram aimed at providing usable results to tool builders and other
software practitioners. Among the areas to be explored are the man-
machine interface; the organizational, group dynamic, and individual
cognitive processes in software development and support; facilitators
such as documentation and on-line aids; and training techniques for
new tools. Results will impact automated support enviromments,
interface designs, and management practices. Products should include
workstations, design and methodology: handbooks, tools to aid inm
design and evaluation of interfaces, and personnel training tech-

niques.

In addition to supporting the objective of improving tool wusa-
bility, this task area supports increasing human expertise and pro-
viding more powerful manmmachine interfaces. Productivity:should be
increased by:workstations for software professionals; by:better per-
sonnel selection, evaluation, and team building techniques; and by:

more powerful and easier to use man-machine interfaces.

4.1.8 Support Systems Are The Cormerstome of STARS

Software development and related activities are comnsiderably
easier and more manageable when supported by:an integrated collection
of tools and methods, Integration introduces a coherence and pro-
vides a wunified approach to the process of software development and

in-service support. '
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Automating the process makes the activities more comsistent and’
efficient, offering productivity:improvement.” The ideal is to pro-
7 vide fully:automated sets of tools, but it is pot now possible to

fully:automate many:tools and procedures.

This functional task area serves to meet the program”s sub-
objectives to increase the level of integration and automation by
producing automated support enviromments, Activities include
‘ developing an enviromment based on methodologies for deveoping and
; supporting software for software intensive embedded computer systems
and by: demonstrating the value of these enviromments and methodolo-

gies.

The goal of the Support Systems task area is to prepare and sup-
port demonstrably: effective methodology:based software enviromments

suitable for use in developing and supporting DoD software intensive

embedded computer systems.

Cramdflnan arbhlantlenn auas
popetcpaibfupael TeZ3NeaV3ET 2T

o To provide a production-quality: envirooment that supports
the full life-cycle, is easily:rehosted and retargeted, is a
model of an integrated, extemsible tool set, that evolves
from a MAPSE, available early:in the STARS schedule, and is
a model of an evolutionary:enviromment-building methodology.

o To develop and demonstrate an improved understanding of how
to integrate tools, methods and management practices, and
how enviromments can support methodologies and life-cycle
models.

o To evolve a realistic modern concept of the 1life-cycle in
which software development and support is treated as an
incremental process and in which management, correctness
analysis, configuration management, documentation and in-
service support are fully:incorporated into the 1life-cycle. e

b o This concept also must foster reusability, reliability:and

o increased productivity:and must accommodate the DoD software

oo profile. (DoD software is often large scale, real time,

must be fail-safe, is long 1lived and ever changing, is .,
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developed with large development teams, and must interface
with old systems.).

o To experiment with and promote real-life use of methods and
enviromments,

o Capture and integrate this technology: flow.

To to achieve these objectives within a reasonable fundiﬁg
level, it will be necessary (and desirable) to utilize existing Ada
enviromments and the Ada KAPSE Interface Team (KIT) and Methodman
activities as foundations upon which new enviromments and methodolo-
gies will be built, It is envisioned that initial tools, envirom
ments and methods will be evelutionary:in nature. Howevec, these

tools, enviromments and methods must provide for the inclusion of

revolutionary: approaches in later years, Standards and interface
specifications must be produced (which will enable additional
automated tools to be incorporated through the market place).
Further, supportive research will be necessary:in both evolutionary:
and revolutionary: directions. The integration of research results
will be necessary:to form coherent, symergistic tool sets which meet

the objectives. This strategy: calls for continual development,

oot i

integration and export of products and technology; for research and

development coatributing to environments improvements; and for

v v
aeh  oen

management, planning, evaluation, demonstration and experimentation

of products and technology:developed as a result of this program.

4.2 Extensive Recommendations Support The Selection of Tasks 1

@ 3 S0 sa s e

Planning for this initiative and selection of the task areas has

benefited from a vast amount of advice (see Appendix I im Volume II

tiative and the STARS Joint Task Force Report). Figure 4+2 shows the

DA DERAD

relationships between the recommendations received and the functional
task areas. The task areas are shown as rows; each column

corresponds to a source of advice. Entries denote the problems that
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the task area for that row of the chart address or the recommenda-

tions it would implement. The first column shows the ranking of the

problems from responses to the Candidate Thrusts for the Software
Technology ' Initiagtive questionnaire; the second column shows the

problems from the report by:the Joint Service Task Force on Software

Problems. The third column lists the ranking of corresponding Candi-

date Thrusts recommendations; the fourth column lists the paragraph
number of the related Joint Service Task Force recommendation. The
fifth column shows the various Defense Science Bbard Recommendations,
and the sixth column gives the opportunity:assessments. Explanations
of these problems and recommendations can be found in Appendices 1II,

IV, VI, and VII to the 1l October 19& version of Strategy for a DoD

Software Initiative.
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5.0 IMPLEMENTATION

The functional task area strategies identify: potemtial activi-
ties which could satisfy:the STARS objectives. However, since these

activities have not been prioritized according to potential payoff in

terms of specific DoD needs, it is not intended that the STARS pro-

F ‘ gram undertake all of these activities.

A program plan can be developed ounly. after the Services and
m ) Agencies have had an opportunity:to identify:those activities which
will satisfy:their needs under the STARS program. However, there are

o some tasks which are clearly:on the critical path of any:program plan

g and should be included. The STARS Implementation Approach lists them
i and provides additional detail,

5.1 A Common System Interface Standard Will Bé Implemented

The Ada Program has accomplished development and acceptance of a
standard, wmodern high order language for embedded systems. It has
alen dafined the concent of a minimum avtemated programming support
enviromment into which additional tools may:be integrated, Two such
initial systems are under development with DoD support (AIE & ALS),
and others are being constructed independently-in industry. The long
term goal is to have a single standard automated support enviromment
for DoD use, but that goal is neither technically feasible nor real-

istic in the short term.

A common DoD support system must be hosted on a variety:of com—

puter and operating systems and must provide tools to cover the

M o
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entire life cycle, In rehosting the suppor: system, differences in
implementation will naturally:result, Likewise, the state-of-the-art

¢
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does not offer the basis for definition of a single life-cycle metho- P

dology. upon which to base a complete enviromment., Further, the need

i
1

for a mixed language envirorment must be considered for the foresee-

able future, with the added complexity.that important languages gre *
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Service dependent, These factors do not, however, preclude DoD from
continuing on a program aimed at reducing the level of duplication

and increasing the development of standards.

The first step along this path has been taken in the Ada Pro-
gram. Based on a memorandum of agreement among the Service Assistant
Secretaries for Research and Development, a joint Service KAPSE
Interface Team (KIT) and complementary:industry:associates (KITIA)
have developed a draft System Interface Standard. Once refined and
adopted, this standard will defime the interface requirements between
a KAPSE and additional tools. This standard will provide the founda-
tion on which to evolve toward greater commonality:among the Services

and enable the consistent construction of sharable tools.

This strategy:offers the opportunity:for a common core system of

interfaces and generic tools but does not promise a standard environ—

ment., A complete set of life-cycle tools must support a methodolegy:

or set of methodologies. Different application areas may:require
different tools and techniques. While a substantial number of tools
may: support more than one methodology:and therefore be common, our
current understanding does not permit the specification of a standard

without seriously:impeding progress through experimentation.

The development of commonality:in the support system is already:

a stated goal of the DoD within the context of the Ada Program. The
STARS program will support and aggressively:pursue that goal by:spon—
soring the development of tools, techniques and an evaluation capa-
bility:to ensure conformance to evolving standards. Projects to sup-
port this direction will be a responsibility: of the Software
Engineering Institute which will evolve the common automated support

environment from a MAPSE, ensuring consistent development and imple-

mentation of the Systems Interface Standard. As previously:

described, it will incorporate new tools and techniques developed

under the auspices of DoD laboratory.management both through existing
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efforts and those under the STARS program, as well as from technology:

independently: obtained from industry:and umiversities.

From the resulting state-of-the-art enviromment, the Services

may: derive more specific enviromments to support their programs.

From the collection of tools in the Institute enviromment, the Ser-
vices will be able to configure their enviromments, adding Service-
K specific capabilities such as tools to support specific management

- techniques, linkages to previously: used language systems and code
gl generators ‘for specific machinmes. However, these systems would cono-
- form to' the systems interface and other standards. The Institute”s
support system and its components will be avail#ble to the defense

industry: and will serve as a baseline against which others will be

measured and to which value may: be added, Future contraccs may: then
safely: specify: a specific set of tools which rely:on the Systems
Interface Standard., Although this would not preclude a contractor
from also using more advanced tools, contractors may:reasonably:be
required to perform at least as well as they:could using the support
system available from the DoD. If a contractor cannot demonstrate a
support system which would enable performance at least as good, that
contractor could be required to use a specific Service support sys-

tem,

The leverage from this approach is in establishing a baseline
enviromment and infusing new technology:into the enviromment. It
will permit coordination of the enviromment development and “free
individual oprograms from expensive and unplanned tool development.
This enviromment will clearly:be DoD subsidized with the cost borne
by the DoD through the STARS program. This approach is the STARS
program”s insurance that the appropriate standards are developed and

that the best technology:is available for use on DoD systems.

\2
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5.2 Several Automated Support Enviromment Approaches To Bé Tried

Development of a state~of-the-srt enviromment and evolving sys-
tems interface standards is an essential component of the DoD stra-
tegy. The resulting enviromment will follow technology: developed
elsewhere. The insertion of the technology into defense systems will
be enhanced only. if complemented by:incentives for industry. to both
adopt the evelving standards and keep their internal automated sup-
port environment more advanced to maintain competitive advantage.
The common approach will be effective in constantly raising the base-
line but the incentive must be established for industry.to exceed the
baseline and apply:maturing technclogy:to defense systems, .and to do
so quickly. Alternative techniques and approaches must be demon

strated on real systems.

Many:of the major defense contractors have undertaken, or are in
the process of undertaking, the construction of life-cycle automated
support enviromments to gain the competitive advantage. These
efforts are at varying levels of sophistication, often fragmented and
not always used on defense systems, The DoD has an opportunity: to
realize substantial leverage by:encouraging this activity, seeding
the process of adopting the evolving Systems Interface Standards,
reaping the benefits of early application of these enviromments on

major defense systems, and evaluating differing techniques.

The approach is to offer industry.the opportunity:of partial DoD
subsidy: to accelerate and coordinate these developments, to partici-~
pate in and conform to evolving standards and to use the enviromments
on defense applications., This approach has several stages. The
planning and contracting stage would involve completion of planning,
preparation of draft request for proposal (RF?), and determination of
the level of effort funding which would be required. The draft RFP
would ask industry:to propose a multistage automated support envirqn‘ i

ment construction project with the following gereral characteristics:
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o it would initially.use available techniques and tools;

o it would be applicable to two or more defemse application
areas;

o it would be based on a MAPSE;
o it would implement the evolving Systems Interface Standards;

o it would support the entire life-cycle comnsistent with the
characteristics of Methodman;

0 it would be rehostable and retargettable.

After reviewing comments on the draft RFP, agreeing on a set of

application areas of importance to DoD, and estimating the level of

effort seeding to be offered, the RFP would be released. The con-
tractors would be encouraged to offer innovative approaches based on
a combination of imn-house techniques and those that are available
elsewhere. Proposals would spell out what techniques and software
would remain proprietary:but available under license to DoD and ider—
tify: which rTesults would De available in the public demain. They
would propose to demonstrate the system on a brassboard and would

propose how the support system would improve defense software.

Several contractors would be selected to participate in the
definition and design stages which would give the contractors approx-
imately: six months for system definition and approximately. nine
months for system design. At the end of each activity (definition
and design), reviews would be held and the number of contractors

potentially:reduced.

T
_i,‘,‘.n. .

The construction and demonstration stage would entail approxi-
mately: two years to complete the system and demonstrate its effec-
tiveness on a brassboard system implementing the chosen application.

Three different potential approaches to this stage are presented in

i 20 Sar B e St
' - .

. the STARS Implementation Approach to provide a more complete indigg--
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tion of how those might proceed. Other approaches will undoubtedly:

be proposed.

The enhancement stage would involve improvement of the system to
production level and application to a real mission critical system.
There are several advantages to these multiple automated support
enviromment construction projects. Several major defense contractors
will substantially:improve their ability:to deliver better quality:
software, mnuch in the same way:that the VESIC program seeded the
development of microelectronic design and fabrication facilities.
The DoD will be able to evaluate different approaches. The defense
industry.is more likely.to participate in development of the System
Interface Standards and adopt the results especially:if the involved
contractors see a long term payoff to their efforts on other pro-
jects, DoD will benefit from industry:investment and will get the

results of that part of the development which it supported.

This approach is not inconsistent with the evolution of Systems
Interface Standards and the goals of common support systems. The
Software Engineering Institute will be able to evaluate different
approaches and derive common characteristics. In addition, the com-
peting activities will produce individual tools and techniques which
can be incorporated into the baselinme, Finally, the defense industry.
will bave the incentive to use the evolving System Interface Stan-
dard. DoD must be prepared to pay:in the form of licenses and royal-
ties for that which resulted from independent investment but that

will be understood and negotiated prior to contract award.

While the individual automated support eqvironment will include
different tools to implement different techniques and methods, .adher-
ence to the evolving Systems Interface Standard will offer the flexi-

bility to require the use of standard tools. For instance, if the |
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software is to be mainﬁained by:the DoD, the responsible Service may:
wish to require that specific tools such as those supporting confi-
guration management and documentation cootrol be used. They:may:also
require that other tools used by:the contractor be available to the

govermment, .perhaps under some license arrangement,

Estimating the cost of these parallel developments is not possi-
ble at this time. The costs will depend on the number of contractors
chosen and the amount of industry: investment. The definition and
design stage would require approximately $1.5-2M level of effort

seeding per contractor, spread over FY84!and FY&.

5.3 Near-Term Development Projects Will Bé Selected By Need

The automated support enviromment comstruction projects will
quickly: consolidate existing technology:and produce some new tools
and techniques. However, the functional task area strategies have
identified many:other opportunities. Selection of projects to real-
ize these other opportunities will depend on the priorities esta-
blished by:the Services. Each Service will propose development pro-
jects to support the STARS objectives for which that Service is
prepared to take the leau. From this set of proposed projects, a
program plan will be derived. Identification and selection of
development projects by:the Services will ensure that techniques are
developed to support specific needs and that maximum benefit is

derived from existing projects,

However, several projects identified in the functiopal task area
strategies are on the critical path of the STARS program, If these
projects are not supported early, later developments will be ham-
pered. These projects are detailed in the STARS Implementation
Approach. The Services will propose plans for executing these criti-
cal path tasks,
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“ 5.4' Innovative Alternative Approaches Will Bé Investigated

'(;f The automated support enviromment construction projects and the
oy common enviromment developed within the Software Engineering Insti-
. tute wiil evolve from traditionmal approaches. These developments are
.E ’ expected to offer significant incremental improvements. More innova-

tive alternatives must also be investigated which could offer sub-

stantial improvements.

Projects in the alternative approaches category:would complement
the automated support envirormment construction projects by:stressing
the development of alternative approaches to software development and
in-service support, alternative approaches to organizing a support
system, or alternative approaches to tooling technology:for delivery:
to practitiomers. Such projects would involve the building of a pro—
totype, perhaps only:partial enviromment, followed by:the demonstra-
tion of its utility:and effectiveness., After demonstration, a pro-
duction version could be built, or perhaps the new technology: would
be absorbed into the production~quality.enviromments being produced
as a result of the STARS automated support enviromment construction
projects. In any: event, the requirement will be to successfully:
transition into practice the demonstrably:effective techmology: that

emerges.

Projects in this area do not have to be formulated under as many.

constraints as in the STARS constructiom project area. Specifically:

o the enviromment produced within three years can be prototyp-
ical rather than productiomquality,;

o the ~nvironment must be oriented toward producing DoD mis-
sion critical systems but need not be oriented toward any ‘
specific application area, although it would be demonstrated e |
on a specific application,

the emviromment could be independent of a particular method
for software development and ip~service support,
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o the support system could reflect a nomtraditional approach
to software development and ip-service support; it could,
for example, be based on a rapid prototyping or a
knowledge-based approach.

Selection of more innovative approaches will depend on the avai-

lability: of ideas from the community. Several possible ideas exist

and are outlined in the STARS Implementation Approach. Selectiom of

alternative approaches will 'be based on proposals generated by: the

. Services.

5.5 Some Projects Will Provide Support to STARS

There are several projects that are critical to the management
of the STARS program, the smooth flow of new technology:into the
fﬁi enviromment, or the propagation of the enviromment into use. While

many: of these projgct{_ will most naturally:arise as adjumects to
existing and already:planned activities within DoD, there are several

that must be initiated immediately:to assure coherency:of the STARS

program. These projects are detziled in the STARS Implementation
Approach.

5.6 The STARS Program Links Directly to Service Activities

Figure 5+1 portrays how all of the STARS program projects dis-
cussed above directly: support existing service projects related to
mission critical system software development and support. It also
shows that all STARS activities are designed to improve the DoD”s

future technical lead in software engineering. This constitutes the

fundamental conceptual framework for STARS program implementationm.

Figure 5+1 shows two major streams of projects, those related to
on-going Service activities and those to be sponsored under STARS,
:,: The Service activities include software dependent mission critical
F‘ system development life-cycles (one shown), and the evclutiomary
X improvement of existing Service specific software enviromments (at

least three).

75

L. e, IR . B R L . . L R nstwechnsnmiasmehaitn
- PRI ) ARSI VO | LYY W Gy oo [VOP ST T VMY G G WL I W WU G WRIL RN WP Ar W S S - o Mg




3dacuo) uojjejuawdjdw) weabouad SyylS :1-§ IJYNII
1S31/0W30 $103roud
auvosssvus | Agyng 53¢4A101084 SININIYIIX3I wnﬂ.—hwww u>.m~ﬂz%hum.a.uﬁuz ANIWNOUIANT
IALYNYILTY 350404d 19NANOI/NDISIU 153138 Jiwniva3 IAILVNYILIVY
suvis suvis
] }
)
SNOHN10S
3504014 $103roNd
il HOHV3SIY ILVILINI SW3180Yd —,. HOUV3SI¥
IVOINHI3L syvis
A AJIINIO!
) nWYUOOUd
g @ sSuviS
1S31/0W30
ayvoessyus
. I 719NHISNOD NOUINHLISNOD
@ e v) 3§ SOW SHVIS A TTNOUIANS
NDIS3a 1404ddNS
. Q3ILYWOLNY
g sHVLS o
™~
‘ @ §
1S31/0W30 SININWOVYYS
] QuvossSvus Y ININNOUIAND 1001/Q0H1IN ANIWNOWIAN]
JONVHNI wnawnowana K 3onveNa nownoa K doiaaia JIY3NID o JUYML40S
SAUYONYLS NOWWO2
A NOWWOD Suvis )
SUVLS I0VIUIING ® suvis J
INiIQ
® ®©l__&|__e&l - @
el el e e ey
] 1319348 INIWNOMIANI $39NVHD n-zu:zosSzug
IINVYHN3 AVIMY 21419348 Q3INNVId IUVMLIOS
JONVINI FINVHNI o) 108vavD 21410348
AV IZATYNY 3121AU3S SINING01IAIA
IFOH04 UIV i . | .m.:w_mz
— vOIIeD
@ @
-———— NOUYINIWI IS b 9 NOISSIN
SW3ILSAS
«—————— ININAOWIQ —P «aSNOISIDI0 - zo_:o.._c\‘ SISATYNY H WIIIND
NOILINQOHd SININININODIY zo-ﬁﬂ-x o
6 s 08 T se 9 91 98 ”" e
3INQ3INIS INIWA01IA3A

o
L

Tl AN

A

o) S




ng— P . e LAt g Saadh stadi s Smatlh aEndt il S g

L na s o aa g e gnedh gl et el _Shadin aund smast Jsmani Jinti Sent RN Sl N P I S B

STARS has three main streams of activities directly: related in
the near term to the Service project streams., These are:

a. the development of a STARS common software enviromment
(long-term goal with work beginning now)

b. the construction of improved wmission critical system
automated support enviromments (mid-termm goal with work
beginning now), and

¢. research aimed at solving known critical problems whose
solutions are necessary: to specific mission critical
software environment development projects.

The remaining STARS project stream involves research aimed at
making breakthroughs and quantum jumps in state of the art alterna-
tive software enviromments. This work is not tied directly: to the
other five project streams until near the end of the STARS seven year
life,

The five sets of linkages (labeled 1A through S5B) between the
six project streams are designed to a2id ome or more of the following
three technology: improvement objectives:

a. technology.transition or a real improvement in the state of
the art :

b. technology:insertion or the reduction to practice of an
improvement in the state of the art

c. technology:transfer or the sharing of the current state of
practice among different organizations (e.g., between the
Services and other DoD components).
A very:brief description of the objective of some of these 1linkages
indicates how the underlying rationale for the implementation concept
is formulated:
o Lipnkage lA -- comparison of results of a current system

requirements specification with existing software enviror~
ment capabilities should promote transition through enhance-

ment (insertion) to upgrade the Service enviromment before .

the production decision on a mission critical system.
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o Linkage 1B'-— compares planned changes to existing Service
enviromments due to 1A with what standards and gemerally.
accepted "best" generic methods and tools exist that should
be used. This leads to both Service system enhancement and
improvement of the standards.

o Liokage 1C -- depicts a flow down of informatiomn from lA and
1B to enable a contractor tc define, design and comstruct an
improved application specific enviromment which will provide
useful new methods and tools for the STARS common environ-
ment through linkage 2C after a realistic demonstrationm omn a
Service-owned system brassboard (avionics hot bench, flight
simulator, communications test bed, "plastic tank", research
and development ship, etc.).

o Linkage 1D — funnels problems identified through linkages
1A, 1B'and 1C for which no ready:solution is apparent. This
generates applied ressarch projects whose outcome solutions
are eventually:fed back to the Service specific envirorments
by:means of linkages 3B'and 3A.

o Linkage 4B'-- the fruits of the fundamental research stream
that is seeking a truly:"better way" to engineer software
eventually: reach a stage of proposed revolutiomary: change.
This linkage makes the comparison to determine if an alter-
native should in fact be built. If so, a demonstrated
better enviromment is linked back to the Service specific
world by:means of 5B and 5A,

The remaining linkages should be self explanatory.

Thus, all of the parts of the very:large and complex STARS pro-
gram logically' fit together in the dimensions of time, technology
evolution and techmology:revolution. This provides STARS with a

coherent program implementation comncept.
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6.0 ORGANIZATION AND FUNDING:

This STARS program augments the current funding for software
related research, development, and improvement in DoD. DoD has
existing organizational structures employing a number of mechanisms
at appropriate levels to manage its programs. Bécause of the recog-
nition that software and systems issues are important and warrant
stable and  high-level attention, the program will expand or
accelerate many:existing activities. To the extent practical, STARS
will build upon existing organizational mechanisms and be executed to
the DoD components. Detailed organizational responsibilities and
interactions are covered in the STARS Program Management Plan., This
section highlights important components of that plan.

6.1 DUSD(RSAT) Has Primary:Responsibilitv

Since a major protion of this program is expected to involve

research and development 1leading to technology:insertion, overall
program responsibility:will be under the ropmimercs of  the Manaew
Under Secretary:of Defense for Research and Engineering (Research and
Advanced Technology) (DUSD(RSAT)). Management, of the program and
coordination of the Service programs will be the responsibility:of
the Computer Software and Systems (CSS). Directorate, Each Service
will assign a representative to the STARS Joint Program Office. The
Ada Joint Program Office (AJPO) is also attached to CSS ensuring
close coordination of STARS with the Ada Progruu., The Ada Program is
an integral part of this initiative, and the AJPO will be tasked to
execute some of the activities,

6.2 An Executive Committee Will Provide Advice

An Executive Committee, chaire. by.the DUSD(R&AT) with members
designated by:the Military Departments and appropriate Defense agen~
cies, will oversee program policy:and provide management assessments

of program progress,
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6.3 The Program Will Bé Executed Bv DoD Components

Each Military:Department will designate a STARS Program Manager
to serve as the principal manager of the individual Service responsi-
bilities for the program. The STARS Service Program Managers will be
responsible for coordination with the STARS Joint Program Office and
for coordination of all tasking to the respective Service., The Ser-
vice representative assigned to the STARS Joint Program Office will
provide the primcipal coordination with the designated Service Pro-
gram Manager. A request for increase of the military Table of
Allowances by:a total of ten manpower positions was approved in the
FY8 '!POM issue and was submitted with the FY84 .budget. This increase
pro&ides three positions for each Service and ome additionazl position
for the Army: to manage budgetary:actions. These positions support
the assigmment of one individual per Service to the STARS Program
Office and establishment of the Service Program Management Offices.
Each participating DoD Agency:(NSA, DCA) will appoint an Agency:point
cf contact £or coordination with the STADS Jcint Program Cffice.
This individual will be expected to be a part time Agency: representa-
tive to the STARS Joint Program Office.

For activities required to execute this plan, a DoD component

will be tasked to designate a respounsible organization, That organi-

zation will be responsible for carrying out the designated activity:

and for coordinating with other activities as appropriate. The
designated organization will b2 responsible for developing DoD exper-
tise in the area, managing contracts and ensuring that a critical
mass of research is supported with appropriate goals. Thi; will not
preclude other organizations” maintaining expertise and support;
widespread involvement will be encouraged.  Obviously. this will

require greater levels of coordination.
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6.4' DUSD(RSAT) Will Oversee the Software Engineering Institute

Oversight of the Software Engineering Institute will be the
respousibility: of the DUSD(R&AT) through the Director, CSS. A
Software Engineering Institute oversight committee will provide
advice and assistance to the DUSD(R&AT).

6.5. STARS Joint Review Committee

The Service STARS Program Manager”s the Software Engineering
Institute Coordinator, aad the STARS Program Director shall collec-
tively: serve as the STARS Joint Review Committee, chaired by: the
STARS Program Director. This committ.- shall provide the joint com
ponent forum for reviews, discussions, recommendations for tasking
components, corrections of program deficiencies, resolving management

problems, funding, and other programmatic issues.

6.6 Funding Supplements Existing Research

Detailed allocation of the budget for this initiative will be
developed by:the STARS Joint Program Office with assistance from the
Service Program Managers. A Program Element (P.E.). has been esta-
blished by:the Army, as identified in the approved FY8'POM issue, to
support the activities of this initiative, Funds from this P.E. will
be directed to the organization tasked to perform a specific
activity, In addition, it is assumed that DARPA will budget
separately:for its activities to support the initiative, and DoD Ser-
vices and Agencies will fund software related R&D activities at
currently: planned levels. This budget assumes continued funding by:

the R&D organizations at current levels allowing for inflation.

Funds have been identified to establish a real growth in support
for software. The initiative provides a needed boost in support
immediately:with appropriate central management control. After the
initiative, the funding and management shifts to the Services. These

funding levels were based on carly: planning efforts and must be
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refined for the FY86 FOM based on further planning and initial pro-
gram experience. Three stages have been identified. The STARS pro-
gram funds will provide for Stages 1 and 2. The funding profile
calls for the reprogramming of these funds to the Services to be com
pleted during Stage 3, except for the specific support to the
Software EIngineering Institute. These funding levels were based on
early. planning efforts and must be refined for the FY36 POM based on

further planning and initial program experience.
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7.0 CONCLUSION

Computer systems are critically. important to the continued
enhancement of DoD wilitary systems. Computer software plays & key:

role providing functionality:and cost-effective flexibility.

DoD has aggressively:pursued th_. advancement and use of computer
technology. In addition to numerous Service-specific efforts,
several DoD~wide programs, such as the VHSIC and Ada programs, have

been injtiated to reap the benmefit of technological advances.

This pursuit has resulted in many:improvements to the state of
practice within DoD. However, the full potential has not yet been

realized. The most severe shortfalls come from our inability: to

fully. exploit software’s potential, partially: resulting from an
inadequate and immature software technology: base, but also from

acquisition, management, and personnel skill impediments.

The critical need to exploit software to the fullest extent and
maintain international leadership mskes an ex*ernsive, concentrated
attack, coordinated at the highest levels of management, vital. The

STARS program will provide the needed emphasis.

The STARS objectives are to improve the software state of prac-
tice by:simultaneously:and synergistically:improving several aspects
of the enviromment in which software is developed and supported. The
STARS strategy:is to build on existing DoD activities, using the Ada
progrem as a key:element, The STARS initial, high-level plan relies
on the planned evolution of the software enviromment, enhanced not
only: technically:but also by:significantly.improved acquisition stra-
tegies, management and business practices, .and personnel upgrade pro-

grams.

Central to the evolution of the enviromment and the transfer
into the DoD community:of the technology it embodies is a national

Software Engineering Institute, a new organization created as part of
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the program. The Software Engineering Institute”s mission is con-
tinually:to evaluate leading edge tools, demomstrate their utility,
integrate the best into the automated enviromment, and deliver
widely-accepted, supported versions of the envirorment to the DoD
community.

The VHSIC, Ada, and STARS programs taken together provide a bal-
anced portfolio for preserving U.S. military: supremacy: through
leadership in computer technology: The STARS program completes and
balances the portfolio. It must be launched immediately, Further-
more, STARS offers an enormous potential return om investment. With
annual DoD embedded computer software costs estiﬁated at $5<6 billion
and predicted at $32 billion by: 1990, even a modest twofold improve-
ment, easily: achievable, would yield a payoff factor of over 20C on
the requested, peak $60 million per year investment. Adaptability;
reliability, and functionality ' will also be improved. Most impor-
tantly; operational forces will gain the more effective software sup-
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