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OFFICE OF THE SECRETARY OF DEFENSE
’ WASHINGTON, D.C. 20301

28 December 1981

MEMORANDUM FOR SECRETARY OF DEFENSE
DEPUTY SECRETARY OF DEFENSE
CHAIRMAN, JOINT CHIEFS OF STAFF

THROUGH: UNDER SECRETARY OF DEFENSE FOR RESEARCH AND ENGINEERING

SUBJECT: Report of Defense séience Board Summer Study on the

Technology Base

The attached final report of the Defense Science Board Summer Study
on the Technology Base was prepared under the chairmanship of

Dr. George H. Heilmeier. The study addresses the following issues:
What technologies are critical to future {1990-2000) defense
capabilities? 1Is the investment in the Technology Base adequate?
Is the process of transition from technology base to weapon systems
adequate? Are the universities able to support national security
requirements? Are the available scientific and engineering
personnel resources adequate to support defense technology
requirements?

The principal findings of the study are that:

1. There'is no strong, consistent, DoD-wide linkage
between technology base investment strategies and
the requirements of future combat.

2. Certain very high potentiai payoff technologies are not
being adequately pursued in the current DoD technology
"base program. :

3. There is insufficient funding for technology demon-
strations which are an essential part of efficient
technology transition. -

4. The university research bage relating to defense pre-
paredness is in need of considerable enhancement in
the areas of faculty, equipment, facilities, and support.

S. The DoD laboratories and DARPA afford a number of
opportunities for increased effactiveness.

Specific recommendations are mﬁde by the study panel Eo address

- these critical areas; many of these recommendations I view to be
especially imaginative and pa;ticularly'promiling of payoff.



In summary, this DSB report focuses attention on one of the
nation's most important assets, its technology base. But, this
ia only an initial step which we strongly feel must be sustained
at the highest level if improvements are to be made. We are
giving dedicated attention to asaisting in implementing the
recommendations contained in the report. I recommend you review

the Executive Summary.

(¥

No. R. Augustine
Chau:mn
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OFFICE OF THE SECRETARY OF DEFENSE
WASHINGTON, D.C. 20301

28 October 1981

Mr. Norman R. Augustine
Chairman

Defense Science Board
Room 301034, The Pentagon
Washington, D.C. 20301

Dear Mr..Augustine:

Enclosed you will find the final report of the Defense Science Board Summer
Study of the Technology Base. It treats in some depth all of the questions
proposed for our consideration by Dr. DeLauer and will, in my opinion, make
an important contribution to DoD's effort to upgrade the technology base.

I think you will find the recommendations are to the point and can be imple-
mented 1f given proper support.

As you can see from the report, we not only treated the topics ass1gned but
also accomplished something which may be of great value to DoD. Out of neces-
sity, we were forced to create our own methodology for making decisions about
the technology base - what to support, how to support it. The methodology can
be characterized as a "top aown" approach given certain assumptfons about the
nature of future war, with specific l1inkage of technology to systems and oper-
ational concepts. Criteria of relevance were established through a figure

of merit designed to show priority based on a balancing of opportunity and risk.

Some of these factors are no doubt used by decision makers in DoD but what
does not seem to be accomplished is the integration of all of these elements

into a total package, a structured planning process which both provides the
appropriate guidance and the necessary feedback. OSD and the Services have
to take the initiative in implementing Such an enterprise.

He.recommend that DoD adopt such a structured methodology for its decision
making. Whether or not the figure of merit or the criteria are exactly

adopted is not the point. What is important is that decisfon makers at
211 levels should ask the questions which are summarized in the investment
strategy catechism:

e What are we trying to do?

e How is it done today and what are the limitations of current practice?

® What 1s new in my approach and why do I think I can be successful?

) Assuming success, what difference will it make to the user or in 2
mission area context?

¢ How lang will 1t take; how much will it cost; what are the 'midtenn“
and “final® exams?

The answers to these questions should. be of great value in the resource
allocatton process.



As you can see, we used this methodology to identify the top 17 technologies
which we termed the "order of magnitude® technologies. We reiterate that we
are not saying that these are the only ones worthy of support. There are
certainly other technologies which should be supported by DoD. But we do feel
.that any technology should be able to stand up to scrutiny as a contributor
to DoD's mission.

The Task Force also emphasized the critical problems of technplogy transition
within the DoD. A number of barriers were identified which we believe inhibit
the successful transition of technology into systems. There is little {ncen-

tive to exploit new technology due to discontinuity of funding; indecision
and the short term orientation of many key decision makers; organizational

and spatial separation of technology base and systems people; and insufficient

emphasis on technology demonstrations. A .champion on the user side or user
support is a key factor. In order to help DoD focus on this issue, the

panel recommended several actions including the creation of an advanced
projects agency staffed by Service personnel. However, even if the agency

1s not formed, there are important elements of this agency which should be
undertaken? Subsystem or system experiments to quantify the maturity

‘risk and cost of FSED) of emerging technology; "test marketing” experiments;
enced funding for this purpose.

The Task Force assessed that the university research base for defense prepared-
ness 1s in need of upgrading in faculty, equipment, facilities, and support.
It is a problem broader than DoD, but DoD has a specific interest and respon-
sibility. A number of recommendations were made in this area.

In addressing the above questions we found that the status of DoD's laboratory
system and the function of DARPA were frequently a factor. There was unanimous
expression of the need for in-house laboratories, but great fear that their
prospects for improvement are bleak. It was also felt that DARPA's technology
base programs have exceeded the capabilities of its staff to manage and that
there is no comprehensive coordination of its programs with Service programs
nor 1s there adequate dissemination of results. A number of recommendations
were also made to address these problems.

The Task Force members are.gratified with the positive response of DoD to the
findings and with the actions that are currently under investigation by DoD
to implement the recommendations. It 15 evident that we have tackled a sen-
sitive topic at a critical time. I would 1ike to take this opportunity to
express my appreciation for the dedication and contribution of all of the
Task Force members.

&

Sincerely

_ "

. Heil

cc: E.G. Fubini
(w/0 attachment)
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IMPLEMENTATIOR PLAN

SUBJECT AREA: TECHNOLOGY

Recommendations

1.

2.

3.

5.

The ASD(R&T) formulate vertically 1htegrated technology base'programs
with fenced funding, similar to VHSIC in the following areas: machine

intel 1igence; advanced software/algorithm technoiogy; high power micro-
wave technology; advanced materials (rapid solidification technology,

advanced composites) ard computer afded tratning via personal electronics.
Responsible Office: DUSD(REAT)

The USDRE direct the military departments and DARPA to use the {nvestment
strategy catechism in all future technology base planning and POM guidance.

Responsible Office: DUSD{REAT)

The USDRE allocate resources to the Services and all levels of the technol-
ogy base on a consistent scenario oriented basts. Recognize organizational
excel lence by evaluation of their matching of resources/priorities/

strategies to the scenarfos.
Responsible Office: ASD(RA&T)

The ASD(R&T) adopt & technology prioritization and investment strategy
approach based on the figure of merit used in this study. -

Responsible Office: DUSD{R&AT)

The ASD(R&T) increase funding fn the following areas: (1) machine intelli-
gence; (2) advanced software/fast algorithms; (3) short wavelength lasers;
(4) hardening of advanced electronics; (S; microprocessor-based personal -
training atds; and (6) fault tolerant/fail safe (self-policing) electronics.

Responsible Office: DUSD(R3AT)
USDRE review general areas of activity suitable for deemphasis: duplication

with NASA; over expansion of the DARPA program ({.e., (1) forward swept wing,
(2) VLSI, (3) fiber optics); nonproductive duplication of the generic technol-

. 0gy base by the three Services; and in-house executfon of the basic research

program (6.1). _
Responsible Office: ASD(RST)
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SUBJECT AREA: TRANSITION

Recommendations

1. Create an advanced projects agency; to develop subsystem or system experiments
to quantify the maturity (risk and cost of FSED) of emerging technology; to
g:ndgct "test marketing" experiments; and to be populated by personnel in the

rvices. '

Responsible Offfice: USDRE

2. The USDRE require technology insertion plans and not as an afterthought.
Responsible Offfce: DUSD(RSAT)

.SUBJECT AREA: UNIVERSITY

Recommendations

1.

2.

3.

The USDRE direct the Services to increase 6.1 basic research performed
by universities by 25% in real growth over the next three years but be
selective.

Responsible Office: DUSD(RSAT)

The USDRE direct the DAR Committee to revise current procurement policies
and regulations to allow: additional IR&D - 0.5% over present ceiling -
for industey support of university R&D; treatment of university fndirect
costs similar to that used by U.S. Dept. of Health and Human Services (HHS);
simplified research procurement fran untversitfes.

Responsible Office: DUSD(AM)

The USDRE establish with the universities an accommodation and basis for
the implementation of current export controls on information relating to

munitions 11st technologfes.
Responsible Office: DUSD{IPT)

The ASD(R&T) direct the Services to create a Dol thrust to upgrade equip-

ment in universities. Focus on equipment that can {mpact the technology
thrusts requiring university research of highest DoD leverage {software,

design automation, machine intelligence, etc.); the upgrading of computer
resources 1S the highest priority based on this algorithm; and DoD should
support NSF effarts to upgrade, generally, equipment in universities.

_ Responsible Office: DUSD(RSAT)
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SUBJECT AREA: GENERAL (Laboratory/DARPA)}

1.

3.

4.

5.

Recommendations

To halp the hiring and retentfon of the skills necessary for a viable lab-
oratory structure, USDRE direct that the highly exciting and effective
personnel experiment presently being conducted at NOSC and NWC be implemented
for DoD Laboratories. The most exciting features of this experiment are:

(1) greater latitude 1n job classificatfon; {2) reduces paperwork; (3) makes

- performance the foremost criteria for salary increases, retention, pramotion,

etc.; and {4) flexibility/faster decisfons.
Responsible Office: DUSD(RSAT)

USDRE designate lead laboratories in generic technology base areas, Candidates
include: (1) space systems related technology (components, hardening, etc.);
EZ) airborne radar technology; (3) atirborne electronic warfare technology;

4) electron devices; and (5) infrared technology. .

Responsible Office: DUSD(RBAT)

USDRE authorize the Services to each establish 100 graduate fellowships per
year in areas of interest to DoD: $20K/year {part to the university); com-

petitive - awarded by Congressmen; and must work one year in DoD Laboratories
for each year of fellowship support.

Responsible Office: DUSD{R&AT)

The ASD(RAT) establish a mechanism to ensure coordination of system tech.
nology base programs {such as BMDATC) with the rest of the DoD technology
base activity. Insure that system requirements are included fn the develop-
ment of the technology base investment strategy.

Responsible Office: DUSD(RBAT)

USORE direcf the‘Serv1¢es to review DARPA pragrams over $30M for potential -
future military applications, operational needs and transition plans,

Responsible Office: ASD{R&T)
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EXECUTIVE SUMMARY

The maintendnce of a Tead over potential adversaries {n critical military
technologies is a major factor 1n U.S. national defense, The U.S. has been able
to offset the numerfically superfor forces of the Soviet Union with a highly
leveraged qualitative ams superfority emanating from technology achievements
derived from 1ts industry, government laboratories, and academic $nstitutions.
The lead over the U.S.S.R. however, 1s rapidly eroding for a varfety of reasons:

¢ DoD funding of R&D in terms of real dollars is declining;

e the U,S. {s 1in the pﬁocess of losing its competitive edge in
many technology areas; '

¢ the academic community is faced with problems which may result
in an {nability to provide a robust core of scientists and
engineers to meet U.S. defense needs.

In the Soviet Unfon, the trend {s exactly the opposite. They are producing
several times the number of engineers per year as the U.S, and are training a
whole generation of technologically literate people with a general education
curriculum which {s oriented toward science and technology. This trend can
have a profound {nfluence on the relative technology base in each country.

Concern for fhe health of the U.S. defense technology base, within and
outside the government, motivated the Undersecretary of Defense for Research

and Engineering to convene a Defense Science Board {DSB) Summer Study on Tech-
nology Base. The study addressed the following and related questions:

1. What technologies are critical to future (1990-2000) defense capa-
bilities? How are these technologies identiffed? Are the Soviets
gaining ground? Is the fnvestment {n the Technology Base of less
than 2% of the total defense budget adequate?

2. 1s the process of transition from technology base to weapon systems
adequate? '

3. Are the universities responsive to national security requfrements?

4. Are the DoD relatfonships with the basic research community, creative
individuals, and small innovative firms adequate? :

5. Are the avaflable scientific and engineering personnel resources ade-

quate to meet the requirements of the defense technology (commercial
or government)? . :

*Order of Magnitude” Technologies

. After reviewing the téchﬁoﬂogy base planning strategies emﬁTqyed by the
Services and DARPA, 1t was found that there was no consistent, DoD-wide linkage
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between investment strategies and the requirements of future combat. To
answer the questions posed above, the DSB panel was required to adopt its
own structured approach to technology assessment and technology base
planning which can be characterized as follows: . .

e Scenario projection - determine or project what the possible
natures of warfare will be in the post-1990 environment in air,
land, sea, and space.

¢ Systems and'operational concepts - determine what will be
required to meet the demands of these scenarios and the implied

threat.

e Identify technologies ~ determine what {mpact new and innovative
technology will have on systems projected for the future.

& Rank technologlies - develop criteria for ranking technology in
order of priority.

o Compare the technology 1§st with the DoD resource allocation,
o Determine the requisite technology base investment strategy.

In the course of applying this scenario-based planaing approach to the
current DoD technology base program, the panel took into account all of the
key elements of a comprehensive investment strategy for technology develop-
ment, the “catechism":

o  What §s 1t? What is this effort trying to accomplish? (defining
the technology sufficiently well to discriminate it from other
similar technologfes)

e Why is it important? Assuming success, what difference can it
make to the user or 1n 2 mission area context? (taking into
account the nature and limitation for current practice)

¢ MWhat 15 the current status? What is the DoD program? What
should 1t be? What is new about the proposed effort and why
will this approach be successful?

'@ How long will it take? How much will 1t cost? What are the
measures of success?

The panel recommends that the USDRE direct the Services and DARPA to
incorporate such an approach 1n all future technology base planning and in
~ POM gufdance so that technologies funded through the allocation process

wou;d be more explicitly and consistently related to future operational
needs. . - -

~ In {its identification and andlysis of the "order of magnitude” tech-

~ nologies, the DSB panel attempted to balance opportunity with risk by
means of a Figure of Merit (FOM) (see Chapter II for more details).
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The panel also recommends that ASD(RAT) adopt the “Figure of Merit® tech-
nique or ts equivalent as a basts for prioritizing technology. From this
assessment the panel selected 17 technologies as being the most important for
vigorous pursuit withia DoD: .

Very High Speed Integrateéd Circuits
Stealth

Advanced Software/Algorithm Development*+
Microprocessor-Based Personal Learning Afds*+
Fail-Soft/Fault Tolerant Electronics*
Rapid Solidification Technology+

Machine Intelligence*+

Supercomputers®

Advanced .Camposites+

High Density Monolithic Focal Plane Arrays
Radiation Hardened Advanced Electronics*
Space Nuclear Power® '

High Power Microwave Generators*+

Large Space Structures*

Optoelectronics

Space Based Radar

Short Wavelength Lasers*

Based on & comparison of the above 1ist of technologies with the cur-
rent DoD fnvestment, a number of technologies were {dentified for funding
increases. These technologies are noted with an asterisk(*). It should
be noted that the vast majority of thé "order-of-magnitude” technologies
1ie in the electronics area. Currently, the electronics area commands a
relatively Tow percentage of the total budget. There is a need to reorder
funding priorities within the Technology Base to correct this tmbalance.
The panel also felt that there are deficiencies in the way DoD has managed
the technology investment for certain of these technologies. These programs
could benefit from a vertically integrated program structure similar to
the VHSIC Program. (See items above marked with (+). Key elements of a
vertically integrated program are: "

¢ Centralized management and coordination of the total Tri-Service
program with fenced funding to ensure accountability.

¢ The inclusfon under one industrial organization of all aspects of
- 8 technology's development and transition into military systems
(e.g., processes, design, materials).
¢ Contfnuity of the {ndustrial team(s) from early technology develop-
ment through transition to system applications.
Although no effort was made to recommend specific programs which should
be de?etgd, several categories of activity were highlighted for deemphasis:

¢ Areas of duplication with NASA (e.ﬁa; remote sensing, propulsion)

RE



¢ Overexpansion of DARPA programs into areas which overlap with other
major !))oDIService programs {e.g., forward swept wing, VLSI, fiber
optics

s Honproductive duplication of the generic technology base by the
three Services

e In-house execution of the basic research program (6.1).

The overall level of funding (2% of the DoD budget) was judged to be ade-
quate, 1f effectively organized and managed. The panel has concluded that
this fdeal cannot be achieved unless the decision making and allocation
process within DoD 1s restructured to reflect the planning methodology
outlined in this report.

Technology Transition

A number of barriers were identiffed which 1nhibit the successful
. transition of technology fnto systems. There is little incentive to exploit
or respond to new technology owing to:

° Discontinuity of funding, fndecision, and the short term orientation
: of mny key decision wmakers

® The organizational and spatial separation of technology base and
"~ systems people

¢ Very 1ittle emphasis on technology demonstrations which accurately
portray risk reduction, payoff, and cost factors for later stage
production

¢ Very little emphasis on "test marketing.”
A champion on the operational user side or user support is often not present.

In order to better focus DoD resources on the transitfon fssue the panel
recommends that the USORE direct the creation of an advanced prodects agency
staffed by Service personnel:

1. to develop 5ubsystem or system experiments to quantify the
maturity (risk and cost of FSED) of emerging technology.

2. to conduct “"test marketing" experiments, and
3. to fence the funding for the above described experfments.

However, even {f the agency s not formed, it is very important that the
Services apportion and fence a larger 6.3A element for conducting these
experiuents.

- The panel also found that the DoD does not plan well for snccessfuI
technology transition throughout the life of a8 system. Such plans are
often injected only as an afterthought. It recommended that the USDRE
require technology 1nsertion plans as a bastc and fundamental part of pro-
gram planning.
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University Connection

The university research base related to defense preparedness is 1n need
of upgrading in faculty, equipment, facilities, and support. If the current
trends persist the universities may no longer be able to provide for the
training of "world-class" technical talent or performance of “world-class"
scientific research in areas key to our military and economical security.
The key issues ident{fied are: .

e  (Obsolescence of equipment and facilities

e Shortages of faculty, especially in some engineering fields
and computer science

) Shortages in disciplines outside of science and technology
(e.g., foreign lanugages critical to communication and
1ntelligenceg -

e The increasing percentage of foreign graduate students in
- scfence and engineering departments of many major untversities

(] Certain DoD procurement policies
The DoD and the country face a crisis in the availability of technical per-
sonnel. It is a problem broader than DoD, but DoD has a specific interest
and responsibility.

AR number of specific recommendations were made with regard to these
problems:

1. The USDRE direct the services to increase 6.1 basic research per-
formed by universities by 25% in real growth over the next three years.

2. USDRE authorize each of the services to award 100 S&E graduate
fellowships annually.

e In areas of DoD interest - similar to those of the DoD laboratories

¢ $20K/year to continue until completion of degree but not to
- exceed 3 years (part to students and part to university)

e Competitive -- awarded by Congressmen
® Must work one year in DoD 1ab for each year of fellowship support
granted
3. The USORE direct the DAR Committee to revise current procurement
policies and regulations to allow:

e Additional IR&D -- 0.5% against negotiated base over present
ceiling -= for industny support of university R&D



o Treatment of university indirect costs similar to that used by
U.S. Dept of Health and Human Services (HHS) - - - - -

e Simplification of research procurement from unfversities

4, The USDRE establish with the universities an accommodation and
basis for the implementation of current export controls on information
relating to munitions 11st technologies.

5. The ASD(RA&T) direct the services to create a DoD thrust via the
OSR's to upgrade equipment in universities. This focus should be on equip-
ment that can impact university research of highest DoD leverage (software,
design automation, machine intelligence, etc.)

® The upgrading of computer resources is the highest priority based
on this algorithm.

e Generally, DoD should support NSF efforts to upgrade equipment
in universities.

The theme of the above recommendations is to increase the level of invest-
ment for 6.1 basic research performed in universities by a total of 25% in
real growth over the next three years. A recommendation was made for an
in-depth study in order to answer the House Armed Services Committee's
questions with regard to "University Responsiveness to National Security
Requirements.”

DoD Laboratories and DARPA

In addressing the above questions the status of DoD's laboratory sys-
tem and the function of DARPA were frequently a factor. There was unanimous
expression of the need for in-house laboratories, but great fear that their
prospects for improvement are poor:

® There 1s an impending crisis in personnel and facilities in
the DoD laboratories that will seriously degrade the defense
posture in a very few years.

(] The present DoD laboratory base is weak, fragmented, and dupli-

cative in key areas (e.g., computer science, machine intelligence,
software, VLSI, and signal processing).

e Too often the laboratories conduct R& in areas of their expertise
instead of in areas of the greatest military need.

@ In the case of DAR#A:

= The growth in the DARPA technology base program has greatly

exceeded the capability of the staff to properly execute
the program
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= There appears to be no comprehensive filtering of DARPA
programs versus on-gofng Service efforts and the DARPA
results are not widely disseminated and therefore not
sufficiently critiqued.

Based on these findings, the following recommendations were made:

To help the hiring and retention of the skills necessary
for a viable laboratory structure, USDRE direct that the
highly exciting and effective personnel experiment being
conducted at NOSC and NWC or its equivalent be implemented
for DoD laboratories.

USDRE, 1n conjunction with Service technology base managers,
designate lead laboratories in generic technology base sreas
within each Service. Candidate technology areas include:
Space systems related technology (components, hardening, etc.):
afrborne radar technology; airborne electronic warfare tech-
nology; electron devices; and infrared technology.

USDRE direct that Services review DARPA programs over $30M
(total program costs -- not annual) from the point of view of
potential future military applications, operational needs, and
transition plans, and establish a mechanism to ensure coordi-
nation of system technology base programs (such as BMDATC and
ABRES) with the rest of the DoD technology base activity to
ensure that muitiple system requirements are included in the
development of the technology base {nvestment strategy.
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CHAPTER I
INTRODUCTION

A. THE DECLINE OF THE U.S. TECHNOLOGY BASE

The technology base fs a critical factor in national defense, particu-
larly in the present context. In recent years, the U.S. has been abhle fn .
most cases to offset the numerically superior forces of the Soviet Unfon with
a highly leveraged qualitative arms superiority. The U.S. has been able to
achieve this leverage because it possesses a superior technology base in U.S.
industry, fn governmental laboratories, and fn our academic institutions.

The U.S. technology lead over the U.S.S.R., however, 1s eroding in cri-
tical mititary technologies and this decline {s being felt in many areas of
technology (see Figure 1-1 for recent trends). DoD funding of research and
development in terms of real dollars has declined in advanced technology areas.
U.S. industry has lost its competitive edge in many areas of high technology
as many U.S. corporations pursue strategies of short term gain at the expense
of long term growth. Forefgn firms are investing greater percentages of pro-
fits in R&D, in new factorfes and other capital equipment, and fn advanced
manufacturing meéthods.

For a variety of reasons, the academic communfty during the 1970's has
not provided a robust bastc core of scientific and engineering talent to meet
America's defense needs. Institutions at both the secondary and university
levels are retreating from the commitment to science and technology developed
during the post-Sputnik era. Weaker curricula are resident in many schools
and students {n greater numbers are avoiding the hard sciences. Although
engineering enrollments are now increasing, only recently have doctoral enroll-
ments returned to the levels of the early 1970's. Moreover, our increasing
fraction of science and engineering graduate students are foreign, the fraction
approaching 50% in selected fields.

In the Soviet Unfon, the trend {s exactly the opposite (see Figure 1-2).
They are producing several times the number of engineers per year as the U,S.
and are training a whole generation of technologically literate people with a
general education curriculum which 1s oriented toward science and technology.
This trend can have a profound influence on the relative technology base in
each country.

Even granting the historical inefficiencies {n the Soviet system in its
economic and industrial output, their push toward technology equivalence with
the West will have fmportant military effects. It is even being aided by a
wholesale technology transfer from the West through 1icensing agreements to
Bloc countries, training of foreign natfonals in universities, and a continuing
flow of current and militarily relevant information transferred through inter-
natfonal scientific meetings and the open technical literature,

It would be presumptuous to assume that the technology gap will continue
to exist (assuming that it exists today) and naive to expect that the U.S.
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FIGURE I-1

RELATIVE U.S./USSR STANDING IN THE 20 MOST IMPORTANT
BASIC TECHNOLOGY AREAS

vs. U.s.-UsSR Ussk
BASIC TECHNOLOGIES SUPERIOR EQUAL SUPERIOR

1. Aerodynamics/Fluid Dynamics X

2. Auiamated Contral X

3. Conventionsl Warhead : : X

{Including Chemical Explosives)

4. Computer Tox

1. Directed Energy X

8. Elcsiro-optical Sensor b, QI

({including IR)

7. Quidance and Navigaton X cmeem

8. Microelectronic Materials and b 4

_ Integried Circuit Manufacture

9. Nuclear Wearhesd X
10. Optics , X —-
30.  Power Sources (Mabdils) x
12. Production/Manufacturing X

13, Propulsion (Aercspace). X —=

4. Radas Sensor X— '

13. Signal Processing X—

16. Soliware X

17. Stealih (Signsture Reductica X

. Technology) .
18. Structural Materials =X
(light weight, high strength)
19. Sudbmarine Detectlon . b oo
{Including. Sitencing)
20. Teecommunicasions . x

® 1. The liss In aggregatd was selected with the bjective of providing & valid base for comparing avereff
U.S, and USSR Besic technology. The technologics were specifically not chosen 1o compars technology
Jevel In currently deployed military systems. The st is in alphabetical order.

2. The technologics slected have the porentisl for significantly changing the mititary Setance in the next 10
10 20 yoart. The technologics are not static; they sre impeoving or have the potential for significant
- jmprovemsems, . )
3. The arows denote that the retative technology levet is changing significantly ia ihe dicaciion indicated.

4. Tbé.iud;ms represent averages within each Basic technology area.
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qualitative advantage will persist given the present trend. The U.S. edge 1n
key technologies can be lost and, in fact, will be lost without attention to:

1. the health of the continuing technology b&se within the in-house R&D
community, the academic community, and fndustry;

2. the transition of innovative technology into credidble and deployable
military systems; and :

3. the evolution of creative military operdtional concepts which exploit
U.S. strengths and/or Soviet Unfon vulnerabilities. .

B. TASKS

1.  Accordingly, on 2 July 1981, the Under Secretary of Defense for Research
and Engineering (USDR&E) chartered the Defense Science Board (DSB) to undertake
3 Summer Study to assess the health of the U.S. national defense technology base,

ggghin and outside the government. Specific questions to be addressed by the
were:

e  What technologies are critical to future (1990-2000) defense capa-
bility? what are those technologies that would contribute to roughly
an order of magnitude improvement in system performance, cost, etc.?
How are these technologies identified? Are the Soviets gaining
ground? Is the investment in the technology base of less than 2%
of the total defense budget adequate? If not, what 1s a reasonable

level of expenditure and what should be the management and investment
strategy within the technology base?

] Is the process of transition from technology base to weapon systems
adequate? If not, what changes are needed to accelerate the process
of transition? \ .

. Are the universities responsive to national security requirements?
If not, what actions should be taken to improve the responsiveness
of universities? :

o Is the DoD relationship with the basic research community. creative
individuals and small innovative firms adequate? If not, what changes
should be made to improve the DoD utilization of these resources?

® Are the scientific/engineering personnel resources adequate to meet
the requirements of defense technology (commercial or government)?
What actions should be taken to eliminate critical personnel shortages?

Priority was assigned to the first two questions.

2. The DSB held two preliminary meetings in Washington, D.C., during
June and July 1981, and then met during the perfod 2-14 August 1981 at the
Naval Ocean Systems Center, San Diego, California. The Panel was chaired
by Dr. George H. Heilmeier, Vice President, Corporate Research, Development
and Engineering, Texas Instruments, Inc., and fncluded as members science
and engineering leaders from fndustry, untversities, defense agencies and
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the independent research community. The Board's charter is contained in
Appendix A. Figure I.3 1ists the total membership of the Technology Base
Panel.

C. PERSPECTIVE - NO ILLUSIONS

Over the last decade, there have been literally dozens of reports, study
panels, and "Blue Ribbon" committees dedicated either directly or indirectly
to the problem of the technology base. Generally speaking, the recommenda-
tions made in a majority of these efforts have largely been ignored by DoD
institutionally. Part of this may be the result of the "blue sky” nature of
some of the recommendations. But a more serfous problem exists when the insti-
tution fails to recognize and implement recammendations which are on target,
(See Appendix B for a review of past studies.)

The DSB panel aimed at recommendations which are practical and which can
be implemented within the DoD. Even though they may require & strong and
deliberate effort, and are aimed at breaking strong historical patterns, we
believe they are in the realm of the possible, We also are conscious of
the fact that a panel such as this, meeting for only a short time, cannot
hope to solve problems of a detailed nature and, therefore, focuses on broad
{ssues and takes a broad approach to DoD-wide problems. It 1s noted, however,
that a panel such as this, the members of which have long assocfations with
technology assessment and planning, lends perspective and objectivity to the
process of DoD self-examination.

Those few panels which fn the past have made a major impact have done so
because the time was right for change., It is believed that such 1s the case
with technology base planning at this time, since the current shortfalls are
now reaching dangerous proportions. '

D. CAVEATS

1. For purposes of this study, the DoD technology base was defined as
the total research (6.1) and exploratory development (6.2) effort, plus a
portion of the advanced development (6.3A) program. Collectively, these
elements represent an FY 1981 budget of $3.2 billion, supporting basic
research, exploratory development, and some advanced development performed
by universities, industry, DoD laboratories, and Federal Contract Research
Centers (FCRC).

2, The DSB panel recognized the lack of methodology, priority, or rela-
tfonship between desired future operational capabilities and technology, and,
therefore, consciously concentrated on technologies which could have an “order
of magnitude” impact on military capability in some critical attribute (per-
formance, relfability, simplicity, etc.). This focus was selected 1n order
to ensure that they receive adequate support and focus in the years to come.
However, technologies which can make an "order of magnitude” difference are
not the only ones worthy of support. Often, systems derived from less exotic
technology can outperform systems of a more advanced technology when the sup-
port, training, and maintenance demanded by the latter have been allowed to
lag and are, therefore, tnsufficient for proper deployment and operatfon.

I-§ o



FIGURE 1-3
MEMBERSHIP

DSB _SUMMER STUDY ON TECHNOLOGY BASE

Chairman
Dr. George H. Hellmeier
Vice Charman
Mr. Dorald J. Looft -
Executive Secrstary
Dr. Samuel A. mi
Mezbers
Mr. Richard Alberts
Dr. Ivan L. Bennett, Jr.

Or. Arden L. Bement
Dr. Robert S. Cooper
Dr. fdunrdAT. Gerry
| Dr. Norman Hackerman
Dr. Bernard A, Kulp
br. ﬁeuven Leopold
Mr. Charles H. Mckinley
MGen Emmett Pa{ge.‘dr.. USA
Dr. Herbert Rabin
Dr. Sayre Stevens
Dr. Gerald F. Tape
. BGen. Brien D, Ward, ﬁSAF

Major Assistance

Mr. Bradford L. Smith. Jr..
Dr. Patrick P, McDermott, and
Ms. Jo Hario Diamond A

Present Position
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Vice Pres. & General Mgr., E/0 Div, Magnavox
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Mgr., R&D Policy & Plans, Research Triangle Inst,

Exec. VP Health Affairs, NYU, Provost & Dean,
NY Med. Cen.
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Pres., Rice University

Ch. Scientist, Dir. of L?bs. AFSC

Chan of Board, KK? Engrg., Inc. |
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DASN (Res. ﬂppliod Space Tech.)

Principal, Booz Allen & Hamflton

Spec. Asst. to Prasident, AUI

Director of Labs, AFSC

8-K Dynamics, Inc.



3.' An in-depth treatment of any one area s beyond the scope of this study,
Because of the duration of the study, it was often necessary to make qualitative
assertions about technology since accurate quantitative analyses were not avail-
able.

4, Cutsfde of those areas indicated in Figure I-1, there was no attempt
made by the DSB panel to assess relative U.S5.-U.S.S.R. technology levels in the
*order of magnitude” technologies. This lead/lag assessment is an important ,
element of the defense planning process, however, in view of the U.S. dependence
on matntaining a qualitative amms superfority as an offset to Soviet quantitative
superiority in certain technical areas.

Although 1t could be improved with more input from the R&D community, the
technology National Intellfgence Estimate (NIE) (Figure I-l) s becoming an
important tool for assessing the long temm U.S5./U.S.S.R. military balance.
Technology lead does not translate directly into military superiority since
there is a significant lag in the introduction of new technology into systems,
If the Soviets accelerate this transition into systems, they may be able to
close the qualftative gap which now exists in many technology areas.

Nonetheless, this concept of lead/lag based on & technology NIE is an impor-
tant consideration for DoD long range planning. The process could be improved
considerably in the NIE or a parallel effort attempted to interpret the military
significance of the assessed qead/lag and/or incorporated some measure of opera-
tional impact, a sort of “technology threshold" for assessing operational
significance.

E. ORGANIZATION OF THE REPORT

1. To facilitate review, the report of the Technology Base Summer Study has
been ‘organized into a series of chapters which, generally, parallel the major
areas of investigation fdentified in the DSB initiating charter.. Specifically:

) Chapter II addresses the range of {ssues associated with the
identification of "order of magnitude” technologies.

] Chapter III evaluates the total technology base investment,
¢ Chapter IV focuses on the process of transition from technology.,

° Chapter V deals with the question of the responsiveness of
universities to national security requirements.,

e Chapter VI treats the issués associated with the DoD laboratories
and the Defense Advanced Research Projects Agency (DARPA).

) Chapter V11 provides a composite'summany of DSB findings and
recanmendations., ' ) -

2, The methodology(ies) applied within each section are explained and docu-
mented, as appropriate, in the body of the report and, where necessary, additional
explanation 1s provided in an appendix..
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: CHAPTER II
IDENTIFICATION OF THE "ORDER OF MAGNITUDE™ TECHNOLOGIES

A. METHODOLOGY

It was the Intent of those involved in the study to generate and test a
methedology for technology base planning to be used as a model for 0SD and the
milftary departments. This action was necessitated by the fact that there is
no uniform, structured methodology or process within DoD for identifying or
prioritizing critical technology areas. The approach adopted can be charac-
terized as follows:

¢ Scenario projection - determine or project what will be
the nature of warfare in the post-1990's environment in
- air, land, sea and space; define the missfon requirements
such warfare will place on future military systems.

] System§ and operational concepts - determine what system
functions will be required to meet the demands of these

scenarios and the implied threat.

¢ ldentify technologfes - determine what impact new and
innovative technology will have on systems projected for
the future.

8 Rank technologies - develop criteria for ranking technology
in order of priority.

¢ Compare technology 11st with DoD resource alTocation - match,
by 1ine item, the dollars being spent for technology develop-
ment with 11st of technologies considered crucial in the future
context; fdentify which of the top ranked technologies are
underinvested; look for areas of overinvestment.

. -Determfne technology dase {nvestment strategy.

This chapter fs organized {n a manner which {l1lustrates the methodology
outlined above tncluding: 1) the delineation of the post-1990's scenarios
based on a synthesis of Service long range plans; 2) description of the
technical requirements derived from such scenarfos, especially those which
permeate the future scenarfos; 3) identification and ranking of technologies
with an “order of magnitude” impact on the defined future system requirements;
and 4) definition of fnvestment strategies for technology development of the
top technologies including an evaluation of the current technology base
programs 1n these technologies. ' '
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B. POST 1990s SCENARIOS

These factors are described 1n detailed scenario descriptions and are
contained in the classified version of this report. Scenarios were broad
in scope dealing with projected functional attributes of land warfare, air
warfare, naval warfare, and strategic and space warfare. Based upon the
above definition of the 1990's environment, the panel members performed an
assessment of the critical technical requirements needed to achieve success
in each specified warfare scenario. The results of this assessment are sum-
marized in Table II-1. In the course of defining these technical require-
ments, a series of "integrating factors" were identified which permeate
the future scenarios, representing needs which are pervasive to a wide
range of critical future operations. These factors are:

Sustained Operations .

Continuous Threat Location/Track

Real-Time Information Management

Counter Threat Target Acquisition

Integrate “Eyeball and Trigger”

Secure, Jam-Resistant, Mobile Communications
Dispersed, Small Units

Transparent Complexity

Equipment Availability/Reliability
Operations in Extreme Environments.

Each of these factors is described in more detail in the classified version
of this report. ‘ '

C. IDENTIFICATION AND RANKING OF TECHNOLOGIES WITH AN "ORDER OF MAGNITUDE"
IMPACT ON FUTURE CAPABILITY
As mentioned earlier in this report, this DSB summer study focused
exclusively on technologies which can make an order of magnitude difference
in terms of deployable operational capability. This section of the report
delineates the summary assessment of these technologies and develops a rank
ordering for the most critical technologies.

In its identification and analysis of the "order of magnitude" tech-
nologies, the DSB panel attempted to isolate which technologies would be
important for success in the scenarios outlined earlier and then to evaluate
the relative contribution of each. In order to accomplish this, the DSB
panel developed certain criteria for assessing "opportunity” and "risk.”
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9. Duration of Impact

OPPORTUNITIES : RISKS

Impact or Opportunity : Technical Risks
1. Mission Value ~ , 1. Maturity of Technology
2. Technology Impact on Mission/System 2. Technology Base
3. Pervasiveness - ' - 3. Innovation Potential
4. Nature of Impact : :
5. Lleverage ’Exploits U.S.-U.S.5.R. System/Operational Concept Risks
- Asymmetry
6. Simplicity 1. Missfon/System Related Risks
7. Cost . 2. Political Bureaucratic Environment -
8. Existence of Alternatives . 3. Level of Operational/Support Impact

RED Costs .

1. Manufacturing Base
2. Uniqueness of Military R&D

: What follows is a discussfon of these criteria and a methodology for value
weighting or ranking the various technologies according to a figure of merit.

Definition of Criteria

Impact or Opportunity

1. Missfon Value: Technologies which support critical missfons will

3.

4.

- results from exploiting weakness of

always be assigned the highest rating. Strategic forces, for example,
have historically recetved the highest priority in both the U.S. and
U.S.5.R. ‘Space {s another area of very high mission value,

Technology Impact on System/Mission: Some technologies are absolutely
ossentiai for certain cang‘lites (e.g., nuclear power for SSBNs; large,
very high speed comﬁuters for BMD). The closer a technology 1s to creat-
ing or sustaining the mission capability, the more “value™ 1t contains,

Pervasiveness: If a technology contributes some value to a wide variety
of systems or missions, it has a cumulative impact which is very high,
Certainly computers and VHSIC would fall into this category.

Nature of Impact: If the impact of a tichnology is immediate then 1t
has higher value than one which produces gradual or evolutionary change.

¢ Success tn warfare often

. the adversary or the exploitation of
one's own strength. Any technology which exploits asymmetries in force
balance will automatically be of very high value. The timing of this
impact 1s also crucial. Technologies which exploit such asymmetries {n
the near term are of greater value than thoss which -will impact in the

Tong term,

Leverage (Exploits U.S.-U.S.S.R. Asy
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7.

Simplicity: Simplicity adds value since it adds ut{lity. "Systems which
are overly complex when used tn 3 battlefield situation tend to be more
vulnersble and unreliable. Simplicity in this context, does not imply
& lack of sophistication. The modern microprocessor is a highly complex
1tem which adds simplicity because it can be packaged in a very smal}
volume and use 1ittle power.

Cost: A technology which radically lowers cost is of great military
vaTue since many aspects of warfare require the deployment of high
numbers of systems. Affordability often becomes a major driver in
decisions on deployment of certain operational systems.

Existence of Alternatives: A technology has high value if there are no
alternatives. As an example, a technology which offers no alternatives
is the microprocessor when used to perform very complex computations in
a constrained missile guidance unit. '

Duration of Impact: Warfare and the preparations for {t are iterative
processes. !; one sfde builds & superior weapon, then the other side
must be expected to respond. This response requires 8 certain amount
of time., The length of time required for the adversary to respond
becomes the "value added” for the technology.

Technical Risks

1.

2,

3.

Maturity of Technology: Emerging technologies are fnherently a high
risk because of the i!mited experience in their application. A weapon
designer will always, at some point, try to utilize a mature technology
if he can afford it.

Technology Base: The weapon or system designer prefers to use tech-
iETEE?'iﬁ*EE'T? practiced within the DoD technical community. Such
technologies have less risk than those technologies which must be
developed or imported. '

Innovation Potential: An important element of risk when considering
Tnvestment 1s the availability of "good deas" to pursue. If fndus.-
try 1s fully exploiting the range of available options, DoD fnvestments
3y add 1ittle. '

System/Operational Concegt Risks

1.

Mission/System Related Risk: A technology's risk can also be directly
related to the newness of the system concept which {t supports. If
the concept 1s new then there {s more risk, even {f the technology
required to support the concept is not in itself risky. There are
many factors in addition to technology which must be considered when
implementing a new concept. :
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2. Political/Bureaucratic Environment: Institutional fnertia 1s a fact
) e. -IT a new concept uses technology 1n a new way which competes -
~ with established systems, nfrastructures, or international agreements,
then 1t will entatl more risk to employ. :

3. Level of Operational Support: If new systems or new use of technology
results in unique s requirements, factlities, or support infra.
structure, the risk of successful operational deployment is raised.

Costs

1. Manufacturing Base: If the deployment of a new technology requires
the estaE'l,isEment of a complete manufacturing capability, the cost of
advanced technologies can be capital intensive. Not only are the costs

. higher in this circumstance but the deployment will, in 211 V{kelihood,
require a Tonger timetable.

2. Uniqueness of Military R&D: If technology s primarily commercial, the
oD may rely heavily on already underway within commercial enter-
prises. If not, DoD must ftself become the developer of the technology,
This technology must then bear the full cost (and risk) of evolving the
required know-how. Again, there is an implied risk in bearing such R&D
expense. :

Figure of Merit

The figure of merit developed by the DS8 panel is calculated by dividing
opportunity by risk. Panel members were asked to examine each technology by
the above criterfa and to judge whether the opportunity/risk was high, medium,
or Tow for each criterion. This judgment was then quantified in the following
manners: : : C

High Opportunity = 9 ' High Risk = 9°
Moderate Opportunity = 4 Moderate Risk = 4
Low Opportunity = 1 Low Risk -.1

. A logarithmic spread (9,4,1 = n2 where n = 3,2,1) was used instead of a
Yinear spread (3,2,1) in order to sharpen and accentuate differences among the

three levels, high, medium, and low. (See Appendix E for ansamnysis of the

Figure of Merit using other weightings (3,2,1 and 27,8,1 = n? where n = 3,2,1).

The figure of merit is determined by summing the opportunity factors and
dividing by the sum of the risk factors. : ~ :

- £0eportunities
Figure of Merit = “STR{sks o

Table 11-2 shows a sample figure of merit calculation.
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TABLE 11-2
SAMPLE FIGURE OF MERIT CALCULATION
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Order of Magnitude Technologies

In sorting out the order of magnitude technologfes, the DSB panel began
with a larger 115t of candidate technologfes and technology intensive missign
areas and pruned down the 1ist using the criteria and the figure of merit
(see Table I]-3, List of Technology Candidates). - .

The 1ist of 17 technologies which emerged from this process fs shown in
Table I1-4. Table Il-4 1ists the technologies in order of priority according
to the figure of merft (opportunity/risk colum) and {ndicates the nature of
impact from a system or application point of view. Table Il-4 also 1ists
the {nvestment status of the technology which will be discussed in greater
datail 1n the following section.

The DSB8 panel recognizes that the figure of merit {s only one of many
devices which could have been used to quantify what is essenttally a judgment
adout the relative worth. The value of the figure of merit, however, lies
in the fact that it forces the decision maker or the analysts to consider

2 full spectrum of issues embedded in the criteria,

Care must be taken in interpreting the figure of merit in certain cases
where risk 1s very low (a very small denominator can overdrive the FOM).
Table I1-S shows, for example, that the top 10 of 17 technologies change if
one considers only opportunity (higher nuzbers), or risk (lower numbers) or
FOM (the ratfo of the two numbers).

An mportant aspect of planning 1s the window of opportunity/risk in
technology utilization, Table I11-6 shows the technologies which in the

cpinfon of the DSB panel could have near termm (<5 yesrs) impact.
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TABLE 11-3
LIST OF TECHNGLOGY CANDIDATES

DIRECTED ENERGY: Short Wavelength Lasers; Compact Efficient Chemical Lasers;
arge Space Structures; Adaptive Optics; Hi?h Gradfent Electron Accel;
Pulsed Power; High Power Microwaves; Neutral Particle Beams; X-Ray

, Lasers
RADAR TECHNOLOGY: Space Based Radar; Solid State Microwave Components

ELECTRO-OPTICS TECHNOLOGY: High Densfty Monolith EO/IR Sensor Systems; On-Board
ta Processing (Clutter Suppression); Active EO-AO Filters; Space Coolers

COMPUTER SCIENCE: Supercomputers (including Advanced Algorithms); Advanced Software
echniques; Machine Intelligence (vision, speech understanding, fnference
and deduction, knowledge bases, natural languages); Educatien Technology;
Optical Computers; Microprocessors; Based Personal Training Alds; Distri-

buted Data Bases

COMMUNICATIONS TECHNOLOGY: Secure Survivable Communications; Distributed Commun{i.
cations; Integrated Data, Text and Voice Networks; Packet Switching

MICROELECTRONICS: VHSIC; Non-VoIati'lé Solid State Memories; Gracefully Degradable
Chip Architectures; Optoelectronics

POWER AND PROPULSION: Adiabatic Turbo-Compound Engines; Homopolar Electric Drive
ystems; Adjabatic Turbofan Engines; Superconductive Machinery and

Switch-Gear; Laser Propulsion; Electromagnetic Propulsion; Space Power

PRODUCTION AND REPAIR TECHNOLOGY: Military Robotics; CAD/CAM/CAT; Flexible Mfg
echnology; Distributed Information Process Control; Quantitative

Nondestructive Evaluation; Net-Shape Proces$ing; Space Fabrication
Techniques '

BIOCHEMICAL TECHNOLOGY: Genmetic Engineerfng; Microencapsulation

MATERIALS: Advanced Composite Materfals; Toughened Ceramics; Rapid Solidification
Technology; Compound Semiconductors; Multiphasic and Layered Compounds;

Opt‘lcal Ceramics
SURVIVABILITY ENMANCEMENTS: Active and Passive Stealth; ECM Technology; Satellite

System Hardening (Electronics): Low Cost IKS

ASW: Non-acoustfc ASW; Acoustic Arrays (Clear Day, FOSS); Active Sonar, Autonomous
Submersibles _ . : ' :

- SPACE WARFARE: "MHV; Antiground Space Weapon
STRATEGIC OFFENSE: Terminally Guided RVs
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TABLE I1-4

Order of Magnitude Technologies

TechnaTogy - Uppor tunity NIk Investuent
Systems /Appl {cations _Nature of lmpact* Status

Y. VERY HIGH SPEED INTEGRATED CIRCUITS 6313.5 = 4.7 $61.64.

¢ Sensor Processing o Cost, oecrnsed Size and Power o Healthy

s A) Communication Function® o Aggressive

DR Y, e § TR BRI 8 it et

&

o hdsptive gation o Increased Pmes;ing Power* Desonstrations

2. ACTIVE AND PASSIVE STEALTH 65.5/22 = 3.0
o Destabilfze Enemy Hi o Adequately Funded to Elploit

° uqinblluy 1a High Threat
e LN W and Comsunications

gh~
Investment Threat Capabilities?®
Improved “Transpa ® to Ridar
IR and Visibility Survelllence*
= Improved Suﬂivabﬂity'
= Deception®

Available Opportunities
Meaningful mmtiws Needed

3. ADVANCED SOFTWARE/ALGORITIM
DEVELOPHENT

N/29.8 = 2.4

Rpome

togr,
.0 illm? A‘c’:guitiun
o Softwre Maintenance

¢ .Pervasive Across DoD Systems

Portabitity of Softvare
Fister Software Design/Testing
Haintenance®

Less Expensive Altermatives
to Hardware

Sadly Underfunded Given

Impact Potential

Poorly Coordinated and Concefved
Fragmented

Behind State of the Art

4. NICROPROCESSOR-BASED
PERSONAL LEARNING AIDS

aNT . 2.4

¢ Troep Training

- res
= maintenance
= wespoa laying

* Order of Magnitude Improvesment

Compress Training Tims
Higher Skill Levels
Training Cost, nexibﬂtty
Extonds Manpower Poo

An Opportual Desarvi
m&r ng

lleeded
.'—D_eVQ‘lomnt of Training SGM

for Personal Computers
An Expariment Progrsm of
Sufficient Sfze to Judge
Effectiveness
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TABLE 1I-4 (Cont'd)

Order of Magnitude Technologies

Technology — Uppor tun] ty/Risk Thvestment
Systems/Applications Nature of Impact* Status

5. FAIL SOFT/FAULT TOLERANT ("SELF 55.5/25 = 2.2 $ M (no central program)
"POLICING") ELECTRONICS ' ' '
® Pervasive Impact on System ® Electronic System Availability @ HNo Coherent Program Focus
Availability and Reliability* @ Poor Transition of Promising
® Life Cycle Costs® Technology alternatives
Q Silpl_lf!qd Test
E.A RAPID SOLIDIFICATION TECHNOLOGY 46721 = 2.2 $z20M
e High Threat/Weight Jet Engines ® Increased Superalloy Taq:érlture ® Adequately Funded
@ High Specific Stiffness Airframe Capability o Tri-Service Plus DARPA
and Space Structures o Improved Specific Stiffness Coordinated Program
@ Armored and Marine Platforms e Life Extension Under Extreme @ Needs Industry Commitment
@ Advanced Magnets and S/C ‘Environments® to Processing Scale-up
Machinery . e Reduction of Strategic Materials
7. MACHINE INTELLIGENCE 65.5/31.7 = 2,1 3.
o €° and Crises Management ® Pervasive Dep;;;ent of Computers® e Predominately DARPA
® s:utonowous Hﬁlwns ¢ Distributed Information ® Slow Service Pickup
¢ "Intelligent” Data Bases @ Recognition and Correlation® @ Applications Lagging
e MNatursl Interfacing® @ Underfunded but Talent Limited
o Transparent Complexity®
e Automatic Programming
8. SUPERCOMPUTERS 52.5/24.5 = 20 $om
@ Acoustic Array Processors e High Resolution* @ Inadequate R
(] :::D Radar ® Broad-Band Signal Processing (Hal;;‘str:bu:::‘)'ne SRR
. k:;"fcm""-':-:“mﬁﬂ:: and - ﬁg:ﬂfwﬁmlonﬂ'm:oughwt* ® Congressional Mandate (not.in
c gramming best interest of the count
® Cryptography/Intelligence - o Large Scale Stmlations o MNeed Technically Balanced mgm

* Order of Magnitude Improvement
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TABLE I1-4 (Cont'd)

Order of Magnitude Technologies

Yechnalogy rtunlty/RIsk Investaent
, —SYstens/Applications Mature of Impact® Status
. .9 ADYAKCED COMPOSITES 43/2).3 = 2,0 $13n

o Lightweight Fighters, ¥/STOL

High Specific Stiffness and

Overall Funding Adequate

[ °
] urg':diuc;s Structures . eur-'z:’:; ;heml amslvt‘ tty ® mlm“ ‘::edc;g for
- « DE Neapons -0 Ve emperature Capad x '
(I | 1 . : (c%.u-posites) Composites for High-Temperature
@ WVeight Reduction Hachinery
‘ e Needs More Designer Invelvement
10. WHIGH-DEMSITY, WOMOLITHIC, 58/46 = 1.3 (strategic) 2
FOCAL PLANE ARRAYS 45/25.5 = 1.8 (tactical)
" Indications snd Marai e Early Detection ® Mostly Under DARPA/STO Progrem
: tnrg::ta;u » .’ ® Imzml Sensitivity aad e Program Consists of
o Battle Damige Assessment Resolution” - e Systes Level Proof of _
o Launch-Undsr-Attack lctlrrtlu ¢ Real Time Processing® « Concepts for Space Applications
® Theater and Ocean Surveillance ® Clutter Rejection® - 'lecmlag{ Demonstrations
o Techaical Intelligence o NTI Processing® . =. Phenomenology Resesrch
o Fire and Forget Tactical Missiles o %ock on e:f’t:r Launch o Funding Level Adequate
. L 4 RCreaAs :
o . Increased Survivadility of Firer
o Pervasive Impact o Survivadild e Current Nork is Fragmented
. = Al Stretagic and Space v o Need Emphasis on Advanced
Systems Sensor Hardening :
= Tactical Sensors and d ¢ Central Effort of $18
12, SPACE NUCLEAR POMER 52/ = 1.5 $m
e AMdvanced Based Radars o Power/Neight® ¢ Ninimal Effort iag at LASL
and Directed Energy Weapons o Cost per Delivered kw® e Need $10M Mndo:g.h:usmun

o Malti-purpose IR Battle
Milfta :usl’:tm
N )
* Order of Ohgau?dc lwr%vse’:en“t
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TABLE II-4 (Cont'd)

Order of Magnitude Technologies

: Technology

Opportunity/Risk Investment
Systems/Applications Nature of Impact® Status
13. HIGH-POWER MICROWAVE GENERATORS 56/40.3 = 1,4 $0.6H

Large "Instantanecus™ Lethal
Range* :

» m-Nave Radar s Limits Impact of EO/mm-Nave PGN's o Navy Directed Energy Program
o LPI Comunications {mm-Wave) o High Multiple Shot Capability* 10.5:4)
o Anti-Sensor/Anti-Electronics ® Power/Performance (gyrotrons, @ 3$5-10M Needed to Address Target
Weapons rm-Wave/FEL)* Yulnerability and Hardening
¢ Anti-Personnel Weapons e Seriously Underfunded to Exploft
Anti-Sensor and Anti-Personnel
Heapons
‘14, LARGE SPACE STRUCTURES 58.2/44 = 1.3 $6M (DOD),$18M (RASA)
® SAME AS FOCAL PLANE ARRAYS o mgz él:iRESolutlm and Sensitivity* e I:tt’a'l Prgg;:n1 In:dgqua:: to
® Hig n - ress cient Erection
AND SPACE BASED WEAPONS ® Large Surveillance Coverage* @ DoD Program Aimed Primarily at
e Adaptive Optics

HASA Programs Aimed Primar{ly

at Building Lightweight
Structures from Metallic Ribbons
DoD-NASA Coordination Needed to
Define Down-Stream Demonstrations

15. OPTOELECTRONICS

37/28.25 = 1,3

=$1M

@ Combiped Voice, Data, and
Video Communications

.® Remote Vision and Sensors

® Broadband More Survivable
Data Links

Protection from EMI, EMP, and
Ground Loops™

High Data Rates -
Height and Yolume Reduction
Cost Reduction

Mostly Fiber Optics

Includes Combined Device
Technology and Several Demone
stration Projects

Funding Adequate

16. SPACE BASED RADAR i

43/33.25 = 1.3

® NRT Tactical and Strategic
Survefllance and Targeting

* Order of Magnitude Improvement

$an

"Worldwide® Coverage®

Study/Tradeoffs Underway



TABLE I1-4 (Cont'd)

Order of Magnitude Technologies

T TraGEE -
- o Nature of Impact® Status -
1.,' m’ VAVELDGTH LASERS 63.2/54 = 1.2 .M
Copability. - ®Instantencous®Lethal Renge® ¢ Undertnvested in this Mighe
n?“ " "y : : lh'::::ata o-Mtﬁ. Leverage Area (Short Vavelength,
cﬂlcmm @ Fast Slew Rate* High Power Lasers)
[ ]

muq. S_hot Capadility

o Funding Mostly OARPA (Large
Demonstration Programs are
Constraining Research)

P1-11
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BY OPPORTUNITY (HIGH)

TABLE I1-5

TOP “10"
TECHNOLOGY ORDERING

BY FOM (HIGH)

BY RISK (LOW)

Advanced Software
Algorithms

Very High Speed Integrated
Circuits

Very High Speed Integrated -
Circuits

Stealth

Stealth

Microprocessor-Based Per-
sonal Learning Aids

Machine Intelligence

Advanced Softuafe/klgorithms

. Rapid Solidification

Technology

Short Wavelength lLasers

Microprocessor-Based Personal
Learning Aids

Advanced Composites

Yery High Speed IC

Fail Safe, Fault Tb1erant
Technoiogy

Stealth

Large Space Structures

Rapid Solidification
Technology

Super Computers

High Density FPAs

Machine Intelligence

Fail Safe, Fault Tolerant

Technology

High Power Microwaves

Super Computers

Satellite System Hardening

Fafl Safe, Fault Tole-
rant Technology

- Advanced Composites.

High Density Monolithic
Focal Plane Arrays
(Tactical)

Super Computers

High Density Monolithic

Focal Plane Arrqys
(Tactical) '

Optoelectronics
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(FoM)

4.7

4.2

4.2
3.0
2.8
2.6
2.4
2.4
2.4
2.2
2.1
2.0

18

TABLE 11-6

ORDER OF MAGNITUDE TECHNOLOGIES .THAT COULD:
HAVE NEAR-TERM (<5 YEARS) IMPACT

Very High Speed Integrated Circuits
packet Switching

Integrated Data, Text, and Voice Networks
Stealth

Distributed Data Bases

Adfabatic Turbo-Compound Engines

Advanced Softwa re/Algorithm. Development
Mi;roprocessor-sased ?ersonal Learning Aids |
space Coolers

Rapid Solfdification Technology

Super: Computers

: Advanced: Composites

 High' Power:Microwave:Generators '

-F1+16.
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D. INVESTMENT STRATEGY FOR TOP "17° .

The DSB panel examined the nature and quantity of"resources being dedi-
cated by DoD to development/applicatfon of the Top "17%. In performing this
evaluation, the panel asked a serfes of questions which could be considered
in retrospect as an fnvestment “catechism®.

e What 1s 1t2? What {s this effort trying to accomplish (defining the
technology sufficiently well to discriminate it from other similar
technologies)?

¢ Why is it important? Assuming success, what diffarence can it make
to the user or in a mission area context (taking into account the
nature and 1{mitation for current practice)?

¢ What Is the current status? What s the DoD program? What should it
be? What is new about the proposed effort and why will this approach
be successful?

o How Tong will it take? How much will 1t cost? What are the measures
of success? '

Appendix C of this report answers these questfons in some detai) for
each of the technologies 1dentified {the fnformation 1s also summarized n
Table I11-4), Some of these technologies are being adequately funded, but
some are not. It should be noted that the vast majority of the “order of
magnitude™ technologies 1ie 1n the electronics area. Currently, the elec-
tronics area commands a relatively low percentage of the total budget.

There is a need to reorder funding priorities within the Technology Base to
correct this imbalance. Table II-7 1ists those technologies which in the
opinion of the panel are under-invested and suggests more appropriate funding
Tevels and areas of emphasis, : :

The total annual Tevel of the additional funding required to support
these new initfatives 1s approximately $75M. These efforts are appropriately
Exploratory Development efforts. Recommendations regarding increases in 6.1 .
and 6.3A efforts are treated elsewhere in this report.

The banel felt that there were not only deficiencies in funding, bbt, fn
certain areas, deficiencies 1n the way DoD has managed technology funding,

Certain programs could benefit from the vertically integrated program struc-
ture of the VHSIC Program managed by DoD. Key elements of this program

(summarized at length {n Appendix 6) are:

® Centralized management and coordination of the total Tri-Service
program with fenced funding to ensure accountabilfty.

] The inclusfon under one Tndustrial organfzation of all aspects
of a technology's development and transition into military
. systems (e.g., processes, design;vqa§er1a1:. ete.).

e COntinuity of the 1ndustf1a1 teah(s) fraom qarly technology'
- development through transition to system applications.

I1.17
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TABLE II-7

Underinvested Technologies that cOuld-Make an

Order of Magnitude Difference

- CURRENT RECOMMENDED

| TECIHNoL0eY (Fom) . M__'&BE_ STATUS AND NEEDED EMPHASIS

L L 7w

NICROPROCESSOR-BASED PERSONAL 0 (]
LEARNING AJDS (2.R)

SUPERCOMPUTERS (2.3) 9 15
PCHINE INTELLIGENCE (2.1) B2 2
RADIATION -HARDENED ADVANCED 5 15
FLECTRONICS (1.7)

SPACE NUCLEAR PONER (1,7) . 1 10
HIGH POVER MICROMAVE GENERATORS a.m 0.6 5
uufse SPACE STRUCTURES (1.3) - 6 (0D 12
o | 18 (NASA)
SHORT WAVELENGTH LASERS (1.2) 83 15

. %’omum st THIN

o FAST ALGORITI'IB AND AUTOMATED
PROGRAMMING

o FIELD APPLICATION EXPERINENTS

o MALDISTRIBUTED

o LARGE SCALE MODELLING

+ B G e

| REpE ovem ons

o 50-100 xw, COMPACT NUCLEAR REACTOR

: gﬁﬁwm Moo canti-

o TECHNOLOGY INTEGRATION AND DEMO
o NASA/DOD COORDINATION CRUCIAL

o NEW CONCEPTS

(18.5 FY82) (27 FV82) o COMPLETE CRITICAL DEMONSTRATIONS




: The panel {dentified certain of these “order of magnitude” technologies
as suited for a management structure, visibility, and high leve] attention
similar to that of the VHSIC program: .

Machine intelligence

Advanced software/algorithm technology ’

High power microwave generation

Advanced materials srapid solidification, advanced camposites)
Microprocessor-based personal learning aids,

Scenarfo-Based Technology Planning

Tables 11-8 and 11-9 {n 2 sense close the loop on the planning process
suggested fn this chapter by correlating, in matrix fashion, the top “17
technologies with the post-1950 scenarios and the integrating factors,
Table 11-8 i1lustrates the correlation with the integrating factors and
Table 11-9, the correlation with the scenario-driven technical requirements
summarized 1n Table 1l.1.

The process, of course fs not as “"cut and dry™ as it appears here in its
summary form, The scenario selection, for example, is an fterative process.
One cannot select a scenaric without having some fdea of the systems and
operational concepts which are going to be employed. In other words, tech-
nology drives the scenarios to a certain extent since new technology may
provide & new approach to warfare and change the original scenarfo.

One must also keep 1n the forefront that the discipline entailed fn the
Figure of Merit methodology {s more important than the numbers, This discipline
1s what gives the "Order of Magnitude" technologies 1ist 1ts credidility, The
FOM suffers from the §nherent problems associated with any scheme to put numbers
on dissimilar factors and then attempt to measure relative importance by adding
up the numbers. Inherent in such a technique fs the implicit assumption that
the dissimilar factors considered are all of equal relative importance, since
the numerical scale is being applied to each one, Obviously, this fs not nec-
essarily so, and the FOM approach makes no 81lowance for such vsriat:on in
relative importance of either the “opportunity” factors or the *"risk" factors,

Care must be taken that one or a few of the factors gfven a rating do not
in 2 sense control the "opportunity® or "risk". In Tables 11-8 and 119 for
example, the matrices {1lustrate the pervasive nature of certain technologies
ke YHSIC; fail-safe; fault-tolerant electronics; machine intelligence; and
electro-optics. Short wavelength lasers, on the other hand, have a critical,
but rather narrow applicatfon ?n space.

This application alone, however, would be fmportant encugh to place it
higher on the 1ist than it schieved through the FOM calculation. A mission
rating of “9“ may be too small {n this instance and thus become a "controlling”
factor in a negative sense because the technology has marrow appiication and
would get low scores in other :ategorfes. Likewise, among the "risk" factors
there could very possibly be some “controlling™ factors. In the example, Ehe
risk 1s moderate to low except for the "Political Buresucratic Environment”,
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TABLE I1-8

“Oréar of ftude”
. Teche} nm"

wsic .

Active end Passive
Stealth

Mwesced Seftwere  § 2  § 1 | } §
'l:cwm Sasad
Algs . | ¢ X | | |

S« Vaflsafe Fault

,

L3

16,

.

Yoleraat Electranics

Rapté Seliditicetion
Techonlogy

Machine Intelligence

-

Adwanced Canpesites

4
BRI
Areays

Yardentng of Satele
Hte Electrontcs

$pace Mucliear Powme

High Powme Micre~
wve Gesersters

Large Strectwras
1n Space .

‘Optealectrenics

Space Based Radar

Shert avelength
Lasers




TABLE 11-9
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This factor gets a "9*, apparently because 1t requires a change to international
or arms control agreements. It 1s entirely possible that such a change would
be so sensitive and create so much {nternational controversy as to be totally
impractical to attempt. In such a situation, it does not matter how low the
risk fs on the other factors; {f this factor alone makes the concept totally
impracticable, then the total risk factor should reflect such influence.

So long as 1t 1s recognfzed that all of these factors in the FOM are not
necessarily of equal relative importance, and that one or some of them may be
controlling, then the approach can be extremely useful. In further develop-
ment of the FOM for planning purposes, some method should be divised for taking
into account the relative importance of various factors under particular c¢ircume
stances. Such a method must recognize the potential for “controlling” factors,
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CHAPTER I1I
EVALUATION OF CURRENT TECHNOLOGY BASE INVESTMENT

A. TECHNOLOGY BASE INVESTMENT

In the course of its evaluation of the Top 17 critical technologies, the
DSB Panel attempted to:

(] Ascertain the overall technology base investment strategfes
of OSD and the Services.

) DéveIOp a structure for collectively displaying these diverse
strategies 1n terms of FY 1981 resource allocations.

® Provide a broad perspective on the nature of current tech-
- nology base fnvestment strategy.

Representatives from 0SD and the Services provided the Panel with brief-
1295 o: their respective strategies, the major elements of which are summa.
rized below. ‘ ‘

1. DoD Technology Base Investment Strategy

0SD provides an assessment of the overall DoD technology base fnvest-
ment strategy. The highlights of such strategy are documented in the
Technology Area Descriptions (TAD). These TADs include:

. Basic program description '

- _Broad objectives
= Fiscal summary :
Representative program thrusts

. Program analysis

- Correlatfon of program with technology needs of
missfon area summary

Major technological oportunities

Accomplishments (technical and management)

-Technology exchange and intelligence assessment

Program strengths and weaknesses

¢  Management strategy

- Technical goals
« _Long range trends

I1I-1 .



The technologies highlighted at tﬂe 0sD levél as beitig more ~1mpcn-'t:ant are:

Very high speed integrated circuits (VHSIC)
Manufacturing technology

Precision guided munitions in a battlefield environment
Advanced materials

Directed energy

Chemical warfare

2. LS. Navz Technology Base Investment Strategy

The Navy 6.1 and 6.2, which 1s under one commander, the CNR/CND, formu-
lates 1ts technology base thrusts on the basis of near and long temm naval
needs emanating from the Chief of Naval Oparations' deficiency and need state-
ments, Mission and Technical Area Strategies are then developed in respanse
to these needs for the exploratory development phases. The planned overall
technology base investment strategy is: .

6.1 6.2
25% Basic research closely associated 33% Generic technologies (new,
with potential application emerging, state of the art
' advancement)
75% Evoiutionary research across the 67% Focused technology work which
spectrum of disciplines (1/5 high addresses specific operationat
risk/high payoff) needs

The following technology areas have been identified by the CNO, "in concert
with the CRN/CND, as hol ding unysual prornise for the Navy for the next 10 or 15

years:

Electronic Devices

Materials

Artificial Intelligence and Robots.
Computing .

Mil limetar/m:rowave Sensor/Sources.
Fiber Optics (inciuding sensors)
Survetllance and Guidance

Space Technalogy

Stgnature Reduction

Directed Energy

Insansitiv& Explo:fves

In an effort to emphasize programs in these and other areas. ‘the Navy ‘has
established a series of 6.1 and 6.2 Special Focus Programs. For cxample. some
of the most significant new initiatives in FY82 1nc1ude‘ .

- Mvanced Commn Intercept Missile
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Broadband Passive Sonar Processing
CW/BW Defense
" High Performance Undersea Weapon Warhead
Large Aperture Submarine External Array
Marginal Ice Zone
Masking Surface Ship Noise
Solid Dielectrics
Spaceguard
Strategic Sea Straits
VLSI Architecture

3. Air Force Technology Base Investment Strategy

The Air Force investment strategy results from several diverse but related
activities, namely:

® Development of a long rahge technology strategy by the
_ Director of Plans, Air Force Staff.

. The Air Force Systems Command (AFSC) -analysis and planning
effort under Project Vanguard which:

- analyzes the future threat to mission effectiveness and
the nature of projected system deficiencies.

- provides recommendations on system development priorities.
.. Analysis and investment strategy efforts of the Director

of Air Force laboratories which rely heavily on technical
{nputs from the Air Force laboratories.

4, U.S. Army Technology Base Investment Strategy

The Army's investment strategy evolves through the interactions occurring
fn 1ts established Research, Development and Acquisition Process. A key ele-
ment inserted into this process is the Airland Battle 2000 concept which pro-
Jects twenty years into the future and was developed to guide, inter alia,
future material acquisitions, and to ensure a concept-based requirements
system. This concept provides a basis for additfonal, more detailed mission
area analyses which, in turn, identifies specific deficiencies vis-a-vis the
threat, defines and prioritizes material operational needs and develop funding
goals which are then addressed by the development community in science and .
technology plans developed for each mission area.

Based upon analysis to date, the fo]low1nq technologies are the highest
priority for Army 1nvestment' . _

® Armor/anti-armor technology (reactive armor, active armor,
: advanced materials, test bad prototypes, fmproved conven-
tional armament systems, HAW/MAW, hypervelocity rocket, top
~ attack weapons, tank qun ammo fmprovements)

I11.3
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[ ] Microelectronics (very high speed integrated circuits, special

purpose LSI/VLSI, ultra high frequency ¢ircuits) -

* Electro-optici technology (far infrared focal planes, automate&
sensors, low energy lasers, optical/EQ CCM, EO models, special
purpose sensors) : : ‘

() M wave technolegy (MM wave components, radar, PGM, missile
guidance, EW demonstrations, communications)

() Chemical warfare téchno]ogy (individual protection, CB
detection and warning, decontamination, collective pro-
tection, training, chemical deterrence, smoke-obscuration)

B. “GAMEBOARD* APPROACH TO REVIEWING INVESTMENT STRATEGY

As {s evident, the DoD technology base investment is very complex. In
its attempt to understand the total DoD investment the DSB Panel identified
two dffferent kinds of risk associated with technology development: (1) -
Technology Risk - 2 measure of the difficulty of achieving performance
.threshoTds necessary for success in a military applicatfon, and (2) System
Mission Risk - a measure of the institutional difficulties of transitioning

a technolagy into an operatfonal system due to the impact on doctrine and
operations. To gain a perspective on how the DoD is actually allocating

its technology base resources in terms of these risks, the panel created a
table which treats these types of risk as separate variables, the “Gameboaird"
(Table 111-1). This type of assessment was not intended as a method for
d:ve;opi?g the technology base plan, but, rather, as a retrospective review
of the plan,

The OSD'and DARPA program managers were given this table and asked to
distribute their FY 1981 program among the quadrants. Table 1I{-2 sum-
marizes the results of this .effort. ' : ' .

These results are quite interesting. They show that DoD fnvests
heavily in two quadrants: (1) the high technology risk, high misston risk
quadrant (e.g., programs such as DARPA's Directed Enerqy Program); and
(2) the evolutfonary quadrant (programs such as aerodynamics and navigation).
The most important result of looking at the DoD technology base investment
using this approach is the .identification of the very low emphasis placed on
the upper left-hand quadrant, the low technology risk, high mission risk
area. ‘ ' :

. €. ANALYS1S OF ASYMMETRIES IN GAMEBOARD

" When one views the-dollars allocated by the DoD to the major technology
areas (Table III-3), some question could arise as to the balance or consis-
tency of the funding levels based on future need. The Panel sought.to examine
the distribution of .dollars on the "gameboard” (see Table II1-4) as a means

of gaining fnsight into the way the DoD funds technolegy. The following
comments are meant to highlight what appears to be some of the consistencies
and inconsistencies in funding patterns in terms-of(genefal technology areas:

e -
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TABLE 1113
DOLLAR ALLOCATION BY MAJOR TECHNOLOGY AREA

1. prutcr; Networks, and Softwa.n “ $110.3M
2. ﬁatgriﬂs 111.1
3. Directed Energy | 127.2
4,  Microelectronics and Electronic Devices o 133.4
5. Communications . 75,2
6. Navigation, Guidance and Control 75.0
7. Microvave Devices | w0
8.  Vehfcular Technology | 1359.0 -
9,  Optics 5.3
10. Sensors . 299.3
11, Power and Propulsion - 248.0
12.  Mmitfons | .. 233.5
13, Anti-Submarine Warfare* . , o 180.2
14. Education Technology ‘ ' ‘ . 48.6
15.  Manufacturing Technology | 1747
16. Chemical Warfare/Biological Warfare . 6.4
17. Electronic Warfare o ' 35,5
8. Biochemical Téchno]ogy and Genetic Engfneering 94.4
19.  Other - 234.0

*

* The programs &1 rectly tied to ASW (e.g., undersea acoustics and non-acoustic}.
~are shown here, certain other technologies have an. impact on ASW (e.g., sensors
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1.

3

4.

6.

8/11.

Computer and Networks

¢  Distributed fairly evenly among quadrants.

] Commercial industry has dominant technblogy/R&D drive, and leads
in application. This lead argues for a significant emphasis on
the Mission/System-based risk area. Such emphasis does not exist.

Materials

. The distribution within the “gameboard" seems appropriate.

Directed Enerqy

() This technology area 1s, by far, the largest single area i{n any
one quadrant. The 1ssue here is payoff/risks versus large dollar

Tevels required,

Microelectronics and Electronic Devices

(] The relative distribution among the quadrants seems out of l1ine.
Since commercial R&D is an important R&D driver, there should be
more emphasis in the mission/system-based risk areas.

Communications Technologqy

. The balance seems appropriate.

Y

Navigation, Guidance and Control

® Navigation, guidance, and control efforfé are distributed in two
- quadrants (Evolutionary Technology and Systemebased risk);

] The high risk effort seems tdo high given the maturity of many
key technologies and of the_probab1e payoff.

Microwave Devices

¢ No low risk entries are shown on the gameboard. It seems
that there should be some support in the system/mission-based
risk area for new concepts 1n Eu. etc., ,

Vehicular Technology/Power and Prggulsion

] The overall dollar levels seem high in 1ight of the probable
payoff, especially in comparison with sensor, computer, and soft-
‘ware technologies.

(] The difficulty in bringing this number down {s that platform
- R& s very high cost.-
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9, Optics

e Optics is in right quadrant (high risks) but totals only $5.3M,
This may be adequate since the real “order of magnitude® optics
(adaptive optics), s covered under other titles.

10. Sensors

e This technology area seem to have too 1ittle {in comparison with
other quadrants) in the Mission/System-based risks quadrant.

12, Munitions

® There should be some investigation of the low technical risk,
high mission/system risk quadrant in this technology area.
There 1s no effort identified.

13. ASW

° AN is uell distributed in quadrants but the resource
level seems low. The Timitation is probably one of.
too few technical opportunities.

" .14, Education Technology

‘0 Education technology should be less evolutionary (since
this 1s commercially driven) and more ariented toward
- overcoming mission/system-based risk.

15, Manufacturing Technology

(] It §s interesting there is no funding in Mission/System-
.based risk quadrant for manufacturing technology. DoD
shoutd be Tooking at new but low risk manufacturing
technology for quantum jumps in mission capability.

16.  CW/BW .

® This area 1s underfunded if one considers the extent '
of the Soviet threat.

18, Biochemical and Biamedical Technologxgand Genetic Engineering

¢ Most of the emphasis s on biomedical and 1ittle on genetic engi-
neering. Industry push is on the use of genetic engineering
for drug/biochemical productfon and is sufficient to move the
technology. ODoD needs to. emphasize military applications
including preventive medicine.

The above discussion is not intended to be a conclusive evaluation with
regard to the current investment strategy. The 0SB panel did, however, find
the “gameboard” analysis to be a useful exercise and recommends that ASD(R&T)
and the Service technology hase managers consider using 1t 1n their own
planning strategies as a means of balancing risk and opportunity in their
pursuit of a coherent investment policy.
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D. ADEQUACY OF. THE TbTAL LEVEL OF TECHNOLOGY BASE FUNDING

The DSB summer study panel found no rationale for judging the total magni-
tude of the DoD technology base investment as too 1ittle or too much. The
focus of criticism concerning the DoD's program is the organization and manage-
ment of this program. The DSB panel felt that major gains could be had in the
actual output of the technology base program through:

. Greater usage of "vertically integrated" programs
(See Appendix H)

() Elimination of redundancy of efforts among the Services
and in areas of common interest with NASA (e.g., remote
sensing, propulsion)

. Reduction of the in-house exécuticn of the basic research
program (6.1)
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CHAPTER IV
TECHNOLOGY TRANSITION

The question of technology base can be viewed at different levels and
from varfous points of view:

® Maintenance of an adequate technology base for supporting a
broad spectrum of military needs.

o Identification of new and innovative technology for military
systems, '

® Successful transition of new technology into the military
systems.

This later aspect 1s of primary importance and yet is often one of the
biggest barriers in providing U.S. forces with capable systems at affordable
cost. In the context of the military balance in terms of lead and lag, the
length of the technology transition period fs crucial.

The DSB panel identified 2 number of barriers to the successful transition
of technology: :

® Partitioning the research, development, and production
process into separate organizations and contractors

o Lack of'*lnvohement of potential users in the estab-
1ishment of requirements.and the resulting programs

e Lack of fenced budgets to 81low the product activittes
to fund transition of desired technology

o The faflure to meet an "opportunity window"
o The lack of a risk/reward system

o Existence of a mature hirduare option.

Adopting a new idea or concept 1s at the heart of the matter but it has
been difficult for both government and industry alike to "institutionalize" the
process of innovation. Some would -assert that industry is more successful at
innovation because it is driven by different forces. What follows is a dis-
cussion of the problems of adopting innovations; the nature of innovation;
the nature of the transition process and how government and {ndustry differ
in their approaches to innovation; and suggestions as to how DoD might better
handle the process of technology transition through the use of a new approach -
“Test Marketing."” , ‘ :
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A. THE PROBLEM OF ADOPTING INNOVATION:

For the purposes of this discussion, the process of fnnovation was char-
acterized as follows: invention, the generation of the 1dea; dovelo%nt.
the reduction to practice; adaption, the implementation of the idea; usfon,
- the wide acceptance of deployment 1n systems. All four are required 1T T
technology fnnovation 1{s to succeed, It is interesting to note di fferences
and some similarities in the way industry or commercial enterprise and govern-
ment handle the question of technology innovation,

1,. Nature of the Government Process

Idea generation in the area of technology for national defense 1s found
both Tn ’lnaustry and 1n various in-house government efforts (DARPA, Service
Laboratories) with 6.1, 6.2, and independent research and development (IR&D)
type funding support. Programs are usually small with low visibility and
not much bureaucratic interference.

" As an idea is developed or reduced to practice, there 1s a larger infu-
sfon of resources and resistance as innovafgon Degins to build.  Whether

development takes place fn a government laboratory. or an {ndustry (6.3, IR&D
funding), the innovation by nature threatens other competing and/or existing
systems and thus may require a strong “user” endorsenent.

Adoption in the government case usually requires a good relationship
between the technologist and the user, and, {n most cases, a person to cham-
pion the cause of {nnovatfon since the acquisition management structure will
“generally oppose {nnovation.

2. Nature of the Industry Process

In the case of industry, idea generation can come at any level (R&D, -
engineering, marketing). Since IREB or government contracts are limited,
_ there 1s more control exercised and perhaps a stronger incentive to come up
with “winners.”

Reduction to practice engages the engineering and advanced systems
sectors of Tndustry with higher lavels of resources but also with tougher
scrutiny since the idea must now. stand up to return-on-investment (ROI)

and market factors. A champion withfn industry is usually required at this
point to mova ahead with the innovation.

Adoption involves customer acceptance and participation in funding of
the idea. Here competition is crucial since industry must consider company
- profitability, payback perfod and share of the market generated by the :
innovation. The:new techno'loﬂ at this stage may continue to require a
*champion. and evem-political alliances to move it along. 4
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3. Differences

Industry 1s driven not only by 1ts own RED organizations but also by its
perception of user need, the market value of the fnnovation, the market share
1t generates, and other considerations 1ike ROI and payback period. Govern-
ment, on the other hand, is motivated differently. It must accept {deas
from {ts own in-house efforts or from industry, but the fnternal politics
wvhich dominate decision making are shislded, in a way, from market forces.
There is a strong fncentive to pursue low risk options.

4, Sinilarities

Both industry and government share certain tendencies which inhibit
innovation. As large organizations, they share a natural resistance to
change and usually allocate a disproportionate samount of resources to main-
tafning the status quo. There 1s a structured approach to the allocation
of R&D funds which may not be responsive to change in the enviromment., The
time constant for change in any large organization 1s long.

B. RATURE OF INKOVATION

Table 1V-1 1{sts seven observations which could be made sbout the nature
of technology innovatfon and factors which contribute to or retard the adop-
tion. Innovation, as distinct from invention, refers to the actual applica-
tion of a new device, system, or method of operation. Understanding innova-
tion 1n the defense context is complicated by the fact that DoD does not
keep good archival records, that participants in the process have strong
biases, and finally, that it is difficult to assess, through unobtrusive
measurement, the status and worth of {nnovations.

1. Innovation 1; a Political Process

It 1s not possible to understand the mechanism by which decisfons are
arrived at without resorting to a political perspective. While econamic,
financial and technical considerations impose constraints, the decisions
themselves are the result of intergroup bargaining -- in short, a political
process. In the case of concepts or equipments which have yet to be adopted,
both technical and econamic analyses accompanying the presentation to the
decision authority are largely based on assumptions. Thus, the decision
maker {s seldom faced with black and white decisfons.

As a result, and because invarfably any technological change has its
impact on the power structure of an organization, decisfons on adoptions of
{nnovations are driven not by the seemingly accurate technical or economic
analyses, but by the invisible underlying political forces. In essence,
the activity from which decisions emerge 1s characterized by comprodise,
accommodation and bargainin? among groups with diverse interests, so that
the result is not necessarily chosen as a solution to a problem but a result
of compromise and possibly even confusion. -
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TABLE V-1

. 5. O3
R o

Al

& " INNOVATION ADOPTION - THE HYPOTHESIS .

A NATURE OF THE PROCESS B. ORCANIZATION STRUCTURR C. POLICIES AND REGULATIONS

A-1 The process of inno~ B=1 The greater the diver- €-1 The guantity of R&D funding
vation sdoption fe & sity of an organization 4is not necessarily the
political process. the smaller the propor- decisive factor im immove-

‘ tion of proposed inno-~ tion adoption.
vations which will be
adopted.,

A-2 The existence of other B=2 Separate chains of com- C-2 Personnel policies vhich
viable and technologi- mand for the RED end create sati-risk taking
cally mature hardvare design organizations incentives for the
options {s one of the spotislly separated and Washington militsry execu-
most powverful innovation . lacking effective inte=- tive, tend to retard inno-~

" getarders, ' = gration mechanisms, vation adoption.
' hinders innovation
adoption,

A~3 The lack of an inno-
vation champion etrongly
retards inmovation’
adoption,




2, Mature Hardware Options Retard Innovation

Incremental improvement is one of the biggest enemies of fanovation.
Even when an innovatfon s technically mature enough for adoption and offers
potential for superior performance when compared with already accepted options,
fts acceptance can be retarded by the mere fact that already accepted options
could provide sufficient performance without the risk of "unknowns.“

Most innovations are faced with a number of hardware system competitors,
many well entrenched since they have provided the function up to that time..
Operators are famflfar with the characteristics of equipments and are set up
to mafntain and repair them with vast organizations. In addftion, manufac-
turers have a large capital investment in facilities and tools for producing
the current generation of weapons. In short, the old method of operation
has a well-established fnfrastructure, : .

Furthermore, 1f the new product does ﬁot completely replace the old but

merely provides another option to perform the same general functions, then
1t will have a more difficult time being accepted.

3. The Champion'1s Essential

A strong advocate is required fn order to promote fnnovation since the
political process and the existence of alternates are potent obstacles to
change, The system as 1t presently exists has strong buflt-fn {ncentives
against the emergence of champions, although such champions have emerged
historically within programs where innovation was adopted (e.g., Admiral
Rickover and nuclear propulsfion). ’

V. Davis in "the Politics of Innovation™* identffied four distinct
characteristics of an fnnovation champion in each of three naval case studies
he investigated. ’

a, He is a man from the broad middle ranks.
b. He is not the inventor of the innovation he promotes.

c. He is a passionate zealot. '
d. He does not pay attention to possible consequence for his career.

4. Diversity and'Orgahizat1ona1 Structure Impact Innovation

The greater the diversity of an organfzation, the smaller the proportion
of proposed innovations which will be adopted. Researchers studying the
innovation process have recognized that innovatfon is not an instantaneous
act; it 1s a process which occurs over & perfod of time and consists of a
ser{es of actfons. The more complex the organizational framework, the more
complex will be the decis{on making process. The consequences of {nhovation
adoption affect many members of the organization.

* Davis, V., "The Politics of Innovation,” Graduate School of International
Studies, University of Denver, Vol. 4, Monograph 3, 1966-1967.
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With an organization the size and complexity of the DoD and the Military
Departments, 1t is no surprise that innovation adoption is a continuing
problem. Different organizations within the organization are competing for
funds, sometimes with differing or opposing interests. Innovation can effec-
tively be stopped by being postponed, :

"5. Clear Lines of Communication are the Key to Success

Separate chains of command for the R&D and design organizations spacially
separated and lacking effective integration mechanisms hinder adoption. To
develop new products within a large corporate structure, the R& organization
must gather, process and transmit fnformation to perform the basic problem
solving and coordinating requirements of its component areas. Communication
flow is the primary mechanism for effecting this information transfer.

ATAT and other large corporations have found that a flow of 1nformat§dn
and -feedback 1s essential 1n transitioning ¥nnovation technology from Basic

.. Research, to Applied Research, to Development and Design, to Engineering, and

ultimately to manufacturing. The process can be inhibited 1f spatial and/or
organtzational barriers impede the flow of information. In the case of
ATAT, it was necessary to create a spatfal bond between organizationally
separate entities by moving Bell Laboratories Development and Design Group
into the premises of the Western Electric where it could interact with the

Engineering 6roup. (Ref: Leopold, R., Innovation Adoption in Naval Shi
Oesign; Naval Ship Engineering Center; May 1977.)

Many Vaboratories within DoD and the services are not only spatially and
organfzationally separate but are even competitive and antagonistic in cooper-
ative ventures and work at cross purposes. This hinders the transition of

innovative technology into systems. The laboratory competition with industry
is also a significant hindrance to the transitfon of new..ideas,

6. The Quantity of R&D Funding is not Decisive

There is a common fallacy that the level of {nnovation is 2 strong func-
tion of the R&D resources expended. This fallacy is so pervasive that certain
industries’' {innovative image is judged on the percentage of sales contributed
to R&D, assuming that the higher the percentage, the more innovative the
firm. The same factor {is frequently used in comparing innovativeness of
.world military powers who spend significant sums on R&D,

Innovation in many military systems is often not the product of in-house
lab developments but rather adoption of commercial or foreign defense RaD.
Innovation 1s found not only in big firms but in some small but creative
high technology firms (computers, microprocessors, genetic engineering.) It
is clear that technology innovation is only partly related to the level of
fnvestment in research. : A
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7. Personnel Policies

In government, unlike private industry where the exfstence of a viable
business may depend on successful innovation, there seems to be no negative
consequences far those who fail to adopt sensible innovations. There are,
however, definite consequences for the innovation advocate who Toses.
Champions do emerge, but they do so at some peril to their career. The
‘system tends to reward those who keep their organizations out of trouble.

The frequent rotation of military offices may in itself be an inhibitor
to fnnovation because it does not allow for the maturing of an innovation
champion within the system. When an innovation is proposed, resfstance
usually builds within various segments of the organization followed by a
fight in which a winner emerges. Even though the battle is lost, the war
for innovation is not lost. But, as a new military executive arrives, the
opposition forces reopen the case and the battle is regained. A winner
again emerges, the cycle 1s repeated; innovation is postponed.

C. THE TRANSITION PROCESS

The DoD could create conditions conducive to fnnovative adoption in
gavernment by:

¢ Transferring some of the system design function to {industry

¢ Creating stronger integrating mechanisms between R&D and design
communities :

e Introducing organizational and environmental changes to encourage
the emergence of innovation advocates

¢ Diminishing the hold of the acquisition manager by strengthening
the in-house design/technology manager.

The Tink between the developer and the user i1s very important. If the
customer is a participant in the selection of technologies to be used for sys-

tems, the chances are high that he will accept that technology as a salution
to their needs. This does not mean that all technology base work should be

limited to those items or areas where strong customer support {s evident, but
1t does point to the need for a strong alliance between user and technologists,

1. Definition of Requirements

A clear definition of the user requirements is essential if the develop-
ment community is to meet actual operational needs. It should be clear that

the user community is not as technologically sophisticated as the R&D commun-
ity and the burden {s therefore on the R&D community to explain and even

“sell” the'technolo?y possibilities. The requirements determination stage
should have the following attributes:
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e The threat is well-defined and realistic (including adequate
treatment of feasible threat response to U.S. developments).

® Technology assessments are nbjective (whit state-of-the-art
is available with what risk and at what cost; adequacy of
industrial base to support wartime surge).

o System definition/design is a good balance of:

- Cost

.= Technical Risk

- Abflity to Counter Perceived Threat (perhaps exploiting
asymmetries 1n U.S. and adversary operational and tech-
nical capabilities):

-= qualitatively - adequate operational capab111ty..and
. quantltative‘y - sufficient numbers deployed

-= growth potential - (Preplanned Product Improvement
and/or Multimission Capability)

An extremely difficult but necessary element of the requirement determina-
tion process 1s the ability of program managers and staff to interface and inte-
grate new or evolving operational concepts ("Top-Down Approach") with technical
opportunities or risks which may support or 1imit a particular system design
(“Bottom-Up Approach").-

2. Llinking Operational Concepts to Techno1bgy Innovation

The figure below depicts the interactive nature of the process which
relates a range of operational needs and concepts to the range of technological
.possibilities. The shaded area illustrates the narrowing of focus to a

specific system design. '

DERIVATION OF SYSTEM REQUIREMENTS

TECHNOLOGY ASSESSMENT

o Assessment of Technology Impact
on Performance {operational
performance level versus tech-
nology Tevel)

e Technical Opportunities, Risks,
and Costs for Achieving Per-
formance Goals

@ Availability of Adequate Tech-
nology Base (manufacturing,
facilities, skills)

@ Technological Aspects of Prob-

able Threat Response/CK

OPERATIONAL NEEDS/COMCEPT

e Future Missions and Threats

e Dafinition of Operaticnal
Environment

e Evaluation of Operaticnal
Concepts and Systeas

« Quality-Quantity (many
Towar performanca

:{stm versus a few

g R .
- Engagement/Effect{veness

Analysis
- Threat Response/CM
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3. Advanced Development and Production

The problem of transitioning technology to production may 1ie less in the

early development of the technology itself and more in the area of design and
engineering, the later phases of the process, specifically:

® 1nade$uate effort 1n early des1?n and test phase
o insufficient incentives for quality

e fragile bases of supply.

Budget profile, manufacturing technology, and quality assurance have a
large impact on the success of transition. Production is often ipnitiated with-
out ‘a sufficient understanding of either the technology or the application. If
advanced development 1s underfunded as it often is, the real cost can escalate
dramatically in later stages to overcome abad design.

In high technology areas, DoD has had both successes and failures in
transitioning technology. Table IV-2 Tists four groups of technologies drawn
from the space program, illustrating both the good and the bad:

a) Success - These are the numerous new products and materials which
successfully transition into military space systems.

b) Not Yet Ready - These technologies still show promise but have not
made it out of the laboratory yet for full scale production,

c) Looked Good on Paper - They failed because the space environment
induced unexpected reactions.

d) Have Not Really Made It Yet - "01d" technologies whose failure mec-
hanisms were either never understood or where quality assurance was, and
is, inadequate.

\

4. Need for Quality

Over seven years ago a study called Electronics=X showed that there was
a linear relationship between product cost and failure rate. The constant
that related the two variables depended on product type (e.g., avionics 1in
military aircraft) and management method (e.g., DoD standard procurement
practices.) In today's terms, the study showed there would be an average of
one failure per hour per $10M unit cost. A $5M aircraft radar, in other
words, would fail about every two hours.

Certain systems 1ike spacecraft do not follow this law. Project managers
cannot afford failures in space, so many more resources are concentrated in
the engineering design, advanced development, and testing stages, just where
they should be. The quality is built in from the beginning and the result is
2 system which works with high reliability. '

Ironically, the present trend toward cheaper systems with older technalogy
may end up costing more in the long run. In order to save, the RDT&E budget
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" TABLE 1v-2 _
DOD TECHNOLOGY TRANSITIONS -- SUCCESSES AND FAILURES FOR SPACE SYSTEMS*

SUCCESS

, Graphite-epoxy composfte antennas

Rocket nozzles usfng carbon-carbon
and silica phenolic materials

Elastomers for containment of
hydrazine

Adblative heat shields

Laser beacons and low-power lasers

Solid-state detectors for nuclear
particle detection

HgCdTe long wavelength sensors

Kapton insulator

Frequency synthesfzers

Voltage control and crystal oscillators

Electronic control systems

High-temperature ceramic multi-layer
boards

Solid-state electronics and micro-
electronics

Inertial guidance

NOT YET READY

Metal matrix composites:

Pyrolytic graphite rocket chambers

Atomic clock .

High performance PHS Detectors

Gallium-Arsenide field effect
transistors

Lasers (high power)

Yuilleumier (VM) refrigerators

HgCdTe IR detectors ,

Spectral filters

Electron-beam welding of integrateé
circuit boards '

"Beam” lead technology for micro-
electronics '

LOOKS GOOD ON PAPER BUT FAILED

Graphite-epoxy -- outgassing in space

Teflon coatong -- cold flow

Spacecraft coatings ~- Discolored

Astroquartz -- unexpected chargingin
orbit

Aluminized Mylar f{Im «- became brittle
in space

ssI, MSI LSI, AND VLSI -- Cosmic ray
effects (soft errors and latch up)

Star Sensors -- became noisy after
exposure to radiation

Stainless Steel -- fafl at cryogenic
temperatures

CMOS =~ techniques to increase yield
also decreased hardness

HAVE NOT REALLY MADE 1T YET

Travelling-wave tubes

Batteries

Rubidium atomic clocks

PbS polycrystal 1ine IR detectors

"High-voltage electrical wire

Parachute recovery hardware

B-nuts in space-system plumbing .

Ball-bearing retainer instability

Degradation of thermal control
surface in geo-synchronous orbit

S1ip-rings

Bi-metal1ic thermal switches

Polycarbonate capacitors

Relays

Electronic bond degradation
("purple plague®)

. * Drawn from Comments on the Transition from the Technology Base to Production.
" E. Rechtin
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~ is shaved. The high quality product cannot compete in a cost manufacturing

bidding contest. Yet, ironically, high-quality systems, 1ike spacecraft,
comprised of thousands of piece parts, are less costly to build and operate
than those of low quality.

5. Problems of Mechanics and Timing of the Transition Process

Transition time and overall program costs cannot be reduced by reducing

engineering development, Delayed engineering results in fncreased program
cost and larger transition time, as {1lustrated in Table ]V-3.

In some programs, the transition to production 1s complicated by the
disruption of the normal process of research, then exploratory development,
then advanced development, then engineering development, then preproduction
and production. Sometimes phases 1ike advanced development or engineering
development are omitted altogether because of budgeting or time constraints.
Sometimes gaps appear in the process so that the project grinds to a halt
temporarily (with subsequent disruption of personnel and production scheduling),

Table IV-4 §1lustrates how & successful program was carried through «« the
ground TOW missile program. This program was characterized by the following
important factors: the U.S. Government was committed to the program; al1 of
the transition steps were included; and there was continufty of funding and
manpower,

6. Impact of Decision Making Process Complexity

A significant deterrent to fnnovation is the complexity of the decision-
making process. Experience within space systems has shown the following
functional relationship between the time to gain approval for a certain pro-
posal and the number of approving signatures required:. .

Time (Days) = 2n-2
n = number of approval signatures

[Ref: Rechtin, E.; Comments on the Transition from the Te;hndiogy Base
to Production; DSB Summer Study; August 1981]

D. TEST MARKETING: A NEW APPROACH

The DoD maintains a vigorous program in supporting new fdeas and technology
programs but does not plan adequately for the transition of maturing technology.
There is a gap in planning and support to insure maturing technology programs
are adequately funded and supported through the final critical phases of ade-
quate demonstration prior to becoming candidates for FSED. This {is caused by
differences of opinion or what level of risks still remain in using the new

. technology. Other considerations include the large investment associated

with such demonstrations and other competing new ideas that require funding.
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TABLE 1V-3

" DELAYED ENGINEERING RESULTS
"IN INCREASED PROGRAM COST AND
- N /ONGER TRANSITION TIME

T
N

‘COoST

AND
TIME

. -
_—_.-"

{ HUGHES |’

| pe-ENGINEERING ——t0- ~m

——TIME—>

PRODUCTION = '




TABLE V-4
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Before the ne;v product deve]dper will utilize a nen technology, the |
’ wust be Judged reasonable, requiring a thorough demonstration of t’hé new ::::f
nology in the real environment. The DoD needs to recognize this essential step

to risk reduction, payoff, and cost assessment prior to FSED and production.

Not

enough resources and programs are allocated to the final and necessa
transition to new technology. ry step of

Another technique for enhancing technology transition 1s a “test market“

approach.

This approach would allow technology base developed hardware to be

placed in operational or test unit for use and evaluation., This testing would
- provide direct feedback on equipment performance and allow the user to evaluate
equipment utility and future need. This technique would enhance the communi-

cation between the user (both operators and trainers) and technology developers

on characteristics and usefulness of equipment.

It would also remove uncertainty

in the requirement and technical approach during decisions for new systems,

E. SUMMARY

In summary the characteristics of successful transition are:

Clear user definition of requirement
Customer acceptance and strong sponsorship

Customer participation in selection of technologies to
be implemented

Clear developer evidence that technology {s ready and
able to satisfy requirement

Technoloéy developments are clearly needed by dser.

These conditions do not exist within ihe DoD transition process. Within the

DoD, the
systems:

following are barrfers to the transition of technology into operational

Partitioning the research, development, and production
process: into separate organizations and contractors

Lack of involvement of potential users in the estab-
1ishment - of requirements and the resulting programs

Lack of fenced budgets to allow the product activities
to fund transition of desired technology .

The failure to meet an "opportunity window"
The lack of a risk/reward system

Existence of a mature hardware option.
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The DoD, as a total institution, does not address well the politfcal nature
of this process (e.g., bargaining, negotiation). Further, DoD does not plan syf-
ficiently for success {e.g., few “technology insertion” plans developed along
with major weapons systems)., There is very little emphasis on technology demon-
strations which accurately portray risk reduction, payoff, cost offset, and later
stage production., The system has little incentive to exploft or respond to new
technological capabilities. The organizatfon and spatial separation of technical -
and systems people inhibit transition. Discontinuity of funding, indecision and
the short-temm orientation of many key decision authorities heighten this problem.
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CHAPTER ¥
THE UNIVERSITY CONNECTION

There exists a Tong history of DoD-university interaction. It was given
a strong thrust by the Office of Naval Research (ONR) in the post-World War II
pericd during which time research endeavors in university departments working
in areas of general and specific national security interest were supported.
These interactions expanded with participation by all Services. The post-
Sputnik era provided another thrust with fts emphasis on technology and the
need for scientists and engineers. The relatfonship was seriously eroded
during the Vietnam era, and, although the environment for coopertative under-
takings 1s much improved today, 1ts past history and inflation have been
factors inhibiting realization of significant improvement. The opportunity
for strengthing the university connection 'is present today; the Dol needs to
make use of university resources that can contribute to our national defense
posture; the universities need the DoD to assist in enhancing their capabili-
ties in both education and research.

What the DoD needs and expects from universities

The DoD relies on the universities almost exclusively for trained scien-
tists and engineers at the bachelor and graduate levels. The source of such
personnel for the DoD itself, both civilian and military, for the defense
industry and for future university staff is the universities.

In a second broad category, university faculty meet a DoD need as per-
formers of research, thus giving rise to new ideas and results, for expert
consultants on DoD projects and as a source of independent advice.

A1l of the needs will be better served by top-flight faculty and students
in areas pertinent to national security needs. The universities thus need
to be able to hire and retain such faculty, to have them engaged in signifi-
cant forefront research in the more advanced fields of science and engineering,
and to provide them with equipment, facilities, and support necessary to be
productive. Both incentives and support are required. At the same time the
DoD must recognize the university mode of operation, its policies and processes
that, over time, have proven successful in carrying out educational activities
and on-campus research. :

Present Status

President Edward J. Bloustein of Rutgers Unfversity, in Congressional
testimony approved by the American Council of Education, the Association .of
American Universities, and the National Association of State Universities
and landgrant colleges, stated: ' :

"easeoit 15 our sense that the university research base for

defense preparedness is in some considerable disrepair. In
particular, we are concerned that the natioqal expenditures
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for research have decreased markedly in recent decades: that
there is a serious shortage of trained research personnel; -
that our research equipment and facilfties is in a deplorable
state of fnadequacy; and that federal support for forefgn -
language and international studies is totally incommensurate
with our nation's needs.“* - '

Three other university presidents and one industrial representative
elaborated on these issues. -

Findings

. The Panel focused its attention on major items that in 1ts opinion
' could make & difference in increasing the contributions to the nation's
security through greater university involvement with DoD. The Report of
the 1976 DSB Summer Study on Fundamental Research in Universities (see
Appendix B, Item K) noted that a major source for new innovative ideas for
future defense needs resides in the university community and urged that
DoD reestablish and stimulate 1ts relationshi? with that community. The
' :on:lus:gas of that study remain generally valid and were not reassessed

n detail.

If current trends persist, the DoD and the country face a crisis in
availability of technical personnel. There are several factors involved,
starting at the secondary school level and extending to market place pres-
sures for employment. More specifically, these factors include motivation,
academic preparation and future Job satisfaction including remuneration.
The crisis is most apparent in the universities themselves and the DoD,
While the supply of trained personne! is reasonably matched in most fields,
there are critical shortages in the most advanced technologies such as
electro-optics and computer sciences.

A further disturbing factor is the decreasing output of U.S. citizen
-doctoral graduates. The total number of doctoral degrees awarded annually
in engineering has decreased about 25% in the past decade; at the same
time the fraction of foreign nationals has increased from about 25% to
. almost 50% (see Figure v-lg. This has substantially reduced the pool of
graduates able to participate in sensitive DoD R&D.

Over the long run the universities and DoD will have to respond to
market pressures in upgrading their science and engineering staffs. How-
ever, many top flight individuals respond favorably to opportunity and
environment. The DoD can assist the universities significantly in creating
better research environments through provision of greater RED opportunities,
upgraded on-campus equipment, and simplified policies and procedures for
execution of on-campus R&D. ,

-While 1t concentrated on science and technology, the Panel was alerted
to the. fact that tratining in the certain aspects of the socfal sciences
(human interfaces, training) and in foreign languages (intelligence, inter-
. actions with.allies -and others) is an area of DoD interest that also needs

support. ' S . -

* Reference: Tégtimony by Edward J. Bloustein before the House of Répresen-
tatives Armed Services Committee, Subcommittee on Research and Development,

ril 3, 1981.
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The DoD can nat alone sotve natfonsl problems.. Deficiencies in support
by other agencies of related programs, however, have an impact on DoD, and
DoD should Tend 1ts support to those agencies for the common good. For
example*, from 1968 to 1980 in the U.S.: -

, (] R&D as & fraction of the federal budget decreased 36%.
. ] R&D as a fraction of the GNP decreased 19%.
e Scientists and Engineers engaged tn R&D as a fraction of
’ the labor force decreased 9%.

S oo Lontrast the sbove with cther nations:

e  U.S. R&D as a fraction of GNP dropped 19%, while it went
up 14% in the Soviet Unfon, 16% in the Federal Republic
-of Germany, and 19% {in Japan.

[ U.S. scientists and engineers engaged in R&D as a fraction
... . ..of the labor force dropped 9%, while it went up 62% in the
" .0 -Soviet Union, 75% 1n F.R.G. and 70% in Japan.

I s ‘incumbent on all agencies of government to help rectify.these trends.

The Panel's recommendations have focused on encouraging DoD to renew its
commitment to basic research in the universities and at the same time to
clearly enunciate 1ts needs and R&D priorities. In doing so ft must also
recognize thae needs of the universities and continue to work with them to

- seek mutually satisfactory arrangements in such diverse areas as:

e Stimulating increased enrollments and quality of students in
fields of DoD priorities.

[ Impleménting mutually satisfactory controls on the export of
information relating to munitions’ list‘technologies.

. iSeeking simplified and more appropriate contracting, reporting
and auditing policies and procedures. :

The greatest fmpact will, of course, result from increased funding and
opportunities for R&D for faculty and graduate students. This funding
stimulus 1s directed principally at DoD priority R&D activities, at equipment
.o -nso-acquisition, and at graduate fellowships. Specifically, the Panel recommends

.. 2725% {ncrease (real growth) in 6.1 funding of research in universities over
"7 " a three-year perfod. The ratfonale is simple: the opportunities and needs
would undoubtedly support a larger increase; however, orderly, well thought

‘out programs in basic research tend to be limited ta growths of around 10%

per year. Furthermore, 3 growth program should be reviewed perfodically and

three years 1s an appropriate interval. :
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x;ves Armed Services Committee, Subcommittee on Research and Development,
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University testimony before Congress has indicated annual equipment
needs equal to 25% of related R&D funds. The Panel strongly supports the
need for modern, upgraded equipment in the universities. It has been noted
that the average age of research equipment fn universities 1s approximately
twice that of industry, a factor that not only makes university researchers
less competitive but also results in a.deficifency in graduate student train-
ing. The Panel has not selected a dollar or a percentage figure; rather, it
prefers to emphasfze a thrust that will provide equipment that can make a
major difference, one that will have high leverage or that will serve mul-
tiple interests. This does not exclude acquisition of general, or special-
ized equipment for specific projects but reflects priority. DoD should
be encouraged to support strongly NSF in its program of upgrading university
equipment and general faciiity capability. Computer resources are of the
highest priority based on this algorithm.

Strengthening the university-industry interaction in R&D programs of
DoD interest will benefit all three parties - DoD, industry, and the uni-
versities. Several incentives are possible to encourage industry to obtain
both specific "products® from the universities and to “invest" in their
futures. The Panel recommends that industry be encouraged to support work
at universities through the IR&D route. Specifically, DoD should authorize
an addition of 0.5% to the negotiated base against which IR&D ceilings are
established for each contractor.

Concern was expressed that certain DoD procurement policies make 1ife
difficult for universities, particularly the treatment of indirect costs.
Although OMB circular A-21 defines standards for accounting for indirect
costs, there are differences between agencies. The U.S. Department of
Health and Human Science (H&HS) systems for treatment of“indirect costs
was suggested as an easier system under which universities can operate.
The H&HS concept is to calculate indirect costs centrally, thus removing
the requirements for negotiation on each individual grant, After approval
of the indirect cost package, the grantee institution will receive grand
awards showing only direct costs. In general a simplified, research pro-
curement process is important to facilitate university participation (e.g.,
the “short form" contract developed by ONR).

DoD could foster a stronger relationship with the universities by
reestablishing and strengthening support for research and training in the
fundamental sciences, through scholarships, traineeships and fellowships
to graduate students and by support to the faculty through equipment
grants. There was also concern that the statutory controls over the export
of critical military technology could strain the DoD-university relation-
ship. DoD must take the initiative to define and implement mutually satis-
factory measures to accommodate beth DoD and university needs.

Finally, the DoD has been charged by the House Armed Services Committee
with preparing a report on "University Responsiveness to National Securfty
Requirement." The present Technology Base Summer Study has touched on only
a few of the topics that must be addressed in the response to HASC. The
Panel recommends that DSB be requested to establish a Task Force to carry
out the more comprehensive study. It is anticipated that the pertinent rec-
ommendations contained in this Panel's repart would be seriously considered.
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CHAPTER V1
DOD LABORATORIES AND DARPA

By way of preface, the members of the DSB8 Technology Base Panel want to
affirm, at the outset, the vital role played by the DoD 1aboratories in main-
taining a Jead in critical military technologies and in achieving qualitative
arms superfority over the Soviet Unfon. It is critical that DoD maintain a
high level of competence, expertise, and dedication within its laboratory com-
munfty. The Board also recognizes, however, the problems that have plagued
the laboratories for a number of years and have underscored in this report
what 1t collectively views as the most pressing requirements for enhancing
the status, productivity, and output of the laboratories.

The DoD laboratories have been studied a number of times, Each study has
provided sound recommendations which by and large have not been implemented
(see Appendix H). The lack of effective response has led to a heightening of
the problems 1n the laboratory base., The man{ bureaucratic restrictions (some
by DoD, others Congressional) imposed on the laboratories have led to an
inability to compete effectively in the job marketplace for young, highly quali-
fied engineers and an increasingly older work force in the laboratory structure.
The average age of scientific and engineering personnel now stands at 44, It
{s likely that this work force has not been able to remain completely current
with today's state-of-the-art technology. :

Attempts to circumvent these problems by raising grade levels and increas-
ing pay have only led to inflated position descriptions and cost and have not
really addressed the root causes. What 1s needed fs a revolutionary change in
personnel management policies concurrent with new and innovative research and
development thrusts. The technology base must be tied to DoD needs and mission
requirements as opposed to what one individual or group wants to do or has the
skill to do. If the R&D 1s not needed, 1t should not done, -

Laboratory effectiveness and productivity are closely associated not only
with the quality of the scientist/engineer, but also the flexibility of the bud-
get and procurement processes. The procurement process is negatfvely impacting
the effectiveness and productivity of DoD laboratories. In fact, the procurement
process 1s driving many customers, particularly small businesses, away from our
laboratories. What {s needed is recognition that the present procurement methods
are not cost effective (it requires 200 plus days to process $200,000,00 contracts).
The problem 1s critical since 80 percent of Air Force laboratory contracts are
less than $500,000.00. A revision of the DAR is needed to enable the necessary
changes allowing contracts up to $500,000.00 to be processed within 90 days
(e.g., with a short contract fom).

Two important programs are now underway which may gositive! impact the DoD
laboratory situation. These are: 1) the ongoing activity establishment of the
DoD Laboratory Management Task Force which includes participation by 0SD and the
M{litary Departments, and, 2) personnel experiments fn the management of scienti-
fic and engineering personnel being conducted at NOSC and NWC.
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- A. LABORATORY MANAGEMENT TASK FORCE. .

The Laboratory Management Task Force (LMTF) was set up following the -
1978 Laboratory Directors Conference where concern was expressed over the
alarming deterioration in the laboratories. The LMTF has issued two reports
and has already made some important recommendations.
) Past studies have found that although the laboratorfes are vital to
defense REDA, their contribution 1s serfously constrained by inhibiting
internal procedures, inadequate pay for staff (particularly fn highly
competitive areas of science and technology), aging facilities, and mismatch
of workload and manpower. These studies have recommended, in general, more
. flexfbility and authority for the laboratory leadership, better factlities
and staff, with particular emphasis on the quality of technical leadership
and management.

Some positive actions have occurred but the continuing trend 1s downe
ward, fueled by constraints on resources, the shortage of qualified scien-
tists and engineers, and, finally, the weakening of management authority
:¥ ::viaoaervice procedures and the layered decision-making structure

t ll L] ) )

The {n-house laboratory effort is mammoth:

) ‘73 Laboratories -- all service-managed

] 60,000 people -- 80% ctvilfan (Medical and Air Force
laboratories ~50% civilian)

(] $5.2.bi11ion annual program =~ 40% in-house overall
($3 billion RDTSE effort with 50% in-house)

o Physical {nvestment $4 billion (50/50 real property/

- equipment) - o ' :

® Sma)l and large (some with fewer than 100 professtonals
and some with greater than 4000)

® Physical science, 1ife science, and personnel R&D

® Actfvity spanning from basic research through the full

ROTSE spectrum

Nearly two-thirds of the annual cash flow is RDT&E money. About one-half
of the R&D funds are contracted to universities and tndustry; the other:
half is retained by the laboratories to carry out roles requiring in-house
personnel, including extensive activities necessary to monftor and support
contract work. ' ‘ ' B S

not easily obtained from outside sources, namely:

DoD laboratories'are supposed to provide 1nyh6use functions which are

® To maintain technical expertise to identify, evaluate, and
exploft new technology, and to avoid technicnl-surprises..
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o To support DoD as a sophisticated buyer and monitor for
contracts, and to provide system support.

L) To provide a corporate technical memory and undertake activities
having extraordinary risk or requiring quick reaction.

The LMTF found that there were significant barriers to performing these roles

due to inadequacy in management, staff, facilities, and equipment and has made
very specific recommendations concerning: personnel and manpower, facilities

and equipment, procurement and acquisition (see Appendix H).

In summary, the DSB Summer Study Panel has found that previous studies
including the LMTF study have identified important areas of deficiency but
corrective advice 1s not often heeded. The present DoD laboratory base is
fragmented and duplicative in key area, e.g., computer science, software, very
large-scale integrated (VLSI) circuits, and signal processing. Further, too often
the technology base is pursued for its own sake and not in response to mission
needs. Finally, the panel recognizes that personnel problems are acute and that
grade raising or pay increases without other reforms will not provide the cure.

B. NOSC/NWC DEMONSTRATION PROJECT

NOSC and NWC established demonstration projects in 1980 under the Civi]
Service Reform Act aimed at achieving a more responsive and flexible personnel
system, On July 13, 1980 all scientists, engineers, and technical specialists
as well as all other GS 13-15 employees were converted from their present posi-
tions to comparable ones under the experimental system. Appendix F provides a
more detailed description of this project.

The demonstration project, as approved by the Office of Personnel Manage-
ment, waives a number of existing federal personnel regulations .in these areas
and substitutes revisions geared to the experimental system. The new approach
simplifies the classification system, implements an appraisal process 1inking
pay and performance, and provides a mechanism for recognizing performance as
the primary criterion of retention (see Appendix F for detaf sg. Table VI-1
is an illustration of the new scheme.

This demonstratfon project allows employees the opportunity to advance
their careers at a faster pace than under the existing system. Another impor-
tant feature is that it recognizes dual career ladders, such that technical
personnel may continue working in their specific discipline if they wish rather
than being forced into management for advancement,

The Incentive Pay System (IPS) within this demonstration project is
desfgned to reward hf?h performances, provide fn-level sa]anngrowth as people
mature, and deny pay increases to Tow performers. Employees who meet perfor-
mance objectives will parallel the General Schedule (GS) pay system, but higher
performers will receive positive incentives through continuing salary increases.

This differs significantly from the traditional 6S pay system where pay increases
within each grade are largely a function of seniority.
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The pay formula has been developed to provide meaningful incentive - -

pay to high performers by redistributing funds obtained from either grade

. 1ncreases, merit awards, and in-level promotions. Money not awarded to
low performers (B or N on Figure IV-1) will be included in the center's
paypool. Employees rated M (met objectives) will rapidly achieve the
midpoint salary level which s comparable to salarfes paid in industry. -
Yo receive a salary increase above industry equivalency, an employee
wguéd b: sxpected to demonstrate superfor performance and receive ratings
0 an » . '

_ The new system 1s expected to enhance recruitment of quality personnel
. and aid in retention. High performers advance by performance appraisal

and promotions between levels while low performers incrementally retreat
through performance appraisal process to level of competence/actual per-
formance. This could eliminate some high grade al{ignment problems and
reduce problems with GS Tevel prestige.

o The demonstration project will be evaluated internally at NOSC and
NWC by members of the faculty at the School of Public Administration,
University of Southern California. Detailed evaluation results are not
yet available. ‘ ' -

The DSB panel was impressed by the nature and scope of the NOSC/NWC
personnel experiment and recommends that this plan or its equivalent be
serfously considered for all Dol laboratories in order to recruit, hire,
motivate, and retain quality scientists and engineers. Panel members felt
that the most exciting features of this experiment were:

) Greater latitude in job classification

¢ Reduced level of paperwork, more flexibility and potential for
faster decision-making.

. A focus on performance as the foremost criterfon for salary
-increases, promotion, and retention. o

C.' DEFENSE ADVANCED RESEARCH PROJECTS AGENCY (DARPA)

As with the DoD laboratory base, the state of DARPA was a recurring
issue of discussion. The DSB panel believes that the DARPA technology
base program has exceeded the size which can be effectively managed by the
relatively small DARPA staff. An adversary relationship has developed
between DARPA and the Services because:

. DARPA competes with Services for technology base funds;. and

. Large DARéA technology programs are not well-coordinated
~ with Service opjectives and plans.

There appears to be no comprehensive filtering of DARPA programs and
the DARPA results are not widely disseminated or sufficiently critiqued.
In addition, the growth of the large technology demonstration efforts
within DARPA in recent years has hurt the ability of DARPA to react
vigorously to new ideas in the exploratory technology arena.
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While such Targe technology demonstrations may be necessary -because
of the cross-service mission areas fnvolved, 3 method must be developed
for ensuring that the important DARPA flextbility in exploratory develop-
ment can be preserved. The current problem fs that with both major
demonstrations and smaller exploratory programs managed out of the same
office, program expansion and overruns by the demonstration programs can
.too eastly claim funding originally planned for 2 balanced exploratory
development program, '

The Ballistic Missile Defense Advanced Technology Center {BMDATC)
and Advanced Ballistic Re-Entry Systems (ABRES) technology base programs
have suffered the same problem as those of DARPA. Expansion of demonstra-
tion programs within a constrained budget has forced major cutback in the
longer range technology programs. There are some areas where BMDATC has
a strong position, in particular, software and architecture for real-time
data processing. Because their funding ts 6.3 money, there is no formal
mechanism for coordinating these activities with the rest of the DoD
technology base programs.
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TABLE VI-1

" DEMONSTRATION PROJECT AT -NOSC AND MWC

BASIC TECHNICAL PROFESSIONAL PAY
LEVELS AND CLASSIFICATION LEVELS

01d System
GS=5| GS-§ l!-? §5-8| 85-9( GS-10{ GS-11] GS-12| GS-~13| 6S-14| 6S-15} GS-16} GS-17| GS-18{ PL
Leve? I Leval 11 Level II1 LEVEL IV LE;EI.
Assistent Asgsociate Professional Senfor (MOK-SES)
Professional Professicnal Membar Professicnal
fenber _ Member Nember
Rew System
’ ' LEVEL v
' //—\ (NON-SES)

" ANNUALLY DIVIOED
INTO FIVE INCENTIVE

LEVEL 11
(68 9-11)

" Individual
Performance
Standards

PAY GROUPS
~Hanageaent |
Objectives :
L - Translated -

Actions

e e cE— e—. —

" To lndividual

LEVEL 111
(8S 12-13)

LEVEL IV
{GS 14-15)

O, < OUTSTANDING

® I < Exceeoep ossEcTIvES

™ | < KET OBJECTIVES
b | <seLow o8oEcTIVES

\\1'7 ~ NEEDS IMPROVEMENT .

Performance
M jectives

o PERFORMANCE DIRECTLY AFFECTS PAY
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CHAPTER VII
SUMMARY - FINDINGS AND RECOMMENDATIONS

A. TECHNDLOGIES THAT COULD MAKE AN ORDER OF MAGNITUDE DIFFERENCE

i ¥ Relating Scenarios and Technology Priority to Investment Decisions

Findings:

In reviewing the planning processes within the Services, there was no
consistently applied linkage between scenarios, technical opportunities,

.and risks to investment decisions in the technology base. Further, there

1s no formalized prioritization process for technologies outside of that
implicit in the technology base budget. In fact, the work of diverse
elements of the Services often incorporates a different set of scemarios,
The figure of merit method used herein was derived due to the lack of a
uniform structured process within the Services.

Recommendations:

The USDRE allocate resources to the Services and all levels of the
technology base on a consistent scenario-oriented basis.

] (U} Recognize organizational excellence by evaluation of the
matching of resources and technology priorities with the
scenarios.

The ASD(R&T) adapt a prioritization and investment strategy approach
based on the figure of merit used in this study.

\

2. Investment Status - Underinvestment

Findings:

Based on a comparison of the technology evaluation herein with the
current DoD investment, a number of "Order of Magnitude" technologies
were identified which require more aggressive funding:

Machine Intelligence

Advanced Software/Fast Algorithms

Short Wavelength Lasers

Hardening of Advanced Electronics
Microprocessor-Based Personal Learning Aids

Fault Tolerant/Fail-Soft (Self-Policing) Electronics

Recommendations:

The ASD(R&T) increase funding in these areas (as outlined in Chapter II
of this report.) '
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‘3. Investment Status - Overinvestment.

Findings:

Although no effort was made to recommend s' cific programs which shou]
be deleted, several categories of activity were highlighted for deemphasisg d

e  Areas of duplication with NASA (e.g., remote sensing,
propulsion) _

() 0verexpansion of DARPA programs into areas which overlap
with other major DoD/Service programs (e.g., forward swept
wing, VLSI, fiber optics) '

() Konproductive duplication of the ienaric'technology base by
the three Services - '

'o In-house execution of the basic research program (6.1).

- Recommendations:

The Asb(R&T)'undertake a thorough review of thesk areas with the goal
of elimfnating duplication and reducing 1nvestmengs in these areas,

4. Investment Strategy
Findings: '

A review of the process by which each of the Services develops its
1nvestment strategy was conducted. Although each Service has & structured
approach to technology base planning, there appears to be a failure to
come to grips consistently with the full range of questions necessary to
develop a well founded investment strategy “catechism":

o What §s 1t? What fs this effort trying to accomplish (defining
the technology sufficiently well to discriminate it from other

similar technologies)?

) Why is it iaportaﬁt? Assuming success, what difference can 1t
-make. to the user or 1n & aissfon area context (taking into
account the nature and limitation of current practice)?

() What 1s the current status? NKhat i{s the DoD program? What should
it be? What 1s new about the proposed effort and why will this
approach be successful? . _

) How long will it take? How much will it cost? What are the - -
. measures‘of.successT _ - ‘
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Recommendations: ' o -

The' USDR&E should direct the military departments and DARPA to use this
investment strategy “catechism” in a1l future technology base planning and
POM guidance.

'8, Management of the “Order of Magnitude" Technologies

Findings:

There {s a diffusion of the DoD effort in many of “order of magnitude®
technologies throughout DARPA and the Services. This diffusion appears to
lead to many subcritical efforts without the impact of a more focused
approach. .

Recommendations:

The ASD {R&T) formulate vertically integrated technology base programs
with fenced funding, similar to VHSIC in the following areas: _

° Machine Intelligence
(] Advanced Software/Algorithm Technology

] High Power Microwave

® Advanced Matertals (Rapid Solidification Technology, Advanced
Composities) '

] Microprocessor-Based Personal Learning Aids

)

6. Overall Leve) of Funding of the Technology Base

Findings:

The overall level of funding in the technology base {s assessed as
being adequate. If properly organized and managed, 2% of the DoD budget
(the current level) is probably adequate. This ideal cannot be achieved
unless the decision making and allocation process within DoD {s restructured
to reflect the planning methodology outlined in this report.

Recommendations:

None
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B. TECHMOLOGY TRANSITION

1. Barriers to Transition

Findings

. The following barriers to the transition of techno)ogy into operational
systems are hfghl ighted: ,

) Partitioning the research, development, and production process
fnto separate organfizations and contractors

8 Lack of involvement of potential users in the establishment of
requirements and the resulting programs

‘e Lack of fenced budgets to allow the product activittes to fund
transition of desired technology P

¢ The failure to meet an “"opportunity window"
o The lack of a risk/reward system

e Existence of a mature hardware options

DoD, as a whole, does not adequately address these barriers. There is
very litt!e emphasis on tachnology demonstrations which accurately portray
risk reduction, payoff and cost offset, and later stage productfon or to
conduct “test marketing" experiments. The system has little incentive to
exploit or respond to new technological capabilittes. The organfzation
and spatial separation of technical and systems people inhibit. transition.
Discontinuity of funding, indecision and the short term-orientation of
many key decision authorities heighten this problem, A champion on the
user side is often not present. ,

Recommendations:

In order to better focus DoD resources on the transition 1ssue that the
USDRE direct the creatfon of an advanced projects agency charged as follows:

® To develop subsystem or system experiments to quantify the
maturity (risk and cost of FSED) of emerging technology

' 3 Tb conduct "test marketing” exper1ments

e To be populated by people in the Services

However, 1f a new agency is not formed, the DoD should not terminate DARPA
activities in this area. The function is too important not to focus 0SD-
attention on it. Also, the Services should fence a large 6.3A budget fbr
conducting the needed demonstrations.
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2. Technof asert

Findings:

The DoD does not plan adequately for successful technology transitfon
throughout the life of a system. Such plans are often 1njected only as an
afterthought. S

_ Recommendations:

The USDRE require technology insertion plans as a basfic and fundamental
part of program planning.

C. THE UNIVERSITY CONNECTION

Findings:

The universities and DoD need each other. DoD needs the scientists
and engineers trained by the universities; 1t needs the faculty pool of
scientists and engineers working in the DoD area as generators of new
ideas and results, as expert consultants and as advisors. The university
research base for defense preparedness 1s in considerable disrepair and
therefore in need of upgrading in faculty, equipment, facilities and sup-
port. It 1s a problem broader than DoD, but DoD has a specific interest
and responstbility. | -

Mechanisms are needed to stimulate quantity anrd quality in the training
of scientists and engineers in defense-related subjects, especfally in
advanced technologies, to encourage their employment in the universities
and DoD activities. : h

In the broader terms, the stimulation can be provided by increased

support -- government and industry -- of R&D in the universities, by
fellowships for graduate training in specialized fields, and by equipment
acquisitions that will have an impact on research of high DoD leverage.
In addition there are numerous DoD administrative policies and procedures
that are detrimental to the ability of the universities to carry out these
activities and need mutual discussion and resclution, for example, export
controls on information and the DoD procurement process.

Finally, the DoD must respond to the House Armed Services Committee
for a study on “University Responsiveness to National Security Requfrements.”
The DoD response will require greater in-depth study than was provided by
this DSB Panel.
Recommendations:

Based on these findings, the following recommendations were made:

1. The USDRE direct the services to increase 6.1 basic research per-
formed by universities by 25% in real growth over the next three years.

2. " USDRE authorize each of the services to award 100 S&E graduate

fellowships annually.

o In areas of DoD interest - similar to those of the DoD. laboratories.
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e $20K/year to continue until completion of degree but not to
exceed 3 years (part to students and part to university)

o Competftive -- awarded by Congressmen

® Must work one year in DoD lab for each year of fellowship suppbrt
granted :

3. The USDRE direct the DAR Committee to revise éurrent procurement
policies and regulations to allow: .

e Additional IR&D -- 0.5% against negotiated base over present
ceiling -- for industry support of university R&D

o Treatment of university indirect costs similar to that used by
U.S. Dept of Health and Human Services (HHS)

o Simplification of research procurement from universities

4. The USDRE establish with the universities an accommodation and
basis for the implementation of current export controls on information
relating to munitions 1ist technologies. o )

5.  The ASD(R&T) direct the services to create a DoD thrust via the
OSR's to upgrade equipment in universities. This focus should be on equip-
ment that can impact university research of highest DoD leverage (software,

design automation, machine intelligence, etc.)

¢ The upgrading of computer resources is the highest priority based
on this algorithm. :

o Generally, DoD. should support NSF efforts to upgrade equipment
in universities.

D. GENERAL FINDINGS AND RECOMMENDATIONS

Findings

‘ As 2 result of addressing the three previous questions (The "Order of

Magnitude" Technologies, Technology Transition, and The University Connec-
tion), a number of recurring themes arose with regard to the state of DoD
{n-house laboratories, DoD S&E personnel, and DARPA.

The fb]1owjng findings draw themes togetﬁar:

e DoD laboratory prospects for improvement are poor, given their
current state and the constraints that affiict them. Of particular
concern' is the weak, fragmented and duplicative effort in key areas,
e.g., computer science, machine intelligence, software, VSLI and
.sfgnal processing. . - :
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¢ Over the years, there have been a number of studfes by various groups
. of the DoD laboratories...good advice which is rarely heeded.

o There 1s an impending crists 1n personnel and facflities 1n the DoD
laboratories that will seriously degrade the defense posture in 2
very few years. '

- The average age of civilian S&E {s 44 years.

- Because of the {nability to competitively hire highly qual-
{fied individuals at Tower levels (GS5-7-9), the work force
is contfnuing to age. :

- 'The primary skills of this aging work force are becoming
‘outdated. .

-~ Because of attrition and personnel cetlings, the quality of
personnel may be eroding.

- Rafsing grade levels or {ncreasing pay without other reforms
will not solve these problems in the highest leverage areas,

o DARPA

- “The growth in the DARPA iechnology base program has greatly
exceeded the capability of the staff to properly execute the
program. .

- There appears to be no Eamprehensive filtering of DARPA programs
versus on-going service efforts. Further DARPA results are not
-widely disseminated and therefore not sufficiently critiqued.

- There is no clear, organizational division within DARPA of
responsibility for the exploratory development programs (6.2)
and large scale technology demonstrations (6.3&?. In fact,
the budgets for these two classes of R&D are often mixed.

Recommendations:

Based on these findings, the following recommendations were made:

1. To help the hiring and retention of the skills necessary for a viable
laboratory structure, USDRE direct that the highly exciting and effective per-
sonnel experiment being conducted at NOSC and NWC or its equivalent be implemented
for DoD laboratories. The most exciting features of this experiment are:

~ Reduces paperwork

- Makes performance the foremost criteria for salary
- {ncreases, retention, promotion, etc.

- Enhances flexibility and allows faster decisions.
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2. USDRE, n conjunction with Service technology base managers, designate
lead laboratories 1n generic technology base areas within each Service. Candi-
date technology areas include: '

- Spact systems related technology (components, hardening, etc.)

Airborne radar technology

Airborne electronic warfare téchno1ogy X

Electron devices

Infrared technology

3. USDRE: .

e  direct that the Services review DARPA programs over $30M (total
program costs -- not annual) from the point of view of potential

fgture military applications, operational needs, and transition
plans. : ,

o establish a mechanism to ensure coordination of system technology
base programs (such as BMDATC and ABRES) with the rest of the DoD
technology base activity to ensure that multiple system requirements
are included in the development of the technology base {nvestment
strategy.
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0SB TECHNOLOGY BASE SUMMER STUDY
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THE UNDER SLCRETARY OF DEFENSE

WASHINGTON, B.C. 20301 -

Qeaer 2 JUL 1981

RESEARCH AND
ENGINCERING

MEMORANDUM FOR CHAIRMAN, DEFENSE SCIENCE BOARD

SUBJECT: Defense Science Board Summer Study: Technology Base

You are reguested to undertake a Summer Study to assess the health
of the U.S. national defense technology base, within and outsigde
the government. Estimates of Soviet military research and éevelop-
ment show that the Soviets have steadily increased their outlays
for military RDT4E over time, and are now spending roughly twice
that of the United States. To date, the United States has main-
tained leadership in most of the basic technologies critical to
defense, partly because of a focus on critical techneplogy edge
and the momentum in defense technology built up during the 1960s.
However, it appears that the United States may be losing the lead
in some key technologies.

The United States strategy for dealing with the Soviet military
challenge is critically dependent on the effective defense
exploitation of the broad based U.S. technology. This study
should address. the following guestions:

1. What technoleogies are critical to future {1990-2000)
defense capability? Vhat are those technologies that would
contribute to roughly an order of magrnitude improvement in system
performance, cost, etc.? How are these technologies identified?
Are the Soviets gaining ground? 1Is the investment on the Tech-
nology Base of less than ‘2% of the total defense budget adequate?
If not, what is a reasonable level of expenditure and what should

ge the management and investment strategy within the technology
ase? )

2. 1Is the process of transition from technology base to’
weapon systems adegquate? If not, what changes are needesd to
accelerate the process of transition?

3. Are the universities responsive to national security
requirements? If not, what actions should be taken to imprOVe
the responsiveness of universities?

4. Is the DoD relationship with the basic research community,
creative individuals and small innovative firms adequate? If

not, what changes should be made to improve the DoD utilization
of these resources? .



5. Are the scientific/engineering personnel resources
adequate to meet the requirements of the defense technology
(commercial or government)? What actions should be taken to
eliminate critical personnel shortages? .

Items 3, 4, and 5 are to be considered provided sufficient time
and resources are available to the Summer Study.

This Summer Study topic is sponsored by Dr. George P. Millburn,

. Acting Deputy Under Secretary of Defense for Research and
Engineering (Research and Advanced Technology). Dr. George H.
Eeilmeier has agreed to serve as Chairman. The Executive Secretary
will be Dr. Samuel A. Musa, OUSDRE/R&AT.
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APPENDIX B

REVIEW OF PAST STUDILS RELATED 7O
THE DOD LABORATORY/UNIVERSITY ISSUE

1. Make the overall research strategy less vulnerable to changing environ-
mental {nfluences {e.g., Congressional mood swings)

Reports where these recommendatfons appeared: A., C., E., G., I., K., S.*

2. Improve communication/cooperation between DoD in-house laboratories
and the general research community.

R;por;s where these recommendations appeared: C., D,, E., 6., H., J., K.,
.y .

3. Shift the ratio of intramural to extramural research toward outside
contracts and/or increase the percentage of unfversity/small business
basjc research.

Reports where these recommendations appeared: B., C., F., K., M., T,

4, Increase dlock funding to basic research programs (both out-/in-house).
in order to maximize innovation and permit flexibility.

Reports where these recommendations appeared: B., L., F., G., K., S. T,

5. Establish a review mechanfsm for university, contractor, and in~house
research programs that bases further funding on the quality, productivity,
and impact of the research.

Reports where these recommendations appeared: A,., C., E., 6., H., I., K.,
M., T.

6. Remove the "albatross” of relevancy from the necks of researchers (both
intramural and extramural) in order to free scientists/engineers from the
limiting effects of such constraints. Make the criteria of relevancy

apply to broadly defined fields and disciplines rather than to an individual
program area.

Reports where these recommendations appeared: C., D., Ges Hep Koy Mo, T
7. Overcome the “inertia to change" evident fn some DoD §nehouse laboratories
(which inhibfts progress towards more advanced technologies) by simplifying
the complicated, Yayered management structure. ' '

Rgpor%s where these recammendations appeared: A., B..'C.. Fos 6oy Hey 1. Ko,

*See key on second page for report.references;
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8. Enhance the quality of the research in 1n-houu Iabontories by

the position of {n-house scientific personnel:

) Make salary/benefits competitive with industry

° Make career options more promising/stable

e Do not subject quality technical personnel to the va aries of
budget management nor to the public disclaim accorded all civil
service workers.

1zproving

Reports where thesc recammendations appnrcd. A., C., E.. Heo I.. Jop Loy T,
9. Avoid the tnnd toward over-burdened, overly comprehensive (full spec-

trum? in-house lsboratorfes.

Consolidate and focus the research and

eliminate diversification at the laboratories and/or FCRC S.

Reports where these recommendations appeared: A., 8.. D., F., G., H., T,

10, Increase the amount and timliness of DoD implementation of high qual-
fty, front-line, capital equipment at facilities (both cut-/in-houss).

Reports where these recmnda_tions sppeared: C., H., K., L.

KEY (The corresponding background summaries follow in the remainder of the

A.

- Advance Science?”

Required In-House Ca

E.

X3
6.

I.

appendix.)

Report of the Ad Hoc Committee on In-House Laboratories, Army Scientific

Advisory Panel (ASAP), December 1963. (page B-4)
Management of Federal Contract Research Center, DDRSE, June 1976, (page B-6)

Evaluation, OUSDR

January 1980.  (page B-7)

B:bﬂlties for DoD Research, Development, Test, and
E, October 1980. (page B-9)

Ad Hoc Group on Scientific Persorine), ASAP, April 1964, (page B-11)
Report of the DSB Task Force on Technology Base Strategy, October 1976.

July 1967. (page

Report of the Science Mvisor's Panel on Basic Research in the Departnent
~ of Defense, OSTP, June 197&.

B-16)

Report of the Panﬂ on Research and Exp‘lontory Development, DSB-NBS.

(page B-18)

Historical Perspectives 1n Long-Range Phnninﬂ in the Ravy, NRAC stud.v.

September 1980,

(page 8-19)

‘Proceedings of an AAAS Symposfum on "How Much Does the'Defense nepartmnt

{page 8-13)



J.

K.
L.
M.
N.
0.
P.

0.

R.
S.
T.

Technology Planning for Future Fielded Systems, Army Science Board. 1979
Summer Study, July 1980. (page B-21)

Fundamental Research in Universities, DSB Summer Stud_y. October 1976, (page B-22)
Man-Machine Technology 1n the Navy, NRAC Study, December 1980, (page B-24)

DoD Small Business Advanced Technology Program, DESAT, 1981.82, (page B-26)

Took Forward 20 Years, Volume I, AFSC, March 1980,  (page B-31) |

Ad Hoc Review of the 1974 Army Summer Study Review, ASAP, October 1975, (page B-33)
Army Scientific Panel Summer Study, 1974. (page B-36) |

Army Science Advisory Board Summer Study, 6 Volumes, 1976. (page B-37)

Amy/Air Force Joint Summer Study, U.S. Air Force Academy, 1976. (page B-47)
Project Hindsight, ODDRE, October 1969. (page B-53)

DoD Laboratory Utilization Study, 1975. (page B-55)
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REPCRT ON THE AD HOC COMMITTEE ON IN-HOUSE LABORATORIES
ARMY SCIENTIFIC ADVISORY PANEL DECEMBER 1963

-Goals .
(1) To strengthen the Army in-house research and exploratory deve!bpment
activities by analyzing funding to the Armmy laboratories. How can Army

labs be provided with the resources necessary to carry-out sound, long
range research programs?

(2) To identify and analyze problems related to funding, including organi-
2ation, reésearch, objectives, personnel, and facilities.

Methodology
The study utilized interviews and/or questionnafres to obtain first-hand

data from Army in-house personnel. They also gathered fiscal data, mission
statements, and utilized other studies as sqpporting documentation.

Results

* The panel results fall into two major areas:

(1) Those relating to planning, organizing, and controliing the effort.

(2) Those relating to proper allocation of funds to ensure maximum
efficiency and produce R&D results that warrant. annual fnvestment.

 ‘Recommendations ,

(1) Reassess the long-term research-exploratory development cbjectives
(and plans) 1in order to identify broad areas of technical interest
to future Army mission needs. '

(2) Redefine and clarify the Army mission, especially that of its
laboratories, fn light of other Service missions and ROT&E.

(3) Reorganize and toughen Army RDTAE management to prevent division
of 6.1/6.2 funds or reprogramming of funds uithin 6.1/6.2 away
from important areas.

(4) Make 6.1/6.2 budget arguments less vulnerable to changes in
funding methods and congressional mocd swings. Protect research
'freedom. _ .

(5) Stress the 1mportance of consolidation of those labs producing
. state-of-the-art, front-line research. .

(6) Ensure that Amy RDT and management and ASA{R&D) are fnvolved
e where any budget, diversion, or reprogramming of funds (greater
than tuenty percent) is suggested for the 6.1/6.2 budgets.
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CHAPTER VI
DOD LABORATORIES AND DARPA

By way of preface, the members of the DSB Technology Base Panel want to
affirm, at the outset, the vital role played by the DoD laboratories in main-
taining a Tead in critical military technologies and in achieving qualitative
arms superfority over the Soviet Unfon. It is critical that DoD maintain a
high Tevel of competence, expertise, and dedication within its laboratory com-
munfty. The Board also recognizes, however, the problems that have plagued
the laboratories for a number of years and have underscored 1n this report
what 1t collectively views as the most pressing requirements for enhancing
the status, productivity, and output of the laboratories.

The DoD laboratories have been studied a number of times., Each study has
provided sound recommendations which by and Targe have not been implemented
(see Appendix H). The lack of effective response has led to a heightening of
the problems in the laboratory base. The many bureaucratic restrictions (some
by DoD, others Congressional) imposed on the laboratories have led to an
inability to compete effectively in the job marketplace for young, highly quali-
fied engineers and an increasingly older work force in the laboratory structure.
The average age of scientific and engineering personnel now stands at 44, It
is 1ikely that this work force has not been able to remain completely current
with today's state-of-the-art technology.

Attempts to circumvent these problems by raising grade levels and increas-
ing pay have only led to inflated position descriptions and cost and have not
really addressed the root causes. What 1s needed s a revolutionary change in
personnel management policies concurrent with new and {nnovative research and
development thrusts., The technology base must be tied to DoD needs and mission
requirements as opposed to what one individual or group wants to do or has the
skill to do. If the R&D is not needed, it should not be done, -

Laboratory effectiveness and productivity are closely associated not only
with the quality of the scientist/engineer, but also the flexibility of the bud-
get and procurement processes. The procurement process 1s negatively impacting
the effectiveness and productivity of DoD laboratories. In fact, the procurement
process is driving many customers, particularly small businesses, away from our
laboratories. What is needed is recognition that the present procurement methods
are not cost effective (it requires 200 plus days to process $200,000,00 contracts).
The problem 1s critical since 80 percent of Air Force laboratory contracts are
less than $500,000.00. A revision of the DAR is needed to enable the necessary
changes allowing contracts up to $500,000.00 to be processed within 90 days
(e.g., with a short contract fomm).

Two important programs are now underway which may pns1t1ve1{ fmpact the DoD
laboratory situation. These are: 1) the ongoing activity establishment of the
DoD Laboratory Management Task Force which includes participation by 0SD and the
Military Departments, and, 2) personnel experiments in the management of scienti-
fic and engineering personnel being conducted at NOSC and NWC,
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* A. LABORATORY MANAGEMENT TASK FORCE .

The Laboratory Management Task Force (LMTF) was set up following the -
1978 Laboratory Directors Conference where concern was expressed over the
alarming deterioration in the laboratories. The LMTF has {issued two reports
and has already made some important recommendations. .

i Past studies have found that although the laboratories are vital to
defense R&DA, their contribution is serfously constrained by 1nhibiting
internal procedures, inadequate pay for staff (particutarly in highly
competitive areas of science and technology), aging facilities, and mismatch
of workload and manpower. These studies have recommended, in general, more
. flexibility and authority for the laboratory leadership, better factilities
and staff, with particular emphasis on the quality of technical leadership
and management.

Some positive actions have occurred but the continuing trend 1s downe
ward, fueled by constraints on resources, the shortage of qualified scien-
tists and engfneers, and, finally, the weakening of management authority
:¥ ::vf;ogervice procedures and the layered decision-making structure

t ll . : ,

The in-house laboratory effort is mammoth:
K ‘73 Laboratories -- all service-managed

. 60,000 people -- 80% civilian (Medical and Air Force
laboratorfes -50% civilian)

] $5.2. billion annual program -~ 40% in-house overall
($3 biltion ROTSE effort with 503 1n-house)

0 Physical investment $4 billion (50/50 real property/

.+ equipment) ' - -

° Small and large (some with fewer than 100 professtonals
and some with greater than 4000)

) Physical science, 1ife science, and personnel R&D

® _ Activity spanning from basic research through the full

RDT&E spectrum

Nearly two-thirds of the annual cash flow 1s ROT&E money. About one-half
of the R&D funds are contracted to universities and industry; the other:
half is retained by the laboratories to carry out roles requiring in-house
personnel, fncluding extensive activities necessary to monftor and support
contract work. ' , ' ' S

not easily obtained from outside sources, namely:

DoD laboratories'are supposed to provide {n-house functions which are

o To maintain technical expertise to identify, evaluate, Qnd'
exploft new technoTogy, and to avoid technical surprises. .
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0 To support DoD as a sophisticated buyer and monitor for
contracts, and to provide system support.

9 To provide a corporate technical memory and undertake activities
having extraordinary risk or requiring quick reaction.

The LMTF found that there were sfgnificant barriers to perfoming these roles

due to inadequacy in management, staff, facilities, and equipment and has made
very specific recommendations concerning: personnel and manpower, facilities

and equipment, procurement and acquisition (see Appendix H).

In summary, the DSB Summer Study Panel has found that previous studies
Including the LMTF study have identified important areas of deficiency but
corrective advice is not often heeded. The present DoD laboratory base is
fragmented and duplicative in key area, e.g., computer science, software, very
large-scale integrated (VLSI) circuits, and signal processing. Further, too often
the technology base is pursued for its own sake and not in response to mission
needs, Finally, the panel recognizes that personnel problems are acute and that
grade raising or pay increases without other reforms will not provide the cure.

B. NOSC/NWC DEMONSTRATION PROJECT

KOSC and NWC established demonstration projects in 1980 under the Civi]
Service Reform Act aimed at achieving a more responsive and flexible personnel
system. On July 13, 1980 all scientists, engineers, and technical specialists
as well as all other GS 13-15 employees were converted from their present posi-
tions to comparable ones under the experimental system. Appendix F provides a
more detailed description of this project.

The demonstratien project, as approved by the Office of Personnel Manage-
ment, waives a number of existing federal personnel regulations .in these areas
and substitutes revisions geared to the experimental system. The new approach
simplifies the classification system, implements an appraisal process 1inking
pay and performance, and provides a mechanism for recognizing performance as
the primary criterion of retention (see Appendix F for detaf sg. Table VIl
is an illustration of the new scheme.

This demonstratfon project allows employees the opportunity to advance
their careers at a faster pace than under the existing system. Another impor-
tant feature is that it recognizes dual career ladders, such that technical
personnel may continue working in their specific discipline {f they wish rather
than being forced into management for advancement.

The Incentive Pay System (IPS) within this demonstration project is
designed to reward high performances, provide in-level sa]ary”ﬁrowth as people
mature, and deny pay increases to low performers, Employees who meet perfor-
mance objectives will parallel the General Schedule (GS) pay system, but higher
performers will receive positive incentives through continuing salary increases.

This differs significantly from the traditional 6S pay system where pay increases
within each grade are largely a function of seniority.
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The pay formula has been developed to provide meaningful incentive
pay to high performers by redistributing funds obtained from either grade
{ncreases, merit awards, and in-level promotions. Money not awarded to
low performers (B or N on Figure IV-1) will ba included in the center's
paypool. Employees rated M (met objectives) will rapidly achieve the
midpoint salary level which is comparable to salaries paid in industry.
To receive a salary increase above industry equivalency, an employee
ugu;d be gxpected to demonstrate superior performance and receive ratings
0 and 0.

The new system {s expected to enhance recruitment of quality personnel
. and aid in retention. High performers advance by performance appraisal
and promotions between levels while low performers incrementally retreat
through performance appraisal process to level of competence/actual per-
formance. This could eliminate some high grade alignment problems and
reduce problems with GS level prestige.

" - _The demonstration project will be evaluated internally at NOSC and
NWC by members of the faculty at the School of Public Administration,
University of Southern California. Detailed evaluation results are not
yet available. ‘ ‘

The DSB panel was impressed by the nature and scope of the NOSC/NWC
personnel experiment and recommends that this plan or its equivalent be
seriously considered for all DoD laboratories in order to recruit, hire,
motivate, and retain quality scientists and engineers. Panel members felt
that the most exciting features of this experiment were:

° Greater latitude in job classification

e Reduced level of paperwork, more flexibility and potential for
faster decision-making

) A focus on performance as the foremost criterion for salary
-increases, promotion, and retention. :

C. DEFENSE ADVANCED RESEARCH PROJECTS AGENCY (DARPA)

As with the DoD laboratory base, the state of DARPA was a recurring
issue of discussion. The DSB panel believes that the DARPA technalogy
base program has exceeded the size which can be effectively managed by the
relatively small DARPA staff. An adversary relationship has developed
between DARPA and the Services because:

° DARPA competes with Services for technology base funds; and

lo Large DARPA technology programs are not well-coordinated
. with Service objectives and plans.

There appears to be no comprehensive filtering of DARPA programs and
the DARPA results are not widely disseminated or sufficiently critiqued.
In addition, the growth of the large technology demonstration efforts
within DARPA 1n recent years has hurt the ability of DARPA to react
vigorously to new ideas in the exploratory technology arena.
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While such Targe technology demonstrations may be necessary -because
of the cross-service missfon areas fnvolved, 3 method must be developed
for ensuring that the important DARPA flexibility in exploratery develop-
ment can be preserved. The current problem is that with both major
demonstrations and smaller exploratory programs managed out of the same
office, program expansion and overruns by the demonstration programs can
.too eastly claim funding originally planned for a balanced expioratory
development program. -

The Ballistic Missile Defense Advanced Technology Center {BMDATC)
and Advanced Ballistic Re-Entry Systems (ABRES) technology base programs
have suffered the same problem as those of DARPA. Expansion of demonstra-
tion programs within a constrained budget has forced major cutback in the
longer range technology programs. There are some areas where BMDATC has
a strong position, in particular, software and architecture for real-time
data processing. Because their funding ts 6.3 money, there is no formal
mechanism for coordinating these activities with the rest of the DoD
technology base programs.

Vi-§ -



TABLE VI-1
' DEMONSTRATION PROJECT AT -NOSC AND NWC
BASIC TECHNICAL PROFESSIONAL PAY

LEVELS AND CLASSIFICATION LEVELS

01¢ System
6S-5| @S-8 C.J 85-8| &5-9| GS-10 6S-11] 6S-32| 65-13| GS-14| GS-15| 6S-~16] 6S5-17| GS-18{ PL
Leve? T Leval I Leve) ITI1 | LEVEL IV u;a
Assistant Associate Professional Senfor (MON-SES)
Professions) Professional Menbar Professional
fenbar Member Necbar
Kew System
' ’ LEVEL v

FIVE
PAY
LEVELS

" ANNUALLY DIVIOED
INTO FIVE INCENTIVE

" Individual
Perforaance
Standards

LEVEL 11
(65 9-11)

LEVEL 11}
(6S 32-13)

| et —

PAY GROUPS
b
Wanagenent )
Objectives :
* - Translated -

" To Individual

Actions

PERFORMANCE DIRECTLY AFFECTS PAY :
+ TRAINING AKD CORRECTIVE ACTIONS INDENTIFIED -

---#-"
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LEVEL IV
(GS 14-15)

< OUTSTAXDING

| < EXCEEDED 0BJECTIVES
M ¥ « MET OBJECTIVES

~< BELOW 0BJECTIVES

\"7 ~ NEEDS IMPROVEMENT .

Perforoance
(jectives

- @ REVIEWS AT 5-NONTH INTERYALS
o PAY ADJUSTED ANNUALLY ~
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- CHAPTER V11
SUMMARY - FINDINGS AND RECOMMENDATIONS

A. TECHROLOGIES THAT COULD MAKE AN ORDER OF MAGNITUDE DIFFERENCE

1, Relating Scenarios and Technology Priority to Investment Decisfons

Findings:

In reviewing the planning processes within the Services, there was no
consistently applied l{nkage between scenarios, technical opportunities,

.and risks to investment decisions in the technology base. Further, there

1s no formalized prioritization process for technologfes outside of that
implicit in the technology base budget. In fact, the work of diverse
elements of the Services often incorporates a different set of scenarfos,
The figure of merit method used herein was derived due to the lack of a
uniform structured process within the Services.

Recommendations:

The USDRE allocate resources to the Services and al) levels of the
technology base on a consistent scenario-oriented basis.

. (U) Recognize organizational excellence by evaluation of the
matching of resources and technology priorities with the
scenarfos.

The ASD(RGT) adapt a prioritization and investment strategy approach
based on the figure of merit used in this study.

i

2. Investment Status - Underinvestment

Findings: S | ,

Based on a comparison of the technology evaluation herein with the
current DoD investment, a number of "Order of Magnitude" technologies
were fdentified which require more aggressive funding:

[ Machine Intellfgence
0 Advanced Software/Fast Algorithms
. Short Wavelength Lasers
(] Hardening of Advanced Electronics _
] Microprocessor-Based Personal Learning Aids
¢  Fault Tolerant/Fatl-Soft {Self-Policing) Electronics
Recommendations:

The ASD(R&T) increase funding in these areas (as outlined in Chapter 11
of this report.) _ - : _ :
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‘3. Investment Status - Overinvestment.

Findings:

Although no effort was made to recommend s. cific programs which sh
be deleted, several categories of activity were g:ghlighto:’for deemphasigg'd

¢  Areas of duplication with NASA (e.g., remote sensing,
propulsion)

o 0verexpansfon of DARPA programs into areas which overlap
with other major DoD/Service programs (e.g., forward swept
wing, VLSI, fiber optics) '

) lonproductfve duplication of the yenoric'technology base by
the three Services : '

'o In-house execution of the basic research program (6.1).

- Recommendations:

The Asb(R&T)'un¢ertake a thorough review of thesd areas with the goal
of eliminating duplication and reducing 1nvestucngs fn these areas,

4. Investment Strategy

Findings:

A review of the process by which each of the Services develops its
1nvestment strategy was conducted., Although each Service has & structured
approach to technology base planning, there appears to be a failure to
come to grips consistently with the full range of questions necessary to
develop 2 well founded investment strategy “catechism™:

. What s 1t? What fs this effort trying to accomplish (defining
the technology sufficfently well to discriminate it from other

similar technologies)?

° Why is it iaportaht? Assuming success, what difference can it
-make. to the user or 1n a mission area context (taking into
account the nature and limitatfon of current practice)?

o What 1s the current status? What {s the DoD program? What should
it be? What is new about the proposed effort and why will this
approach be successful? . ,

° How Jong will it take? How much will it cost? What are the - -
. measures of success? _ '
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Recommandations:

The USDR&E should direct the milfitary departments and DARPA to use this
investment strategy “catechism* in all future technology base planning and
POM guidance.

-'5. Management of the 'Ordef of Magnitude" Technologies

Findings:

There is a diffusfon of the DoD effort in many of "order of magnitude"
technologtes throughout DARPA and the Services. This diffusion appears to
lead to many subcritical efforts without the impact of 2 more focused
approach. .

Recormendations:

The ASD {R&T) formulate vertically integrated technology base programs
with fenced funding, similar to VHSIC in the following areas: _

(] Machine Intelligence
e Advanced Software/Algorithm Technology

® High Power Microwave .
] Advanced Materials (Rapid Solidification Technology, Advanced
Composities) ‘

* Microprocessor-Based Personal Learning Alds

)

6. Overall Level of Funding of the Technology Base

Findings:

The averall level of funding in the technology base is assessed as
being adequate. If properly organized and managed, 2% of the DoD budget
(the current level) is probably adequate. This ideal camnot be achieved
unless the decision making and allocation process within DoD is restructured
to reflect the planning methodology outlined in this report.

Recommendations:

None
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B. TECHNOLOGY TRANSITION

1. Barriers to Transition

Findings . | .

. The following barriers to the transition of technology into operational
systems are highlighted: o

) Partitibning the research, development, and production process
fnto separate organizations and contractors

o lLack of involvement of potential users in the establishment of
requirements and the resulting programs

'@ Lack of fenced budgets to allow the product activities to fund
transition of desired technology 3

¢ The failure to meet an “opportunity window"
® The lack of a risk/reward system

¢ Existence of a mature hardware options

DoD, as a whole, does not adequately address these barriers, There is
very 1ittle emphasis on tachnology demonstrations which accurately portray
risk reduction, payoff and cost offset, and later stage productfon or to
conduct "test marketing” experiments. The system has little incentive to
exploit or respond to new technological capabilities. The organfzation
and spatial separation of technical and systems people 1nhibit transition.
Discontinuity of funding, indeciston and the short term-orientation of
many key decision authorities heighten this problem, A champion on the
user sfide is often not present. ,

Recommendations:

In order to better focus DoD resources on the transition issue that the
USDRE direct the creation of an advanced projects agency charged as follows:

® To develop subiystem or system experiments to quantify the
maturity (risk and cost of FSED) of emerging technology

[ ib conduct “test marketing"experiments

e To be populated by people in the Services

-~

However, 1f a new agency is not formed, the DoD should not terminate DARPA
activities in this area. The function is too important not to focus 0SD-
attention on 1t. Also, the Services should fence a large 6.3A budget for
conducting the needed demonstrations. ~ :
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2. Technoipgy insertisn

Findings:

The DoD does not plan adequately for successful technology transition
throughout the 1ife of a system. Such plans are often injected only as an

_Recommendations:

The USDRE require technology insertion plans as a basic and fundamental
part of program planning.

C. THE UNIVERSITY CONNECTION

Findings:

The universities and DoD need each other. DoD needs the scientists
and engineers trained by the universities; it needs the faculty pool of
scient{sts and engineers working in the DoD area as generators of new
ideas and results, as expert consultants and as advisors. The university
research base for defense preparedness is in considerable disrepair and
therefore in need of upgrading in faculty, equipment, facilities and sup-
port. It is a problem broader than DoD, but DoD has a specific interest
and responsibility. ' +*

Mechanisms are needed to stimulate quantity and quality in the training
of scientists and engineers in defense-related subjects, especially in
advanced technologies, to encourage their employment in the universities
and DoD activities. ?

In the broader terms, the stimulation can be provided by increased

support -- government and industry -- of R&D in the universities, by
fellowships for graduate training in specialized fields, and by equipment
acquisitions that will have an impact on research of high DoD leverage.
In addition there are numerous DoD administrative policies and procedures
that are detrimental to the ability of the universities to carry out these
actfvities and need mutual discussion and resolution, for example, export
controls on information and the DoD procurement process.

Finally, the DoD must respond to the House Armed Services Committee
for a study on “University Responsiveness to National Security Requirements.”
The DoD response will require greater in-depth study than was provided by
this DSB Panel.

Recommendations:

Based on these findings, the following recommendations were made:

1. The USDRE direct the services to increase 6.1 basic research per-
formed by universities by 25% in real growth over the next three years.

2 USDRE authorize each of the services to award 100 S&E graduate
fe11oush1ps annually.

¢ In areas of DoD interest - similar to those of the DoD.1ibnrator1és.
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o $20K/year to continue uatit complation of degree but not to
oxcood 3 years (part to students and part to university)

o Competitive -- awarded by Congressmen

o Must work one year in DoD Yab for each year of fe]Toushfp support
granted

3. The USDRE direct the DAR Committee to revise curront procurement
policies and regulations to allow:

¢ Additional IR&D -- 0.5% against negotiated base over present
ceiling -« for industry support of university R&D

o Troatmont of university indirect costs similar to that used by
U.S. Dept of Health and Human Services (HHS)

o Simplification of research procurement from universities

4. The USDRE establish with the univcrsitios an accommodotfon and
basis for the {mplementation of current export controls on information
relating to munitions 1ist technologies. E

5. The ASD(RAT) direct the services to create a DoD thrust via the
OSR's to upgrade equipment in universities. This focus should be on equip-
ment that can impact university research of highest DoD leverage (software,
design automation, machine intelligence, etc.)

¢ The upgrading of computer resources is the highest priorfty based
on this algorithm. .

e Generally, DoD should support NSF efforts to upgrade equipment
in universities.

D. GENERAL FINDINGS AND RECOMMENDATIONS.

Findings _
As 2 rosu1f'of‘addross1ng the three previous questions (The "Order of
Magnitude" Technologies, Technology Transition, and The University Connec-

tion),. a number of recurring themes arose with regard to the state of DoD
in=-house laboratories, DaD S&E personnel, and DARPA.

The follouing findings draw themos togethor:

e 0Dod laboratory prospects for improvement are poor, given their
current state and the constraints thst affiict them. Of particular
concern is the weak, fragmented and duplicative effort in key areas,
e.q9,, computer scionco. machine into1ligonce. softwore. YSLI and

,sfgna1 processiug.
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¢ Over the years, there have been a number of studfes by various groups'
.~ of the DoD laboratories...good advice which 1s rarely heeded.

o There is an impending crists in personnel and facflfties 1n the DoD
laboratories that will seriocusly degrade the defense posture in a
very few years.

e DARPA

Recommendations:

The average age of civilfan S&E 1s 44 years,

Because of the inability to competitively hire highly qual-
{fied individuals at lower levels (GS5-7-9), the work force
is continuing to age. .

‘The primary skills of this aging work force are beacaming
‘outdated. .

Because of attrition and personnel ceilings, the quality of
personnel may be eroding,

‘Raising grade levels or increasing pay without other reforms

will not solve these problems in the highest leverage areas,

"The growth in the DARPA technology base program has greatly

exceeded the capability of the staff to properly execute the
program, :

There appears to be no &amprehensive filtering of DARPA programs
versus on-going service efforts., Further DARPA results are not

-widely disseminated and therefore not sufficiently critiqued.

There is no clear, organizational divisfon within DARPA of
responsibility for the exploratory development programs (6.2)
and large scale technology demonstrations (G.SA?. In fact,

the budgets for these two classes of R&D are often mixed.

Based on these findings, the following recommendations were made:

1. To help the hiring and retention of the skills necessary for a viable
laboratory structure, USDRE direct that the highly exciting and effective per.
sonnel experiment being conducted at NOSC and NWC or its equivalent be implemented
for DoD laboratories. The most exciting features of this experiment are:

Reduces paperwork

Makes performance the foremost criteria for salary
increases, retention, promotion, etc.

Enhances flexibility and allows faster decisions.
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2. USDRE, 1n conjunction with Service tnchnol:gy base managers, designate
lead laboratories 1n generic technology base areas within each Service. Candi-
date technology areas include: '

- Space systems related technology {(components, hardening, etc.)

Afrborne radar technology

Alrborne electronic warfare téchno?ogy X

Electron devices

Infrared technology

3. USDRE: .

o  direct that the Services review DARPA programs over $30M (total
program costs -- not annual) from the point of view of potential
fgture military applications, operational needs, and transition
plans. , A

o establish a mechanism to ensure coordination of system technology
base programs (such as BMDATC and ABRES) with the rest of the DoD
technology base activity to ensure that multiple system requirements
are included in the development of the technology base {nvestment
strategy.
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APPENDIX A

DSB TECHNOLOGY BASE SUMMER STUDY
- 7 TERMS OF REFERENCE



THE UNDER SCCRETARY OF DEFENSE

WASHINGTON, D.C. 20301

2 JUL 1981

RESEARCH AND
ENGINCERING

MEMORANDUM FOR CHAIRMAN, DEFENSE SCIENCE BOARD

SUBJECT: Defense Science Board Summer Study: Technology Base

You are regquested to undertake a2 Summer Study to assess the health
of the U.S. national defensec technology base, within and outside
the government. Estimates of Soviet military research and éevelop-
ment show that the Soviets have steadily increased their outlays
for military RDT4E over time, and are now spending roughly twice
that of the United States. To date, the United States has main-
tained leadership in most of the basic technologies critical to
defense, partly because of a focus on critical technelogy edge
and the momentum in defense technology built up during the 194(0s.
However, it appears that the United States may be losing the lead
in some key technologies.

The United States strategy for dealing with the Soviet military
challenge is critically dependent on the effective defense
exploitation of the brozd based@ U.S. techmology. This study
should address the following guestions:

1. what technologies are critical to future (1990-2000)
defense capability? Vhat are those technologies that would
contribute to roughly an order of magritude improvement in system
performance, cost, etc.? How are these technologies identifzed°
Are the Soviets gaining ground? Is the investment on the Tech-
nology Base of less than 2% of the total defense budget adeguate?
1f not, what is a reasonable level of expenditure and what should

be the management and investment strategy within the technology
base? '

2. 1Is the process of transition from technology base to’
weapon systems adequate’ If not, what changes are needzd to
accelerate the process of transition?

3. Are the universities responsive to national secnrity
requirements? If not, what actions should be taken to improve
the responsiveness of universities?

4. 1Is the DoD relationship with the basic research communityf
creative individuals and small innovative firms adequate? If

not, what changes should be madec to improve the DoD utilization
of these resources?



5. Are the scientific/engineering personnel resources
adequate to meet the requirements of the defense technology
(commercial or government)? What actions should be taken to
eliminate critical personnel shortages? .

Items 3, 4, and S are to be considered provided sufficient time
and resources are available to the Summer Study.

This Summer Study topic is sponsored by Dr. George P. Millburn,

. Acting Deputy Under Secretary of Defense for Research and ,
Engineering (Research and Advanced Technology). Dr. George H.
Beilmeier has agreed to serve as Chairman. The Executive Secretary
will be Dr. Samuel A. Musa, OUSDRE/R&AT.
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APPENDIX B

REVIEW OF PAST STUDILS RELATED TO
THE DOD LABORATORY/UNIVERSITY ISSUE

1. Make the overall research strategy less vulnerable to changing environ-
mental influences {e.g., Congressional mood swings)

Reports where these recommendations appeared: A., C., E., G., J., K., S.*

2. Improve communication/cooperation between DoD in-house laboratories
and the general research communfty.

R;porgs where these recommendations appeardd: C., D., E., G., H., J., K.,
«p [ ]

3. Shift the ratfo of {ntramural to extramural research toward outside
contracts and/or increase the percentage of unfversity/small business
basic research.

Reports where these recommendations appeared: B., C., F., K., M., T,

4. Increase block funding to basic research programs (both out-/in-house).
in order to maximize innovation and permit flexibility.

Reports where these recommendations appeared: B., C., F., G., K., S. T,

5. Establish a review mechanism for university, contractor, and in-house
research programs that bases further funding on the quality. productivity,
and impact of the research,

Repor%s where these recommendations appeared: A,, C., E., 6., H., 1., K.,
"" L ]

6. Remove the "albatross” of relevancy from the necks of researchers (both
intramural and extramural) in order to free scientists/engineers from the
limiting effects of such constraints. Make the criterfa of relevancy

apply to broadly defined fields and disciplines rather than to an {ndfvidual
program area.

Reports where these recommendations appeared: C., D., G;. Hep Koy Mo, T
7. Overcome the “inertia to change” evident in some DoD fn-house laboratories
(which inhibfts progress towards more advanced technologies) by simpl11fying
the complicated, Tayered management structure.

Reports where these recommendations appeared: A., B..AC.. Feys 604 Hoyy 1 Koy

*See key on second page fbr report.references;
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8. Enhance the quality of the research in fn-house laboratories by 1=proving
the position of {n-house scientific personnel:

) Make salary/benefits competitive with industry

(] Make career options more promising/stable -

] Do not subject quality technical personnel to the vagarfes of
budget management nor to the public disclaim accorded all civi)

service workers. ,
Reports where these recommendations appearsd: A., C., E., H.p, 1., Jo, L., T,
5. Avoid the trend toward over-burdened, overly comprehensive {full spec-
trum) in-house laboratorfes. Consolidate and focus the research and
eliminate diversification at the laboratories and/or FCRC's.
Reports shere these recommendations appeared: A., B., D., F., G., H., T.

10. " Incresse the amount and tiuiinass of DoD implementation of high qual-
ity, front-line, capital equipment at facilities (both cut-/in-house),

Reports where these recommendations sppeared: Ces Hey Koy L,

KEY (The corresponding background summaries follow in the remainder of the

A.

c.”

E.
F,

I.

appendix.)

Report of the Ad Hoc Committee on In-House Laboratories, Army Scientific
Advisory Panel (ASAP), December 1963, (page B-4)

Management of Federal Contract Research Center, DDRSE, June 1976, (page B-6)

‘Proceedings of an AAAS Symposium on "How Much Does the:Defense Department
- Advance Science?” January 1980.  (page B-7) ‘

Required In-House Capabilities for DoD Research, Development, Test, and
Evaluatfon, OUSDRE, October 1980. (page B-9)

Ad Hoc Group on Scientific Persorinel, ASAP, April 1964. (page B-11)
Report of the DSB Task Force on Technology Base Strategy, October 1976. (page B-13)

Report of thé Panel on Research and Exploutory Development, oss-iass.

July 1967, (page B-16) :
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REPORT ON THE AD HOC COMMITTEE ON IN-HOUSE LABORATORIES
ARMY SCIENTIFIC ADVISORY PANEL DECEMBER 1963

Goals

(1) To strengthen the Army in-house research and exploratory development
activities by analyzing funding to the Army laboratories. How can Army
labs be provided with the resources necessary to carry-out sound, long
range research programs?

(2) To identify and analyze problems related to funding, including organi-
zation, research, objectives, personnel, and facilities.

Methodology

The study utilized interviews and/or questionnaires to obtain first-hand
data from Army in-house personnel. They also gathered fiscal data, mission
statements, and utilized other studies as supporting documentation.

Results

" The panel results fall into two major areas:

(1) Those relating to planning, organizing, and controlling the effort.

(2) Those relating to proper allocation of funds to ensure maximum
efficiency and produce R&D results that warrant. annual investment.

Recommendations ‘

(1) Reassess the long-term research-exploratory development objectives
(and plans) in order to identify broad areas of technical interest
to future Army mission needs.

(2) Redefine and clarify the Army mission, especially that of its
laboratories, in light of other Service missions and RDT&E.

(3) Reorganize and toughen Army RDT&E management to prevent division
of 6.1/6.2 funds or reprogramming of funds within 6.1/6.2 away
from important areas.

(4) Make 6.1/6.2 budget arguments less vulnerable to changes in
funding methods and congressiona] mood swings. Protect research
freedom.

(5) Stress the importance of consolidation of those labs producfng
state-of-the-art, front-line research.

(6) Ensure that Army RDT and management and ASA(R&D) are involved
.~ .. .. where any budget, diversion, or reprogramming of funds (greater
"~ than twenty percent) is suggested for the 6.1/6.2 budgets.
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(1)

(8)

There 15 an overall awareness of the need to protect the freedom

and quality of research and exploratory development. This awareness
extends to the recognition that only by stringent, forceful management
and documentation of R&D activities can a vital technological base be

maintained.

Secondary recommendations deal with personnel management, maintenance

of facilities and practical organization. The recommendations include
steps to improve the morale of in=house lab personnel and to increase

the efficiency of maintainfng the 1ab facilities. :



MANAGEMENT OF THE FEDERAL CONTRACT RESEARCH CENTERS -(FCRC) -
DDR&E JURE 1976

A management report based on & DSB Task Force Study on FCRC utilization
(February 1976). This task force surveyed previous studies on FCRC's and
interfaced with the FCRC communities in order to review FCRC policy.

Goals

1) Evaluate the existing FCRC's 1n 1ight of how and why DoD uses them.
Consider specifically whether the special relationship of the FCRC's
to DoD continues to provide the quality, specialized services for
which they were engendered.

- 2) Review the present fiscal ceiling concept for managing the FCRC's in
Tight of the contention that such ceilings lead to technical stagnation
and low personnel morale.

3) Suggest alternative management strategies for the FCRC's, particularly
the Study and Analysis and System Engineering/Technical Direction FCRC's.

Recommendations

The FCRC's should be retained because their unique relationship with DoD
enables high quality, technically intensive, and efficient services to the
DoD Mission. DDR&E (and DSB) recommended the following specific actions
to enhance FCRC.management performance:

1) Discontinue FCRC status for some facilities (e.g., APL (Johns Hopkins),
Anser, ARL {Penn State)}).

2) Continue some FCRC's with manpower or ceiling controls {e.g., CNA, IDA,
MIT Lincoln Lab)

3) Make MITRE (Bedford) the DoD C3 FCRC; eliminate diversification. MITRE
(Washington becomes 2 non-FCRC corporation.

4) Aerospace continues as AF Space Systems FCRC; elim1nate diversification.

5) Split Project RAND from RAND corporation. Redesignate Project RAND as
Project Air Force. The remainder of RAND becomes a non-FCRC corporation.



| PROCEEDINGS OF AN AAAS SYMPOSIUM
“HOW MUCH DOES THE DEFENSE DEPARTMENT ADVANCE SCIENCE?®
8 JANUARY 1980

Goals

1) Review DoD's overall contribution to the advancement of science in
light of its programs designed to foster basic research. Include a
historical perspective.

2) Consider the recent allegatfons that DoD gives too much support to
those research programs which are oriented towards solutions to

applied problems.
3) Has DoD funding enhanced, or unduly 1nf1uenced academic research?

4) Assess the impact of the Mansfield Amendment (relevancy) on DoD's -
ability to fund basic research.

5) Does military secrecy affect academic science?

6) Determine the reasons underlying DoD's drop from first to fifth place in
agency support of basic research and review the effect this drop has on
the advancement of science and protection of national security,

7) Review futuré possibilities for DoD support of basic research

Methodology

The form for this review was a week long symposium at the AAAS -
annual meeting. Five speakers, with varied relationships to DoD-supported
research, gave lectures on the following subjects;

] The National Value of DoD-Sponsored Research
George Gamota (Department of Defense)

° DoD In-House Basic Research
Alan Berman (Naval Research Laboratory)

* History of DoD's Support of Science
Edward Salkovitz (ONR)

. A Broad View of DoD and Science

Edward Teller (University of California,
Lawrence Livermore Laboratory)

) Science Sponsorship by the Department of Defense
George Wald (Harvard University)

A discussion was held aftgr the lectures were comp1etéd.
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Results

1) DoD has revised an imbalance in the funding fraction of support to

- 2),

university research by emphasizing and increasing the allotment to
academic institutions in a generally enhanced research budget. Over .
the last three years the overall basic research budget has fncreased
by 30 percent; university support has increased by nearly 70 percent.

In the same three year frame, DoD has substantially increased its

‘support of block or cluster programs at universities. This actfon 1s‘

orfented toward maximizing 1nnovation and flexibility; qualifications
for award of such support include good management, active pursuit of

. the university/government synergism, and a leadarship base,

3)

4)

5)

6)

7)

DoD is increasing the capital equipment expenditures for its researchers,

The goal would enable the use of at least ten percent of contractual

- funding for equipment purchases.

In order to improve DoD communication with the research community, a
series of 12 bi-monthly research topical reviews was implemented in the
fall of 1979, devoted to a specific discipline and open.to the publitc.

DoD has established & department-wide, uniform, one-page research contract
to reduce paperwork and red tape. oo

The dedicated, competent, and superfor quality scientists and engineers in
DoD in-house laboratorfes should not be subjected to the public disclaim

. accorded to all who work for the U.S. government. Their professional posi-

tion should not be cut without relation to the mission of laboratories;
grades should not be arbitrarily frozen; and the number of senfor positions
should not be rigidly limited, -

A

Mission of DoD in-house laboratories.

. To provide dedicated technical staff who give contfnuity
and corporate memory to the system's acquisition process.

-o To provide competent and knowledgeable technical assistance
in the design, development, and procurement of new military
‘systems -- in short, to make the military services smart buyers.

) To providé advice and consultation during the introduction of
new military systems into service use.

(] To be responsive to the opportunities to fmprove ﬁititiny
: system capability through new scientific discoveries and

by new developments of technology.

* To maintain a research base in those areas of science and
technology which are only of interest to DoD. .

] To cﬁup1e with and contribute to the general scfenén and
technology effort to the nation.
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UNCLASSIFIED | D

Goal

OUSDRE REQUIRED IN-HOUSE CAPABILITIES'FQR DEPARTMENT
OF DEFENSE RESEARCH, DEVELOPMENT, TEST, AND EVALUATION
1 OCTOBER 1980

To describe the capabilities of the Defense Department's RDT&E programs at
in=house facilities in 1ight of the fundamental responsibility of the depart-

ment.

Results

Capabjlities of DoD In-House Facilities

1. Major Functions

1.
2.
3.
a.
5.
6.
2.

8.
9.

10.

i1.

Basic scientific research

Applied research (exploratory development)

Advanced development ‘ |

Assessment of science and technology base

Mission analysis _ |

Concept exploration and system demomstration/validation
Full-scale engineering development

Engineering support of production

Test and evaluation c e

Major RDT and facilities

User services and support of operating forces, including
product improvement .

11. Supporting Responsibilities ‘

1,

2.
- 30
4.

B,

Making DoD a smart buyer“ in support of decision. making
in 2 technicaliy sophisticated marketplace '

RDT&E program/project management

Technical intelligence sssessment

Providing options for future systems g

Providing RDTEE in areas of Timited. industrial or academic

interest (technical éxpertise for military planning precess;
defuse contractor access to pertinent Data)
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6.
7.
8.
9.
10.
1.
12.
13.
14.
1.
16.
17.
18

19,
- 20.

Exploitation of new technological opportunities
Understanding of and interaction with the military user
Independent research and development program evéluation
Contractor proposal and performance evaluation
Providing qulck'reaction to operational problems
Interfacing with scientific and engineering community
Cooperative R&D with allies | .
Intggrpfing logistics support

Relfability and maintainability

Mobilization requirement |

Producibility |

Design-~-to-cost management

Human engineering and manpouer considerations in system
design and operation

Operatfonal system safety
Examples of special areas of technology:

a. medical R&D -

 b. -manufacturing: technology

c. environmental assessment \
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Goals

AD HOC GROUP ON SCIENTIFIC PERSONNEL
ARMY SCIENTIFIC ADVISORY PANEL
APRIL 1964

The panel was tasked to assess the Army's effort to mafintain and improve the
effectiveness of scientific personnel in Army laboratories. Two questions
formed the basis of the inquiry: :

2)

b}

Is the Army taking full advantage of available/feasible means to
fmprove the effectiveness of its scientific personnel?

What should be done to enhance the.prestige of scientific personnel
in Army laboratories?

Recommendations

A. To attract scientists of qualfty:

1)

2)

3)

4)

The Army must (with other services} increase the inftial salaries
offered to entry levels BS, MS, PhD scientists to match industry’ 5
offers - especially in the physics/engineering field,

Step-up summer help/work-study programs: allot more spaces; exempt
them from manpower authority. :

Adopt the Skifter commfttee (see ASAP, Nov. 63) #11 recommendatfon.
which modifies personnel procedures to keep staff at optimum levels
and attract quality personnel.

B |

Use ASAP to recruit senior staff.

B. To increase effective utilization of Army scientists 1n R&D programs
{especially to upgrade competence, assist professfonal development, and
enhance prestige).

1)

2)
3)

.4)

5)

Management position applicants should have a proven, solid research
competence as well as a good management record.

Make manpower authority more flexible; enhance career mobility.

Increase communicatfon between Army scientists the Army, and the
general scientific community.

Improve relationship between ctvilian/army scientific personnel
(see ASAP Skifter report, Nov. 63).

Make the career program for military officers more attractive so as

,to enhance the civilian-military. R& team.
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c.

6) Find means to increase incentives to seafor R&D staff,

7) Headquarteés Army R8D Staff should establish a sé1entif1c personnel
elament to review, monitor, and recommend actfons to strengthen the

Aray's scientific personnel programs.
Assess effectfveness of the effort to increase quality of scientists
recruited/retained by Army R&D organization:

1) Keep data on all aspects of scientific personnel polfcies. Develop
methods to judge trends in quality of technical personnel.

2) The ASAP should review this problem in 18 months to 2 years.
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REPORT OF THE DSB TASK FORCE ON TECHNOLOGY BASE STRATEGY
(CCTOBER 1976)

Goal

Provide DDRAE with an independent assessment on how well funding
resources were allocated among the many technical areas of the base.

Consider, specifically, those areas where an increase or decrease of
current allocations seem appropriate, and where opportunities for focus
or integration of effort appear to offer better returns.

3 Panels were formed:

= Environmental Life Science
= Electronics
- Engineering Technology

Strengths in the general Technology Base:

. Technology Base is recogn1zed an an important defense activity by
DoD management.

o Technology Base efforts continue to pay off (especially yearly
incremental advances over.10-20 year periods).

¢ There 1s a presence of a quick-actfon, high r1sk high payoff
technology operation (DARPA s role).

¢ Reasonable allocation level for the broad scjentific/technology
areas comprising the base.

Problem)areas with Technology Base (all of which have been noted in previous
reviews

¢ DoD in-house Iaborator1es are hampered in the quality of
their contribution to the Technology Base by a complicated,
layered management structure.

® The Technology Base is subject to an “inertia to change,"
stemming in part from the management structure. Over
time this trend:

- protects investment in low priority endeavor.
- does not encourage orderly shifts to new, higher
poteﬁ‘T"?/pqyoff areas.

(] Fields of endeavor are fragmented between many different
: - organizational units. . Be13



Tbchnolody Base tends to be isglated from system developer
and is not sensitive to operational needs.

Some work has been done on these long-standing problem areas:

Selective use of block funding to laboratory technical
management for Technology Base work

Increased contract to in-house ratio for Technology
Base wark

Army's plans to set-up integrated Development Centers to
include laboratory Technology Base work

Studies (e.g., Navy “Strike-Warfare Exercise,” AF “Tech-
nology Base Investment Strategy Exercise”) are better
assessments of {mpact and cost-effectiveness of investment
in specific Technology Base areas.

Opportunities for Funding Increases:

Training R&D (e.g., use of simulators)

Software Cost Reduction

Gas Turbine Development

Egvironmental Factors Affecting Heapons System Performance
for Tactical Field Commanders

Digital Controls for Power Plants

Peacetime Environmental Quality

Adaptive Acoustic Arrays

Substitutes for Critical Materials:

Opportunities for Funding Decreases:

Surface Effect Ships

RF Electronic Systems

Special Computers and LSI

Personne) Classification, Selection, and Assignment
Advanced Fighter Technology Integration

Opportunities for Integration and Facus

RF Electronic System

Fuzing -

Combat Casuality Care Systems

Material and Devices for Electronic Systems
Gun Technology
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The Task Force concludes that while actual Technology Base funding {s
implemented through budget element allotment, DoD should continue to use

the independent perspective offered in the Technology Coordinating Papers

in order to ensure agafnst duplicated effort or oversights of fmportant areas,

The directed trend towards larger contract to {n-house ratios implies a revi.
talization of industrial and university-based defense research., It also implies

2 healthy trend for the nation and is contributory to an tnnovative and creative
Technology Base.

Prioritization of Technology Base effort performs reasonably overall. Senior
levels must be alert to trends toward misplaced investment because of the
narrowly-focused, hardware-based budget process. All types of Technology Base

fnvestment must be explored (and has been'to a certain extent in the Air Force
and DARPA).
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REPORT OF PANEL ON RESEARCH AND' EXPLORATORY- DEVELOPMENT -
DSB-NAS (JULY 1967) |

Goals

Assess, both quatitatively and quantitatively, the impact of increased

budget reductions on the 6.1 research and 6.2 exploratory development

programs. Issues include: ' .

(1) "Selling” the long-range benefits that 6.1/6.2 programs have
on a strong, mission-supporting technology base in terms of
traditional cost-effectiveness.

(2) Clarifying the vital relationship between education and research,
in light of funding cutbacks to universities. (Understand why
cutbacks were suggested.)

{(3) Indicating, as concretely as possible, the impact of budget
restrictions on in-house labs, the defense industrial RE&D base,
and small business.

(4) Developing methods to determine the optimum funding level of
6.1/6.2 and to allocate resources to various fields.

(5) Exploring ways to influence and estimate future Congressional
moods.

Mathodology

The DSB addressed the task issues through analysis organized .into the
following groups: :

(1) Impact of Budget Funds
(2) Approaches to Determination of 6.1 and 6.2 Funding Levels

a; Comparison with Industry

b) Comparison with Potential Adversaries

c¢) Health of Fields Underlying Defense

d) Production of Technically Trained People

(3) vorking with Congress

Results

(1) Expand the managerial support and staff allocated to the planning and
interpretation of 6.1 and 6.2 programs in order to:

[ Move trend away from system orsentation back towards
discipline orientation.
' B«16 °



(2)
(3)
(4)
(5)
(6)
(7)

(8)

(9)

(] Prepare a quantitative analysis of RDTSE expenditures
in DoD and industry -- give credible basis of cnmparfson
for R&D funding.
o  Improve quantitative rationale for funding 6.1 and 6.2,
Develop better interaction with services and technical community to
rank order premising disciplines for DoD support.
Strengthen position of "OXR" {advanced research) program managers.
Develop “core contracts” to strengthen research in fields of DoD
interest as a way to "harvest" the output of universities, researchers,
and consultants. .
Give more stress to long-range relevance in 6.1 funding.

Esta?Iish a planning committee to review/improve the performance of
FCRC's.

Support consolidation and efficiency improvement for service in-house
laboratories.

Impress upon Congress the value of long-termm payoffs from research -
through tighter rationales, aggressive and technically oriented
arguments, and greater interaction with Congressional supporters.

Emphasize and argue the importance of university research (and funding) to
high quality graduate and/or undergraduate study.
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REPORT OF THE SCIENCE ADVISOR'S PANEL ON BASIC. azsmcu
IN THE DEPARTMENT OF DEFENSE
0STP - 22 JUNE 1978

This report was given to an OSTP Steering Committee on Basic Research in
Mission Agencies.

Goals

1. Review the policies and practices of the basic research program in the
Department of Defense. .

2. Assess the recent DoD policy and methods to reverseithe decline of DoD-
supported fundamental research and to increase the DoD basic research budget
in constant dollars.

3. Examine the institutional nature of the DoD basic research program.

Recommendations

1. 0:2 must support an extensive, vigorous, and high-quality basic research
effort.

2. Affim the critical importance of bastc research to DoD and clarity the
policy for support of such research at the Secretarial level.

3. DoD must continue its substantial increases in the level of basic research -
funding, but must ensure that the implementation achieves the intended.

objectives of such increases.

4. Apply the criteria of relevance primarily to broadly-defined fields and
.subfields of science rather than individual programs.

5. Utilize basic research facilities (universities, in-house labs, industry,
‘ and non-profit organizations) in a manner which maximizes quality and
acknowledges the distinct contribution each can make.

6. Explore the channels through which communication between DoD and the
basic research community can be effectively increased.

7. Improve the DoD management of basic research through:

] Appointing of an official to provfde full-time, broad oversight
for basic research.

° Increasing awareness of the existence of gaps in basic knowledge of
certain fields within DoD research programs. Actions should be taken
to connect such deficiencies (e.g., in software, inh human factors).

) Ensuring that when DARPA supports basic research, it employs arrange-
ments which provide the stabllity needed for productive programs.

o ‘Making DoD management and business practices in this area compatidble
with those of the basic research commuu1ty.
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MRAC STUDY: HISTORICAL PERSPECTIVES IN LONG-RANGE
PLANNING IN THE NAVY |
(SEPTEMBER 1980)

Goals

1) Review some of the Navy's past studies of future seapower needs, parti-
cularly ones that served as bases for public justification of major
programs,

2) Determine hbw well these studies were able to account for factors which
became important one to three decades -thereafter,

3) If important factors were slighted, suggest reasons why those oversights
occured. .

4) Allow current planning efforts to be informed by Enou!edée of the past.

Results

1) From 1945, there has been no truly systematic process for doing long-
range planning in the Navy.

2) Reasons for the above conclusion include:

a. Methods for systematic lohg rangé planning were not developed nor
used by industry until 1950’s and 1960's. The Navy adopts business
methods more slowly and in 1ts own way.

b. The Navy did not urgently need long-range planning in the period
from 1945 to the mid 1960's. By the 1960's (and Viet Nam) short-
and mid-range shipbuilding was more important than long-range
planning. , }

c. Historically the Navy's internal structure, the nature of naval
warfare, will not permit the organizational structure necessary
for systematic long-range planning (Naval Officers first, spe-
cialists second),

d. The larger political environment in which the Navy has operated
since WWII has severely inhibited active performance/imptementation
of the necessary long-range planning. The question that requires
further investigation is, given changing defense organization,
could the Kavy have better adopted, and thus better undertaken,
crucial long-range planning? :

e. Without adequate access to the documentation of individual policy
makers; the influence of such key individuals on Navy long-range
planning, and the long-range planning process as a whole, cannot
be complete. :
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3) Observatfons of the long-rangé planning procesi as practiced by the
Navy in the studied period include:

a. A centralized long-range planning office §s useful to the Navy
{even though 1t may not accomplish systematic long-range planning)
because it allows the Navy to focus and coordinate efforts toward
projecting its long tem needs.

b. Such a planning organfzation 1s most successful when there

is a personal commitment to long-range planning on the part
of the CNO and/or the Secretary of the Navy. .

c. That commitment, cannot, however, allow the LRP group to be
so tightly controlled as to identify its process with a single
policy maker. '

d. A Long-Range Planning organization must be highly placed enough
within the Navy to permit fts independent operation despite
the demands for ongoing operational and short-term planning.

cannot be isolated from current Navy problems, (Note OP-93's
review of current policy developments in the 1950's in light

of their possible impact on long-term Navy objectives).

e. Although oriented toward long-term needs, LRP orzanization

f. The long Range Planning group must be considered important
enough by high policy makers so 1ts studies will impact on
Navy policy and operations. To achieve this prestige, the
LRP Office must ensure that policy makers are:

. sensitive to the uncertainties of attempts to
predict the future;

\

) aware that efforts to quaﬂtity planning studies
" undermines their efficacy and morale; and

° cognizant that the good work of broadly experienced,
high caliber, and well-timed planning personnel
must be acknowledged and rewarded.

4) Although the study covered LRP work to 1979, the committee reviewed
work done 1n 1980 and found that although the utility of Admiral
Hayward's Long-Range Planning group remains to be seen, ft has again
accorded such planning its proper place in Navy operations.
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Goal

ARMY SCIENCE BOARD 1979 SUMMER STUDY

“TECHNOLOGY PLANNING FOR FUTURE FIELDED SYSTEMS"
20 JuULY 1980

Assess Army Technological Status and Plans for future fielded systems
in order to attain:

&)

Technological Equivalence to Soviet Fielded Systems by 1985,
Technological Superiority to Soviet Fielded Systems by 1990,

Recommendations

For (A)
1,

2.

For (B)
1.

above:

Fully fund major systems now in engineering development, and in
procurement. Otherwise equivalence will not be achieved by 1985.

Insist on more cooperation among developers, testers, trainers,
users and DA to field systems quickly, smoothly, and at a high
level of maturity and performance.

Improve system performance with Block Il Product Improvement

Programs (PIP's} by fnserting newer technology at appropriate
times. Include PIP's in initial production,

above:

Develop and maintain a stable, long-range p?aﬁ for functional

needs which:

a) projects goals, doctrines, environment.‘oﬁérational'COn-
cepts, organization, and system needs as well as budgetary
constraints,

b) addresses timing of specific programs; compares RDT&E require-
ments/procurement funds against availability of funds.

Use ad hoc committees to review goals and mature the development
of advanced systems concepts and superior technology.

Retain competent technical teams to provide competitive work and
utilize the unique capabilities of private and government labs,

Mandate even more cooperation among all actors in the process -
for superfority goals than for equivalence goals.

Shorten the time to field a system. Identify the adverse
actions of others to those who can correct them,

Mature systems in the field for 1990 projected systems as well
as Block II and Block III PIP programs.
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Goals

DSB SUMMER STUDY GROUP

FUNDAMENTAL RESEARCH IN UNIVERSITIES
| OCTOBER 1976 .

(1) Explore ways to rekindle and stimulate the fnterests of the university
sctence community in problems of national defense, -

(2) Determine the obstacles to mutﬁa!ly beneficial DoD-University relation-
ships and develop ways to: ’ '

Improve the quality and long-range character of DoD-
University relationships. ~ , A .

Assure the competence of DoD-supported researchers,
especially younger investigators.. :

Make DoD support more attractive to university

‘researchers and their institutions,

Address the problem of "relevance,” particularly the
Mansfield syndrome, in order to minimize {ts inter-

_ference with DoD-University relationships.

Implement recommended changes or new fnitfatives
rapidly and maximize their credible visibility.

. Reasons for Regenerating the DoD-University Relatfonship

(1) The strength of U.S. fundamental research resides predominantly in
universities, DoD must re-engage this strength to ensure a fundamental,
long-range component in DoD research to balance the trend toward
shorter-range, applied scfence. :

(2)

Recommendations

The DoD research strategy should include support for disciplfnes and
study that does not seem immediately relevant to the DeD mission,

such as;

b.

Fields in which DoD must have a "window" on scientific .
progress.

Fields of fnterest primarily because of the superlative
competence of individuals involved.

4’

DDR&E should take advantage of the favorable climate for fundamental research
and seek to secure phased "new funding” up to an annual program level of
$100,000,000 during coming budget cycles.
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In answer to the problem of relevancy DoD must:

(Continue to) emphasize the importance and relevance
of supporting fundamental research,

Not demand that a scientist demonstrate the relevance of
his research project or program.

Raise the issue of relevance from 1ndividual program levels
to the relevance of a-field or discipline.

Demonstrate (at the level of field or discipline) to Congress,

0MB, and the public, the relevance of fundamental research to
the DoD mission,

Policies concerning fields and disciplines must be developed with consideration
of the involved scientific community, coordination with the services and other

government agencies, and judgments made on the basts of quality.

The policy for review and selection of proposals for research should utilize some
peer review mechanism, be developed by or for the Service OXR's, and that

form of

mechanism should be explained to academic scientists,

. Suggested mechanisims for management and faculty include:

new funds might be administered directly from within DDR&E,

new money could be allocated to OXR's or another DoD agency
with uniform, specific, and enfbrcaable guidelines.

improve the attractiveness/visibility of new programs:
Award large departmental or multf departmental contracts.

Fund the research of a selected number of academic
scientists for five years with a distinctive title such
as “Awards for Fundamental Science.”

Implement some form of “institutional general research
grant” (similar to NIH General Support Research Programs).

Modify present arrangements for DoD payment of overhead
of grants and contracts so as not to penalize the researcher.

Give high priority to new equipment and 1nstrumentation
with a realistic “tota1 cost' approach. '

Push for a rapid 1nstrumentation of the declarod policy to
gstablish the ratio of 1ntramural to extramural research at

. e
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NRAC STUDY: MAN-MACHINE TECHNOLOGY IN THE NAVY
| (DEC. 1980)

Given present trends. the Navy will find ftself unable to operate and main-
tain its systems, in either the short or long term, with the numbers of
skilled personnel necessary for effective mission.

The set of circumstances that have created this condition include:

" Goal

o Increases in external threats

e Expanded mission responsibilities

o Rapid advances in technology

e Rising costs

¢ Declining availability of human resources
e Changes in societal attitude and values

o Non-competitive military pay and benefits

ff:;- To develop methods whereby the Navy can correct the mismatched condition
- -of its personnel and its advanced sensors, weapons and command-control

systems.

Recommendations

(1)

(2)

(3)

(4)

Enforce the development and application of man-machine technology in:

e Designing and acquiring new systems (early in the acquisition phase)
e Retrofitting current operational systems ’

Establish an organization to lead the development/incorporation of man-
machine technology into the design of jobs, equipment, and systems for
the surface Navy.

Increase the use of standard equipments, modules, and configurations
in the Navy.

Reduce complexity of operator and maintainer tasks.
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(5)

(6)

(7)
(8)

(9)

(10)

Develop and apply performance criteria and methods for prediciing and
measuring task complexity. ' ‘

Close the gap between approval authority for software changes, the fleet
authority for software changes, and the fleet elements conceived in order
to expedite changes.

Consider increased use of distributed computer technology, standard
hardware modules and modular software.

Develop a program to improve productivity aboard ships by applfcatfbn
of labor-saving methods and automation of selected functions such as:

o facilities maintenance

e ship administration

& materials handling

e systems operations

¢ conststency of Condition I & 111 watchstanding requirements
Information on the mental and physical attributes of Naval personnel
must flow to system designers so that enhanced man-machine interfaces
and system training requirements can develop.

Provide 1ncreased capabilities for fleet units to conduct effective
post-school tratning (fndividual and tactical team).. Adjust training
strategies and pipelines to accommodate these capabilities.
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DOD SMALL BUSINESS ADVANCED TECHNOLOGY PROGRAM (DESAT)
(1981-82) '

Goal

Outiines the DoD program to encourage small business firmms which have stron -
research and development capabilities and experience in high technology science ‘

. and engineering. .

3

The prdgram seeks to promote innovative solutfons to im?ortant scientific and
technical questions facing the defense community by utilizing the resources
of small science and technology-based firms 1n DoD R&D. .

The program is designed to augment exisfing acquisition processes and to inform
DoD research officers more effectively of the technological potential of the
small business community.

Results

The program is organized into three phases, Feasibility Research and Development,
Principal Research and Development, and Follow-on Development or Production,
Awards are consecutive in nature with a firmm's receipt of Phase 1l or Phase III
contracts contingent on the performance and promise of the Phase I effort. The
gontent of proposals for all Phases can be found in Sectfons IV, V, an VI of the
ocument. :

In Section Illj each Military department and DARPA describes areas which include

specific scientific or technological problems in need.of innovative approaches
toward solutions. The outline of these descriptions .follows: .

Department of the Army

1. ‘Chemtcal  Defense
a. Real-time chemical agent detector
b. Use of advanced sensor for detection
c. New materials for protective clothing
d. Decontanﬁnants-gnd;contaminants'fac11ities capable of
neutralizing a range of chemical agents
2. Combat Equipment and Materials
a. Technologies that will allow Amy equipment to operﬁté

on a variety of fuels as they become available,
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4,

b.
c.
d.

e,

f.

9.
h.

More efficient uttilization of fuel in 1ight trucks and
off-road vehicles

Portable electrical generating equipment, fuel cells, and
batteries for field use _

"Lightweight"” materials with 1mproved armor capability

Critical materfal substitutes (e.g., chrome free stafnless
steels, improved powder sintering)

Rugged radiation detector for field use
Rgmote minefield detection system

Rapid means for water quality analysis -

Medical Support

b.

C.

d.

Preventfon and treatment of militarily important diseases
(e.g., dysentary)

Rapid assessment of risk of disease to treated casualties
The care and management of mass combat casualties

Technolog1cal aids for research on max11lofac1al injury,
and dental diseases

The medica) aspects of chemical defense

Human Factors

a. New computer-aided measurement techniques for quantify1ng
performance of military unfts

b. Novel techniques for prediction of personnel which utilize
both verbal and non-verbal means

Communications

a, Improved nofse suppressant equipment designed to eliminate
certain background noises and at the same time permit
effective communication : .

b. Techniques for effective communication 1n an action elec-

tronic warfare situation
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Department of Navy

1. Target Detectfon and Localization

2.

3.

4.

a.
b.

Ce.

d.

Superconducting quantum interference devices (SQuID)
Special purpbse acoustic transducefs and sensors

Electromagnetics and broadband antennas (ID: 1 Frequency
coverage) {especially low cost, wide band-width)

Theoretical and experimental tools with which to detect
and classify nuclear surface/air bursts at sea (e.g.,
portable shipboard/aircraft systems for tactical deployment )

Ocean Physics and Engineering Research

b.

C.
d.

New oceanographic fnstrumentation
Ocean science research

Remote sensing techniques

Ocean volume reverberation modeling

Acoustic response 6f the ocean bottom

Computers and Software Engineering

a.

b.

C.

Inexpensive photo]ithogréphy technique§ for microcircuit
fabrications . ,

Portable, fnexpensive (less than $3k) microprocessor,
with graphic capability

Modulation and Demodulation (MODEM) hardware and software

Human Factors and Personnel

be

C.

d.

Personnel microwave sensor devices similar to radiation
detection badges

Microelectrode ibnsdrS'
Productivity measuremént'techn1ques |

Personalized interactive display and analysis system
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5.

Materials

a.
b.
c.
d.
e.

fe

Physics of semiconductor crystal growth and processing
Physics of multi-layer/macroperiodic solid state structures
Optical quality biue-green laser crystals

Removal of coa?ings and preparing surfaces for recording
Nonedestructive evaluation of materials and structures

Bearing/lubricant performance

Department of fhe Air Force

1. Fuel Efficient Aircraft Design

2.

3.

4.

a.
b.

C.

Friction and form drag reduction
Aerodynamics of large excursion

High frequency active controls

Low Speed Take~0Off and Landing

b.

Fluid mechanfcs of thrust augmented 11ft

Propulsion systems

Manufacturing Processes

a.
b.
Ce.
d.

Optical recognition
Computer vision
Robotic contfolé
Optical metrology

Non-destructive evaluation

Weapons Systems Automatjon

b.

C.

Interacting intelligent systems
Stochastic-proqeséeS'in art1f1cfa1 ihte!]igence .

confrol system dynaﬁ1§§ aﬁd_pattern'reﬁognition
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DARPA

5.

1.

2.

3.

4.

5.

Defense Against Chemical Agents
a. Detection and Analysis

b. Chemical Characterization
C. lnferfaciaI phenomena

d. Pharmocology/toxicology

Advanced Solar/Electro-Chemical- Power Sources
a. High temperature cell matrix material

b. Catalyst

Advanced Optical Coatings and Long-Life Switches-

Innaovative Controls and Displays for Military Flight Vehicles
Solid Lubrita;ion Concepts in Element Bearings

£1ectro-0pt1cal. Radar, and Electromagnetic Signal Intercept Fields

)
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Goal

LOOX FORWARD 20 YEARS, VOLUME I
(AFSC) MARCH 1980

A look into the future with a goal of predicting the technologies of
the 21st century.

In an attempt to look at technologies rather than systems of tne future.
the panels were divided into the following groups:

Basfc Science

Aeronautical Systems

Communications -~ ECM-ECCM Computers
Weapons

Space

Operations and Support

Results and Recommendations

A. Space Based Surveillance Thrusts:

B. Military Man in Space Thrusts:

1.
2.
3.

4,

Large Aperture Surveillance

Spacecraft Energy Systems

Spacecraft Environment Interaction Technology
Laser Hardened Optics

Monolithic IR Sensitive Focal Plane Arrays
Integrated Passive Damping

Manned Military Space Vehicle Technology

Predictive Toxological Testing

Optimum Man-Machine Decision Making Architecture

for Space Systems

Simutation of Integrated Technologies for Space Systems

C. Recommendations to Improve Space System Technology ﬂanegement:

Establish a Joint Director of Science and Technology/SP/CC
review of 6.3/6.4 programs.

Create ‘an on-site cfvi]ian/militany contingent at headquarters
SD as a DC detachment. _ ,

Form an ad hoc group to perform semi-annual 1n-depth roadmapping
of 6. 3/6 4 prior to POM/BES sub-mission decision points. .
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D. Other Specific Recommendations:

Point Defense

As an absolute minimum the Air Staff/AFSC should establish a focal point
for planning for the defense of our air bases. This planning should _
encompass the necessary technology base and system programs to guarantee
survival of air bases in intense environments such as Europe.

Chemical Warfare

Estabiish an Air Force technology base program in Chemical Warfare to
fnvestigate and develop defensive and offensive concepts and capabilities
unique to the requirements of the Afr Force. A realistic start within 6.2
program funds would be more responsive to needs and direction than massive
defensive/offensive CW programs. :

Logistics

Establish an AF management activity, provide dedfcated resources, and
appoint appropriate authorities to be responsible for the conduct of
logistics research, development, and application (O&E arena).

The logistics research activity should be a joint AFSC/AFCC office with.
Joint manning from both commands (for model - see PRAMPO) .

Fully exploit using command representatives, and knowledge gained by FTD
activities.

AFHRC should have a full-time place in the activity to conduct manpower
effectiveness analysis and to interface with supportiqg AFHRC a;tivfties.

Determine, through detailed analysis, the most effective organizational
structure to accomplish logistics research,

Personnel Productivity

To improve wartime productivity and peacetime efficiency of personnel:
e Establish HRC pfograms to investigate:

The personnel factors in a combat effective work force
Combat surrogate training for increased readiness
Combat effective maintenance organizations

Weapon system design for personnel productivity

] Establish an orgénization in human resources to:

- Identify research requirements

- Plan new systems
- Implement new technology
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ASAP AD HOC REVIEW OF THE 1974 ARMY SUMMER STUDY REVIEW
(OCTOBER 1975)

Goal

To review the actions resulting from the Army's 1974 Summer Study which
addressed two major areas: Mission Area Deficiencies and Opportunities,
and Ballistic Missile Defense.

Specifically:

®  Review the 1974 Summer Study Findings and Recommendations and-
determine the status of their current validity and implemen~
tation by the Army.

] If needed, make further recommendations. Make recommendations
regarding possible study areas for the 1976 Summer Study.

Recommendations

The committee reviewed each sub area of the two major assessment divisions
and subsequently reaffirmed most of the recommendations made by the 1974
group both in terms of their interpretation and implementation,

The use of a system that would allow all elements of the Army to operate in
a common electronic grid with the Air Force and Marines and the importance
of valid identification warrants more concern and action in TRADOC.

Re-emphasize the importance of EW trafning and use.
The following firepower areas are suggested'for further analysis:'

1) Light Afrlifted Division

2) Combat in Urban Areas

3) Fire Effectiveness Assessment (Real-time tactical)

4) Tac-Fire Revisited

5) Keep requirements consistent in .order to cut R&D spans;
get weapons out of R&D earlier (“lessons-learned")

Re-evaluate overall concept of temminally guided weapons rather than just
the hardware problems.
Consfder the use of lightweight vehicles to carry lightweight weapons.

Operational concept tasks need a much stricter analytica1 back-up before
the tests are designed.

Assess field computers in light of their place in total tactical firepower
as well as hardware development
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Develop a clear, concise productfon policy to decide which 20 mm and 40 mm
programs to pursue.

Discover why the recommendations of the Mobility Enhancement and Denfal

subgroup have not been acted upon; perhaps whith an eye towards better
definition {by TACOM) of 1ts R&D activities.

The recommendations for mine detection and neutralization were very sound,
and were particularly ingenious for the related area of barrfers,

Renew efforts to establish a centralized responsibility fbr camouflage,
and ballistic, CW, and EW environment threat survivability, especially the
development of potential conflict scenarios and vigorous test and evaluation.

No response was given to the following ASAP recommendations on Field Army
Air Defense: '

e A call for an air defense plan, not an air defense missile p1an
¢ The issues of {ntelligence coliection

~ @ Development and fielding of a new all-weather air defense gun system
The Army spends a great deal of money on Field Army Air Defense but gains
-litt]e capabflity from it.

The committee found the following areas both well-directed and in-line with
the Summer Study recommendations:

¢ Gap Crossing

e Earth Maving

e POL

e Containerization

Study the integration of all of the Command Post Services from a standpoint
of mobility to allow the Command Post to set up or tear down in a minimum
amount of time.

Specific Recommendations for the 1976 Stummer Study:
(1) Topfc of- Study.should be more specific than 1974,

{(2) Limit the number-of groups.

(3) Eliminate weekend/evening meetings.

(4) Assign panel members in advance (two months).

(5) Consider "pre-briefings* on background, concurrent
studies, so as not to intrude on Summer Study time.

(6) Organize the Study to keep briefings in the early part

of the assessment to allow time for creative and pro-
-ductive efforts.
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(7) A follow-up for each Study Group one or two months after
the Summer Study would produce more Army activity than an
Ad Hoc Review Group.

Subject Possibilities for 1976 Summer Study:

(1) Army systems and long-range plans
(2) The use of the spotter
(3) The use of the tactical computer
(4) The reduction of weight
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ARMY SCIENTIFIC ADVISORY PANEL (ASAP) SUMMER STUDY 1974

Goal

The 1974 Army Scientific Advisory Panel (ASAP) Summer Study was convened
to address two area of primary concern to the Amy: (1) Opportunities
for Technology Solutions to Mission Area Deficiencies; and (2) Ballistic
Missile Defense in the Post Treaty World. '

Mission Area Deficiencies and Opportunities (MADO) had six sub-areas:

(1) Battlefield Surveillance and Target Acquisition; (2) Intelligence,
Command and Control, and Communications; (3) Firepower; (4) Mobility
Enhancement and Denial; (5) Survivability in Conventional CBR, and EW
Environments; and (6) Field Army Air Defense. Ballistic Missile Defense
(BMD) had two sub-areas; (1) Site Defense Follow-On After Prototype Demon-
strations; and (2) Technology.

Methodology

Each group reviewéd-current and projected Army needs, queStioned operational
“‘officers, development personnel, and analysts in an effort to find areas
where suggestions or guidance might help the Amy devise more productive R&D
programs.

"Results ' _ .

The panel offered mostly operations-oriented recommendations concerning
deficiencies/improvements in present or projected Army systems, very detailed
and specific with less emphasis on technology base. No overall summary is
included. Recommendations ranged from the philosophical: the Army should
reassess the complexity, scope, and ambitions of Firepower concepts (TACFIRE,
FADAC); to system specific: the Army should perform a comprehensive set of
‘tests and analyses on various system configyrations involving different data
base and processor distributions (using TOS¢ and the then new advanced develop-
ment QC's.terminals) before finalizing the T0S design. '
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ASAP SUMMER STUDY 1976
- YOLUME 1 OF 6 -
ARMAMENT SYSTEMS SUBGROUP REPORT
Goals A
1. Review the Science and Technology Objectives Guide {STOG) for fiscal year 77.
2. Assess the quality of laboratory plans by examining the degree to which
“near term" system objectives of the technology base are supported.

Recommendations

1. Automatic Cannon for Anti-Armor Use

® Continue support.

. Evaluate rapid fire medium caliber guns systems
for tactical utility when used to complement guided
missile anti-tank systems.

. Solve the problem of fabrication of high density
penetrators with a technology plan.

2. Smoke and Observation

[ Determine common requirements for Services/DARPA
in smoke development and field testing.

] Assess the feasibility of alternate methods to
produce smoke for the 8-14 micron band.

) Establish use requirements for smoke protection.

(] Explore the use of pay loads or fuel-air explosives
to disperse smoke.

) Develop instrumentation for field testing of.
smoke and dust.

3. Indirect Fire Response Line

. Reduce artillery response time; clarify system
program objectives.

. Include new target acquisition systems (e.g., SOTAS)
in the definition of new artillery systems.

. Focus the fragmented approach of the effort,

.

4, Line to Hit (Direct Fire)

. Unburden the development of guided projectiles by
eliminating arbitrary cost constraints while

providing feasibility; examine trade-offs.
. Define the battlefield conditions under which

uidance must function effectiveIK.
° ntegrate Direct Fire schemes with existing or

planned tank fire control systems.
' ' B-37
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8.

Scatterable Mines

Continue development of & new family of mines.

Emphasize techniques for hardening mines against CM's.
Develop a high priority technology base mine program

to assure actfive pursuit of new fdeas. -

Use tactical employment studies to develop user gutdance.

Survivability of Friendly Artillery

Define a program to improve artillery survivability
against Soviet threat,

Artillery Ageinst Point Targets

Study priority battlefield targets (e.g., air defense,
artillery) as possible system concepts.-

Extend the experimental program afmed at the critical
technical. problems of the SADARM concept (e.g., target
acquisftion).

Forward Area Defense Gun Systems

. . Accept the capabilities of the best off-the-shelf guns,
. -..ammo.,. ‘radar, etc. to replace the inadequate arsenat

since ROC of the above system cannot meet the requested
deadline.

Determmine missfons for AD systems in 1990's; configure
programs based on current technology base programs.
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ASAP SUMMER STUDY 1976
- YOLUME 2 OF 6 VOLUMES -
AVIATION SYSTEMS SUBGROUP

The subgroup addressed four areas qf significance:

AMRDL and {ts Flight Research Simulator
RPY Program

Human Factors/Behavorfal Sciences
Helicopter Weapons System Design Integration

General Recommendation

A “center of competence” should be established for the purpose of Weapons
System Integg;tion. This coordinated effort would be expected to Tocus the
atfention of the weapons systems design community, the airframe designers,
the avionics community, and those conceived with human factors or system

problems now {nadequately addressed.

Specific Recommendations

Flight Simulator

Move target date for a flight simulator facflity to optimize the nap-of-the.
earth (NOE) mission helicopter and 1ts associated system to 1979 from 1981,

RPY Programs

Funding and the schedule of this program grossly inadequate 1n re1ation to
program objectives.

To remedy this situation:
1) Increase or reprogram funding of Aquila program

e to ensure a sufficiently reliable system

¢ to develop an in-depth program to determine
RPY mission effectiveness. ,

2) Allow AVSCOM more tfme to test the reliabi]ity of Aquila systems
prior to transition to user,

3) Have RPY component development programs address specific critical
needs unearthed during {nitial testing phases,

4) Terminate/transfer to other 1ine elements all RPV payload develop-
. ment if 1t does not directly support day or night target acquisition
- or designatfon.

Human Factors:

A unifying structure is necessany to review human factors; assign such
responsibility.
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ASAP SUMMER STUDY 1976
- VOLUME 3 OF 6 -
ELECTRONIC SYSTEMS SUBGROUPS

Recommendations

1. S.T.0.G. and User Requirements

L. e Encourage interaction between user/laboratories to provide
Joint input to future STOGs.

° User agencies should study future system concepts with assis-
tance from laboratories.

® Avoid tendency to “over specify” in STOG; do emphasize opera-
t10na1 requirements.

2.  Command and Control (C2)

] Use 6,1/6.2 and joint DARCOM laboratories/TRADOC studies to
explore new concepts far c2 (centralized versus de-centralized
systems ).

] Consider the inter-relationship of Army c2 system; must examine
the need for {nformation exchange.

3. EW Harfére

.. Deleted for security reasons.

4. ADP (Automatic Data Processing)

oo ooe.e - Strengthen interaction between TRADOC planners and ECOM ADP
Do ;3;::— Systam engineens.

e f?"BgveTop a strong ECOM and BMD ADP 1{aison. .
‘{0' - 'Establish ADP System Engineering in ECOM's laboratories.

® Seek.a more flexible concept for Fourth Generation Military
Computer Family to allow subst1tut1on of hardware modules
T FA,.for software modules.

e e,
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Tactical Communtcations

Several recommendations relate to requirements to improve elec-
tronic vulnerability and flexibility of specific systems and
cannot be provided because of security classification.

Compare technical/tactical capabilities of newer and older
beyond-1ine-of-sight connectivity (at moderate ranges)

mm wave/laser atmospheric scattering
satellites

artificial ionosphere

airborne relay.
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ASAP SUMMER STUDY 1976
- YOLUME 4 of 6 -
MISSILE SYSTEMS SUBGROUP REPORT

Findings:

MICOM plan genera]Iy agrees with STOG elements

The technology base supports all STOG elements for MICOM plan except
for addressing the all-weather and fire-and-forget technology. These

requirements (in MICOM prior to STOG publication) are incompatible
with weight constraint employed in the system concept.

Recommendatibns for Further Emphasis:

~ Close Combat, espectally battlefield visibility

Fire Support (regarding WP artillery which outrages/outnumbers
NATO artillery)

Air Mobility -(reduce time required for target acquisition)

Air Defense (No program was identified as being underemphasized.)

Good Qualitj/High Relevance, but not directly supported by STOG:
Software development for complex weapons systems

Investigation of KE ki1l by missiles (need for feasibilify study
Carrying an "eye-ball* with an RCM to an area of interest has

been evaluated as feasible -- explore use in anti-tank indirect fire.
Work Not Being Done

Deleted due.to security classification.

Discontinue Work
e Discontinue/reduce in favor of other programs.
. Advanced'nultipurpogg Missile Program

- Use medium range anti-tank missile instead.

e Two Radar Programs in Air Defense (Hemispheric Dome, Quiet Radar)

.- Do not go past prototype.
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ASAP SUMMER STUDY 1976
- YOLUME 5 OF 6 -
MOBILITY SUBGROUP

Methodology
Subgroup #5 adopted the Quadripartile Objective (Q0) for Tactical Mobility

{STOG 77). Only ground aspects of Air Mobility were considered. The study
was divided into MERADCOM, TARADCOM, and the Army Corps of Engineers programs.

Recommendations

1. The following program should be cancelled:

) Surface preparation to support heavy vehicles

2. The following programs are adequate and in accordance with STOG 77 and
need no additfonal funds:

Specialty products for combat forces

Far-forward terrain survey

Fuels/lubricants

Electric power

Modeling and simulation for combat and tactica)
support vehicle systems

Test bed vehicles

Infinitely variable transmissions :

3. The following mobility programs meet STOG 77 objectives, but need additional
funding to meet systems development goals:

Barriers to enemy movement

Route and gap-crossing

Map production and d1ssem1nation
Terrain data updating

Counter-mine

Barriers for combat mobility support
-Bridging for mobility enhancement.
Containers/materjals handling

Fuels handling equipment

High temperature, high-efficiency engines
External, self-contained suspensions-
Tracks and wheels :
Active and passive protection
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4. The following programs need a new STOG review as well as additional
funding:

Improvements in Army Mobility Model (AMM)

Modifications of AMM for tactical use

Combat engineer equipment model

Logistics over the shore

Environmental control

Advanced systems concepts for combat and
tactical vehicle system

Fuels for vehicle mobility

5. The following mobility Technology Base programs are adequately funded
but need a re-vamped STOG: .

Camouflage/counter-surveillance
.. -Materials for vehicle mobility enhancement
- Combustion for mobility improvements
Heat transfers and dynamics of vehicle mobility
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ASAP SUMMER STUDY 1976
- VOLUME 6 of 6 =
SOLDIER SUPPORT SYSTEMS SUBGROUP

Findings and Recommendations

Overall, the ST0G-77 tacks guidance as to when a capability is needed.
Some ST0G-77 items are so broad that almost any program can be considered
responsive. It is recommended that ST0G-78 items be sharpened in terms
of time frame and specificity.

Specific Recommendations

A. Human Resources and Personnel Administration
1. Establish a program to meet future manpower concerns:
() changing population distributions
e . impacts of changing economic conditions
on recruitment/retention of personnel
2. Measure unit effectiveness in terms of leadership and management
techniques.
B. Training

1. Add techn1ca1/sc1ent1fic support to the foliow1ng critical training

areas:

. Retention

. Technology base for training dev1ces and simulators

) Large unit combat simulation

. Technology base for field technical manual preparation
. Modes of presentation other than the printed page

2. Increase support.to simulation technology

C. Medical, Dental, and Life Support Systems

1. Incorporate more detailed STOG's in the biomedicine and health
capability category

2. Emphasize these chemica]/biologicﬁl warfafe concerns:

effects of chemicaI/bio1ogica1 agents .
diagnosis of CB effects

potential vaccine protection

potential drug protection and/or theraov
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D.

E.

N R

G.

I.

Human Engineering and Performance Enhancement

1.. Upgrade STOG to reflect the detailed and coherent human
- -engineering program the Army needs.

2. Use human factors information much earlier in the system
design and development cycle.

Food and Water

| i;' Address the technology base aspects (war and peacetime) of

subsistence and food service systems.

2. Give higher priority to water purification, supply, and
distribution in STOG's.

éTb%ninétéﬁd Individual Equipment

1. The nuclear-bfological-chemical (NBC) threat to the individual
soldier must- receive more detailed attention in the STOG.

2. The program that deals with the NBC aspects of soldier support
. must address:

e Individual clothing and equipment protection
o Decontamination equipment and procedures
Air Drop
1. . Start efforts on equipment location and assembly aids.
2; Consider "stand-off" delivery systems.

Nuclear, Biologtcal, and Chemical Warfare Protection

1. Incorporate NBC protection features in new designs, equipment,
~  c¢lothing, and shelters.

2. Develop a simple water kit to test for the possibie'presénce of
chemical agents.

Soldier Support Engineering.

i; Establish and fund a 6.1 program for camouf!age.

2. Include NBC protection as an integrated part of environmental
control systems where applicable.
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ARMY/AIR FORCE JOINT SUMMER STUDY
U.S. AIR FORCE ACADEMY 1978

GOAL

Address four topfcs identified by Tactical Air Command {TAC) and
Training and Doctrine Command (TRADOC{ as high-priority items for combined
Air Force/Army attention:

. Reliable IFF of aircraft by ground-based AD systems

¢ Improved capability to provide supporting firepower
by systems of either Service-using target acquisition,
means of either Service

° Effective capabjlity to interdict gnemy cammand and
-control
® Accurate location and reliable classification by type,

or identification by specific unit, of enemy AD systems.

METHOD

Four task.groups, aligned to the specific goals; and looking to both
the near term (up to 1983) and longer term {after 1983).

FINDINGS AND RECOMMENDATIONS

Each of the Task Groups addresed thefr topic arga in terms of Allfed
Operations in the NATO Central Arena.

Task Group I: 'NATO Air Defense Environment for Aircfaft‘ldentificat1on

Task Group I findings and recommendations are deleted due to security
classification. :

Task Group II: Supporting Fire for Friendly Forces

. Task Group II findings and recoﬁmendations ére deleted due to security
~classification, _ _ ‘ : .

Task Group III: Interdictfon of Enemy.Commahd/Contfol.

' Task Group III findings and recommendations are deleted due to security
classification. _ L PR ! :
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Task Group IV: Templating and Countering Soviet Defenée on the Battlefield

Task Group IV findings and recommendations are deleted due to security
classification.

Overall Recommendations of the Joint Study on €3 in the NATO European
‘Environment

Deleted due to security classificatton.
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ODDRE PROJECT HINDSIGHT
OCTOBER 1969

Goals

(1) Determine which management factors are important to:

. Making research and development programs more
productive

(] Ensuring utilization of technology base program
results.

(2) Measure the overall increase in cost-effectiveness, for current generation
weapon systems, that can be traced to any part of the DoD investment in
science and technology research.

{3) The strategies adopted to achieve these goals involved:

) Determining the extent to which new weapon systems are actually
dependent upon recent advances in science and technology for
- thejr:

- increase in system effectiveness

- decrease in cost
increase in cost-effectiveness compared to a
‘predecessor system.

(] Detemmining the proportion of sny new tecﬁnology. required for
attaining the above system improvements, that was a result of
DoD-financed research in science and technology.

. Determining those significant management and environmental factors
(as seen by the S&E research community) that’ 1ead to high utili-
zation of research results, , ,

(] If there is, in fact, a strong reliance on new science and tech-
nology, devising a value = cost index which measures the return
on investment research, This quantitative measure should be in
terms of the enhanced cost-effectiveness made possible by the
purchased knowledge. .

Finding
For each strategy.

| For Strate : Marked]y 1mgroved weapons systems result from skillfully
combining a considerable number of sc1ent1fic and techno!ogica1 advances.
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For Strategy 2: More than 85% percent of new science and technology util{zed
n weapon systems resulted from DoD financed programs.

For Strategy 3: The utilization factor 1s insensitive to the classic policy/
management differences between U.S. 1ndustry, DoD in-house taboratories, and
university assoctated science and technology centers., It may, however, be
sensitive to the differences in these types of organization and the classic
academic organization structure of universities, :

~Most new technology utilized comes from research prograﬁs undertaken in response
to recognized Defense problems. The scientist provides phenomenological explana-

tions to the engineer who uses unified scientific theory and codified scientific
information,

Research programs oriented toward specific types of equipment have $een par-
ticularly successful in generating utilized knowledge.

Attainment of both 2 higher combined inventiveness and uttlization rate is

" dependent on:

the recbgnition of need,
a source of ideas in the form of an educated talent pool,
capital resources, and

an adequate communication path to potentfal users.

;
.
. e ®e e

éof ﬁtraié .'4: Séverai factors refute the possibility of a simple or linear
relationship between cost of research and value received, including:

° Pervasive use of one technology, 1f used in our systems,
throughout many other systems.

¢  Improved weapon-systems or end-item equipments tend fo_be'
synergistic rather than cumulative consequences of the
several embodied science and technology advances.

° The relative amount of new scientific or technological
knowledge required to achieve greater effectiveness, lower
cost, or improved cost-effectiveness of a new system
increases with the technical complexity of a predecessor

system. -

* - Therefore:any crude approximation of measured value versus
_ research expenditure 1s delusory. Return or investment will
always appear greater where an improvement is made to a simple
.system. - . - .
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DOD LABORATORY UTILIZATION STUDY (1975)

Goals
(1) Determine requirements for DoD laboratories.
(2) Assess the capability of the laboratories to meet these requirements,

(3) 1dentify excess capacity, overlapping capabilities, shortfalls, or
instances where R&D could be contracted to industry at a saving.

(4) Define a program to upgrade the quality of the laboratories.

Specific Recommendations

Army:

¢ Restructure laboratories into a smaller number of development
centers.

¢ Reorganize part of Army Material Command to simplify reporting
chain for commodity command laboratories.

¢ Formulate and document a system for ffnancial control on size
of laboratories.

e Document the technology base program planning and approval authority.

e Enhance military R&D career pattern.

¢ Reduce the redundancy in functionﬁ/platfonn assignments and inter-
lab competition for funds.

e Change technology base management to correct fragmentation, uneven
quality, and ineffective technology transfer,

e Improve utflization of Naval per;onne]..

Air Force:
8 Increase 6.1 contract research program.

e Increase laboratory 1nvolvement 1n development through demonstratfon
- of end ftem feasibility. ,

. 'Bmolgemate labs into centers qTi1ed-w1th oroduét divisions., -
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Establish cohtro]s on labs in-house/contract ratio.

Increase focus on C3,

Conclusions and Recommendations

There is a vital role for the laboratories not satisfactorily
available. from {ndustry, universities, FCRC's, systems commands, etc.

. f&ﬁ formal laboratory comment on the technical risks of any new pro-

gram should be required in the DCP/DSARC process.

Laboratories should be operated by specifying only their maximum
allowable level of in-house funding and leaving decisions on the
mix and number of personnel to laboratory director.

... There 1s excessive fn-house effort in the areas of materials and
“" 'structures, electronics. and weapons in both the Army and Navy and

in the research area in the Army and Afr Force.

Number of §n-house personnel working in the technology base should
be reduced by 10% to 15%. \
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APPENDIX €
FIGURE OF MERIT ASSESSMENTS

This appendix serves as an audit trail of the Figure of

Merit calculations for all of the technologies considered by -

the panel. A 1ist of these technolofies and a sample Figure
of Merit assessment format precedes a tabulation of the
results. These numbers are the basis for the determination
of tcg Order of Magnitude Technologies shown in the main
report. : ' :

© ew
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ORDER OF MAGNITUDE TECHNOLOGIES
(CANDIDATES CONSIDERED)

DIRECTED EWERGY: Short Mavalength Lasers; Compact Efffcient Chemical Lasers; Large Space Strectwres;
T Kdaptive Optics; High cndhnt Electron Accﬂ: hlud Power; mu Power lllcmms lhutnl

. Pyrticle Beams; X-Ray Lasers (muc-pumped)

"RADAR TECHNOLOGY: Spsce Based Radar; Solid State Microwave Components

ELECTRO-OPTICS TECHMOLOGY: High Density Monolith EO/IR Semsor Systems; On-Board Dats Processing {Clutter
Suppression); Active E0-AO0 Filtersi Spece Coolers

COMPUTER SCIENCE: Supercomputers (including Advanced Al tll-sh Rdvenced Software Techniques Hachime

Intelllgmcu {vision, speech understanding, inference ond deductiom, kmewledge bases, matural
languages); Education Technology; Optical Computers; Wicroprocessors Based Personmal Training
Alds; Distrihuted Data Bases

Mturlms TECHMOLOGY: Sectre Survivable Commmications; Distributed Commmications; Integrated Data,
Text and Volce Networks; Packet Switching

) WICRDELECTRONICS: VWHSIC3 Non-Volatile Solid State Bemovies; Sracefully Degradable Chip Architectures;

Uptoelectronics

P BN RN, Ity et eVt gite e st Mt
Space Fabrication hdtn ques

SIOCHENICAL TECHMOLOGY: Genetic Eugllleerlng; Microencapsulation

WATERIALS: Advanced Composite Materials; Toughemed Cersmics: 14 Solidificat
Semiconductors; Multiphasic and Layered w,-'ﬂ.},’um'm__“:"” Technology; Compownd

SURVIVABYLITY ENHANCEMENTS: Active and Passive Stealth 1
I ETectraTeaTs Low covt 10 i ECN Technology: Satellite System Mardening

ASM:  Nom-acoustic ASW; Acoustic Arrays (Clear Day, FOSS); Active Somar, Autonomows Submersibles
SPACE WARFARE: MHY; Antiground Space Weapon
STRATEGIC OFFENSE: Terminally Guided RVs
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APPENDIX D
BACKGROUND PAPERS ON ORDER OF MAGNITUDE TECHNOLOGIES



1. TECHNOLOGY: Very High Speed Integrated Circuits (VHSIC)

What §s it? This development area covers technologies supporting design
and architecture methods for laying out chips with up to 100,000 gates,
providing the advances in 1ithography and processing necessary for 1,25
to submicron linewidths in fabricating such chips and demonstrating signal
processing functfons at the brassboard level.

Why is it important? What difference can it make? Such devices will
enable a wide range of revolut{onary miTitary capabilities through their
100-fold increase in signal processing speed, greatly reduced cost per
function, and lowered size, weight, and power. A summary of selected signal
processing applications follows:

] Autonomous, adaptive satellite sensor and RPV sensor
processing (IR, ESM, and radar)

® Anti-jam communications and radar systems with very wide
instantaneous bandwidths :

) Survivable, intelligent distributed processing

. Adaptive missile guidance with improved accuracy,
recognition capability, and ECCM

] Real-time advanced acoustic array processing
and rapid correlation and screening of multjarray data

® Adaptive navigation and guidance.
VHSIC technology offers greatly improved capabilities fn self-test and
repair, and offers simplified operation (transparent complexity).

What §s the current status? The program has demonstrated the processing
and Tithography capability for 1.25g features for silicon devices.

What is the current DoD program? The VHSIC program is a vertfcally
integrated, tri-Service effort with FY 81 funding of $40M. DARPA also
funds related technology and research (VLSI) ($21.6M).

What should the DoD gro?ram be? Although the VHSIC program is an aggres-
sive effort aimed at end applications, there is a need for a more aggressive
plan for early 6.3A demonstration to aid in the transition problem,

What are the measures of success? The VHSIC program should have three
major criteria applied.

1. Technological: feature size (1.25u to submicron); gates per chip
(105}; radiation tolerance; design flexibility

2. Processing power: 100-fold increase in throughput rate (5 x 101l
gate-Hz/cm2) A -

3. Early technology insertion in key applications {e.g., A-J communi-
cations in three years). '



2. TECHNOLOGY: Active and Passive Stealth

What is it? Stealth technology includes a range of techniques for reducing
the signature of a vehicle or sensor to radar and optical surveillance systems.
These techniques include active and passive methods: radar absorbing materials
and structures, advanced designs/shapes, optical absorbers, techniques for
reducing the emitted signature, and repeaters/transponders.

Why is it important? What difference can it make? Active and passive
Stealth techniques are critical to successful penetration of advanced defenses
for strike or surveillance missions, either strategic or tactical. Stealth
enables survivable operation of high value platforms in a high threat environ-
ment. Such techniques are also crucial to cruise missile penetratinn and
effectiveness, Stealth techniques have the fnherent capability to counter
high investment threat defensive surveillance capabilities.

What is the current status? Techniques have been developed for effectively
reducing the signature of a strategic aircraft-sized platform for operation
against advanced defense surveillance systems. Other techniques are being pur-
sued for)further reductions and for application to other systems (e.g., cruise
missiles),

What is the current DoD program? Deleted due to security classifi-
cation. o

What should the DoD program be? The current program is adequate to
exploit available technicai opportunities. A greater emphasis is needed on
early 6.3A demonstrations (6.3 "Technology Insertion" demonstration). For
example, a full scale demonstration of a large Stealth aircraft could preciude
too early a commitment to a strategic bomber based on the availability of
Stealth techniques. Further, such a demonstration would define the effective-
ness of U.S. air defenses to the Soviet deployment of Stealth techniques.

What are the measures of success? The most credible measure of success is
actual measurement data of a signature collected on a full-scale aircraft or
mock-up. A successful program would reduce the signature of a bomber-sized
aircraft significantly across a wide spectrum of RF frequencies, !¢ .7
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3. TECHNOLOGY: Advanced Software

What s it? This technology covers advanced software engineering tech-
niques including software development tools, advanced higher level languages
and operating environments, non-procedural languages, speech processing
and recognition, and fast algorithms.

Why is it important? What difference can it make? The importance of
software technology will increase as computers proliferate throughout the
military and as microprocessing architectures become more complex. Soft-
ware costs have risen to command 80-90% of the investment and 1ife cycle
costs of deployed computer systems and are projected to increase still
further. Advanced software techniques can have an order of magnitude
impact on such costs. Such advances will.impact future capabilities for
sustained operations, for near-real-time integration of the targeting and
strike functions; for effective operation in heavy ECM environments, for
compiex battle management, and for tactical integration of space surveil-
lance and targeting data. Cost effective software technology is crucial for:

Assuring software portability (including operating systems)
Fast software design, assembly, testing, and maintenance
Growth over time (expansion adaptation)

Computational robustness and fault tolerance

Automated programming.

Order of magnitude impact is projected for all of these performance
attributes.

What is the current status? Software is early in its development as an
engineering discipline, ADA, a <standard language, has been developed for
use throughout DoD. A wide variety of software develppment tools has been
developed within industry. No standard operating system yet exists, There
is as yet no coordinated, effective, tri- Service program pursuing'high-
leverage software advancements.

What is the current DoD program? The current DoD program in advanced
software 15 estimated at $/M. 1he bulk of this effort is centered at DARPA.

Most Service programs emphas1ze instruction set architectures and stereotype
software applications. In nearly every case embedded software developments

are lagging hardware auuulopments.

What should the DoD grqgram be? Because of its pervasive impact on
future capability in all areas of warfare, this technology should be orga-
nized similarly to the VHSIC program. Further, the DoD program should be
expanded to $30M. to address the following promlsing opportunity areas:

Fast algor?thms deve1opment
Efficient software portabi11ty :
Standard operating systems» o
- Survivable networking .
- Echelons of computing
" Signal characterization for rea? tlme 1nterpretat1on
Speech recognition and dnderstanding :
Advanced li cycle management tools.
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This program should be vertically integrated, managéd by ASD(R&T), and
critically coordinated among the Services. The creation of a separate
Tine ‘item to fence the funding may be appropriate. : '

What are the measures of success? The success criteria which should

be used in measuring the evolution of advanced software and new faster
algorithms should be:

1.

2.
3.

4,

Programmer productivity (order of magnitude impgcf
within three to five years) :

Software reliability and robustness

Software development costs (noticeable shift from
the 90% costs embedded in militacy computer systems)

Enhahced processing throughput for widely used functions
(e.g., Fourier transform and multipath correlations).

Detailed comparison. standards should be developed as an early effort
under this new program emphasis: also, a plan for system/application
demonstration should be developed with certain applications being demon-
strated as part of a vertically integrated program.
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4. TECHNOLOGY: Microprocessor-Based Personal Learning Aids

What is it? This technology covers the application of microprocessors
and the available commercial education and game software base (e.g., Plato)
to individualized military personnel training. The technology base develop-
ments within this technology are of two kinds:

1. Development of relevant applications software, ,
2. Conducting training experiments of sufficient size to judge
effectiveness.

Why is it ‘important? What difference can it make? This techpology
can become a crucial part of troop training:

] The‘u.s. military has a serious problem recruiting tech-
nically literate personnel to operate advanced weapon
systems.,

’ The present generation of Americans has been raised in an

academic environment with a declining emphasis on science
and mathematics. On the other hand, this generation {s
exposed to a culture with greatly enhanced receptivity to
computer training {e.g., great exposure to television, per-
sona; calculators and computers, arcade games, smart games,
etc.).

0 Selected experiments in the commercial markets éhow order of
magnitude results in use of microprocessors for learning.

] In future warfare the premium is on flexihility where rapid
retraining of personnel will be crucfal.

The criticality of this technology is high for training of military per-
sonnel for operations in advanced warfare environments: novel operating
procedure, advanced maintenance techniques, new concepts for weapon employ-
ment, employment of EW Countermeasures, and continued operation in CBR
and EW environments. In the EW area, the inadequacy of training has been’
detrimental both in terms of operational readiness and in temms of providing
an increased understanding of the long term role of EW in warfare. The
latter factor has been a major hindrance to the coherent evolution of EW.
Success in this technology can lead to a significant reduction in training
. time (where such techniques are often the only realistic methods for train-

ing), a significant reduction training costs, and the achievement of
higher. skill levels. ) o

. What is the current status? There are a number of personal training
aids and games now being marketed commercially (e.g., Plato). No similar

_ set exists within the DoD;



What §s the current DoD program? Although there {s an aggressive tech-
nology base program in the general area of education technology, there is
no identified support of microprocessor-based personal training. The focus
of the current program is on large scale simulations for training in high
skill areas. There is no program specifically afmed at the exploitation
of microprocessors for training (a "Speak and Spell" for the military).

What should the DoD program be? What is needed is to find a way of
pushing inexpensive microprocessors for training into the field. The DoD
program should initiate experiments with new software and emphasize situa-
tions where quick results are very apparent. It is important not to get
bogged down with large "statistically relevant" studies with large control
groups, etc. A program of $4M is recommended to initiate this effort.

What are the measures of success? The key measure of success for this
technology base effort is transitions to widespread use throughout 'various
sectors of the military. A detailed plan of the targeted applications
should be developed early in this recommended program. In the short term
identify learning acceleration in a wide variety of field and laboratory
experiments {one to three years). In the long term, perform more controlled
exper;ments with cost analysis of training effectiveness (three to five
years),




5. TECHNOLOGY: Fatl-Safe, Fault Tolerant Electronfcs

What 1s 1t? This technology covers.electronic sensors, computer sys-

- tems (maxf, mini, or micro), and network techniques enabling continued

operation with one or more functional components inoperative. Continued
operation is accomplished by incorporating additional subsystems (components)
and/or algorithms which, without external stimulus or resistance, ensure
that occurrences of erroneous internal states do not result in internal
failures. The techniques included provide a "self-policing" capability.

Why is it- important? There is and will continue to be a pervasive use -
of advanced electronics systems throughout military warfare (sensors, com-
puters, and networks). The complexity of operation of these systems and
their poor reliability in the field have impacted their value in an opera-
tional environment. Techniques covered herein provide: .

(] Increases in electronic system avaflability and reliability,
particularly in rugged environments

° Greatly reduced life cycle costs

(] Simplified test and repair.

Such techniques can have a significant impact on operational readiness.

What is the current status? A range of techniques have evolved through
commercial and university R&D. There is a significant commercial drive to
develop such techniques for both microprocessors and complex computer systems
and networks. Some techniques have evolved into military electronics.

What is the current DoD program? There is no central program in this
technology, especially for the full range of tactical systems. The Air
Force has a program in fault tolerant networks and electronics which empha-
sizes software techniques. An estimated $5M is being. invested in fault
tolerant techniques, spread throughout a large number of programs including
the supporting technology phase of VHSIC. '

What should the DoD program be? A centralized, vertically integrated
program 1s necessary to fully exploit the potential of this technology.
As with software, a VHSIC-1ike program can evolve a full range. of systems
with fail soft, fault tolerant characteéristics for tactical and strategic
applications, A $10M program which emphasizes tactical applications should
be established. - - - . o

 The key areas for work are in modeling.and analysis of networks and
systems, techniques for automatic control or adaptive selection of degraded
modes of operation, and near-real-time automatic reconfiguration.

What are the measures of success? Tactical demonstrations of such
techniques with wide applicability should be selected. Detailed measure

.'of success for such demonstrations-should be developed: .

. _”Equfpﬁeht avaifhbiiiiy;and:ré11hb311ty in the field.
'8 Degradation as a function of number of component failures.
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6. TECHNOLOGY: Rapid Solidification Technology

What is it? Rapid solidification includes process technolog;ss for pro-
ducing powders which have been solidified at rates greater than 10%°C/sec

and which are suitable for consolidation into practical structural shapes.
Research requirements include alloy development, dessaturation, and property
measurement. Rapid solidification as a technology would also include incre-
mental solidification of a metal deposit (powder or wire fed) on a substrate
using laser or electron beam heating. Laser or electron beam heating can also
be used for producing a melt poal on a surface for generating a self-quenched
surface layer. Rapid solidification also includes melt spinning, a process
which withdraws a rapidly-cooled filament or strip from a molten pool.

Why is it important? What difference can it make? Military applications
of powder metallurgy include infantry armament; electrical distribution
systems; more-durable jet engine, higher-thrust, 1ight engines and airframes
for increased thrust-to-weight ratios; and lighter-weight land vehicles.
Materials made with rapidiy-solidified powders are improved in almost every
engineering property -- strength, toughness, fatigue, elevated temperature
capability and corrosion resistance. The ability to produce components
exhibiting such properties at lower cost, decreased strategic material
input, and greatly improved durability is extremely critical to the overall
performance of various military systems. The technology can be applied to
most classes of materials to include superalloys, alloys of iron, aluminum,
and titanium; refractory metals; ceramics; and metal-matrix composites.

What is the current status? The U.S. has a worldwide lead in the manu-
facturing scale processing of rapidly-solidified powders and powder products.
However, there are a number of major scientific and technical questions that
need to be resolved before large investments for commercial use of this tech-
nology can be made. Furthermore, a data base must be generated to satisfy
designer needs. ' :

What is the current DoD program? The total DoD program (Seﬁvices and
DARPA 6.1 + 6.2 + 6.3A) 1s 525;23. Other U.S. agencies contribute around

$6M more to this teéhno]ogy for a variety of potential non-DoD applications.

What should the DoD program be? This technology requires a major long
range .commitment by DoD and an effort to transition this technology to
industry. The technology has an extremely high-payoff across-the-board for
military equipment. An overall investment of approximately $200M over the
next five years may be required to establish commercial sources of supply
of RSR superalloys, aluminum alloys, and ferrous alloys currently under
development. :

What are the measures of success? This program will be successful if
the foTTowing near-term (5-10 years$ and far term (>10 years) goals are
achieved: ’ o
Near Term ‘

] A ].5(."°i= {ncrease in the turbine-inlet-temperature capability of

turbine blade superalloys is achieved.
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° A 50% reduction in cobalt content of jet-engine, hot-core materials
i{s demonstrated to be feastble.

] A 25% increase in the specific toughness and specific strength
of afrframe aluminum alloys can be achieved by RSR technology
compared with current 2000 series alloys.

(] A 100°F temperature capability of RSR aluminum alloys or current
2000 series alloys is demonstrated.

Long Term

e A factor of two or better 1ife extension will be demonstrated
through RSR technology in the fellowing hardware categories:

Jet engine turbine and compression blades

High performance bearings )

Reciprocating and diesel engine components

Afrframe structures

Critical ferrous alloy structure exposed to erosive
and corrosive environments.

o  Superalloy turbine blades which will withstand turbine inlet
temperatures of 3000°F or higher.
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7. JECHNOLOGY: Machine Intelligence

What {s it? This technology is the know-how for heuristic programming
and focuses on advanced computer-based systems having adaptive, decision-
making characteristics, including techniques for data filtering, multisensor
correlation and integration, and automatic adaptation to unanticipated
situations. This technology can furnish system with broad knowledge of
acts and strategies for dealing with any specific problem or with a class
of problems. This general approach can lead to systems with far greater
adaptability, flexibility, and survivability than can be achieved with .
more conventional designs. It also provides for a more natural man/machine
and man/software interaction.

Why is it important? What difference can it make? Machine intelligence
offers the promise of a wide range of military capabilities including:

) 2 and Crises Management - Self-adapting software systems
are able to make signi?icant changes in their internal pro-
cessing logic in response to user commands or based on past
demands -which have been placed on the system. Coupled with
speech processing, a commander can interrogate, in ordinary
English, a set of distributed computerized data bases to form
an assessment of his own assets or to test the feasibility of
a contingency plan. '

[ Autonomous Weapon = A cruise missile, torpedo or mine incorpo-

' rating machine intelligence can accomplish some of the functions
normally performed by manned systems. A “"smart" RPV, for
example, can make. adjustments in the prosecution of its mission
based on an iterative process of sensor updates and "decision”
points integrated into its computer logic. Such an autonomous
weapon can be made impervious to conventfonal jamming.

. Automatic Programming - Computer software is a multibillion
dollar expense in defense procurements and operations. It .
should be possible within the next 20 years to make quantum 6
improvements in verifying the consistency of programs with
specifications based on a machine intelligence methodology.

The cost savings can be enormous.

) Expert Data éaées - The use of expert'data bases in tactical
- . operations can provide revolutionary improvement in the effec-
" tiveness of decision making in high stress environments,

What is the current status? Machine intelligence, as a science is at a very
early stage of development. There are currently only 250 qualified scientists
and engineers in the country with approximately 25 project leaders. Training
is centered in three premier universities (MIT, Standford, and Carnegie-Mellon)
with 12 second-tier universities producing 10-20 PhDs annually. The industry/

. DoD demand is greater than the supply of expertise and the situation is getting
. worse. o . R
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What is the current DoD program? DoD agencies sponsor some $13.2M annually
for contract work with negl1g§51e Tn-house work. The focus of this work is
on basic research with 1ittle emphasis on the military applications. NPG in
Monterey offers a course in machine intelligence methods.

What should the DoD program be? The DoD program should be increased to a
total of $25M including fEe 3olloiﬁng reorfentation:

1. Concentrate on a few technical areas - modeling, generic expert
systems, cooperative and distributed systems, and large data base
management systems.,

2. Focus. applications ~ tactical assessment, distributed weapons
control, software verification.

3. Manpower and training - train military personnel for machine
inteliigence development and application through in-service
programs and university training. Develop management-level
and command-1evel seminars. :

4. Focal point for machine intelligence center - create a syner-
gistic mechanism for exploiting machine intelligence for military
use managed by 0SD.

What are the measures of success? This program would be successful ff at
least one significant new defense application of machine intelligence per year
can be achieved after 1985 and if the number of defense personnel trained in
machine intelligence methodology doubles every three years after 1983. Sig-
nificant Service involvement is required at the outset to focus the early
demonstration on the most important applications.
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8. TECHNOLUGY: Supercomputers

What is 1t? This technology covers advanced processor developments
(1ncluding pipeline, parallet, and multiprocessors). Although advanced
devices such as optical and cryogenic provide significant fmprovements in
computer performance, they are not included under this category., The crit-
ical technology included {s in architecture development. ' The most important
architectures are those which incorporate VLSI/VHSIC hardware and which
include solution to problems of timing, partitioning of functions, and inter-
faces for systems with a throughput greater than 100 MIPS.

Why is it important? What difference can it make? Advanced computer
architectures permit revolutionary improvements in computer system and/or
performance across a wide range of military systems, both strategic and
tactical:

° Advanced towed acoustic array processor
° BMD radar

0 Advanced hydrodynamic and aerodynamic modeling
o Advanced cryptography and intelligence exploitation techniques

) Large scale simulations.

The performance impact in the above systems will include higher compu-
tational throughput; broadband high resolutfon signal processing; compactness
(for a given computer capability); and automatic progqamming. ‘ :

What is the current status? The S-1 uniprocessor has been completed and

a demonstrated to have a2 throughput of 10 MIPS. A 4x4 multiprocessor will be
demonstrated within two years with throughput of up to 400 MIPS,

What is the current DoD program? The only supercomputer program (outside
?; t?ose.wﬁicﬁ evolve trom fﬁe”VﬂSIC program) sponsored by DoD 1s the S-1 program
9”.' N ' 4

What should the DoD program be? Due to the importance of the impact of
supercomputer technology on future U.S. capability, an aggressive program is
needed to capitalize on the available technical opportunities. The current
S-1 program moves in that direction but 1s not representative of potential
revolutionary technfcal improvements needed for the critical military appli-
- cations. A wider range of techniques should be sponsored. A total program

. of $15M is needed for.this effort. The Congressionally mandated S-1 program
is focusing only on one set of techniques. This focus s not in the best
interest of the country. B :

whét are the measures of success? Three demonstration efforts should
evolve from this program within two to three years:
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Large scale modeling and simulation demonstration (> 400 MIPS)

Cryptography demonstration (x 100 better than current computer
systems)

ASW 1nter-array processing (10 Giga IPS)

BMD radar processor (x 10 faster computation of key functions).
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9. TECHNKOLOGY: Advanced Composite Material

. What 1s 1t? Advanced composite materials fnclude graphite-reinforced
organic matrix, carbon-carbon, metal matrix, and ceramic matrix composites.
These materials are comprised of high modulus, low density, high strength
filaments embedded 1n a compatible matrix imparting mechanical continuity
and compatibi1ity. The fibers can include boron, carbon, polymers, silicon
carbide, alumina, etc, Matrix materials include polymers (epoxy, phenolic,
nylon, polymide, etc.), metals (Al, Mg, Ti, Pb, etc.g, carbon, and ceramics.

Why is 1t fmportant? What difference can it make?

1. Organic-Matrix Composttes in Airframes and Missiles - Organic
composites will revolutionize the airframe industry. Weight
savings translate directly into increased range, maneuverability,
and payload. The AV-8B which contains a higher amount of com-
posites than the AV-8A can carry two to three times the payload
and have two to three times the probability of ki1l on most missions.
Composites are found in tactical aircraft, TRIDENT, Minuteman and
the IUS. There are also numerous potential applications in tactical
vehicles, marine platforms and materials handling systems,

2. Carbon-Carbon - These materials are used in re-entry vehicle
nose tips and ICBM rocket nozzles. Materials performance strongly
affects the re-entry accuracy of strategic offensive missiles.
Technology-base-developed fine weave carbon-carbon materials are
prime candidates for the next generation of RVs.

3. Metal Matrix Composites - These materials will find wide application
in afrcraft, missiles, spacecraft, armaments, and ordnance. Major
weight savings and dimensional stability are provided by MMC, Large
structures in space will be highly dependent on MMC developments.

What §s the current status? Organic matrix s finding wide application in
industry. Lear Aviation has developed an all composite aircraft. Carbon-carbon
and metal.matrix are military-dominant technologfes. These composites have been

. demonstrated in a number of strategic applications.

“euvio o What- is the current DoD program? Organic matrix funding is $34M, carbon-
carbon 3s-313.3M and meta] matrix 1s $19.7M. The total is $67.0M.

What should the DoD program be? Technology base funding for organic matrix
is a major portion of the total DoD advanced composites program. This effort may
be too high for 6.1/6.2 since such composites are finding wide application in
military and commercial aircraft. Some portion of this R&D should be included
within the various airframe programs. In carbonecarbon, continued development
of advanced nose tips and heat shields will probably lead to significant RV
accuracy improvement. Technology base funding is adequate for carbon-carbon,

For metal matrix, feasibility of major gains in military capability has been

demonstrated in the laboratory bul technology base funding is tight. A greater
level of effort in manufacturing technology is essential.
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¥hat are the measures of success? The following near-ters goals should
be obtained:

e Carbon-Carbon Composites

-  Demonstrated thermal protection for MX and D=5 MK-500
Maneuvering Re-Entry Vehicle

Demonstrated all-weather RY capabflity

o Metal Matrix Composites

«  Demonstrated performance improvements (weight savings, dimen-
sfona) stability, fatigue characteristics, higher temperature
operation, no contamfnatfon, improved radiation survivability)
as outlined below:

1.. Missile components (30% weight savings in upper
stages which provide fncreased range in strategic
missiles; tactical missile components with higher
temperature operation, extended range/payload,
mnissile fins with 60X weight reduction).

2. Materials for mines and torpedoes with deeper depth
capability (105 increase 1n depth capablity).

3. Aeropropulsion components with higher operating
temperatures and tip speeds; 103 thrust/weight
improvement.

4. Weight savings and dimensional stability in fmpor-
tant structures; spacecraft, airframe, shipborne and
spaceborne antennas, laser mirror substrates (100%
{mprovement {n beam capability).
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10. TECHNOLOGY: High Density Monolithic Focal Plane Arrays (FPA's) (U}

What is it? This technology covers Mosaic sensor arrays for optical
through IR operation where the detectors, first stage signal processor,
mu?tiplexer and output preamplifiers are within a monolithic structure.

The technology includes extrinsic silicon, hybrid InSb-Si, and HgCdTe arrays.
Ad¥anced coolers for space applications are also covered uithin this tech-
nology.

Why is it important? What difference can it make? The combination of
EO/IR FPA™s with monolithic devices for detectfon and processing enables
dramatic improvements in sensor performance (real time, onboard, adaptive

processing of data for >105 FPA elements allowing high sensitivity, high
resolution, and coverage over large areas in 2 single sensor.

() Strategfic Attack Assessment: Early detection for maxiﬁum
response time; provide targeting data on RV impact points
for hand-off to defense.

o Launch-Under-Attack Retargeting: Post-attack assessment
and retargeting for hand-off to inflight ICBM/SLBM.

(] Verylﬂigh Resolution Space Surveillance

(] Spacebased Real-Time Targeting of High Altitude Strategic
Aircraft (with future potential to detect low altitude air-
craft and perhaps cruise missiles).

e Near-Real-Time Theatre and Ocean Surveillance/Targeting

(] A wide array of tactical EO/IR capabilities (e.g., passive
search, cruise missile guidance).

1

Monolithic FPA's also provide real-time effective clutter rejection and
MTI capabilities. This technology is crucial in future tactical scenarios which
require long range surveillance (seeing deep), near-real-time integration of
target acquisition and strike, tactical use of space, and sustained warfare
(> 72 hours). :

What is the current status? Status deleted due to security classification.

What is the current DoQ;prqgram’ The current program 1s $102M, mostly
under the DARPA/STO program {$7/M of 6.2 in the DARPA and Services, and
$25M in 6.1). The program consists of system level proof of concepts in
space application, technology demonstrations (Si-X, HgCdTe arrays), and
phenomenology research (target, backgrounds).

What should the DoD program be? No change in the program is needed.
Continue with the current high magnitude program to ensure success in the
_planned demonstration programs,
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What are the measures of success?

1, System Demonstrations

Details deleted due to security classification.

2. Technology Demonstrations

Details deleted due to security classification.

3. Phenomenology

Details deleted due to security classification.
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11. TECHNOLOGY: Radiation Hardened, Advanced Electronics

What is 1t? This technology covers materials processing and special
design considerations for hardening electronic components, subsystems and
systems against natural (e.g., space) or artificial (e.g., radiation, EMP)
environmental effects. This technology also includes the necessary test
facilities and instruments for measuring vulnerability.

Hh¥ is it important? What difference can it make? This technology is
critical for military system surviva ty in current and expected future
military operations, particularly in nuclear warfare or in scenarios involving
directed energy weapons. Satellite and other space systems, an increasingly
important element of military operations, -are particularly soft. Similarly,
the trend toward wide exploitation of VHSIC technology presents a significant
challenge to hardening designers. The expected reliance on VHSIC raises the

. importance of hardening know-how. : '

What is its current status? Details deleted due to security classi-
fication. ;

What 1s the current DoD program? The current DoD program for hardening of
advanced electronics is fragmented and spread among many efforts (AFML, NRL,
NSWC, etc.). The EMP radiation, laser and microwave vulnerability and hardening
efforts are handled under separate programs.

What should the DoD program be? A much greater emphasis on advanced sensor/
processor hardening is needed. Further, a central focal point assigned the
responsibility for coordinating the work of all three Services and DARPA 1s
essential for such an effort to preclude unproductive redundancy. This pro-

gram should be fnitiated at a level of $15M, .

What are the measures of success? The key measure of success is a demon- .

strated increase in hardness sufficient to meet the JCS requirements’for:

° Spaceborne IR sensor
®  Spacebased radar
e . .1Spacebhséd'commun1€ations/navigation

) ~ VHSIC tactical procéssor
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12, TECHNOLOGY: Space Nuclear Power

What is it? This technology covers reactor techniques necessary for
achieving power levels greater then SOKW or greater. Such techniques
1nclude but are not 1imited to those incorporated in the LASL space reactor
system, :

Why is it important? Khat difference can {t make? Many future military
space systems require high power {(» B0KW) and greater survivability than

currently available:

(] Spacebased radar
® Directed energy weapons
] Man in space for military missdons y

'y Multipurpose IR battle management systems.

Nuclear reactor technology is inherently strong in both attributes. It
provides an order of magnitude advantage over competing solar techniques in
the cost of deljvered spacecraft power above S50KW and {s significantly harder
against the expected radiation environment. »

What s its current status? Details deleted due to security classi-
fication,

What is the current DoD program? There {s no DoD program in this tech-
nology. DOE 1s supporting work at CASL at a minimal level of effort.
This work supports the development of advanced heat fuses and high efficiency,
thermo-electric conversion techniques (particular emphasis on materials RéD),

What should the DoD program be? A meaningful demonstration program is
needed for a BU-100KN reactor to ensure the availability of the necessary
power for essentfal future space capabilites. The level of effort and
timing for such a program are uncertain.

What are the measures of success? The key measure of success is the full

scale demonstration of a space reactor of 50-100KW within five years,
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13, TECHNOLOGY: High Power Microwaves:

What is it? High power microwave generator technology covers methods
for generation and focusing of intense RF power (pulsed or CW) at high
frequencies (cm-mm Wave) as well as the phenomenology of interaction of
intense microwave radiation with materials, sensors, and electronics. The

key source technologies are gyrotrons, relativistic magnetirons, and free
electron lasers operating at RF frequencies.

Why is 1t important? What difference can it make? The high radiance
levels made possibie by recent advances in nhigh power, short wavelength
microwave generators will likely enable effective mobile tactical microwave
weapons as well as significant extensions of more conventional applications.

(] The potential for sensor and electronics damage at useful
operational ranges (systems hardened to practical Timits are
believed to be engaged at ranges on the order of 15-20 km)

e Unconventional anti-personnel weapbn
e  Conventional Jamming at greatly increased standoff ranges
® Longer range mm wave radar capébility with high resolution,

low multipath clutter, low probability of intercept, and
resistance to jamming. 4

What is its current status? Almost no vulnerability data exist for
tactical missiies and electronics at the high frequencies and power densities
of interest. The effectiveness of various hardening techniques s likewise
unknown. Developmental devices have achieved giaawatt peak powers and
100's of Kw average power at cm to mm Wave frequencies.

What is current DoD program? There 1s no DoD program pursuing Tactical
Microwave Directed tEnergy Weapons. The DoD program for high power microwave
generators is embodied in the advanced microwave jammer program ($20M). In
addition, the Navy has a $0.6M directed energy weapons program.

What should the DoD program be? Due to the high potential of high
power, short wavelength mgcrowave generators as an anti-sensor/electronics
and anti-personnel system and the need to understand the vulnerability of
U.S. sensors and electronics, greater emphasis is needed on the directed
energy applications. A program of $5-10M is needed to rapidly address
target vulnerability and hardening techniques. The devices themselves
are adequately supported at the present time.

What are the measures of success? The major uncertainty for this
technology is the vulnerability of various systems at the high frequencies
adn the effectiveness of hardening techniques. These questions should be
answered experimentally for representative targets within three years and
the results generalized to broader classes of targets and representative
application scenarios to assess effectiveness.
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14, TECHNOLOGY: Llarge Structures in Space

What 1s it? Large-scale, deployable, and erectable space structures will
require highTy innovative structural design and materials. New engineering
cancepts are needed to satisfy an increasingly complex mix of requirements
for maximum rigidity and minimum weight; control of structural, thermal,
and environmental loads; high survivability (against nuclear, laser, and
particle beam threats); elimination of creep and relaxation during storage;
and ease of space erectfon, joining, and proof testing. Optimal structural
design concepts for zero gravity are likely to be dramatically different
than those employed on earth, New methods for employing stored energy
and memory materials (reversibly transformable) will be sought to ease the
space erection burden. Active structures (with sensing and feedback) are
needed for advanced optical and radar systems. -

Active structures and adaptive optics technology are included within
this technology. Adaptive optics technology covers all methods of compensa-
tion for non-uniformities or turbulence within an optical train. These
techniques can compensate for atmospheric turbulence, for optics deformation,
or for poor beam quality.

Why s it important? What difference can it make?

1. Directed Energy - Particle beam and high energy lasers in space require
relatively large structures to accommodate focusing devices and in the case

of high energy laser, large sensors. High dimensional stability is required
for pointing and tracking. Adaptive optics techniques can provide an order
of magnitude improvement in capability for 2 space-based high energy laser
system or for optical sensors (ground-based EO/IR sensors for detection and
Tocation of targets within the atmosphere). Several orders of magnitude
improvement is projected in resolution or in energy on target. For a
space-based high energy laser weapon System, the:improvement in energy

‘on target has a significant impact on the size of the total system, a

major cost factor.

2. Radar - With the advent of the shuttle, 1t is conceivable that very large
radar systems can be deployed in space in monostatic and distatic modes.
Such radars can be used for a variety of functions:

e Detection/Track Radar for Land and Ocean Surveillance
° Multi-Mission Radar '
° Multistatic Missile_Detect1on Radar

3. Surveillance/E-0 - Exploiting the sensitivity of the mosaic focal plane
arrays requires large optics. Possible future systems include:

® ICBM Detection and Tracking System
) High Altitude Afr Vehicle Detection System
® Theatre and Ocean Surveillangg System
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What is the current status? As discussed above, adaptfve optics tech-
niques can be critical to such capabilities. A number of technical assessments
and preliminary design studies have been conducted. No major demonstration
projects are underway. The adaptive optics techniques under development
are emphasizing the laser weapon applications. There have been laboratory
demonstrations of an order of magnitude improvement in energy on target

. through atmospheric turbulence (up to a fundamental limit).

What is current Dol program? There are no DoD programs aimed specifi-
cally at this technology outside of adaptive optics. Many other programs
are supportive {(e.g., metal matrix composites). NASA has programs aimed
at building Tightwéight structures from metallic ribbons. The NASA program
:s ;égn. The estimated size of the current DoD effort in adaptive optics

s .

"~ MWhat_should the DoD grogram be? The current adaptive optics program
fs of adequate size to exploit available technical opportunities. Some
work is needed to emphasize sensor applications in addition to laser weapons
applications. In other large structure areas the DoD program 1s not adequate.
There is a need to define a series of demonstrations for future joint

NASA/DoD undertaking.

WNhat are the measures of success? -The adaptive optics program must
provide credible performance demonstrations in time to be integrated with
IR monolithic FPA demonstration and with high energy laser demonstrations.
A key area of concern is the availability of the necessary space transpor-
tation capability. A well thought-out plan for the evolution of such - .
structures should be prepared within DoD (six month effort).
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15. TECHNOLOGY: Optoelectronics

What is it? Optoelectronics {often termed integrated optics) 1s the
technology for integrating optical sources, switches, waveguides, modulators,
multiplexers, lenses, beam deflectors, and couplers on a single chip. The
two basic material systems for emitters and detectors are II1I-V compound
semiconductors and dielectric crystals (such as LiNbO3 and LiTa03). Wave-
guide materials include COp, glass, polymer, and compound semiconductors.

Why is it important? What difference can it make? Optoelectronics provide
a number of clear advantages for military communications and signal processing:

) Very high data and switching rates
) Immunity from EMI, EMP, ground 1oops
(] Rugged, compact, and low cost devices.

For military communications, optoelectronics provides optical switch rates
and throughput for data buses, computer/LS1 interconnections, and networks. In
signal processing, optoelectronics enables a very broadband high resolution
acoustic, ESM, and spectrum analysis capability; high speed A to D conversion;
broadband correlators and delay lines; programmable filters; and laser gyro
interferometers. Due to their ruggedness, cost, and size, such devices are
mission enabling in satellites, missiles, and aircraft.

What is its current status? An RF spectrum analyzer using an optoelectronics
device has demonstrated a 30 db dynamic range and 400 MHz bandwidth.

What is current DoD program? The current program includes both device tech-
nology efforts and several demonstration projects (ESM, A to D conversion). The
;otal budget s contained within the Fiber Optics Program which {s estimated at

15M,

What should the DoD program be? No changes are needed in communications
application, Expansion of computer related high throughput applications.

What are the measures of success? The current effort should produce the
following demonstrations of capability within three years:

RF Spectrum Analyzer (1GHz; 40 db dynamic range)
A to D Convertor (> 1 GBPS)

Laser Gyro Interferometer {< .0001°/hr)
Programmable Filters and Correlators.
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16. TECHNOLOGY: Space-Based Radar

What is 1t? The key technologies encompassed under this categor
include advanced solid state microwave devices (preferably three term{;al
FET amplifiers), advanced antennas, and novel signal processing techniques
for greater onboard autonomy.

. Why 1s 1t important? What difference can 1t make? This technology can pro-

vide-a nenr-rea1-£1me surveillance and targeting capability with: :
(] Day/night and "all weather" operation

®  Worldwide coverage

°

Support of tactical and strategic'operations
over land and at sea.

Techniques to be developed are those enabling:

° More relfable operatfon

» Higher resolution capability

] Greater ECCM techniques capability
e Lower unit costs.

These areas of performance growth are crucial to meet the demands of future
land and naval scenarios.

What {s the current status? Space-based radar systems have been configured
for low earth orbits (primarily for naval appliications and TACAIR). No U.S.
decision has been made to deploy such a system even though the Soviets have
done so. The U.S. hesfitancy stems from the unclear performance advantage of
a space-based radar system based on current technology versus OTH-8.

What s the current DoD program? Low level study and trade-off efforts are
underway within the Navy, Afr Force, and DARPA, DARPA also has a technology
program for advanced antennas and onboard processing. The Navy and Air Force
have relevant component technology efforts. An estimate of the combined mag-

nitude of these efforts is $8M.

What should the DoD program be? The current program seems reasonable until
the technotogy has Seen'itveiopea to allow design of a "technology insertion”
demonstration program. : -

What are the ﬁeasures of success? The key measures of success are:

e Component performance

- Solid state device (power, noise, figure, and relfadility)
- Antenna designs with adequate performance (gain, weight)
- Onboard processing (demonstrated autonomous capability)

(] Definftion of viable space-based radar systems based on proven
technology ,

o Full-scale demonstration and test of a prototype.
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17. TECHNOLOGY: Short Wavelength High Efficiency Lasers

What is it? This technology encompasses high average power lasers which
operate at wavelengths of order 1 micron or shorter, with high efficiencies
of order 10% or greater, as well as the sub-microradian pointing and collima-
tion beam control technology for their use both through the atmosphere and
in space. The laser concepts which currently are covered include free elec-
tron lasers, excimer lasers, metal vapor lasers, and iodine lasers.

Why is it important? What difference can it make? Short wavelength lasers
have the potential for enabling kay strategic applications:

. Submarine Laser Communications
. Ground-Based ASAT

) Strategic Space Weapons.

What is the current status? Current achieved performance in the
laboratory:

¢ Excimer - XeF - demonstrated 1n the laboratory up to the kilo-
Joule Tevel

° Free electron laser - gain in visible and oscillation at 3.8
microns demonstrated; high efficiency experiments in process.

What is the current DoD program? The major programs are:

] Weapons oriented

--. Free Electron Lasers (DARPA) $ 2.9M
-- High Power Vis. Lasers {DARPA)} § 5.4M

° Blue Green Lasers/Communications Oriented
(Not directly applicable or scalable to weapons)

-- - Blue Green Lasers (Navy) $ 2.0M
-- Submarine Laser Comm. (DARPA) $11.0M
(space-based and/or relay) -

“SISON
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What should the DoD program be? The weapon oriented portion of this
program 1s subcritical given the enabling nature of this technology. The
currently planned funding profile should at least double to allow both free
electron lasers and excimers to be brought to a decision point within
3 to 4 years. In addition, beam control technology specific to short wave-
length lasers is a critical technology which should receive adequate funding
during this time period. The blue-green laser programs (for communications
with submarines and other underwater applications) appear adequately funded. -

What are the measures of success? They key success criteria for weapon
oriented programs should be:

. Laboratory demonstration of scaling and average power for both
excimer and free electron lasérs to allow decision within 3-4
years for best candidate to scale to weapon level power and

efficiency.

] Laboratory proof of principle experfments completed for key
beam control issues

) Confident hardening assessment data for ICBM booster in this
time frame. '
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APPENDIX E
SOME ALTERNATIVE FIGURE OF MERIT CALCULATIONS

In order to understand the sensitivity of the "Figure of Merit" results.
to the numerical weightings, several alternative weighting schemes were cal-
culated, The attached table shows the result of these calculations. The
first column on the table is the weighting actually used by the panel,
Columns 2 through 5 are the alternatives. As seen in this table, the actual
numerical values change drastically and the prfority ranking changes to a
lesser degree. Because of this sensitivity, the reader should not use the
actual numbers as a direct measure of “value” nor should he attempt to use
the order of the “Top 17" in decisions. The key conclusfon to draw from
the Figure of Merit analysis is that these 17 technologies are very important
to the U.S. military and should be aggressively pursued.
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ALTERNATIVE FIGURE OF MERIT CALCULATIONS
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APPENDIX F

DESCRIPTION OF THE NOSC EXPERIMENT

This description is taken from a detailed explanation of the experiment as
found in the Federal Register of 18 April 1980 (Vol. 45, No. 77, pp. 26505-

26554).

The demonstration project plan s
spproved by the Office of Personnel
Mansgement reads as follows:

An Integrated Approsch Tao Pay.
Porformance Appralsal, and Positicn
Classification for More Effective
Oparstion of Government Crgantzations

A Plon Jor a Demonstrotion Project
Authorized by Title V1 of the Civil
Service Reform Act of 1978

Prepared by Naval Ocean Systems
Cenler, San Diego, Califurnia 92152
Naval Wespons Center, China Lake,
Californias 83553

Exscutive Summary

The enclosed plan is submitted 10 the
Office of Personnel Management as a
demonstration project dui,nad to
improve the performance of federal
employees, as authorized by Tile VI of
the Civil Service Reform Act {CSRA).
For the reader’s convenience, » broad
summary of the information contained
in this plan is provided below. For more
{nformation, the reader is relerred f0
corresponding sections of the report.

Purpose

The purpose of the project is to
demonstrate thet the effectiveness of
federa! laboratories can be enbanced by
allowing greater managerial control over
personnel functions and. at the same
tims, expanding the opportunities
svailable to employees through s mors
responsive and flexible personnel
system. In order {o accomplish this
z‘u:lpou. changes are proposed that

ude (1) & more flexible. manageable,

snd understandable classification
system: (2) a performance appraisa]l

stem that links performance
ebjectives, compensation. and
organizaiion effectiveness: {3) an
expended application of the merit pay
concepl; (4] recognition of demonstrated
individual performance in the reduction-
in-force [RIF) process: and (S} the use of
suspended penslijes in cerlain adverse
sclion situations. Together these
changes can balp managers 10 operate
with maore suthority, responsibility. and
skill to increase work force and
:#mlutlnnnl effectiveness and

iclency, -

Participsting Orguanizations

The Naval Ocean Systems Center
{NOSC}. 8an Diego, and the Naval

Wespuns Center (NWC]. Chine Lake,
Calif., will be joint participants in the
project. The School of Public
Adminisiration, Universily of Southern
Calilomnia. Los Angeles, will sorve as an
{ndependent project evaluator. Ths
Office of Personnel Management (OPM).
including the Western Regional Office.
will provide assistance 1o the project. 83
will components of the Depariment of
the Navy.

. Types and Numbers of Participsting

Employees

The {nitial increment will comprise all
technics! professionals {GS-§ through
CS-15) and all other GS-13 through 13
employees, as shown in Table 2 al the
two participating Centers. Additional
categories that may be included
subsequenily are iechniclans and
sdministrative professionals below CS~
13 and clerical personnel. The basic

increment will include 1,500 employees
st each of the two Cenlers.

Mathodology

This plan spells ot the methudology
to accomplish over & S-yenr
demonstration period the following
:recmc changes: [1) five levels of
clessification: (2) broad pay bands
within classification levels. with
individual placement into anc of five
basic incenlive psy groups: {3}
development of general classification/
performance sisndardy; (4) performance
appraisal based on Performance by
Objectives: ($) reduction-In-force
procedures that emphasize performance
while substantially retaining existing
ranking faclors: and (6) the use of
suspended penalties in certain adverse
action situations. Figure 1 illustrates the
plny and performance changes of this
plan.

)

AtviL N

OUTETANDING
) EXCLIOLD OBECTIvVES
ANNUALLY DIVIDID
YO FIVE INCENTIVE * oascrry
PAY GADUIS LY ORHCTIVES
SEL O OUILCTIVES
NEEDE
MPROVIMENT
. MaNagIMINY
INDIVIOUAL - oeaLYIvES »
B | 4| oS | = | e
STANDANGS WOIVIDUAL
ACTIONS
FICURE 1. Pay and Performance Plan.

SPURLLT TOSTATUTONRY LANTATION
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FIGURE 2. Ceneral Eveluation Schematic for Demonatration Project. The relationships
between implementation of the planned changea and variables to be evauated are showva,

Numbers in parentheses refer to correspondd.g pages in this proposal for further
discussion, . '



Ts. Ining

7 hiree groups will be trained during
the first yoar of project impleme=ation:
{1] supervisors of demonsiration
rmployees. (2) demonsiration
employees, and (3] personnel
prolessionals and other sdminiiirative
staff. Included in fraining lor ach of
these groups will be informatior. on the
new sysicm and how it works, and on
employee and supervisor rights and
responsibilities under this systun. In
addition, instruction and praciice In .
objective-setting skills will pre;are
supervisors and employces for the
Perlormance by Objeclives prozess.
Tralning for new supervisors ard
employecs will be given throug®.cut the
$ years of the project.

Evaluotion Plan

In order to assess projeci oulcomes
and to evaluate the [easibility of
applications lo other federsl
organizations, s comprehensive and
methodologicelly rigorous eval:ation
mode! is being developed. Figuwe 2
summarizes the major categories of
varable involved and specilies a set of
relationships that will be moniaried and
evaluated. The evaluation effort will
include (1) pre-implemeniation crileria-
sciting snd baseline data collection. (2}
multidimensional performance
measurements snd trend eval.ations st
specilied stated of the demons:ration,
and (3) a summative-phase
comprehensive assessment of the
project’s overs!l impaci an a sst of
outcome measures.

In addition to the above-meztioned
measures and data, there willbe an
ongoing monitoring of existing records
and repotts on the Iaboralories.
Unobtrusive measures will be kept on
such basic considerations as e profile
of the scientific and engineeri=g work
force of the laboratories, including EEOQ
profiles 16 enable measuremest of EEO
impsact as defined in the Unifcom
Guidelines on Employee Sele:tion
Procedures.

When methodologically jus:ifiable,
contro! group data will be ob:ained from
other Navy laboratories not involved in
the project.

Longitudinsl messures, beplaning with
pre-implementation data, will be
callected from the affeciod Conters In an
effort to track impacts,

The evaluation stalf will be drawn
from Inlemal and external scurces.
Quelified laboratary siall members will
work with members of the faculty of the
Schoo! of Public Administration,
Ualversity of Southcm Californfa, on the
design and execution of the evaluation

pecksge.
Costs

Elfforts will be made 1o obtain

congressiopal funding for this
demonstretion project If congressional
funding s not available, the costs
associated with the project will be borne
by the Department of the Navy and the
two participating Ceniers, with funding
provided out of normal activity training
and administrative overbead funds. The
fotal cost for the 5-year project is
estimated to be $2,700,000 (in fiscal year
1978 dollars). It should be noled that a
significant pari of this cost would
otherwise be incurred in Implementing
the provisions of the Civil Service
Reform Act of 1878,

Autboritirs 224 17a) !
Regulation Requlrod — © =" 4

Bpecific authorities are necded b
pasticipating Centers fo establish aﬁb )
{mplement pew merdt pay contro)
technigues not currently in the law. In
addition, authority is necded to walvs of
modily cestain scctions of Title § in
order {o give pul)éect parliciponts the
peceasary cassification euthority, merds
pay flexibiity, and other suthorities 1o
accomplish the demonstration project

Anticipated Bonefits of Project

The projact is expocted to
denonstrate thal a management.
centered personne} administration
process will lead to more efficient and
effective use of the resources of the
pasticipsting Centers. In addition, by

roviding & means of real-world testing

or models of improved and simplified
classificslion and performancs
evalustion systems, the project will
have results that can be applied
throughoul the Federal service. Some
examples of anticipated effects caused
by the changes and comresponding
messures for evaluating these efTects
are depicted in Table 1.

JABLE ). Scsze Ixasples of Anticipated Effects Caused by the Planned
Changes, With lcasures for Evaluating These Effects.

Change

Anticipated elfects

Evaluation teasures

Classifs-
cation and

P8Yeesecece { Incruased recruitzent success

Flexibility of vorkload

sssignoent
Increased perscanel subsystem
“produceivity”™
Perfor=
sance
sppraisal.. | Correlatfon of psy and
perfozmance

Decveased turnover of
"desirable™ enplovecs

lacreased turnover of low
perfornsrs

effnctivaness

Recention.. |Retention of high perforpers

Adverse
acticheee s | Inproved behavior of
) prodlem enployeas

Increased ecployee commitment

Increased organizational

Cost per recruft, recruit
Quality and quantity

Time, tost of reassignoents
and ttansfera

OPM productivity ceasure~
ament approach

Perceived equicy

Satlsfaction and comit-
ment inscruments {"A"
Survey)

Turnover cate of eritical
esployees
Turaover rats

Peer, sponser, snd uset
svalustions: cost to
eonduct business

Retention rates

Ruzber of suspanded pen~
slties offected as
opposed o those notc
slfected

F-3



TABLE 2. A1l Technical Professionals (GS-$ through ~15) and
All Otber GS5-13 through =35 Esployces Included s the
Initial Increment of the Dexonstration Project.

Approximace
puaber of eligidle
Type of occupation personnel by partie
' cipating activicy

Scries : Title ROSC NWC
28 Environmcntal protection specialist..c.oes coe 2
132 xﬂtellts.BCQ ‘pectllistocooo‘o.aoooo.-u--o 5 0
150 Gcogrlpher........-.--............-....... see 1
180 :n&iﬂeﬂrln‘ psychologist........o..-....-. 19 4
330 Digital computer systems administrator...s 1 coe
kx7 Y Conpute! .PQC“I":--.oo----o-ooo.o-oonooo 96 Ty}
340 Progran DATAEErscacasserseraescssenecosves ] 3
us Ptozrlﬂ lnllyst..-...'....-..............- 12 ]
391 Coznunication management spec{alisteeesces 6 ave
393 Cotmunication specialistececscsvccacsascas " ees
40 3!9108‘611 stlentist.icassavecsesacnccansasn 1" ]
403 Blctoblclogilt.......-..............-.-.-. ) | see
408 ECOIO“S:...-...o-ooooo-.cioo-o-o.o-.-o-cn 1 oo
- 410 Zo0logiSBeascsasesccesarcassesascsscsnnsen 1 eve
413 Ph,liplogi‘toooooooouo-‘.aoolocooo-o-oooco 2 ses
701 Ve:e:!nary sclentisticacocasancsosncsccnas 1 ene
801 General enRincericecssscesasencecrscassesne 49 151
806 Materials engineCrececcccesccvescanscscone 7 7
808 ATchiLeCtoassossasenssarsasnosresoscascone ey ?
810  Civil engineer/structural enpineer.cecesee 1 11
830 Kechanical Cﬂst“ecfnocooo.-.cooto.-oo.l-.. 98 193
850 zlec‘rlcll Cnsineeto.-.aoc.c---ooonoo-.-ao . 4 6
853 Electronics engineeresccscacnsscnscacscsses 664 454
861 Aerospace engincereicesccacsvascccarsevases ese 102
B,’ Chemical eﬂsiﬂeﬁroo..'p.-o..--.oa-.u--.c-. 1 l‘
896 Industrial enginceCoicseccsrsncccncsccccnss 2 1
1301 Phy‘i:‘l scientiBticeccssercsserscavcvecas 10 ?
1306 Health physicilt..-..-o.....-.o..-..-..... 1 see
1310 Phy"ﬁ“t.orol-ooao--lo.o..o-c.o.oo.-ooo'o 222 200
12 Geophys{cistecsccscsencnrssancscasseseceae 1 ses
'320 chni't."...‘....l..‘.'.........‘......'.. ‘2 ) 5’
132¢ aet.ll“‘all:oo-ofooou--c.cooocoo--oono.ocu see 4
1350 CEOIO‘I'to‘o-;-?ooooo-o.-a.ooo.u-ooo-ocooo see _2
1360 OCé'ﬂosraPthQ-oioQ.oonc..‘toooo.-.-noooo. 20 see
1315 Operations research analysCiceccucoccvense 57 63
|520 n‘thqﬂt‘c‘aau0‘-....-0..-..-oo..oo--.oc.t. 16 9)
1529 ° Mathematical statisticiani.cccicescncesans 2 3
1550 _'CQQPUt!t scientistecaceccvccecascsconcnans ? “’
All .GS-'J tthQ‘h «135 cnployecl........-..--.. n &1

Other. - . .
. TO‘.‘..Q......\...,...--.cvoooouocoo '.‘JD ’.“6
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- | _txample of a Vertically Integrated Program |

THE U.S. DEPARTMENT OF DEFENSE PROGRAM FOR DEVELOPMENT
OF VERY HIGH SPEED INTEGRATED CIRCUITS

I. Introduction

This paper describes a new c0nceptua1 approach to the management of major DoD
technology initiatives which is based on “vertical integration. Such vertical
1nte9ration includes:

) Centralized management and coordination of the total tri-Service
program with fenced funding to ensure accountability.

] The inclusion under one indusiria] organization of all aspects
of a technology's development and transition into military systems
(e.g., processes, design, materfals, etc.).

0 Continuity of the industrial team/s from early technology development
through transition to system applications.

) Early consideration of muitiple system demands on the technology
' to define not only the individual technological thrusts but also
the necessary interaction of diverse technologies (e.g., processes,
architecture).

The VHSIC program is managed using this concept. It can be generalized for
application to other technology base programs. This paper presents the DoD VHS!%
program as an example of such a technology base management concept.

I11. VHSIC Program

The very high speed integrated circuit {VHSIC) development area covers technol-
ogies supporting design and architecture methods for laying out chips with up to
100,000 active elements; providing the advances in lithography and processing
necessary for 1.25z to submicron linewidths; and developing philosoph1es of VHSIC
design, architecture, software, and testing (DAST). The VHSIC program is a verti-
cally integrated, tri-Service effort with FY 81 funding of $40M. DARPA also
funds related technology and research (VLSI) ($21.6M). The program has demon-
strated the processing and lithography capability for 1.25u features for silicen
devices.

The VHSIC program is motivated by the DoD's desire to:

o Maintain a qualitative lead in key technologies over our
principal adversaries in furtherance of the U.S. military
philosophy of countering numerical superiority through
qua11tative superiority in arms- (force mu?tipliers), and

) To provide affordable and re]vab1e militany systems which
incorporate transparent cogg]exitz.
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After a decade of low investment in IC technology and a trend toward a tota)
dependence on commercial product lines, the DoD initfated this program to focus
fndustry R&D on integrated signal processing systems in areas of high military
utility, The desired end goai s a Tine of 35%7253 which are the signal processing
counterpart* to commercial microprocessors and which incorporate order of magnitude

improvements in performance, availability, usability, and af fordability, Key
areas of VHSIC military utility are:

e Autonomous, adaptive satellite sensor and RPV sensor
processing (IR, ESM, and radar) ' '
¢ Anti-jam communications and radar systems with ﬁeny wide
instantanecus bandwidths
. Survivable, 1ntell1gent distributed processing
® Adaptive missile guidance with improved accuracy,

recognition capability, and ECCM

N Implement in real-time advanced acoustic array processing
and rapid correlation and screening of multiarray data

* Adaptive navigation and guidance.

VHSIC technology offers greatly improved capabilities in self-test and repair,
and offers simplified operation (transparent complexity). Such devices will
enable a wide range of revolutionary military capabilities through their 100-fold
increase in signal processing speed, greatly reduced cost per function, and lower
size, weight, and power, '

The management philosophy of the VHSIC program provides a strong tie between
defined military needs and the evolution of the complex VHSIC signal processing
systems, The VHSIC program has four phases. Phase 0 was the program definftion
stage. Phase 0 was guided by architectual studies of Service-identified, high
priority systems (see Figure 1). An architectural approach was sought which
provides a minimum chip set to fulfill signal processing requirements between
systems of diverse generic types. Phase 0 provided more detafled and complete
information on architecture, 1C technology approaches, and other important
aspacts prior to making major program decisfons. It set the stage for the
vertical integration of Phases I and II. .

* Signal processing may be clearly distinguished from data processing based upon
the different operations performed by each. Signal processing operations include .,
correlation, convolution, transformation, nonlinear filtering, ambiguity function
calculation, coherence function calculation, etc. In general, signal processing

" is robust and tolerant of occasional errors in the sense that the accuracy .of the .

output may be degraded but not eliminated. On the other hand, data processing
consists of operations such as branching, jumps, decisions, 1isting, general logic,

etc. Data processing is generally intolerant of errors. For example, a signal
error at a conditional branch point can collapse the whole program because data

begins to be read as instructions.
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Phase I has two parallel efforts. The first part seeks to accomplish
an interim goal of developing VHSICs with 1.25 feature sizes. This interim
goal will provide near-term circuits which will be applied to specific systems.
The second effort addresses the technology problems associated with crossing
the one micron barrier. Lithography, dry processing, etc. are areas to be
emphasized. Phase I fs a vertically integrated effort, with systems design/
architecture/software and 1C fabrication and production closely combined into
a single synergistic program. A pilot production capability for 1.25 VHSICs
is major goal. Phase I is planned to be 2 1/2 to 3 year effort. Figure 2
shows the Phase I efforts.

Phase II also has parallel efforts. The first part is to build system
demonstrations using ICs developed with 1.25 minimum feature sizes. These
system demonstrations are being designed to expedite the introduction of
advanced ICs into future military systems; to provide tangible evidence of
the value of the IC development to the DoD system community; to serve as a
mid-point validation of the design and fabrication technology; and to realize
a near term return on the DoD investment. The second part of Phase II will
extend the state-of-the-art of IC fabrication to submicron feature sizes
(nominally 0.5 to 0.8 microns). A pilot production capability for submicron
ICs is the major goal of this part of Phase II. Additionally, this part is
essential to meet the more advanced projected systems needs. As in Phase I,
Phase Il 1s also a vertically integrated program, combining design/architecture;
software and IC fabrication and production into a single progam.

Phase III1 1s a six year progam run in parallel to Phase I and II consisting
of technology efforts to support and supplement Phase I and II. Phase 1II is
intended to provide new and/or alternative directions not specifically included
in the other phases. In contrast to Phase I and II which are large vertically
integrated program, Phase III consists of shorter programs, with more limited
scope, focusing on key technologies, equipment, or tools.

The overall VHSIC management structure emphasizes close coordination among
the various Service efforts to provide feedback and a high degree of cooperative
learning and development. The net effect of this tie among system designers
and technologists from diverse areas (e.g., ASW, radar, communication) is a
closer integration of the total VHSIC effort.
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To insure that the resources are properly allocated a new program .
element was established with “fenced" funding, controlled by the VHSIC programs
manager, ‘

In summary, the vertical integration of the VHSIC is as described below:

1. Top dowh management and coordination of the VHSIC pragram by
USDRAE with "fenced" funding and a clear audit trail.

Result: This structure helps to meld the diverse needs of
the Services into a common technology base, to avoid dupli-
cative efforts and to focus the available funds on the
highest payoff/opportunities.

2. The inclusion of system top level requirements definition,
architecture development, DAST and IC processing develop-
ment within each Phase I and Phase 11 contract.

Result: Such an approach fosters a multidiscipline technology
development with a direct system requirements to technology

to system transition 1inkage. Recognition of the total system
as the driving force for VHSIC chip design, and acceptance of
the fact that chip commonality among systems of a generic type
and between systems of diverse generic types must be maximized,
will result in fundamental changes in chip level emphasis. The
end result is the integration of all these technical factors into
a systematic VHSIC chip capability which is strongly coupled
vertically and horizontally with signal processing systems
specification and design. '

3, Maintaining continuity of the Phase I and Phase II contractors/
contractor teams from the requirements definition stage through
technology development through transition to engineering develop-
ment within military systems. .

Result: This continuity will develop the total industry capability
necessary for production of the VHSIC devices and early demon-
strations of the costs and risks associated with their applications.

4, Early and continuing input of a wide range of system top level
requirements (see Figure 1) into the tecﬁnology development
effort encouraging an optimal balance between custom design
for specific applications.and use of standard building blocks.

Result: This creates an environment within which the signal pro-
cessing interests and expertise throughout all three Services
can creatively and productively interact on a continuing

basis. This interaction will lead to integrated VHSIC systems
with high value to a range of military signal processing
applications. The result will be very early transition into
military systems.
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FIGURE 1
VHSIC SYSTEM CANDIDATES

ARMY NAVY
Multi-Mode Fire-and-Forget Missile Acoustic Signal Processor
Battlefield Information Distribution A/J Communication Modems

System Surveillance Radar Signal Processor
EW Weapons Targeting System Tactical Radar Signal Processor
Target Acquisition Fire Control ESM Signal Sorter

System’ ' . Imaging System Signal Processor

General Purpose Computer

~ AIR FORCE

Programmable Radar Signal Processor
Programmable Communications Processor
€-3A Universal Signal Processor
Advanced Air-to-Air Missile
Autonomous Cruise Missile Guidance
Advanced Power Management System
General Purpose Computer

Advanced Onboard  Signal Processor
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FIGURE 2
VHSIC PHASE ONE CONTRACTORS

CONTRACTOR

FEATURES

BRASSBOARD

TEXAS INSTRUMENTS

(Army)

o Provides Essential N2F2 B8

o Variant Bipolar Tech Coverage

o Programmable Chip Set Arch. Approach
o Pilot Line Already Operating

Multimede Fire and
Forget Misstle

HUGHES e CMDS/S0S Technology Battlefield
{(Ary) o Hybrid/Custom Design Infomation
Architecturatl Approach Distribution System
TR o Bulk CMOS and Bipolar Coverage EW Signal
(Navy) o Single Chip Set Architectura frocessor
. Approach
18M e Provides Essential Acoustic BB Acoustic Signal
{Navy) ¢ NMOS Technology Coverage Processor
¢ Customized Macro-Cell Arch. Approach
¢ Outstanding Knowledge of
Computer Softwars
HONEYWELL s Bipolar Technology Coverage Electro-Optical
{Afr Force) e Custom Design Architectural Signal Processor
. Approach
WESTINGHOUSE ® Provides Essential Redar BB Advanced Tactical

(Air Force)

Tactical)
e Alternats Bulk CMOS Coverage
¢ Alternative Single Chip Set Approach

Fighter Radar .

- Processor
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RECOMMENDATIONS FROM THE DOD LABORATORY MANAGEMENT TASK

PROBUINE:

" RECONUMT RDATIONT:

\

PERSONNEL i MANFOWER

o FREQUINTLY CHANCING MANFOWIRA CINWGS
o SOU FREGWINCY AND SCHIDULING DF CHANGES

o DIANPOWIR TOANN TNCT DOY AND MO
PHITICENT WORKL DAD PLANRING b EXTCUTION
ApmamIRATIVG BURDER

ConTivet ETTORT TO STABN LT BeD CINING

DETIANSTE THE PMPLICATIONS OF THE PINDING NAL 19w IDUVALINT F1D)
PROCI PURES

o RIMAN ALEAT TO POSSHLE CONCRISSIDNAL LYIMPTIONS 10 CIRLINES 7OR
mOUSTRIAL FUNDID ACTRITIES

o SICOTF CONTIRUY TO SETN STABRRTD CIRWG

o LIRTF EXAMING FTT BWPACTS DN LABORATORNS

033 SUPPORT RIMOVAL OF CININGS FOR LABORATONM S IRO™ svDUSTRAL FUNDID
LAsgma) DR

o SICOUF UST DISCRETIONARY AUTHORITY TO STABRILITE LARDRATORY CIRMGCS

RICOMMINDATION, o

© FURTA ACTIOW WITH OPM TO LNSURE RIPLAL OF SALARY STAME LIWT 0 SUSCSID

%

PERSONNEL & MANPOWER

BALARY COMPITITION

WIW A9 ICTNT CREDUATTS
= SPIDIAL SALANY SCHIDULES LINMTED BY SUSCIIM

- Sbf CSSI7 INTRY LIVILS AT MAXHAUM UNOIR LAW GS971) LEVTL vcloote
BUT BOT AT AN UM

EXPLRY NCED |FoUmiel TSR
= JUSTIIN WIOWRES APFOWITATWTS AY STEP 1
= CS 11110 Iorweg ADUYE STIP | A(DUMAIS AGINCY WIAD ANE BPM APPROVAL

BIW AR RECINT CRADDATES - LXTSTING RATES BeSUTICENT 10 AVIRACT AND
RITAIN MRST SHE SPICAITIS

JOURNLYRCN - PROCTSS BT TIAILY WISWLTS ™ ESCAPE OF CANDIOATD

XPLDT RICINTLY BDELECATID AUTHORIY UNDIR DPM BULLETIN 30052 “ADVANCID
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