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Section | Summary

IT R&D represents about 3.9% of US R&D, and is determined through a combination of top-down and
bottom-up decision-making.

#EBAF DIT(Information Technology; & HNNDT HIE . LWEHRZTHOAFB.9%ELEH B, TOXHD
REICIR., Py TFILERNLT Yy TOEFEHEASHELRRRENTAANEDN S,

20 9l VG 04

« Total US R&D spend has been stable at about $70 billion in recent years, although as

a proportion of GDP it is declining and in real terms it is expected to decline @a?ﬂf’””’{” !

considerably in coming years
\T«V’gk’cf\*“\'ﬂ\ ll’%—-

« |T R&D is difficult to measure precisely, but represents about 3.9% of the total, or
about $2.7 billion

. The system of selecting and funding research brings together top-down ‘environment-
creation’ and ‘theme-setting’ and bottom-up ‘idea-generation’ through two
complementing approaches.
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Total US Government R&D spend

Total US R&D spend has been stable at about $70 billion in recent years.
XEBRFOMERREETHIE. JZHFEHNSTBETRENICHBEZEL TV S,

10-yvear trend in real and nominal US R&D and FS&T spend
;
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Source/Notes
1. NSF (National Science Foundation) “Federal Funds for R &D * 1895

2. "FS& T " (Federal Science and Technology) was defined in a recent report
from the NAS (National Academy of Sciences) “ Aliocating Federal Funds
for Science and Technology " 1995 as R&D expenditure, excluding federal
spending on production and maintenance of weapons and space systems.

N
% Faud T

Congressio aI appropriation) for FY 96 is likely
to be around $72 billion (it will be signed into
law in June)

The Presidential Budget for FY97 requests
$72.7 billion (but is usually scaled back a few -
hundred million dollars by Congress)?

The FS&T - (Federal Science and
Technology) trend, a better indicator of
government investment in new knowledge,
is slowly increasing as a proportion of total

R&D spend, but is static in real terms.
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Total US Government R&D spend - as % of GDP

The decline of total R&D spend as aproportion of GDP is due to scale-backs of R&D for weapons and
space systems: FS&T investment is roughly stable.

LA LNGOPE DR TR S EFREERIICHY . EERURPHNZHBFORDHIBVTVEIERShS, ETOh
TFS&T(Federal Science and Technology; BFFFI#HMSH) X, 31T —EDESTHBL T3,

10-year trend in R&D and FS&T spend as % of US GDP Loy
1.60 -
1.40 P
1.20 e '
™ ' Federal R&D ‘\w\n

1.00 b~ .
0.80 |
T M
oH0 N FS&T
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Source: NSF “ National Patterns of R &D Resources”




Total US Government R&D spend - outlook

In real terms total federal R&D spend is expected to decline considerably in coming years.

Chh S HERIC, FRERRTERIEEN-ATHEORPFRAZTID,

. The recent downturn is larger than indicated in the preceding charts,since |
nearly $2 billion from Fiscal Year 1995 budget was subsequent&rescin@ Yo

- The President’s budget for Fiscal Year 1996 calls for cuts of about 20% in
real terms over the period from 1996 - 2000.

o + Congressional spending plans (outlined in the budget resolution of June
9 1995) call for even larger reductions of 33% in real terms by Fiscal Year

2002. . |
Independent forecasts suggest rfederally—fﬁ;(—imould be as little as

/»/o 26% of GDP by 2005*.

7;5‘.‘\9 ﬂ\"/\c’\}

 President Chnton articulated a “reasona/bl,g_lo\ng\ -term goal” for otal natlonal
R&D spend 6f SﬁGDP (compared with 2.6% today), but did not make clear
“the balance between public and prlvate _eontributions.

/

r ! W o~
*Michael Irish, Consultant to ES! (Economic Strategy Institute) k‘ 9 .3 fo W ‘ik"a”b .
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ADL estimate of US Government IT R&D spend .

ADL estimates total government IT R&D funding at about $2.7 billion per year.
ADLT i R OITISL IS S 1t & SE g7l £ BB \ L

Total federally-
funded US R&D
spend.
$70 billion

= 3.9% of total federally-funded R&D spend

7% of total federally-funded US FS&T spend

Total federally-
funded US FS&T
spend

$37.5 billion

Total US R&D
spend

s b US federally funded IT R&D spend $2.7 billion
182 hillion '

Total US ' 7 T e
IT R&D
spend
$22.5 billion

= 12% of total US IT R&D spend

.‘/

Sources  -Battelle / R&D Magazine's 1995 Annual R&D Forecast ( ) 2 ?
-Science and Engineering indicators 1993 SWE Rtuapl rhToa U )
-Peter Coy, “R&D Scoreboard”, Business Week, June 28, 1993, pp-102-104
-ADL projections and calculations
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ADL estimate of US Government IT R&D spend - US Government Categorization of R&D spend

Because the US government categorizes R&D spending by ‘application’ and by ‘organization’, but not by
‘nature’ of research, it is impossible to estimate IT R&D spend directly from government statistics.

FERFFOME T2, MRERLME ZOBAMFPHELSFEMTHEMEL THY .. FIRBROMETES
FTOEVED., ITAOTEBERE L& EERARS Z ERIFAERTSH B,

Other 2%

US Government C rizations of total R &D nd
Agriculture 2%
Environment 3% Veterans
s Labor-Health & Others
. Association, f
Transportation 3% Housing & Urban Hu;r:an Servicas NSF 8% DoD
Development 18 51%
Energy 4% 18%

General Science 4% DOE

9%
Energy-Water 8% 5
9,
Space 1% NASA
Interior 2% 13%

Agriculture 2%
Commerce-Justice-
State 2%

Health 16% Others 1%

16%

Defense 51%

Defense 55%

Split by ‘national goal’ Split by ‘appropriations ' Spli ‘agency’
subcommittee’

Source: NAS {National Academy of Sciences) “Allocating Federal Funds for Science and Technology' 1995

Abbr:  NSF-National Science Foundation, DOE-Department of Energy, NASA-Nationat Aeromantics and Space Administration, DHHS-Department of Health and
Human Services, DOD-Department of Defense
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ADL estimation of US Government i{T R&D spend - ADL Methodology

ADL has therefore estimated government IT R&D spend based on a three-stage process.

P> CTADLTRITORERR LM EBEOFEATRBS  ZELEL K,

HPCC Funding 5 prawr L

$1.1 billion .

@ Funding by HPCC

Funding accounted for under the High - agencies that is not
accounted for under the

Performance Computing and
Communications initative HPCCI

@ Funding by federal entities
that do not participate in the

HPCC Agencies’
Funding HPCC
$2.0 billion

All funding .by agencies
participating in the HPCC

initiative @ All Federal
Government Funding
$2.7 billion

All Funding by the federal
government
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ADL estimation of US Government IT R&D spend - HPCC Funding

The HPCC (High Performance Computing and Communications) Initiative is the govermment’s principal IT-
focussed coordinating body, with involvement in a large part of the IT activities of currently twelve federal
agencies and departments. '

HPCC(High Performance Computing and Communication)7’ 0% Z 43, BIFOITICEAT 2RER OO
R AABHMEAT. BEI120HTF TCOITHREBRISHPCCT O 7 LO—RELTREEN S,

Research & Development Departments and Agencies over whom HPCC
has involvement in some or all of IT activities (1996)

$M %
363 31.1 DARPA Defense Advanced Research Projects Agency” \ .
314 26.9 NSF National Science Foundation - lep 7
136 11.7 NASA National Aeronautics and Space Association /
124 10.6 DOE Department of Energy

79 6.8 NIH National Institute of Health

40 3.4 NSA National Security Agency

34 2.9 NIST National Institute of Standards and Technology

23 2.0 VA Veterans' Association

17 1.5 ED Department of Education

15 1.3 NOAA National Oceanic and Atmospheric Administration

12 1.0 EPA Environmental Protection Agency

9 0.8 AHCPR Agency for Health Care Policy and Research

1166 100.0
Source: HPCC Program Implementation Plan FY 86

*  DARPA was originally formed as ‘ARPA’, the Advanced Research Projects Agency. It then became DARPA
during the 1970s, but was changed back 1o ARPA during 1993. In March 1996 it once again became DARPA,
with the passing of the Defense Appropriations Bill.




ADL estimation of US Government IT R&D spend - HPCC Funding : g i

HPCG funding of $1,166 million in FY96 has grown dramatically since the program’s inception in 1992,
mainly because agencies have entered the program and reclassified their original activities.

HPCCE L TOXHIZNEIZTAT S LHIEE > TURKE (MU, BEICESNTRICETRREL TS,
LALZOEREL TR, EEFSELHPCCICEML 2V . BIEOMERREH ZHPCCO—IRL LTAS
BMULEIEPXREZEL,

HPCC Budget Growth since inception

€I$2nggion) ':;E,;;Q?B ......
» The Program has grown at an
average rate of 15.6% per year
——
15 1000 » However, much of that growth has
been through:
800
- addition of new agencies to the program by
600 reclassification of their activities as HPCC
- inclusion of additional activities of original
agencies under HPCC banner
400
200
0

92 93 - 94 a5 96
Source: HPCC Program Implementation Plans, FY94, FY95, FY96
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ADL estimation of US Government IT R&D spend - HPCC Agencies’ Funding

The federal Committee on Information and Communications has estimated the total IT R&D funding of

HPCC agencies at about $2.0 billion.

BT D15 E S E 5 S (Committee on Information and Communications; CIC) Tid. HPCCEME Fr DITH %R

HRXHENS0BERR > TV S,

HPCC
Components:
~$1.1 billion

Example:  Funding at NASA for a numerical
aerodynamics simulation program that
is outside of DARPA.

Source: personal communication with

» John Toole, co-chairman of CIC
« Paul Regan, executive secretary of CIC
» representatives of ARPA, NSF, DOE, NASA

« Official estimate by the Committee on
Information and Communications (CIC)
of the National Science and Technology
Council (NSTC)

« Covers all agencies patrticipating in the
HPCC initiative, and only these
agencies

« Based on informal requests for
information made to the various
agencies in 1995

+ ADL interviews with major agencies
have confirmed this estimate

~ B g b

’&{Vf%\ m-‘q“x“"rﬁ\r: {ﬁ%ﬁ""#%;}ﬁ% \ 72

By ”
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ADL estimation of US Government IT R&D spend - Non-HPCC agencies

ADL estimates that agencies and departments that do not participate in the HPCC initiative spend at least
another $700 million on IT R&D, bringing the total to $2.7 billion.
ChiZhA. HPCCIZBML TEVWEFDITHRFEREZHF D& L6378 H 5 EADLTRRE->TEY . K

FoBITXHIINS27EERBO N 5,

« Includes estimated funding of agencies
HPCC and departments which do not participate

Cc : )
mog ﬂogﬁﬁi in the HPCC program

- Based on the fact that 25% of government
computer sciences research obligations in
FY 1993 was accounted for in such non-
HPCC agencies

«Is a minimum estimate of total federal
government IT R&D funding

Examples: Funding at the Department of Defense
outside DARPA; Funding of the
Geological survey at the Department of

the Interior

Source: NSF Survey of Federal Funds for R&D, Federal
obligations for research in mathematics, computer
sciences and in social sciences

ADL projections and calculations




ADL estimation of US Government IT R&D spend - Key Agéncies detailed

]

[

Of the total $2.7bn, four agencies (DARPA, NASA, NSF and the DOE) account for 82% of HPCC funding*
and 63% of total government IT funding.

ZDS27ENOA. 4ODEFF. B H5DARPA, NASA, NSF, DOEAHPCCXHNDA82% & L&) . BATHEITSIH D
63% % L% 5,

Totals Total IT Funding |
NASA DOE NSF Other

Total HPCC Funding

v ;Coqe\"r R

$1095M | ( L) r'}’%(\‘vl’/"l/-..
+ + Total Other IT Funding
Cther
$1576M $776 M

*Based on 1995 figures
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ADL estimation of US Government IT R&D spend - Key Agencies detailed - DARPA

Much of the research at DARPA is related to IT, reflecting the increasing strategic importance of IT to the

defense industry.

DARPATOHE NS OB IITICEHEL TH Y., ITOEEFHAOERBIWEREZRBRL T3,

: N
/7,{ SO,
ER'F T T 7)m 23D ED P

DARPA 9 64 B g
2
DARPA Organization I ZoFv'H % ...
Information Information Electronics Sensor Defense Tactical
Systems Technology Technology Technology Science Technology
$326 M $387 M : $577 M $205 M $379 M $237 M
r4
- X (s c e _. * iof”_"‘“‘_,
Entirely focused on IT research $387 million
Although the Information Systems Office is ,
entirely concerned with IT, we have : _
) . e . . Substantial IT research 360 million
discounted its contribution in this estimate - IR ¥
because its work is mainly: -
y K TOTAL IT R&D - $747 million
- military systems development % 57" :r% o Gy B A o
- internal information systems development ' Y

E




ADL estimation of US Government IT R&D spend - Key Agencies detailed - NASA

NASA IT funding takes place across all divisions in roughly equal parts.
NASATOITZHIZ . 2TOBFUFHMICK P >TV S,

NASA Organization
Soa Space Life & Mission t S S
pace Microgravity ission to pace . pace
Tecpeeiay| | o Ascllandi Planet Earth Flight feronautics Science
ppllcations
P $706 M $781 M $504 M $1,341 M $5,510 M $917 M $1,959 M
20 \ — 7
L
HPCC Funding $131 million
We have discounted an additional $196 ‘ Non-HPCC Funding $197 million
million of IT systems development (excluding space
because it occurs in the context of equipment development)
space missions :
TOTAL IT R&D - $328 million




ADL estimation of US Government IT R&D spend - Key Agencies detailed - NSF

IT research at the NSF is concentrated in the CISE (Computer and Information Science and Engineering)
and Engineering departments

NSFTOITEHIZ. CISE(Computer and Information Science and Engineering) & Engineering®228P5(Z £

LTuwas,
NSF Organization
Mathematical Geosciences Soclal, : .
CISE Engineering & Physical & Polar & B Bé:';gf:'
Sciences Programs Sclence
——
21 ' $258 M $320 M $645 M $641 M $114M . $301 M

et i ‘

Entirely focused on IT research $258 million

—— Some IT research $39 million

TOTAL IT R&D - $297 million




ADL estimation of US Government IT R&D spend - Key Agencies detailed - DOE

DOE IT R&D is concerned primarily wnth applications of computers to energy research, together with some
defense-related research.

DOETOITIHRERE. T IXNX—HAEANDIALE1—4—DicA L. EERBEOHREICEVTITHRT

L3,
DOE Organization
Science .
Office of Office of Nuclear Education Office of Office of %fﬂc;e of
Energy Energy, Science and Non-prolifsration N'l: 'ts::.‘:l s R d!‘" Icat?
. | an ateri adioactive
Research and Technology :;efzhgf';:"e National Security Disposition Waste Management
p—
22
o
Some IT Research (Concentrated in “Office of $120 million
Computational Technology”
-Super Computing $40 M
-ES Net $13 M
-Hardware and Software $20 M
-Other $47 M)
Some IT Research (Concentrated in $200 million

-Core Defense Program Computing $100
-Advanced Scientific Computing Initiative $100)

TOTAL IT R&D - $320 million




Two Additional Gray Zones

52, ITEE,ZS THVHPERRICRATELVI EICL3ERASEE=TL -V~ &, —BOBUATE
B EELONEREREICEERBEELTVRAHIC, BRREBFOESSHHEL TV DI ERRE Y —
‘/ﬁ#?’f’@'—%’o /t_//_’j"’“'s:é e

[Pl

/,J“r‘u;ﬂ quﬁa'é

Government-Funded — ~fim————-- Industry Funded ;.. W;

HPCC LA
Components : |
p— ~ $ 1.1 billion
23 GAdditionaIt / Industry IT
et overnmen ,
Industry Gray | unding
Zone
Additional IT / Non-IT Gray Zone
industr
Non-|

Non-IT Government Non-{T Funding

Funding

‘L__mg,‘_‘,
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Government / Industry Gray Zone

KERR L RENREBED B0, —HEEPBD Y — 255 OBEFRGHe THRESEEE3CLTS
). ChEBRRES L EERF5OBEEEDERABEICL TOSERCHE > T B,

- funds with matching requirements |
funding volume depends on the extent to which industry funds can be raised

for example, supercomputer centers have more than 1 : 1 matching of government funds by industry °
funds

- cooperative research and development agreements ( CRADAs )
significant structure particularly for cooperation between government labs and industry

for example, the National Institute of Standards ( NIST ) participates in one CRADA for about every
five researchers

- informal agreements and equipment sponsoring which are hard to track
equipmen! donations by industry

e.g., most of the equipment in Berkeley's NOW ( Network of workstations ) project is contributed by
industry
exchange of personnel

PACCOY 'ﬁf’:i l@’\a\ HV

e.g., the NIST hosts 1,200 guest researchers each year Y
4 I e B e 7L




IT / Non-IT Gray Zone

XS ICITER CITEEFEEOBERICE T L -V - PEET S,

- R&D funding in IT-related fields
problem here is the definition of “IT “and of separating IT funding from non-IT funding

such problems occur, for example, in the areas of components Comparend v ZT g e eiga s -

- government funding that is not direct IT R&D funding

— in this case, the problem is the definition of “ R&D “ and how to separate R&D funding from non-R&D
o5 funding Iy 1 y
(- . : . T i B ' t Fer L2
for example, investments in computing and communications’infrastructure for research > it o3 5o
for, example, funding of education and training of non - IT scientists in IT topics ' 5% 5 1 ?
(%% )

- applications research vs fundamental IT research
many-projects mix IT R&D funding and IT applications R&D funding

SRz g o o

for example, much of the computational science R&D funding goes to joint teams of IT and

applications researchers Y
" LT 8 L W

3\ i
Lymtl

N Yoo ’
e rnvup . phaert
¢ e TR

—

£
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Funding Volume and System

1.1

Trends in Total Government R&D Spend

1.2

Estimate of Government IT R&D Spend
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System - Overview

The system of selecting and funding research in the US is a unique mix of top-down ‘environment-creation
> and ‘theme-setting’ and bottom-up ‘idea-generation’.
KETORMARARREHBEOLEA, by TH7 -0 [RERNE] RV [F—vEE] & RbAFYTS
O7ATF7EE] EOBAEOEICEIURER>TVWS ERBTISN S,

Level of influence Project Selection Budgeting
- Overall
© Overarching emphasis of
-..% th research
- eme funding
o setting (themes, basic
vs applied
ete..)
o
=
< Individual ject
= - . ndividual proje:
B Individual Project funding allocation;
E project trade-offs
o -
< :

‘Executive’

Individual

Individual

idea
Generation

Project
requests
for funding

Ventane ¢ ?l‘ﬁ/ 0 Seleifipn €

. %f%/:m‘z/@d-‘ab‘,_

Top-down coordination is a major
strength of the system because if
creates a structured envionment in
which IT R&D is driven by (but not

~ restricted to) a few high-level themes
@ Overarching themes, and their

coordinating bodies, play a key role in
stimulating discussion between
agencies and aligning their research
interests towards common goals

From the bottom up, ideas for projects
are generated by ongoing interaction
between research institutes and
funding institutes .

Two distinct methods of program
selection at the agency level provide a
balance of immediate commercial-goal
and long-term knowledge-generation
approaches

Budget-setting is an iterative,
interactive process involving every
level of the decision-making hierarchy
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System - | - Top-down coordination

Top-down coordination is a major strength of the system because it creates a structured envionment in
which IT R&D.is driven by (but not restricted to) a few high-level themes.

by 7E9 CORBICEY ., ITORREARLBELTROPORE LT —YHRBCEREEC C EFHRWE

TLERShEVWY), ThiICOHBADPTRELEEALEEZISN D,

President

Congress

Senate/House
committees of
Jurisdiction

« Qverarching theme setting

» Empowerment of theme-based 'virtual’
agencies such as the HPCC to pursue
themes

- Setting of general directions of research
funding basic versus applied, federal labs
vs academic

« The role of high-level top-down coordination is

shared by the President and Congress,
together with various supporting executive
offices. '

The greatest strength of the US approach is
that high-level input is provided in setting
research directions, but without dictatorial
setting of specifically what money should go
where

« While this exposes themes of research and

budgets (which, by the very nature of research
require some long-term stability) to the political
tide, it also ensures that R&D directions reflect
changing overall national priorities
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System - | - Top-down coordination - President -

The president takes primary nominal responsibility for all aspects of policy creation, direction setting,

budget management and administration.

by 757 OHBADIRRICEONDE ., BHEERE. FRAMORE. FPROTEF, 2TOERKSVWTHAL

DEXERFOARKEBETH 5,

.........................

President

Congress

Senate/House
committees of
Jurisdiction

takes nominal responsibility for budget
submission to Congress

‘signs final Congress-approved/amended

budget into law

creates coordinating / advisory bodies such as
PCAST/NSTC by Presidential decree

sets political agenda against which key
research themes are created - the “NII”
(National Information Infrastructure) initiative
began as a 1992 Clinton administration
campaign weapon




System - | - Top-down coordination - OMB

The key role of the OMB is in budget preparation, as part of its wider role of overseer of the federal budget.

OMB(White House Office of Management and Budget)id IfF FELFDEBEIT 2R T, HICTFROERD
HEELRITHS,

President Director
Alice M. Rivlin

I
Deputy Director

- Deputy Director for
Management

Jacob T. Lew John A. Koskinen

Congress

Senate/House
committees of

Jurisdiction l NSTC H PCAST ‘
30 « The OMB (White House “Office of Management and
Budget”) takes (executive) responsibility for
preparation of the budget

]

[

+ supervises its administration in agencies

- evaluates the effectiveness of agency programs,
policies and procedures (at a relatively high level)

- assesses competing funding demands between
agencies (again only at a relatively high level)

L -
W G L
\(\LS‘{L \‘;\{\L
L7

IS

. \\\-‘}“;}'%ﬁ\% + has been the prime mover behind the trend towards
3 "\i\“"\ N “metrics” (Quantitative indicators of effectiveness) in
A % ar‘wv\m US R&D management (a trend largely opposed by the
AN research community)




System - | - Top-down coordination - Congress

Congress has the final say on the R&D Budget after submission by the OMB.

BEIOMBIERRDTFHRICK L T, BRIICIEE - #BHEEHF 2,

President

Congress

Senate/House
committees of
Jurisdiction

+ There is no Congressional coordinating
authority for R&D

The House Committee on Science
(HCS) comes close, but does not have
any legislative authority

Congress frequently amends or cuts
proposed budgets, and may replace
requested R&D funds with little regard
for any interagency strategy

The disaggregation of budgets into the
jurisdictions of appropriations
committees means that, for example,
the NSF budget must compete for the
same pot of money as the EPA
{Environmental Protection Agency)

The 104th Congress has however used
some procedures which offer promise of
better coordination in future years

- HCS held hearing on federal R&D in
Jan. ‘95

- House Budget Commitiee has
established several working groups

SENATE
COMMITTEE

Toat Dha T2 g0

v 1\'_ .
Vh 20 g uofepnn, (ﬂ?@,ﬂ.a’v--
AL £ .pdﬁ- A?U’“

Agriculture, Nutrition
and Forestry

Armed Services

Energy and Natural
Resources

Labor and Human
Resources

Commerce, Science
&Transportation

Environment and
Public Works

HOUSE
_COMMITTEE Dept/Agency
Agriculture M——  Agriculture
Commerce Commerce
National Defense
Security
DOE-Civilian
DQE-Defense
Resources
Balh ah
HumanServices
Interior
Transportation
Transportation
EPA
Science NASA
NSF

(wy\”"‘

G Tl

)

vy" Ak

N L O[S L
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System - | - Top-down coordination - OSTP

The OSTP provides highest level coordination of policy formation, and acts as the science policy interface
between the President, Congress and advisory bodies such as NSTC and PCAST.

OSTP(Office of Science and Technology Policy)ii. IEREEDHBERIB VL ANILTITVL. BEETBEE
(CBIL TAHHE. . BRIMEDREE WY ¥,

/2345%7f3<€‘£7:f’f?€;“.

President

OSTP
“Office of Science and Technology Policy”
Director John H. Gibbons

Congress it I
Senate/House | | | 1
committees of Science Technology | | Environment National Security &
| Jurisdiction Division Division Division International Affairs Division

« The OSTP’s key roles include:
- providing expert advice to the president
- acting as interface to congress
- forming & overseeing coordination/advisory bodies such as
PCAST and NSTC

« The OSTP has no budgetary responsibility (that belongs to the
OMB) and little policy responsibility (the limelight goes to PCAST
and NSTC) '




System - | - Top-down coordination - NSTC

The NSTC (National Science and Technology Council) is the latest effort by US government to provide high
level R&D coordination, but its effectiveness is not yet known.

NSTC(National Science and Technology Council)id . EIOHEREREDABEEVOLNILTITI LHOMAC
UCTERAIC/ES b, %@Sﬁﬂ%liif’ﬂﬂl,mt L&y, |

» The NSTC was established by executive order in
November 1993 as a “virtual agency” for coordination of
Federal R&D and science, space and technology policy ,
and for improving the effectiveness of government of
science & technology |

President

Congress

Senate/House
| committees of |  eseain

—
" | Jurisdiction . s
33 . : - Inits two years of operation, the NSTC has put in place a
B / coordinated “strategic planning” initiative designed to
it Bubdyiia facilitate cross-agency communication as well as

numerous smaller programs and forums

P B B dapt
s Itis too early to say, however, whether the NSTC will
have any major impact on the system of government

s 2 ol - funding. Previous bodies have had limited effect, owing
% M ReD coord:n ‘ to resistance from OMB, congressional appropriation
RN committees and changing political tides
e
‘) BQ_JM m p[&"{?wa

\—) %Hfﬁ, /‘(,'E‘_? L?‘q"’)’é 3\’(%%72;{& ]
w v ook 4475 bt B
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System - | - Top-down coordination - PCAST

PCAST (the Presidential Committee of Advisors on Science and Technology) serves as the highest-level
academic and private-sector (industry and academia) advisory group to the President and NSTC.

PCAST(The Presidential Committee of Advisors on Science and Technology)(d.. j(ﬁ'f”ﬁ ENSTCICHG L TD

BB T H Y .

Congress

Senate/House
committees of
Jurisdiction

President

FH - E#ﬁ@b/7b«»®ﬂzn—#b&5

HPn 2 f BTl

.............

/
Co-chairs /
John H. Gibbons John Young
Head of OSTP Former CEQ of HP
I
I
ACADEMIA

Francisco J. Ayala

Murray Gell Mann

INDUSTRY

John P Holdren
Mario J. Molina

Narman R. Augustine
David Hamburg
Diana MacArthur
Chartes A. Sanders
David E. Shaw
Virginia V. Weldon
Lilian Shiac-Yen Wu

CEQ, Martin Marietta

President, Carnegie Corporation

CEOQ and co-founder, Dynamac Corparation
Chairman and CEQ, Glaxo Inc.

CEO. D.E. Shaw & Co.

Senior VP for Public Policy, Monsanto
Researcher, IBM's Thomas J. Watson Research
Center; Director Intl. Institute of Forecasters

Peter H. Raven

Professor of Biological Sciences and Professor of Phllosophy,
UC Irvine/President of AAAS

Professor Santa Fe Institute

Professor of Energy, UC Berkeley

Professor of Environmental Sciences, MIT

Professor of Botany, University of Washington

Sally K. Ride Director, California Space Institute, University of Caln‘ornlal
Professor of Physics, UCSD
Judith Rodin President, University of Pennsylvania
Charles M West President of MIT, Professor of Mechanical Engineering
POLICY

Shirley M. Malcoim

Head of Directorate for Education and Human
Resources Programs, AAAS

* See Appendix for detailed biographies




System - Il - Role of overarching themes

Overarching themes and their coordinating bodies created in the top-down process play a key role in
stimulating discussion between agencies and aligning their research interests towards common goals.
ChS My FAYCOHBAEEBRTAKELT—VEBRE ZTOREMBICLY . EFHOBRIRES O,
BEFTCOMERESTEOENICRLP > THREIHASNh S,

objectives of other bodies {the agencies and departments
that actually allocate funding budgets), but without directly
OMB . controlling budgets themselves Goht R % L aq B3

ZiEtRuas' !

bpresident « Bodies such as the HPCC act as “magnets” aligning the -

Congress
OSTP o
Senate/House
= | committees of
35 Jurisdiction NSTC le—»PCAST
(-

Empowering/coordination bodies

HPCC » The HPCC acts as a kind of “virtual agency” setting broad
frameworks within which the agencies can adhere to their
individual missions —_—
» In addition the HPCC plays a key role in stimulating .
discussion and communication outside “traditional” 7/ e
_ o hierarchical channels - not just inter-agency,but also Arscussien
- Detailed research directions vertically. ud i cosmrons R S
« “Alignment” of agency /department _ ) ‘

research interests N

{ ,_%g@““@i(“’f ‘z?%LQ, ;'2,71;‘,._
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System - Il - Role of overarching themes - HPCC

The HPCC is an ‘inter-agency’ ‘inter-functional’ initiative which coordinates much of the IT activity of

many of the larger agencies and departments.

HPCCII &R - M2 8T 27N TS LTHY ., ThoEFOITHEBARNS O 2RET 57

2R-T,

other participating bodies

NSTC
[ il il sl |
1
CIC |- » NCO :
1
1
“Committee on_lnfqrmation “National Coordination Office” :
and Communications R&D" , « Interface to Congress !
 overall program oversight HPCCIT » Coordination of agencies & !
and budget review :
:
1
1

“High Performance Computing,

Communications, Information

Technology Subcommittee”

» Coordination of individual
HPCC programs

* Program development &
reviews, budget review

» Meets monthly

QOrganization

AGENCIES AND DEPARTMENTS




System - Il - Role of overarching themes - HPCC

The key aim of the HPCC is aligning the IT research interests of the agencies and departments around
common targets, which it has broken into five components.

HPCCHEEL HMIL. ZFEF COITHEBRERZHBOENIIAL > TREAIHAS_ETHD, TOR
BOEMIES>OXEABERTOTSLE LTHREINTVS, HPCCRAE L AMEERL TV IHF, €D
BHOZERD-ODFERELZBLORMCOVTREEET. © b%&of._ﬁﬁifaﬁ(JDﬂﬁ%’&#ﬁ-bTL‘%o

HPCS
= NREN
37
Dt

ASTA

ITA
\Ur BRHR
w,» o

WM gy

HPCC Components

“High Performance Computing Systems”
» Accelerated development of scaleable computing systems
and supporting technologies

“National Research and Education Network™
- Development of advanced network technologies and their
deployment within the research community

m)‘r)\‘ g

“Advanced Software Technology and Algorithms” .
]

» Prototype solutions to “Grand Challenges”, |mprovement of
algorithms and software tools

“Information Infrastructure and Technology Applications”
- Prototype solutions to “National Challenges” and accelerated
deployment of NIl enabling technologies

“Basic Research and Human Resources”

« Support for research, training and education in computer science

Z{"Z:&i’ 1 ‘%’f)"b""’z-i a2 E Y

Grand Challenges

(These overlap strongly with ASTA.) applied
fluid dynamics, environmental modeling,
ecosystems simulation, biomedical imaging and
biomechanics, molecular biclogy, molecular
design, cognition, fundamental computational
sciences,......

National Challenges

(These overlap strongly with 1ITA.) digital
libraries, public access to government
information, electronic commerce, civil
infrastructure, education and lifelong learning,
energy management, environment monitoring,
health care, manufacturing,......

é Vard dr\wQPW‘J{”

The HPCC has defined abstract “goals” , rather than the technologne@i needed t
achieve them. Within each program different technologies and approaches may

compete.

WS o

y
/f 4\“ x’%’fb
@”}‘t’ TP f o
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System - Il - Role of overarching themes - HPCC

Although added last* the ITA component new receives approximately one third of the HPCC total budget

appropriation.

IITA(Information Infrastructure and Technology Applications)l3 B & #ICMb /-7 AT S LN, BETR

FHELOIFO1EL 2T T TW3B,

Cross-Allocation of HPCC

Funding by Agency/ @
Department and by o
Component £
S
a
All figures are percentages of &
1996 budget of $1165 million .g
o
(@]
/t <
$/./8
A
n INTR

HPCC Components
HPCS | NREN | ASTA ITA | BRHR

ARPA 8.2% | 6.0% 2.9% | 13.5% | 0.5%
NSF 20% |47% | 11.4% | 3.7%| 52%
DOE 0.7% 1.5% 6.4% 0.3% | 1.8%
NASA 0.7% | 1.8% 6.6% | 2.3% | 0.3%
NIH 04% | 0.2% 24% | 28% | 1.0%
NSA 1.4% | 0.9% 1.1%

NIST 0.2% 0.3% | 2.4%

NOAA 0.6% 0.6%

EPA 0.8%

ED 1.0% | 0.2% ] 0.3%
AHPCRC 0.7%

VA 2.0%

% of total | 13.4% | 15.9% | 33.5% | 27.9% | 9.1%

* HPCS, NREN, ASTA, and BRHR were established in 1992 with the 1991 Act that created the HPCC. IITA

was set up in the second year of operalic\of\, 1993.

Y

~ /J _{_EK[E\ \?\;J\Q{nhﬂ.J\ .




System - Il - Role of overarching themes - HPCC

/ The Act which created the HPCC comes up for review this year, and it is currently unclear whether the
' program will be continued. ’

HPCC’&E&E LAEEZRISFRELDRBEI RS, HPCCZBHEIT 31 ES PRI ELZRETH 3,

xS
(\\2\’ \(7\ /6\"6

o\T

]

3%

[

—— :‘@»\f}/}z Z‘; T

*The aim of the HPCC was not so much to get agencies to fund computing research — F.4ahy
(they already did) as to establish broad objectives and direct agencies to coordinate LRt
their own programs accordingly, through encouraging frequent inter-agency and " By
vertical communication Werrh

’C‘},aj_

*This aim has now largely been fulfilled, and although such communication is not
formalized, it is certainly institutionalized to a large extent. It is therefore unclear
whether there is a contmumg need for the HPCC

«The initiative now encompasses much of the nation’s IT research, which would
certainly continue should the program cease (reclassified again, much as it was
reclassified into the program in the first place)

- *However, many people (including John Toole, current head of HPCC) feel that the

focus of HPCC is too important to decentralize

government funding of computing research in general, especially with an election fast

@ ><Additional|y there is Presidential reluctance to open up a Congressional debate over
S

approaching o=
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System - lil - Bottom-up idea generation

From the bottom-up, ideas are generated by ongoing interaction between research institutes and funding

institutes, crucial for stimulating competition.

W%UJ—"'(TT’H:?F LTy 7’?&%%5@7’)“95&'&'51?(__1:#')’(%5 BERBEDEDHIZHZOE M A

7y TORNBEETH 5.

President

Congress

osTP
Senate/House
commitiees of

Jurisdiction NSTC PCAST

\/

HPCC

~

+ Unsolicited an solicited proposals

Federal

Laboratories Industry

Universities

- Ideas are generated at the grass roots level by research
institutions, either in response to prompting from funding
institutions or as a result of internal chains of events

« They are then formalized in “solicited” or “unsolicited” proposals to
the funding bodies

» The benefits of allowing research ideas to permeate up from the
bottom are crucial:
- researchers work on their own ideas - a much more
motivating and rewarding experience
- researchers compete directly for funds (and program
directors can readily compare competing programs,
given the overall top-down coordination)
- there is always scope for maverick revolutionary ideas to
permeate through
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System - lll - Bottom-up Idea Generation - Solicited and Unsolicited Proposals

Project ideas are formalized by research institutions as ‘solicited’ or ‘unsolicited’ proposals to the funding

bodies.

7OV 7 bOTAFTE. HRELSHEEFAOREICLVERLEN S, BRCUBET -V TOEE
L3860 L, FRICEDLY EZE{HAICRET IO H %,

UNSOLICITED PROPOSAL

Project idea
forms in mind of
go»{ P researcher

Researcher puts together
Unsolicited proposal to
appropriate agency
(selected through
discussion with peers)

Agency decides
whether topic has
received enough
general interest

{ “critical mass”) to merit
detailed evaluation

- SOLICITED PROPOSAL

Project idea
{u:fm forms in mind of
program

manager at
department/
agency

Agency puts out request
for proposals through
publications such as
“Commerce Business
Daily” and the internet

Researchers whose
attention is caught
put together a
solicited proposal 1o
the agency

Agency employs\

favored project Project
selection receives
mechanism and funding
criteria

o C Estimates vary, but about half of projects which eventually receive funding come from solicited proposals and about
N half come from unsolicited proposals

» The split varies by agency: DARPA, which tends to focus research around more specific end-results, works almost

exclusively on solicited proposals, whereas at the NSF unsolicited proposals are more common




System - IV - Methods of Program Selection

Two distinct methods of program selection at the agency level provide a balance of immediate
commercial-goal and long-term knowledge-generation approaches.

HEFIcsW3707 27 FREICIB2OOFRXFHY ., Thick > TEBENSEECEHN RN AHEDOS
HERDNS L ZAPWMESENTLD,

President
» Decisions on which projects to fund and how much money to allocate are
omB A made by individual departments and agencies
Congress 9%\,4 + Itis within the departments and agencies that the top-down and bottom-up
OSTP : . influences are brought together

p— : . “i‘wo distinct models for program-selection are in operation
42 | NSTC [«»{PCAST| - Formal peer review (practiced by the NSF) lah 5 o m,'
St 4’\_/L - Strong project manager (exemplified by DARPA) /7., .

HPCC + Although each system has advantages and disadvantages, the

_J\—/l, two approaches complement each other well:
Agencies and Departments - The NSF 'approach sustains qug_-term research in fields where
commercial goals are not yet visible

,S"g:“:rﬁ_m 325; ‘Fo"’r‘:l" o - In contrast DARPA is geared towards research which leads more
Meager S directly to a practical result
- Individual project selection + The two approaches tend to lend themselves to research with different
« Individual project funding decisions time-horizons - peer review to longer-term, since decisions rely more on
‘r/\r- ‘academic interest’ in topics;strong program manager to shorter-term,since
decisions rely more on harder-headed more commercially-oriented
- Unsolicited and solicited proposals decisions.
: . Federal
Universities Laboratories Industry
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System - IV - Methods of Program Selection - Peer Review

The peer review system employed at the NSF is key to sustaining Iong -term research, but prone to abuse

in times of fierce competition for budgets.

E7 - LE 12— (RESEMHRITN—FICLATFMIINSFTHEAIATWR O 17 NOBREFAT. £l

REOWEEZ#MHEL TV DIZELTWS, LEL. FEAOEEFHI ML VERIICS

%

Peer/Merit Review

« Agency puts together peer review panel from
working scientists and engineers from diverse
backgrounds with deep knowledge of area

+ Reviewers provid |smtereste judgments on
= N
SR
- soundness of research plan
- scientific significance of proposed work
- competence of researchers

- likelihood of success

* Reviewers remain anonymous

+ Since 80s the term “merit-review” has been used to.
indicate that program managers must take into
account general policies of the Agency in addition
to the views of peers

» Some agencies, such as NIH (National Institutes of
Health), make limited use of second level of
reviews. (internally or by higher-level coordinating
bodies) to take into account national priorities. The
HPCC occasionally (not regularly) plays this role.

BERADBEN B

1
lé’;é](z.o}.w LRty ah U

sWLWTHS.

Peer review has been & cornerstone of US research A RAR e
project selection policy for over-20 years, and according to

government statistics today accounts for 30% of federal

R&D. In T, the proportion is likely to be a lot higher, since

the integration of the research community with government

and industry is higher than in many other areas of

research.

Peer review is ideally suited to an era when progress is
limited only by supply of good ideas - with rejection rates of
20 - 60% the risk of selection of less valuable projects
would inevitably be high if judgment were restricted to the
narrow experience of program managers

However, the system relies on honesty and ethical
behavior - a reviewer’'s pledge that he will not abuse the
possibility open to him of delaying response to or
denigrating the work of rivals.

According to many senior academics® in today’s era of
fierce competition for increasingly scarce resources, what
was previously a purely intellectual competition is gradually
turning into a system actively encouraging unethical
behavior.

N o ‘, f, Ry e
AN é;&b_'&\m r%hk.‘v ir{"L
* Such as David Goodstein, Professor of Physics, Caltech g e {\w\* "] "..' 1(, ;

AU




System - IV - Methods of Program Selection - Strong Program Manager

The ‘strong program manager’ approach employed at DARPA is more suited to research with a more
immediate tangible application, since it relies heavily on the competence of individuals.

FhiCLTFOT 746722 v—AKiE. DARPAICREFE N B L5 L BBEHFOWELBFICMRULITLS,
7OV bOREIER, KZLEREHOTOIS LY v —BAOEE - HICE 3L BHFKREL,

Strong Program Manager * The actual people involved in a proposal
decision in the 'strong program manager’

« Program Managers have responsibility for | approach are quite similar to the peer
being well-informed about the state of the review approach

]
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art of their specialties, and for selecting
appropriate researchers to investigate areas
they deem of greatest importance to the
agency’s mission

* Program Managers devote a considerable
proportion of energy to soliciting views of

The crucial difference is that the program
manager is not bound by a “process”
which makes the decision for him

To ensure the accountability of program
managers, therefore, programs with

eers, but are not bound by a formal b >
Emcess und by & forma SRR .. Shorter term goals for which the success
N N LY or failure can more objectively be seen are
* In addition to the general policies of the . [sP". crucial.

agencies, the views of peers and
practitioners, the program manager can
therefore exercise his own judgment
somewhat in the manner of a venture
capitalist
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System - IV - Methods of Program Selection - Summary Pros and Cons

systems in play.

Although each system has advantages and disadvantages, overall, research benefits from having both
tBbWﬁfk%Em?mﬁbéﬁ

E2EOMFEERE L TRAI, MARDHRET I EHPFREZEL-5
LTWwWaEE |
] Strong Program \\\ [/ /
(’Ter Review Manager —

» Maintains balance of long- and
short-term research

* Brings many minds to problem

» Ensures communication of
ideas among many individuals

« Can respond to
changing circumstances
very quickly

+ Ensures some investment
goes to ideas outside
redefined goals, some focused
on specific end results

» Prone to abuse in

« Control centralized in
program manager

« Geared to short-term
narrower geals

difficult times




System - IV - Methods of Program Selection - Other Mechanisms

Other mechanisms are in use by agencies less involved in IT research, but peer review and strong
program manager are the principal mechanisms among the ‘big 4.

ZOMOFRHITEEOL BVEFTREDATOSY, ITHEEAROEE4ETTRE? - LE2—»TRT
FLTRY ¥y —HRPFEATHh TV,

Agencies’ preferred mechanism
Competitive

Procurement DARPA Strong Program Manager

+» Standard procedure for procurement
followed with selection performed by

comparison of project against NSF Peer/Merit Review

predefined selection criteria
46 ;
s Low-level technical employees or
Bheneett consultants used to perform . ]
evaluation DOE Primarily Strong Program Manager
» Often used for projects of direct (although slightly handicapped by the
interest to government requirement to keep internal

laboratories busy)

Formula : .
Funding NASA Primarily Strong Program Manager

(but same issue as for DOE)

+ Used to allocate funds among
institutions, who then internally
allocate to specific programs

» Very rarely used for IT-related
research
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System - IV - Methods of Program Selection - Program Managers

The central role played by program managers in the two key systems of program selection means that
choosing the right type of individual is of paramount importance.

TATILTRY

H5

-~

Typical Program Manager
Background

» Technical qualification (Ph.D. from leading
institution ) or other demonstration of
significant technical depth. -

* Five or more years experience after
qualification , often a combination of
academia and industry or the military.

« Around 35 years old, with an ability to
combine the maturity of age and experience
with the freshness, innovation and
dynamism of youth.

+ A high level of managerial skill, including:
-leadership
-people management
-project management
-public speaking
-financial management
-decision-making

« Enthusiasm and motivation to succeed

= DR TRENEEXEEXD L. FYICHE - BELAMARIC ERERCEET

» The degree of responsibility given to program
managers/directors means that the right
combination of skilis is vital

 Program managers have to combine an
interest in technical detail (to the extent of
getting their hands dirty) with a maturity and
high level vision

« In particular at DARPA, where the pace of life
"~ is fast and exciting compared with many of
the more bureaucratic institutions, program
managers are among the more highly-paid
civil servants.

Flvo Lwy, w (a’f]‘

?@"/’6 \:}% L PV BRI
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System - IV - Methods of Program Selection - Organizational Consequences

Additionally, the organizational structures of DARPA and NSF reflect the need to manage the two systems
quite differently.

S h 5 RIRFRLISHC S . DARPALENSFORIRERNESHECE. WENZEEFrEL NS,

Contracting characteristics of the NSF and DARPA

NSE DARPA

Three levels of hierarchy
Program Manager, Office Director,
ARPA director

« Seven levels of hierarchy

» Much longer term investment in
infrastructure development and “pencil-

20% annual project retirement rate
and-paper” research | AR

- Program manager budgets of $500,000 Program manager budget up to $20
- $2 million o, million / o

» Huge fixed infrastructure and Fewer than 200 program managers
organization PTIRTE

Only few unsolicited proposals

 Approximately half unsolicited
proposals




Section V - Budget-sening
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Finally, the actual annual budget-setting process itself is an iterative, interactive process involving every
level of the decision-making hierarchy.

REBOFRDOFRER I, ELNILTORRRE - B 8B LITHIELD B70EAEETITHNS,

o Budget is Congressional
. OMB sets initial OMB produces disaggregated commitiess sel
@ | Departmental cost aggregate nd passed 1o inal levef of
o ceilings based on budget and relevant appropriation
= previous year's bud.get, sends to Congressional . ag:st:édget
no. overall economy, climate Congress Appropriations img law
b for R&D efc.. Commitleas
in parallel, HPCC et al. sets out its appropriation as a separale cut, and prepares Blue Books/
implementation Plans A
/’ b3

Agency/Department Office Directors Depariments
- Financial Comptrollers set then argue thg!r argue
g out initial office allocation cases for additional their
= (based largely on previous funds with Agency cases
[ years budget, and Departmentat with OMB
0 knowledge of large new comptrollers/
“E programs) directors
E Program Directors collect Program Directers prepare 3
g information on currently- cases for budget submission :

funded activities and -15%, flat, planning (highest)

outstanding proposals

Programs in progress submit .
requests for future budgets. Beginning of
N Outstanding proposals set out relevant
@ . ! fiscal year
> their requests for funding
-
a 1-2 month 3-6 th
0 nins montns
g - >
_m T e B B T A AT e S P i
Process begins soon after final at appropriate time)ll fiscal year (1996 Budgaet has not yet

action of previous year's budget been passed for example)
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2 Methods of Transfer of Technology to Industry
2.1 Underlying Philosophy
2.2 System and Mechanisms
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Methods of Transfer of Technology to Industry

2.2

System and Mechanisms




Technology Transfer Philosophy

]

[

The US approach to transfer of the fruits of research to industry is based on three fundamental principles.

KEICE I 2ARBERBRRODERAODBE[L. 3I2OEFXFEHIL>T 3,

Industry is recognized as a

The eventual aim is to
vital link between research

The underlying mechanism is

iti rovide public benefit N :
the Free market/ Competition P p and public benefit
+ brings out peoples’ best and brings '+ increased quality of life |/+ clear distinction between the role
out the best people through natural . increased emnlovment of industry (commercialization) and
incentivization as ploy the role of universities/labs (R&D
+ entirely the opposite approach to * regional development up to but n o_t mf:IUdmg e UM N
o . . . , < commercialization) -
striving for goals through regulation « strengthening US international G T o R,
. orovides equal opportunities for all ( competitiveness + building industries through new f(’“‘ "
P 9 PP start-ups or adding to them through

technology licensing

» widely perceived as being in the
public interest to involve industry | [/_

(rather than as providing tax payer rV@,
dollars to industry for free)




2 Methods of Transfer of Technology to Industry

2.1 Underlying Philosophy
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Technology Transfer System - Overview

US Technology Transfer creates eventual benefit for the public through a combination of direct and
indirect funding, and industry/academic collaboration and spin-offs.

XEDHEFBENLEAIL, EE ANOHELXR - IRFANOHE., EFEREAC A T7FORAGHEIC
&b, BRMOICERANDFIRZEAHL TV 5,

®

Industry @ @ BEFICEA3MEREIOY 7 FOEFRE

® N—> @ ERRICH 1 SERHR

Industry ‘
' =h PO OR [~ 4= = 7o
Government Lg.| Academia |:> ‘ Benefitslto @ KT - BIRAIC & 1 SRRME
‘the Public U
Spin-offs (V) *% - BEF CORRMRRROEANL
o (V) rE>* 70 s HITHEE
Federal Labs @ HEZ-ZXOT71—FKNNy 7

@ BB L7 DEGR

Q)

®
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Technology Transfer System - | - Level Playing Field

Academia, federal labs and industry compete on a level basis for government R&D funds, enabling good

ideas from any source to receive backing.

K%, BVFRA. RUERE, BFESICHL TEFLIABTRFL, EOMAREALSTH-TIRIH

WFATFT7HEEEBERTARALEIICE-TWAS,

@
Industry \ @

Industry

Academia Q

Spin-offs
0
Federal Labs |

Benefits to
the Public




Technology Transfer System - | - Level Playing Field

Academia, federal labs and industry compete on a level basis for government R&D funds, enabling good
ideas from any source to receive backing.

Kz, HIAIMREAR. ROEXIL, BIFESICH U TEELTETHSL., EORERBLETH-TERELER
WPAT7HHEERTBESICE->TUWLS,

+ The basic process for channelling research funds is competition between academia, the federal
labs and industry

+ This approach offers several advantages

- it supplies a greater pool of ideas and approaches to any given problem

- from which to select the best cnes
58 ] _ . - ,
- by involving industry it increases the likelihood of commercially -

acceptable approaches being selected at the outset

- by increasing the quantity of alternative recipients of funding, it increases the
motivation of parties to ensure good results for the research they do win funding for

» Free competition is to some extent constrained by the missions of the individual fundingj agencies

- NSF’s focus on knowledge-generation lends weight to academic contenders
for money '

- DARPA needs to ensure a viable defense industry, as well as merely
funding defense research




Technology Transfer System - | - Level Playing Field

There are therefore two approaches to transfer of technology into the private sector - direct funding of
industry and leverage of academic/government research.

ERARHBEE L TH DI, E#’\@E%tﬂﬁt KF - MERTOMREEZICBEL TV {(2ONH
&b,

Direct Funding of industry IT R&D
« 45% of total government-fundedITR&D ( $1.2 billion )

- 3 key mechanisms : procurement, grants, cooperative agreements

« several specific ‘virtual-agency’ type programs, as well as agency self-
coordinated funding

]
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Leveraging Academic / government IT research into Industry
» 55% of total government-funded IT R&D ($1.5 billion)

« Two key mechanisms: academic/industry cooperatlon (which itself
takes several forms) and spin-offs

» Characteristized by much on-going discussion, feedback, and
mobility of people/resources
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Technology Transfer System - | - Level Playing Field

As a result, a significant amount of government research funds goes directly to industry, as well as to
universities and laboratories.

BAAOMERRES L. TORIEHPERCHEASh, XF - FEREEMTIERSICE>TW S,

/0
firms in the private, commercial sector, '
Industry regardless of size ( from small businesses to ~ 45%
large corporations ), inside the U.S.
L _
U.S. government agencies themselves ( e.g.
Government ,
Agencies and | NASA conducts much of its research itself) and ~ 349
% 8D Lab federally funded R&D centers administrated by °
abs universities, industry, or non - profit organizations
|
Universities universities and colleges of any size and
and Co“eges reputation inside the U.S. ~17%

R

B -
A e e
A Lf‘(i}d\’hh;f?

‘f';\m ’P‘—kl 1‘\

{ FY95 data, but
distribution is
stable over
time)
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Technology Transfer System - ll - Direct Industry Funding

Money is distributed directly to industry through a number of agencies and virtual agencies using several
mechanisms.

EEANOHRR., a44EFE/ Q75 LRBL TITHATUL S,

Government

Academia

Q)

Federal Labs

Benefits to
the Public

Spin-offs




Technology Transfer System - il - Direct Industry Funding

Money is distributed diréctly to industry through a number of agencies and virtual agencies using several
mechanisms.

EEAOHER., B4BEBEFETATILZRBLUTITHONATV S,

AGENCIES VIRTUAL AGENCIES

- DARPA, NSF, DOE, NASA « Responsible for coordination of fund distribution
« Either allocated a budget to distribute from one
« Money distributed directly tends to - agency (e.g. ATP - Advanced Technology
involve lower government involvement Program) or responsible for overseeing the
(procurement and grants) distribution of budgets of several agencies in
pr— parallel (e.g. TRP - Technology Reinvestment
62 Program)
— » Use mechanisms primarily involving more

government involvement such as cooperative
governments.

MECHANISMS
PROCUREMENT DIRECT COOPERATIVE OTHER
CONTRACTS GRANTS AGREEMENTS
-
Increasing level of government involvement

FUNDS TO INDUSTRY




Technology Transfer System - Il - Direct Industry Funding

A wide variety of mechanisms is used to fund private sector R&D.

ERNOHEICBR2BHEFEHh B,
iewh, iR
Procurement Contracts Grants ( ﬁ;ﬁﬂ \ Cooperative Agreements* | Other Transactions

* Used when primary
purpose is to acquire
supplies or services
Generally do not

+ Used when primary
purpose is to stimulate
R&D

More an ‘investment’

» Basically same as grant,
but used when
substantial government
involvement needed to:

involve advancement than a purchase - fransfer government
63 of the state of the art, « Degree of government knowledge .
improvement of the involvement is not - monitor progress and

technology base etc. milestones
In R&D, usually 'cost-
reimbursement’

contracts rather than

'fixed-price’

substantial
Procurement contract
regulations do not
apply, allowing some
flexibility over for

example iP rights

Increasing government involvement
‘ — >

* Not so-called ‘CRADAS’ (Cooperative Research and Development Agreements) which cannot legally

iRvolue any transfer of funds to industry
n

LD

Loan agreements
Coordinated research
Consortia
Joint-funding
arrangements
Reimbursable
agreements

-
H

X"
an
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Technology Transfer System - Il - Direct Industry Funding

No overall coordination takes place of funds distributed to industry, however, and each organization with

funds to distribute has a different goal.

EEANOHBEICOVWTLBHEARBRI VS, HETIEFPIOTS AR EhThE-LBNES >TiTo

T3,
Contributors Primary Aim of Industrial Contribution
Agencies DARPA + Use commercial sector to ‘pre-select’
defense technologies
NSF « Ensure strong industrial base with capability
in defense applications |
DOE « Ensure technologies developed in government
labs are put to effective use and are selected
appropriately
NASA » Assist commercialization of NASA technologies
Thematic TRP  Use commercial sector as a ‘filter’ for ensuring defense
Virtual (Technology Reinvestment technologies are up to date.
A rogram)
agencies ATP wr i : :
(Advanced Technology + Fund ‘higher-risk’ investments in leading edge
rogram) technology for commercial applications that may not
SBIR justify industry investment alone

“Note :Althbu?

compilation o

Small Business Innovation
esearch Program)

STTR

%_Srnall Business Technology
ransfer Research Program)

h virtual agencies are allocated bu
budget of several agencies {eg. TR

+ Promote growth of small business in high technology
areas

g)ets, these budgets are a part of one (actual) agency's budget {eg. ATP) or




Technology Transfer System - |l - Direct Industry Funding

Of $2.7 billion total government IT funding in 1995, we estimate approximately $1.2 billion went to industry,
74% of which was distributed through DARPA, NASA, DOE and the NSF.

2B T27E OIS EOBAFITIHERREIHORN., HS12BFEZEAFMIShEEBBEOh,. BICF0D74%i3

DARPA. NASA. DOE. NSFhoHHE & h -,

Monies directed to industry

(5M)

523
151
80
15
433

Agency IT Funding  Industry %
e

s DARPA 747 70%

= NASA 328 46%
DOE 320 25%
NSF 297 5%
Others 979 44%
Total 2,671

Source: Arthur D. Litlle Estimates, NSF survey & Federal Funds

1,202




Technology Transfer System - Il - Direct Industry Funding

The four big contributors to industrial IT R&D differ widely in their policies of allocatioh to industry.
4EFFI3. ERXRNOHFELICOWT, £2<{B3FHEH-TW3,

Distribution of funding By Sector

(%)
Industry | Industry
80 80
D /BEA * strong - NSF « completely
- R supporter ' foquseq on
o o of industry M P umvgrsuty
b research funding
p— D@\(\u’@&’t& A,
66 s g
— University Government | University Government _
80 80 80 80 of e my
Industry Industry
g./((?1 ‘_A n 80 ;B,?’M 80 Eu:hding groﬁle
: rthe U.o.
' / * Mmajor source » « does lot of Gov. R&D
\ DOE of funds for ‘N\ASA its research
N > government itself and
labs together

with industry

Government

80

University Government | University

80 80 80
Note: A small proportion of each agency's funds goes to other non-profit organizations not shown on this chart
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Technology Transfer System - |l - Direct Industry Funding

DARPA and NASA tend to favor approaches with less government involvement in the work itself, such as

grants and direct procurement.

DARPAENASAIL, B2RM(Grant)PEERZEL VWS> EBFNAEOL EVVHEFEZEEICR>TWS,

» DARPA and NASA tend to
follow the philosophy that a

Companies receiving grants from DARPA’s
ITO (Information Technology Office) in 1995*

company needs to be able to norospace Corp.

make research and Applied Parallel research Inc.

ATAT Beli Labs
dGVG'Olp ment successiul . Bolt, Beraneck, Newman Inc.
under its own management if Bell Atlantic Federal Systems
it is to be able to make the R& B
D work as products in a gompmaéional Logié: Inc.

ol onvex Computer Corp.
commercial market place Corporation for National Research Initiatives
. . Cray Research
« To prevent industry seeing Dragon Systems Inc.

Enterprise Computing Institute
government dollars as a Environmental Research Institute of Michigan
bonus, however, DARPA and Financial Services Technology Consortium

. FTL Systams
NASA usually impose ‘cost- Honeywell
sharing’(>50%) obligations on :;Uhghg: r;\"Cfaﬂ Company
proj ect winners Institute fc-ur Detense Analysis

Integrated Sensors Inc.

Intel Corp.

Intermatrics Inc.

Kestrel Institute

Litton Guidance and Control Systems
Lockheed Martin

4

Loral Defense Systems
MasPar Computer Corp.
Microelectronics and Computer Technology Carp.
Mercury Computer Systems Inc.
MITRE Corp.
MPC Carp.
Myricom Inc.
National Semiconductor )
QOdyssee Research Associates Inc.
QOpen Scftware Foundation Inc.
Optivision Inc.
PRC Inc. )
Reliable Software Technologies Corp.
Science and Technology Associates Inc.
Software Options Inc.
Sprint
SR! International
TASC Inc.
Teknowledge Federal Systems
Tera-Computer Company firr
fansarc Corp. Fornt 44
GE mation Systems
Virtual-Machine Works Inc.

Zycad Corp..

[

* Please see Appendix for full list of DARPA's ITO-sponsored research projects in which these companies are invoived




Technology Transfer System - Il - Direct Industry Funding

Much of the money available to induAstry is distributed through a few key government - backed ‘virtual
agencies’, including the TRP, ATP, SBIR and STTR.

FEEAOHBENEC 2. BOHLPOBFOTOT S LEBL TiIThh, TORENE S DIETRP(Technology
Reinvestment Program). ATP(Advanced Technology Program). SBIR(Small Business Innovation Research
Program), STTR(Small Business Technology Transfer Program)T& %,

« The TRP was the government'’s original
vehicle for promoting the concept of industry
matching of government funds for ‘dual-use’
technology

Direct Industry Funding Virtual Agencies

]

68 « As the TRP has lost favor, however, its role is | | _
being undertaken by the JDUPO, whose future TRP - Technology Reinvestment Program
is still unclear.

« In contrast to the TRP, the ATP, which was - JDUPO
begun in 1990 and has received dramatically

increased funding since then, selects projects ATP - Advanced Technology Program
solely for their commercial value.

{

Joint Dual-Use Project Office

SBIR Small Business Innovation Research

Program

« The SBIR, initiated in 1982 and authorized
until 2000, ensures that a proportion of TRP
funds always go to small business. STTR - Small Business Technology Transfer

| Program

« The STTR, set up in 1992 and modeled on the
SBIR, aims to ensure that some of the money
set aside for cooperative agreements is
available to small companies.
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Technology Transfer System - Il - Direct Industry Funding

The TRP was the government's original vehicle for promoting the concept of industry matching of the |

government funds for ‘dual-use’ technology.

TRP(IE%E%%CDHW W, FEEEDH ﬂtﬂﬁ’&iﬁbf:ﬁ*ﬂ@?"nﬁ’ﬁh?dﬁ-97‘.:0

s

TRP Appropriation

$400
No future companies
E:> + Continues fundings of
existing projects
93 94 95 96 97

Mechanism and Re_levance to IT

+  Open competition

« Peer review judgment process combined with
defense expert judgment

+ Only a few programs directly related to IT

The TRP (Technology Reinvestment Project)
was initiated in 1993 as a result of a growing
realization that many defense technologies
developed in-house were already obsolete by the
time they realized practical fruition.

The TRP was therefore set up to promote the |
‘dual-use’ idea - ie. technologies with applications
in both defense and the commercial sector.

The TRP’'s approach was to try to choose
defense technologies using a commercial ‘filter’ -
in theory if the commercial sector is behind a
technology it is more likely to receive
development support and advancement over and
above government-funded work alone.

The program has received widespread criticism,
however, including the claim that the program
was a means for companies to find defense
markets for projects which would not be viable on
entirely commercial funding.
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Technology Transfer System - |l - Direct Industry Funding

As the TRP has lost favor, however, its role is being undertaken by the JDUPQ, whose future is still

TRPI: % @?‘i%ﬂﬂ@i =4, % hi2JDUPO(Joint Dual-Use Project Office)i_5| Z #kH h., TDITHZIE > &)

unclear.
L&y,
JDUPO
Memorandum of Understanding
participants

Office of the Secretary of Defense
DARPA
Army
Navy
Air Force

No civilian agency particiBants
previously part of TR -

+ The JDUPQ (Joint Dual-Use Project Office) was

established in December 1995 with a
Memorandum of Understanding between key
government defense interests after the TRP lost
support in the 104th Congress

The key purpose of the JDUPQ is:

- to provide a funding vehicle for projects
currently receiving funding under the TRP

- to maintain support for the ‘dual-use’
concept

Future levels, focus and probability of future
funding are as yet unclear; however, the JDUPO
has stated its intention to finalize plans in 1996
for a 1997 open competition along the lines of the
TRP (but there will be no competition in 1996
itself)
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Technology Transfer System - Il - Direct Industry Funding

In contrast to the TRP, the ATP, which was begun in 1990 and has received dramatically increased funding
since then, selects projects solely for their commercial value.

TRPEIIXIRRMIC, QOEICIAE > -ATPIR ZTORHBREA AL X (HEPLTWS, ATPTti%U)ﬁﬁTU)ﬁ%ftt

HeRECTO 7 bRIRENhS,

Administration

ATE < KB
| \
| | T

----- NIST Ve
(National L

Institute of
Standards and Z(\Z\;\\e 5
Technologies) N

[ A
i | i
_____ ATP|

Appropriation \

Department of Commerce K

$47 M

1692 1995

The ATP’s (Advanced Technology Program)
mission is broadly defined as ‘to provide support
for civilian technologies in the nation’s economic
interest’. Its legislative mandate is defined
somewhat differently as ‘commercializing new
scientific discoveries rapidly’ and reflnlng
manufacturing practices’.

It specializes in providing financial support for
high-risk technology R&D which may not
otherwise receive commercial funding

The ATP approach is characterized by several
distinctive features:

ky
>B400M @ g AN industry proposes and manages all

projects

- industry participants pay more than half of
the total costs

- following formal peer review, proposals
are assessed for likely ‘economic impact’
by academic and government specialists
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Technology Transfer System - Il - Direct Industry Funding

The SBIR, initiated in 1982 and authorized until 2000, ensures that a proportion of TRP funds always go to

small businesses.

SBIRIITRPFEO—FEDRIH/NEEARITOENDELSICT

MBI TWD,

Organization and Management

B0 et G

« The SBIR (Small Business Innovation

SBA (Small Business Administration)

Overall Coordination

| ] ] | |

Other 6
Defense Health Energy NASA NSF agencies <5%
Funding process
Phase I Phase 11 Phase 111

+ Agency issues list of
technology topics

» On success of phase |,
further funding of
$150,000 - $1 million
{2years work) may be
sought

+ Open Competition for any
small business

« Award is $35,000 -

$100,000 = Phase Il is only open of

Phase | funding to
winners

+ Innovation brought to

market by provide secto
investment (no SBIR
funds}

» Phase ¥l applications with

Phasae Ill commitment
already secured will
receive preference

3H5NTHD, B2FICEHIL SN, 20005 F TH

\:’} & /\1/ gl\\)_yﬂ-

,-)Lq'\\\

Research Program), total appropriation
around $1 billion, was established by the
Small Business Innovation Act in 1992,
which has since been amended twice to
extend the program up to the year 2000

- The SBIR is a stand-alone project,

although some proposals were selected
submitted as part of the TRP general
solicitations (approximately $200 M)

» The goal of the SBIR is to ensure that

1.25% of R&D funds form each of the 11
agencies participating in industrial
cooperative R&D are set aside for small
businesses ( determined by industrial
classification of employees and
competitive relationship with other
companies in the same industry)
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Technology Transtfer System - Il - Direct Industry Funding

The STTR, set up in 1992 and modeled on the SBIR, aims to ensure that some of the money set aside for
cooperative agreements is available to small companies.

STI'R(;tSBIR’& EFILELT. BRABHODTEO—BIIEEICRITOSAZEIIILAETOTTLATHS, 92

E iéht.o

Coordination

SBA (sSmall BusinessAdministration}

5 agencies only

Detense Health Energy NASA NSF

Funding process

Phase 1 Phase I'l

= Agency issues list of

« On success of phase |,
technology topics

further funding of

+ QOpen Competition for any $150,000 - $1 million

small business

« Award is $35,000 -
$100,000

{2years work) may be
sought

+ Phase llis only open of
Phase | funding to
winners

Phase I I I

+ Innovation brought to
market by provide secto
investment (no SBIR
funds)

= Phase I/l applications with
Phase Il commitment
already secured will
receive preference

The STTR (Small Business Technology
Transfer Program) was modeled on
SBIR, but projects must involve a small
company and a university/federally -
funded R&D center/or non-project
institution

Set up in 1992 as a three-year pilot
beginning FY 1994

Organization and selection process
closely follows the SBIR pattern

Each of the five agencies with
extramural R&D fundings budgets
greater than $1 billion were required to
set aside 0.05% of their extramural R&
D budgets in 1994, 0.10% in 1995, and
0.15% in 1996. Total (1996)
appropiation is therefore around $400
million.




Technology Transfer System - |l - Direct Industry Funding - BBN Case Example

BBN (Bolt, Beraneck, Newman Inc.) is a good example of a company directly funded by industry clearly
contributing to the public good.

BBN(Bolt, Beraneck, Newman Inc.)4t(3, HEREHFIBFHSHEEZSR T THRBARL . BRO/ICIA L LW
IRVBITH B,

BBN Case History « The BBN case history clearly

- demonstrates how the ‘system’, rather
than individual companies, benefits from

« Initially funded by DARPA to develop the

]
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packet-swtching router technology for
'ARPANET’

Although the company itself had some
difficulties when it attempted to market its
products to the wider public, the network it
helped create formed the foundation of the
tnternet, which arguably has improved

(and will improvgythe fives of millions

across the globe

BBN itself was turned-around after further
venture capital funding, and is now in the
latter stages of development of a
‘multigigabit’ Internet router due for launch
in 1997 (which received further DARPA
funding)

direct industry funding

The key output of the BBN funded product
development was (eventually) the Internet,
rather than huge glory for BBN, which
remains a small company
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Technology Transfer System - Il - Direct Industry Funding Commercialization Effort by Industry

The public receives the eventual benefit of government direct funding of industry R&D. Government
money is not a bonus to industry; industry must make a con5|derable additional investment to realise the
value of government support.

EEANOBFREOHER, BRNHICEARDRICED2GDELN, TOREBETLERXEA#ITSIETVWBRTI
2V, A LOMERREBREERLELIBZHT ETICR., RO THIAOEMSERF LRIELSTH

%o

2 q '[5 i b
Industry investment required to advance (ovroci Byt n

government-funded R&D to commercialization 77 <%/

INDUSTRY
PRODUCT ’j PRODUCT |j MARKET | :>
RISK DEVELOPMENT
: :-l—l> ' RISK |
(A) (B) Q)

(A) Usually government funding is of high-risk technology with some distance from

commercialization; Industry may require investment even to get to the product
developmet stage

(B} Product development for commercialization requires significant investment & effort
(C) Market risk is born by industry '
\J\N\_

e Bk
S




Technology Transfer System - Ill - Effectiveness of University/Federal Laboratory Research

Productivity of university and federal laboratory research is ensured by straightforward economic
incentivization. |

K¥EENHERTOMEEHE, EBEOI €T+ TICKN ZOEEEIFRLENATV S,

9,

Industry

P
76 Government Benefits to
the Public
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Technology Transfer System - lil - Effectiveness of University/Federal lab Research

Productivity of university and federal laboratory research is ensured by straightforward economic
incentivization.

A EIRER COWEERS. BENA T4 TICEN ZOEEEIREINATVS,
| N T

The Economic Incentives for an academic/federal
researcher

« Aresearcher’s salary, promotion prdspects, and prospects of
tenure* all depend directly on the quality of his work as judged in
‘peer reviews’.

st P Y e e g (1

. . , . . e
« Most university researchers’ salaries cover only nine months of (fes0% 20)
the year, forcing them to fund the rest out of the research budgets N
of research projects they must win themselves

« In cases where research is successfully commercialized,
researchers can receive up to 1/3 of royaities or license fees

*  A'lifetime employment’ systei for academics which guarantees themn a post and (some) funds
- attained only after proof of excellence
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Technology Transfer System - IV - Industry/Academic Cooperation

Industry/Academic research cooperation is in widespread use and cooperation takes place at various

levels. :

FEEHE I SR IThNTHEY ., BARLANILTOEEN $ 5,

®

Government

@

Industry

Academia

Federal La

Benefits to
the Public




Technology Transfer System - IV - Industry/Academic Cooperation

The line between a research institution’s role in commercialization and industry’s is clearly drawn,

RWOBREICH T EKRE - IEAEEELORIFEL., XER > &V LEPEIHPN TS,
Qe "\{}b Wb bf\‘\\k\‘k
The role/responsibilities of

Universities/Federal Laboratories The role/responsibilities of Industry

p— * Research » Development (product development)
Zi » Fundamental knowledge building « Particular products/services

Free thinking Solutions to real problems

Non-commercial, not-for-profit Production and distribution of goods

Commercial, profit-making, taxable

It is therefore clear that responsibility for commercialization lies in
- the domain of industry -
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Technology Transfer System - IV - Industry/Academia cooperation

After realizing the benefits to be gained from cooperation with industry, first Stanford and MIT and then
other universities have established strong technology transfer capabilities.

FEAEH OFIR P Stanford PMITOEBIC L WRBH I hd &, EARUE T - THEREE. HEBEOEH%E

-3- 6 J: 5 < fc?: 2 fe: o
Growth in technology transfer at US
Universities
Dramatic increase in technology transfer activity C -
- success of others observed S
# 9f B - universities forced to turn to industry for funding
universitie as gcw\nt/@p\itlal_d,egr}agﬁgd
5 actively .
involved in \ AR g O
technolog \{5‘ W
y transfer

“~._Now 10s of universities are active in

/ \;\\g technology transfer
a3y : total technoldgy transfer income of all

B N o S
\\\ \tpﬂ/ universities $242 million in 1993

Forerunners MIT, Stanford
(Stanford’s office of
technology Licensing
founded in 1969)

g i - 31 universities received >$1.5 million in
" \ \%b\) - royalties in 1\§§f\"/@or\
. «)\ &

1960s

Today




Technology Transfer System - IV - Industry / Academia Cooperation

Most universities and government laboratories have created offices for technology transfer, and pro-

actively market technologies to industry.

B N N

3.

BXEPEIUAER T, H@/@\E/ﬁ{wjﬁﬁﬁﬁb\ FERICET TRT & FEENICEVAA TV

L

UXTA RIS

Universities/Laboratories

Researchers

pr—
81 Office of
— Technology +
' Transfer- '
Licensing |

Inbound

- Collects ‘invention disclosures’
- Assesses marketability

- Files intellectual property

- Maintains technology portfolio

Outbound

- Markets technologies
- Negotiates licenses
- Matches industry interests and technologies

Coordination at focal point




Technology Transfer System - IV - Industry/Academia cooperation

The benefits for both academia and industry are significant.
EFEHETIE, KE - - AEREEEOMBICKE LFBIF &5,

]
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Benefits for Academia

Benefits for Industry

* Direct link with additional sources
of funds

« Better understanding of ‘what’s hot
and what'’s not’ (at least in terms of
immediate commercial potentiali)

» Prestige (from successful
collaboration)

Can more quickly access the
results of research

in a better position to negotiate
license/ intellectual property rights

Better contact with reSearchers,
potentially for recruiting

Prestige (from successful
collaboration)




Technology Transfer System - IV - Industry/Academia Cooperation

Cooperation takes place at various levels within universities.
EFEERIAZOHALELANICEVWTIThhTWVWS,
JmITraia&ma g B L
(AadTeus) .
In ial Liaison Programs'

Department Department Academia P> . General introductions between companies
and research/researchers in various fields

Research Fields —————® ‘Industrial Affiliate Programs’

(often cross-functional) - Capital sources put together with
researchers and technological results in
particular technical fields .

]

| ] ] ]
83 ‘ Research ———— - Sponsored Research’
Projects « Capital providers give money direct to
particular research programs

Development Programs)’
» Formalized process for joint research
efforls

Indiv'iduals —® ‘Consulting'

» Academics' part-time personal
businesses, typically up to 20% of time

[

Individuals ————» ‘Loan Researchers’ _
IndUStry « Researchers ‘loaned’ from companies to
research projects
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Technology Transfer System - IV - Transfer Mechanisms - CRADAS

CRADAs (Cooperative Research and Development Agreements) are the technology transfer mechanism of
choice for federal labs, but are little used by universities.

ENHARMTIEREDEROHEEL L TCRADAFBREFELN S K, KETREBEAEEDOh TR,

a legal entity for joint funding of research by universities/taboratories and indUstry

frequently used for joint product development of industry and laboratories

lab provides facilities, personnel, and equipment, and all of this may partly be
financed thorough a special grant

industry also provides funds etc.

very flexible structure leaves lots of room for customization to individual labs

very popular because of flexibility

often a thinly disguised purchase order in which an agency gives money to a lab to
buy a computer and fund lab and company product development

CRADAs are often effective because they put labs into the position of a demanding
buyer who is intimately included in the product development process

3 389

in practice, the 200 or so in operation are restricted to federal labs and have little
application in university technology transfer
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Technology Transfer System - 1V

Universities must maintain a balance of research at different stages of the ‘life-cycle’ and manage their
relationship with industry accordingly.

REQREZDBALERECHIERBONT L AEROLHICS, BREOBEFREEFTILRIH D,

37

e
1A TS wneerd hﬁ %%}%(W A Fﬁ'\w R
. A
‘ » |In order to ensure commercializabie ideas in 10 - 15
- 20 years time, universities must ensure a balance
of more basic knowledge-generation-type research is
undertaken together with more readily
commercializable work

Research life-cycle

« To ensure suitable partners can be found as

. research themes mature and approach
increasing depth of C . ., .
relationship with commercialization unlve_rsmes must keep in contact
industry with and share information with a variety of
companies during the life-cycle

+ Universities maintain this balance by

Theoretical Theoretical Experimental Applications - holding regular focus meetings to maintain
systems perspective on long term ‘package’ or portfolio of
+ New ideas/broad + Theary lends itself to » Practical applications  + Product development research ‘
themes/approaches theoretical areas: new put 1o the test in the arising out of originat '
without necessarily any concepts and ideas are laboratory ide'as may be (_amirely in - maintaining a contact database of co mpanies
cepleater o conter " Indusiry may b sy domer which are kept in touch with research topic
= 'Pencil and paper + ldeas for tangible involved in co-lunded - Sub applicatiens and p p
research applications begin to projects branch-topics develop deve|opments and progress
= Industry untikely to be develop + Researchers involved
involved . ¢ Indusiry maintains a threugheut the life-cycle
‘watching brief’, often may move inlo the
though ‘awareness industrial domain
briefings’ organized by
universities
\A Qe
Typical research theme ‘life-cycle’ ~20 years 10 eii “ G




]

86

{

Technology Transfer System - |V - Industry/Academia Cooperation

Whichever mechanism of cooperation is employed, intellectual property and research ownership usually
remains the domain of the university.

EQLS EREOHEERELTH, MARROEIEREB/RONWARTEIXFIIETSOFREOLT

5>, i

Working

relationship

Increasing
direct
(industry)
involvement
in research

}

« Loan researchérs
» Sponsor
» Industrial Affiliate

* University
maintains overall
coordination and
final say in
research

- University retains

ownership of
intellectual

property

* Spin-off

= Joint venture

* Fixed term
contract

* License

|P contractual
Arrangement

A

Increasing
direct
(university)
involvement
in business
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Technology Transfer System - V - Spin-offs k\ wnltaph, 2V gl a,\\uq 7 b \\
‘ : .

Spin-offs are one of the key features of US technology transfer, and are an extremely effective means of
transferring information rapidly and accurately into the private sector.

1tx#7£i*lilf®?§ﬁﬁ*§$:s®1?®i¥t BRETHY . BELOSBELICHOVTOREIE . RO -

MEHTOLH S,

®

Industry

o)

Government Academia

{ Industry

Benefits to
the Public

Nestor &
L “
:m%k'?%z)}\%’zé’ﬁjm




Technology Transfer System - V - Spin-offs

Spin-offs are one of the key features of US technology transfers, and are an extremely effective means of
transferring information rapidly and accurately into the private sector.

2E/?f7£i*lf®ﬁﬁﬁ§ﬁo)1')@E%&ﬁﬁé?&U BEHELOBRLICBVTOERENIF ELS . SdJ%B"j'
MENTEDH S,

+ Spin-offs are one of the most important mechanism in US technology transfer,
particularly in IT

* In many cases, even when research is successful universities do not have the

]
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connections or the resources (or may not deem it of a high likelihood of success)
to push it into the commercial world

Individual researchers, with a belief in the fruits of their own research, license the
technology directly, and found their own companies

The belief in this possibility, and the existence of highly successful examples in
the IT industry today, are strong motivation for researchers

In many cases, researchers are simply unaware of the high risk /reward ratio of
start-up companies like a national lottery, the fact that the odds are stacked
against you does not necessarily deters you from taking part. \ | K,

by -
I - AT




Technology Transfer System - V - Spin-offs

Many of today’s major IT companies initially emerged as spin-offs.
ITERDHEIYORFTREXL, BYOEAEFT7ELTHE >,

Company name

Hewlett-Packard

Digital Equipment Corp.
fnformix

Silicon Graphics

Sun Microsystems

Sybase -
pr— Cisco Systems
89 . Aldus
Carnegie Group, Inc.

[

Wolfram Research
Transarc Corporation
Fore Systems, Inc.
Claritech

Netscape

Agents Inc.
WebCrawler

Lycos

School
Stanford
MIT
Berkeley
Stanford
Stanford
Berkeley -

" Stanford

Washington
CMU

lilinois, Caltech
cMu

- CMU

CMU

llinois

MIT
Washington
CMU

* This list is not exhaustive, and includes only a sample of today’s ‘major’ {T companies.

Thousands of smaller companies are also in operation.




Technology Transfer System - V - Spin-offs
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Funding sources for spin-offs are usually venture capitalists, but recently universities have begun to supply
capital themselves.

Z 8/1711;%’\0)51&!1:%.%’\/—? =X v ERNHFSENY, BETEXREFES2RET S EHBDS
nNTWwWa,

T e Fumdirg 378

« Recognizing the importance of start-ups
as a means of technology transfer, Lycos: A Case Example
universities have recently begun to
provide venture-capital style funding to
start-ups

- Funded by Carnegie Mellon University, a group §
. _ , of researchers founded Lycos Inc., an internet £
* As well as increasing the available supply | search service provider (University owns 20%

of capital for start-ups, this has increased :
the tcfchnical suppo?t that a start-up firm of equity)
tends to receive after its founding, since « The company has proved extremely successful B
the university continues to maintain a and today has revenue of about $0 3 million/  §
close relationship month

+ Additionally, funding such start-ups is an g ' :
excellent nzeans fofJ universities tg acquire |° The CMU Technplogy Transfer Office
knowledge of what succeeds or fails in continued to assist through out the start-up

the commercial world and why process

. ?’3(”1?{ ¢S o T v

BE TS REE S AT
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Technology Transfer System - V - Spin-offs

The key factors for success of spin-offs are umversnty support and local mfrastructure as well as

individuals’ motivation.

AEL AT DRINDf-HIZ1E, ﬂﬁA@-’E%f\
ERLBEATHS,

University support

+ Permission for leave of
absence to form start-ups
(and ready acceptance back)

+ Readiness to accept company
shares as payment for
intellectual property license

F A
R X Lot~

The key factor enabling the success of

the system is the ready mobility of people
. N

and capital between acader{ua and

industry (as well as mobility-within

industry and within academia)~

SaritbELl., KBEOYH—

Success_ful
Spin-offs

AR Y Resendhon 3
B o Beor

b XPHRIE T D4 K — M B

Individuals’
Characteristics

: * Motivation and Drive
/ + Deep understanding of the

technology involved

Local support
infrastructure

» Support industries

+ Trained knowledgeable staff

Y AR \




Technology Transfer System - V - Spin-offs

In the community outside of university, an infrastructure of supporting services for spin-offs has
developed.

KERIOMBTIE, AL A TEYR- 28848 -ERAZRYBT I T IHFHRTNS,

« NLFo—NRBDIHDTAT4T | FEEIZH)
US Venture Support infrastructure CANLFh—EEHEIEVIA BEHEL T
 BREZELEEOA wa

/4

Free Market for People

Fortune 2000 el "Home Garages” Professional Services
- Spin-outs - Moonlighting employees - Law
pr— - Spin-offs - College drop-outs - Consulting
92 Flow of ldeas and poeple
C Fortune 2000
orporaie Venture Funds - ; :
Venture Capitals Fiow of capital . , Flow of Sk.I"S Professionals
Angels | ' . "Venturists”
Start-up Companies
. Incentives Results
ISR L CHEEELYL AT - Financial upside - An opportunity from high risk ideas
VB EAEAE E‘ﬁgﬂ - Idea fruition - Talent pulled from other institutions
c BAGEFAN-L a3 T-BT - Growing a company - Pravious research leveraged
2% 8IETTRIED. 2hHK - Protessional "badge of honor” - Focused development
Es¢2aKGHBA - Independence from large company politics | - Extreme pressure for ROI
: - Excitement ’;}ﬂ /{7
. /
{ Flow of comparnies  § FavP %ﬁl A { 0 lf}’m
- I, BB EENT S HDOSHE HAE —| Failure Growth Absorption . ~
Hmik ~90%* ~3%* ¥ . * Numbers among ventura
o BAEEEHE - -RVWESHOESE capital-backed stant-ups
s BELEEIOFVYEY . FRICEEECY Free Market for Companies

5%

Fluid markets of all components of venture business are in place, supporting spin-off activities.
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Technology Transter System - VI - Feedback

The key strength of the process is that technology transfer from universities to industry is complemented

by feedback from industry to universities.

BEDOSKY - HRAMADT 1 — /Ny 713, BHEBEELUEL - RETHIERLEHEDTHS,

®

Industry

®

N

Industry

Government

Y

Academia

@/]fzd"

Benetfits to JL
Q the Public w
Spin-offs

|

Federal Labs

i/ )
@ %{70{,\’5’\ ] \
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Technology Transfer System - VI - Feedback

The key strength of the US technology transfer is that technology transfer from university to industry is
complemented by feedback from industry to universities.

BEDOKRY  FIRFADT 4 — K5y 203, HEBEELUAL - BETIEELLDTHS,

Universities/Federal
Laboratories

Industry

* |deas

+ Technologies
* People

Topics of practical
value

Topics considered
important ‘by weight
of numbers’

Money
People

In principle, researchers can choose
topics based on their own academic
interests

In practice, however, they can only
receive funding for ideas considered
meritworthy by a wide audience,
including peers and industry

As government funding has declined
and industrial funding has
correspondingly increased, the weight
of the voice of industry has increased

An accelerating force has been the
trend in government-backed programs
such as the ATP to further encourage
collaboration




Technology Transter System - VIl - Legal Infrastructure

The system is suported and enabled by a number of key pieces of legislation.

BwsE - EREOLFBOHEAE. TOLOOEFERICKIUVERIFEShTVS,

®
@ Ipdustry \ @

— Industry
95 Government . Benefits to
— Academia |f> the Public
Spin-offs :

— ®

Federal Labs

0

)\ ) k{,@%{i\hﬁf”\;@ ?a%\ -
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Technology Transfer System - Vil - Legal Infrastructure

Since the 1960s, a number of pieces of legislation have been focused on facilitating transfer of intellectual
property in general into the public domain.

MAEERO—RADBEZANEL T, 0FEKIPSHADEBIFEONTE L,

1966 Freedom of Information Act - BEROEEE—RICHOSEZDDHIAEES /-
- AFTORBEERL. TCIEEAS R EBILIEF FIRGLL /-

1994 Electronic Freedom of - 1966 M Freedom of Information ActOFEFREH . EFHECFLEHLT
Information Act | DFci? - RHRICEBT I L @l A
' - BFICHL, 2TOBBNOF IR EF 51 > T—HICEHT S
SIEKL /-
1995 Electronic Freedom of Information + FPERMEDACDERN LW EBBEREINDZLSEEL -
Improvement Act
\
-~ @?\3’1;3\\‘
Y\\\\ y W {XE“V”
\ “'\ "’hl
" \DKLm [N < {éw\f" %\
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Technology Transfer System - VIl - Legal Infrastructure

Several pieces of legislation have been aimed specifically at |mprovmg the effectveness of technoiogy -

transfer.

BADERIBRBEOVMRETEDLSENDLOICESHh T,

- BB REEHERMODOMEADMSERS L2 1
19 -Wydler A
80 Stevenson-Wydler Act - FAE - HWEE A B(Office of Research and Technology Application) % 2537 .. BB EURFHEREORE
HEOWRELHEEREL -
1980 Bayh-Dole Act : %ﬁ ?g&f;%ﬁl Lo TRALERAINL #ﬁm::mz REAE T - AP HEEF BRI ANFREESFD
- K. AR, BRI TELRBRLEASEDLDILTES LIS Y ., BEMGEOSVHELBRT 3147
758
CESILKFRREDL DO UHEAPH N - SORASHIBEE —~BA B H T LHFTE, EEORARH KL
AT HEZL ST
1986 Federal Technology Transfer Act - BFFARE - HFEROMRAIIC. CRADAOAAZSL 2 ER X DOBFAREEHAL /-
- BURERMBERBEGES V- T LAEREY . BB TR e Eh
- HWEEICEL T, %ﬂé%l:ﬂ: LTHELEODBEE EEDH -
1989 ’T*atiﬁnall Cor‘Rpelitiveness - CRADACIHEAIZ L SEE L OBREME E. BFFE - EXEEOMERILEHITLE
sehnology Adt . CRADADH#MS (- & 3 &% L DBRAREI 51 7. BEOMTISREMBETHEL SRETEI L ADE
1991 Defense Authorization Act - AR ERFHBERRRBBICHL T, 2R EOBRAMEED ERINE ‘ﬂ'éﬁ$ﬁ‘ Fo18E. BhrEEee
Hya3Z e L.
1991 American Technology - CRADASNERL TORMAEROTREFAL £
Preeminence Act CHEFOF LY 2— 12, SEOMERE s HEREOERH DR TES LS o
1992 ?r";ﬁgfggﬂgfss Technology CBDOEFICHL T, MDE. X%, RUREROBRARRICHL THETS LS BRL~
1993 National Competitiveness Act - BT TORERRTOT S LERELL
' - Stevenson-Wydler Act ##5iE L. BERFOMERUVEALZTOHROKEER - /-
- HEFOBHEE~OTEENERELE
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Technology Transfer System - VIi - Legal Infrastructure

The Stevenson-Wydier Act and the Bayh-Dole Act of 1980 in particular laid the ground work for technology
transfer.

80 MStevenson-Wydlerik & Bayh-Doleik(d . 45 ICHABENERBE1E-> -,

Technology Transfer
TN Y
/Il_’:t;‘;f;i::'y :> Industry > Public
N /N

Stevenson-Wydler Act Bayh-Dole Act

- Defined technology transfer as mission  * Provided the right for university/
of university/laboratory. laboratory to own intellectual property

« “The government's investment in the . Practica”y created the market for
laboratories must contribute to US technology inventions and economic
industrial innovation”.* incentives.

However, what makes the system work is the self-motivation of all parties under a
free economy with minimal regulation.

*source; the Journal of Technology Transfer
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Technology Transfer Systiem - VIl - Legal Infrastructure

The Bayh-Dole Act practically created the US market for technology. Subsequently, all universities jumped
into the business of technology transfer and have been trying vigorously.

Bayh-Dolei% i EEMICHFORBA VML £OT. ZORKEEE > THIBEOE Y

L. EORIIANDRKERELBGAFESINTET VS,

Goal

Background:

Technology
transfer as a
national policy

Measure

Resulis

AIZHEVYH

Bayh-Dole Act

» Awarded rights to own
intellectual property to small
businesses and non-profit
organizations from their
government-funded R&D
results.

Allowed them to keep
invention information from
public dissemination for a
reasonable pericd to file
patents

Effect:

+ Created incentive to
transfer (license)
technology and eamn
income

Technology now
marketed by the entity
who knows it best

(hard to market if it
were owned by
government)

« All ressarch-criented
universities created
organizational effort
for technology
transter/licensing

» With anincome ~—-
stream, technology
transfer is
economically self-
sustainable

Transfer

+ Example:
- FM{Frequency

Modulation) Sound - used

" for synthesizer

Stanford — Yamaha
bought the university
$13.9M in licensing fees
and royalty income since
licensed

« Total $242M earned from
technology transferred by all
US Universities in 93
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3 Technology Categories, Research Areas and Projects
3.1 Technology Categories and Funding
3.2 Research Areas and Projects

3.3

Conclusion and Lessons







Section lll Summary

ADL has tracked funding by broad technology categories, identified current “hot” research areas within
each category, and drawn conclusions about characteristics and strengths of government-funded T
R&D in the U.S.

ADLTI. XEHMFHEOITHERREMISH EBAEROETADHIC, BEOXPIBELASAOHEICOWL
THEEL. BHEXRY PEARIFESE. AEZ1T- 7 :

L,p’)
 funding can only be tracked by broad categories, a meaningful attempt to track funding by detalled kﬂ
research topic cannot be made | o U

« current “hot” research areas are...

- in computer systems : hive computing, mobile computing

- in components : scalable parallel I/0, computational prototyping, molecular computing
- in human interfaces and intelligent systems : multimodal interfaces, virtual and augmented reality
- in information management : distributed,scalable multimedia databases, information retrieval

- in communications : all-optical networking, high-confidence networking

Z T NFg ﬁﬁ%

» the U.S. system derives its success not from picking and funding the “right” topics but from
maintaining an extremely diversified portfolio of areas and topics and by funding a sufficient number
of comprehensive “ computer systems “ projects which facilitate feedback loops between research
and development and between academia / labs and industry.

Note : URLs for all cited projects can be found in the Appendix
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Technology Categories, Research Areas and Projects

3.2

Research Areas and Projects

3.3

Conclusion and Lessons
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Technology Category and Funding - ADL Categorization

ADL has used a categorization which distinguishes infrastructure and application funding from computer
and communications R&D funding.
ADLTI3, 1273 &7 TV r— 3 /'\G)&‘.ﬁ’&‘ AYE2—4—-¢ta32Z29—aOMRRARBREC

RT3 ¥e1T o7,

; Tren
% Funding Research Area (%if Sn funds )
Computer Systems Hardware 5.0 $135 mill research advancing the state of computer hardware architecture and -
Technology and y milhion technology, such as research in scalable computer architectures, -W#
Hardware & Software Architecture % supercomputing, parallel processing, theoretical models of computation
Lecﬁ?ol?gy and 5 ' # rasearch advancing the state of computer software technology and creation
rchitecture y(s-;ter'lrclj 3:) ware{ 14.0 $378 million of software tools and middieware, such as research in operating systems or
R&D and middieware % programming languages and creation of libraries
18.4 research in electronic components that might be applied to a varisty of
Components R&D Y, $497 mitlion | systems, such as research in optoelectronics, mass data storage, video
o : processing, bus systems, electromechanical systems
Human Interface and Intelligent . research in artificial intelligence, robotics, and human interface problems,
9 8.8 $236 million such as research in speech recognition, natural language understandmg
Systems R&D %
sensors, adaptive systems
4 . _research in information management systems, such as research in
Information management R&D 30 $92 million database design and management, query languages, transaction
) processing, logical and physical design :
. 71 research advancing the state of computer communication technology,
Communications R&D - $192 million | such as research in high - speed networking, wireless services, network
Yo security
Subtotal . | 56.7% $1,530 million
. creation of software and computational techniques directed at solving
L Computational 13-8 $400 million | specific scientific prablems and applications, such as graphics and
Applications Science Apps %o visualization techniques
R&D Non-scientific | 12,2 $329 mill creation of software for other than scientific purposes, and education ang
Applications o MION 1 raining, e.g. creation of military software, teacher or scientist education
Subtotal 27.0%| $729 million
Computing 9.1% | $246 million | acquisition and operation of supercomputer facilities
Infrastructure = 5 TEE— . —
- s acquisition and operation of high - performance computer communications 4
Communications| 7.2% | $194 million ng?works and serewes P i
Subtotal | 16.3% | $440 million (ADL Estimates for 1995 )
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Technology Categories and Funding - Two Existing Categorizations

The two existing official cross-agency approaches for tracking IT R&D funding by broad technology area
differ in their categorization.

ITHRRFELEE LOBRFAEFOIRE L TREFRAE XN > 1220088 H5H., ThoRBRE- L5

FELTW3B,
HPCC Approach CIC* Approach
« categorizes funding as part of one of » categorizes funding as part of one of
five areas: seven areas:

High-Performance Computing
Systems

Components

Communications

National Resource and
Education Network

Computing systems
Software Toolkits

Advanced Software
Technology and applications

Intelligent Systems

Information Infrastructure
Technology Applications

Information Management

Applications
Basic Research and Human
Resources

* Committee of Information and Communications R&D - see page 1-33 et seq.
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Technology Categories and Funding - HPCC Categorization

The HPCC categorization has several limitations that make it less useful as a base for tracking IT R&D by
technology area.

—

HPCCORTTIS, MOLPORAY HY) . ITHEBAROBZMIELEINT ZDICBFATEL, @

-

ot Ul fp"—]

—

High-Performance scalable parallel systems, parallel i/o local-area workstation clusters, message-passing in ~ $1 565.77 13%
Computing Systems ( HPCS ) zgﬁé\ﬁiy parallel processors, systems tools for online analysis of real-time OS, shared million
_ natwork connectivity of public organizations, gigabit networking, advanced netwarking ~ $186.05
National Resource and components, optical networking, network-capable applications and tools, netwark $186. 16%
Education Network { NREN ) security, distributed file systems, privacy-enhanced communications, network million o
management, ...
Advanced Software computational science applications for high-performanca computers, paral_lel qperating ~ $390.41
Technology & Applications systeams, languages and tools, parallel algorithm and data theory and application, - 33%
(ASTA ) distributed computing, ... million
information Infrastructure virtual reality, teleprasence, network hypermedia, scateable storage management and data ~ $326.91 :
Technology Applications repositories, object databases, muitimedia objects, electronic copyright management, : 28%,
(IITA) mobile computing, secure networks, private networks, ... . million
Basic Research and Human system software, programming languages, compilers, tools, virtual reality, algorithms and ~$106.71 .
Resources ( BRHR ) models, software engineering, computer and science education, ... million 9%

Source : HPCC FY96 Implementation Plan

Limitations: - does not distinguish R&D from infrastructure funding
- does not distinguish IT applications R&D funding from pure IT
R&D funding
- very coarse granularity, further breakdown difficult
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Technology Categories and Funding - CIC Categorization

The CIC categorization is better in that it splits off applications but it still mixes infrastructure and research
funding.

CICORRE. BRRBEFI-RTEZY. ThTHA L ISEMANOHEEZ—HIIRYBE->TV3B,

processes for electronic compaonents, optoelectronics, mass data storage, energy starage,
Components efectromechanical systems, models and pracesses for interconnect systems, electromschanical $370 million 18 %
assembly, displays, lasers, videa processing, high-bandwidth busses, ...

analog and digital wireless services, micro to macro celiular systems, scaleable, reliable, and adaptive
routing algorithms, multicasting, network security, network resource allocation and management, optical
Communications switching and transmission, satellite services, nomadic computing ( campus-wide, rather than world-wide, $270 million 13 9,
mobile / portable computing ) and access, internetworking and interoperability, encoding and
compression, electronic commerce support, ...

batanced parallel systems, scalable parallel systems, multicomputers, local-area clusters of commedity
workstations, parallel i/o, interprocessor communication, vector processing, shared memory .
abstractions, global management of memory and data, models of computation, theoretical foundations $290 million
of computer design , ...

Computing Systems 14 %

. language and programming paradigms, campiler methadology and optimization techniques, operating
Software Toolkits systems, human-computer interfaces, software tools and libraries, frameworks for application $285 million 14 .9
development, runtime systems, theoretical foundations of complex software systems, -+ - '

speech recognition, native language understanding, knowledge-based systems, image processing and

recognition, artificial intelligence, sensors, learning systems, adaptive systems, - - $180 miltion 9%

Intelligent Systems

database design and management, content analysis, dictionaries and indexes, data compression, data
Information Management storage and organization, logical and physical design schemes, data description and manipulation $ 70 miltion 39,
language, query languages and processing, transaction processing, - -

computational algorithms, computational geometry, computational and adaptive grids and data

Applications structures, symbolic and numetical computing, graphics and visualization techniques, mathematical $550 million 279

models of physical and biological systems for parallel processing ; all in the context of HPCC's Grand
and National Challenges :
Limitations: - does not distinguish R&D from infrastructure funding "¢

- no historical data available
- very coarse granularity, further breakdown difficult




Technology Categofies and Funding - NSF

Breaking down funding beyond such broad categories in any meaningful way would be possible only
by examining each of thousands of individual grants in detail: Among the two major funding agencies,
NSFs most detailed breakdown is still too coarse and it reflects NSF’s rather static organizational
structure more than the actual topics funded...

Fho Ll FICHBEEREE%OH A THMET 3LREH30, ThEEL T AHICREZOELDH
BEEGEANES TR ESTRAETH 5. NSFCORLMMPOAREEM->THTHELEC, LB THI
WMEBERE S LNSFORPEENLABBEE LURRLAEDBDIEES>TWVD,

C!SE { Computer and Information Systemns Engineering ) FY95 ( § million ) Research Topics Covered”
Directerate - All Programs
Computer & Computation Reaearch 40.3 « fundamental theory underlying development of better applications
Computer & Computation Thaory 9.8 « numerical solutions of science and engineering applicalions
Numeric and Symbolic Computation 7.5 - problems in creating. maintaining, and managing real-time 3ystems
Computer Systems Architecture 4.4 = pragramming language for high-performance compu!mg
Software Systams 13.4 - GOmMputer secLrity
p— Software Engineering 5.3 = computational geometry
Information Robotics & Intalligent Systems 32.3 - dasign af database and knowledge-based systems
1 Og Knowledga & Database Systems 14 - information systems in distributed and networked environrmeants
Robotics and Machine Intalligence 7oA + virual reality and multimedia
Interactive Systems 56 - human language technology
u Infarmation Technology and Organizations 5.6 « sensor-hased contral of intelligent robots
Microelactronics infarmation Procassing Systems 25.8 - theorslical foundation ot IC and systern design
Design. Toals and Test 4.8 + rapid systems prototyping tor axperimentation and manufacturing
Microalectronics System Ardulecmre 4.5 » package and interconnect technologies
Circuits and Signal Hrocessing 4.8 + compuling sysiemas architecturas and design methods
Experimential Systems 83 - mult-dimensional and VLS| signal processing . 7
Systems Prototyping and Fabrication 3.4
Advanced Science Computing T9.2 + saftware 1ools for high performance computing
Centers 735 - computational technigues and scftware for parallel sysiems
New Technologies . 5.8 - computer graphics and scienca visualization
king and G tiona R h Infrasiructure 58.5 - commurications, information, and network theory and lechnology
NSFNet 45.2 - goding and coded moduwation + radio systems and neiworks
Metworking and Communications Research 11.2 - video, speech. image. and dala campression - protocol theory
Croas-Disclplinary Activities 242 - instructional software and tachnolngles
CISE Institutional Infrastructure 20.7 - computer education
GISE Instrumentation ’
Engineering (Electrical & Comm. Systems Program Only
Quantum Electronics, Waves, and Beams optoelactronics and optical computing and storage
Cammunications and Camputational Systems 7.4 « pptical networking technology
Solid State and Micrestructures 1.6 -+ microwave communications
Engineering Systems 2.4 » computational engineering
: « micreslectronic mechanical devices, materials, and processes
« sgmiconductor processing and manufacturing
+ neural networks, neural engineering

* This list is illustrative. Inclusion / cmmision is not indicative of importance Source : NSF, FY95 Budget Estimate




(2]

Technology Categories and Funding - DARPA’s Current Program Areas

...while DARPA’s approach of programs as temporary projects gives better insights in the actual areas
being funded but the amount of funding allocated to each area is not publicly available.

DARPAICH T 27’07 5 LEH O EIZ. EROHEBERICEAL T,

FICOVWTRARIN TV AL,

S UBRERG 5, RERBOHE

Information Technology Office Program Areas

Electronics Technology Office Program Areas

Computing Systems & Software Area:
Microsystems
Design Technciogy
Computational Prototyping
Microarchitectures
Scalable Systemns & Software
Prototype Scalable Systems
Operating Systems and Services
Embeddable Systems
Systemns Environments
Languages and Runtime Services
Scalable Software Library Technology
Experimental Applications
Artificial Neural Network Techinology
{ANNT)
Intelligent Systems & Software Area :
Evolutionary Design of Complex Sottware
{EDCS)
Software Engineering Institute (SEI)
Information Survivability
High Confidence Networking
High Confidence Computing Systems
Assurance and Integration
. Survivability and Vuinerability
Computer Aided Education and Training (CAETI)
Expert Associates to Guide Individualized
Learning (EAGIL)
Collaborative Appilications for Project-based
Educational Rescurces {CAPER)
Smart Navigators to Access and Integrated
Resources (SNAIR)
Software Technelogy for Adaptable
Reliable Systems (STARS)

Networked Systems Area:

Networking Systems (NETS)
Internetworking
High Performance Networking
Advanced Developmental Networking

Broadband nformation Technelogy (BIT)
Multiwavelength Optical Networking Consortium
(MONET)

National Transparent Optical Network
Consortium (NTONC)

WDM with EtectronicSwitching Technology
(WEST)

IBM/Caorning Optical Network {(ICON)

Innavative device technalogy and solution-based
Time Division Multiplexing ( TOM )

Defense Technology tntegration and Infrastructure (DT
Application Support Technelogy (GloMo)
Technology and Services Validation (TSV)

Global Mobile Infosysytems {GloMo)
Maoduiar multifunction Wireless Nodes
Wireless Node Design Technology
Multi-hop Network Technology
Mobie Internetwork Technology
Mobie Application Support

Human Computer Interaction (HCI)

Human Language Systems (HLS)

Advanced Lithography Program (ALP)

Analog/Digital Converter Demonstration

Display Technologies
High Definition Systems (HDS)

Head Mounted Displays (HMD)

Electronic Packaging and Interconnect {EP&!)
Physical Electreonic Packaging (PEP}
Appiication Specific Electronic Modules (ASEM)
Muiti-Chip Integration {(MCI)

High Density Microwave Packaging (HDMP)

High Power Electronics

Infrared Focal Plane Array (IRFPA)

Integrated Imaging Sensors

Low Power Electronics (LPE)

- Microelectromechanical Systems {(MEMS)

Microwave Technologies

Microwave and Miltimeter Wave Monolithic
Integrated Circuits {MIMIC)

High Density Microwave Packaging (HDMP)
Microwave Analog Front-End Technology (MAFET)
Optoglectronics
Rapid Prototyping of Application Specific Signal
Processors (RASSP)
SEMATECH
Tactical Information Assistants (TIA)
Uitra Dense Uitra Fast Computing Components
(ULTHA)




Hot Research Area

We have therefore focused on identifying ‘hot research areas in each category, mainly through

interviews - research areas which are believed to have either good prospects for significant near-term

commercial impact or have a potentially high ong-term impact but uncertain chances for success.
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Category

High-Leverage ‘Hottest’ Research Areas

Key Projects and Places” /

Computer Systems

Hardware and Software

Technology and
Architecture

+ hive computing
» mobile computing

NOW (Berkeley), ELASH (Stanford)
Infopad (Berkeley), Dataman
(Rutgers)

Components

» scalable parallel /0
* computational semiconductor prototyping
+ molecular computing

HPSS (Lawrence Livermore), SIO (
Caltech }

CP218S (Stanford)

USC, Princeton, Xerox PARC

Human Language Interface

Intelligent Systems and » multimodal user interfaces Projects(CMU)
Human Interface * augmented reality_ « Vu Man (CMU),Virtual Retina
Display {Washington)

Information Management

» distributed, scaleable multimedia databases
+ information retrieval

Digital Library (Berkeley)
mage Querying (Washington)

Communications

+ all-optical networking
* high-confidence networking

Optical Networks ( Princeton )
NetBill (CMU), Secure Internet
Routing (BBN)

* Please note : this list is illustrative. Omission / inclusion should not be taken as indicative of importance

HAIVRIERBNICR TR ELZEEEASTEEMDSZLDER
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Technology Categor'ies, Research Areas and Projects

3.1

‘Technology Categories and Funding

Information Management

Components Communications

Intelligent Systems, HCI

3.3

Conclusion and Lessons
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Research Areas and Projects - Compu'ter Systems - Overview

Computer systems hardware and software technology R&D continues to be dominated by the themes of

parallel and distributed computing.
ACE1—-4—YAFLDN—FIIFPE
Ea—F1 7B ALEa—FT12TTH,

VI Mz TEHOMERREIL., FIEHEZ/NSLIIEES) - T

Areas Recommended for

stream (SIMD)

. very-large-instruction-Word (VLI
« systolic-arrays

« specialized parallel coprocessors
* hypercubes

Intercperability :

- gata interchange standards

» product data exchange

systems software ;

« transparent embedding software
« operating systems

* runtime aexecution systems

= pregramming languages

= interpreters

tault-tolerent highly available
systems real-time responss, highly
portable systems hardware and
systems design:

« reliability analysis

= graph theory

= system timing methodologies
operating systems and runtime
aystems suppert : ;

+ interoperability and scalability

« distributed and heterogenecus
systams

« distributed access and control in virtual
environments

research advancing the
state of computer
hardware architectura and
technology, such as
research in scalable
computer architaciures,
supercomputing, parallel
processing, thecretical
models of computation;
and research advancing
the stale of computer
software technology and
the creation of scftware

tools and middleware, + compilers « real-tima communication exchange
such as ressarch in software engineering tools: software tools and development
« CASE tools environments:

programming languages
and the creation of
libraries

» improved productivity
« reusable components
« support medels for debugglng
+ performance analysis

- user interface design tools
« software testing 100ls

= IC design tools

software production :

« rapid prototyping « performance tuning
» modular / object-oriented languages and compllers:
programming + suppont for distributed memory

multimedia tools systems

+ automatic detection of paratlelism

» support for parallel Vo

= compiler optimization technigques

« support for object-oriented paradigms
» support for multi-medal user interfaces
+ portable and coilaborative work tools
high-confidence systems :

« formal verification and autharization

+ tools for automating program
correctnass

+ security tools and frameworks

gystems envirgnmenis

» languages and runtime sarvices

+ scalable software library technology
« experimental applications
information survivability

+ high confidence computing systems
global maobile infosyatems

» modular multifunction wireless nodes
+ wirgless node design technology
|see also under communications)
software technology

- gvolutionary design of complax
software

+ sofiware enginaering instituta

» software tachnclogy for adaptable,
raliable systems

Category and Technologies Regarded as : Related DARPA ITC "Hot" Research Areas
Definition Critical ... _ Government R&D Funding Programs Interview Mentions, Unedited
. for national competitiveness+| Y the CIC
.. for national security4 ]
perallel computing :
Compuler systems parallal camputing : - scalable parallel systems and acalable systems & software: « warkstatian clusters / hive computing
hardware and software = muitiple-instruction, multiple-gata- ® | ®| muitiprocessors « protolype scalable systems » parallel computing
technology and stream (MIMD) - workstation clusters « operating systems and servicas « secyrity in distributed computing
architecture » single-instruction, multiple-data- ® | ®| .distributed processing systems embeddable systams - rabusiness improvements in distributed

contexts

« distributed, communicating cbjects
« mobile_code { small code objects
travalling over a network )

- poriab'e cods ( code that can be
reused an a variety of platforms )

+ modular applications

»Java "spin-ons”

« software produclivity

source : National Critical source : CIC

Technologies Panel

source : DARPA

source : ADL interviews




Research Areas and Projects - Computer Systems - Hot Areas

The two ‘hottest research areas in systems at the moment are Hive Computing and Mobile Computing.

A2 AT LOKDBCHERY P ES9FRIBEI Ea—F 1 > 7 (Hive Computing) & E—EJL -
:ptnl_';-4>7‘?560

Hive Computing : » has replaced maésively parallel processors as the favored approach for parallel

computing _
*  builds on previous research in parallel computing but also introduces many new issues,
e.g.
- distributed shared memory - gang- scheduling of parallel programs
- active messages passing - dynamic load balancing through process migration

p——

114 ) ]

Bt Mobile Computing : - the software and communication aspects in particular are subject of intense research,
e.g.

- protocol support for roaming hosts- location - dependent browsing

- graceful degradation in environments-exactly - once delivery of multicast messages
with heterogeneous bandwidth to mobile hosts

Other Areas : +  while the area of object- oriented code ( essentially ‘modular’ code ) has been active for

quite some time, several interviewees stressed that area will likely see a
revival as the Internet enables a 'software-on-demand’ model where clients can
download software ‘objects’ as required ( e.g. Bob Taylor, Gordon Bell )*

« related to this, software development productivity was still regarded as a big problem
but interviewees had little opinion on how exactly this issue might be solved ( e.g. Ed
Lazowska, Gordon Bell ) '

* see Appendix for full list of interviewees / occupations




Research Areas and Projects - Hive Computing - Computer Systems

The concept of hive computing is about networked desktop computers working together to share memory,

processing, and mass storage throughout the network, effectively placing the combined resources of the
total network at the command of each individual machine.

BALE21—Ts L TOBER. Xy b T7—7LENEEROTFAV by AL Ea— - iBRLEZT S

CETHB, A 21— F—HBHIFCPUTAER, AE—., CEBESBZFLEZY N 7—2ZA4LTHAL, 1D
DA NICHLTLTOEREELZE > THEOICBEZITI,

* local memory

+ local processor(s)
* local hard disk

fast, low-latency

local-area network

appears to each connected machine as one large...
...memory space

| ...multiprocessor system
...RAID




Hive Computing - Historical Development, Future Impact

Hive computing is forecast to have mainstream commercial impact in 5 to 10 years. In fact, the topic has
had a history of about 10 years already...

HOlE2—TFT 1 T35~ 10FTHRILEhKEESA NI MEEZBZERSNTVS, COTHFOHRIR

BEIC10FEDEREHF D,
Development of Enabling . . - ' . _
é ldeas and Technologies _ First Steps Hot “ Field Commercial Impact >
1970 1975 1980 1985 1990 1995 2000 2005
Paradigm “ L
: “ Condor “« COW “ We belgeve nr._etworks of
' . shift : : workstations will be the
116 Parallel Computing 7> University of niversity of systems of choice for
- Wisconsin Wisconsin large-scale computing
within a decade

David Patterson,
David Culler,
Tom Anderson,
Berkeley NOW

enabled \ “NOW
. Berkeley
Networking .~
ideas

lpasyr| “ Flash * h pal'o}ect f _

enabled I “the long term focus is to
1Stantord Stanford impact workstation
----- development rather than

Workstations, “ Shrimp just use workstations as
. nodes “
Desktop Computing Princeton Anoop Gupta,
: - Stanford FLASH




Hive Computing - New Enabling Factors

...but it has been only recently that its enabling technologies have crossed certain performance thresholds
and elevated it into a hot, high-impact research topic in systems architecture.

LAL. COBSERIL I DERMF —FLULOMEE - BEMER > THi>TELORBAEDIET, £
IV EEROAERICELNZODGPTFEIS Ky hEE->TWS,

Technology Economics
Processors | POWer of workstations closing inon | . .while market scale leads to bigger
T that of large systems... economies of scale and quicker time
:Z to market

...which increases the incentive to
avoid disk 1/0 by all means and leads
to ever bigger memory configurations

while processors are getting faster,
1/0 disks are only getting bigger...

...and are offering a way to leverage
gigabit switched local area existing resources on other desktops

N rk . ,
etwo networks are arriving... on the network more easily




Hive Computing - Benefits

These developments place hive computing- in an increasingly favorable competitive position versus
massively parallel machines and research attention has shifted accordingly.

ThSORRICINE A E2—TFT s o JEERNSLIT L L EOBSF LA A2FFICE->TET. BEOE
DEThICEDETBITLTEZ -, . -

...for parallel applications ...for sequential applications

- through faster processing : - through faster memory and disk access :
Machine ODE  Transport  1/O Total Latency BW Size Cost  CostyMB
{no.processors) {second) (zsec} (MB/s) (MB) ($/mMB )
1 1 8 Cray C-90 (16) 7 4 25 36 Cache 0.032 500 0.25 $500 32,000
intel Paragon (256) 12 24 10 46 ORAM 0-32 50 64 $2.500 $40
o Network 20" 15 6400 $2,000 $0.30
RS/6000 (256), Ethernet 4 23,340 4,030 27,374 aAm
vATM 4 192 248 2,211 Disk 10,000 2 1000  $1,000  $1.00
+ Parallel file system 4 192 10 206
+ low net. overhead 4 n 10 25 NetworkDisk 10,250 15 100000  $2,000 $0.02
{1 disk/processor, paraltel FS for C-90, Paragon) '
+ Order of importance : ATM bandwidth, Parallel File System, (*provided have low overhead network Interface that
fow overhead ATM/SW=">1000X avolds OS )

* Time required for execution of test code . Source : NOW project
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Hive Computing - NOW Project - Overview

The Network of Workstations ( NOW ) project at Berkeley is the largest, most visible project in the area of

hive computing.

BAE1—T 1> 7DOREFTIE. UC Berkeley®NOW(Network of Workstations)7’AY 147 MR XHET

EAREEHTWVS,

Mainframe

Mini Workstation

Vector Super ol et
Computer e

* operating systems and communication architecture, we

‘ e 1
\?“r,)% uu.n 5 AR \\‘\‘

The Berkeley NOW‘proje-ct is building system suppeort for using a
network of workstations (NOW) to act as a distributed supercomputer
on a building-wide scale. '

In conjunction with complementary research.efforts in

hope to demonstrate a practical 100 processor system in
the next few years that delivers at the same time

(1) better cost-performance for parallel applications than a
massively parallel processing architecture (MPP) and

(2) better performance for sequential applications than an
individual workstation.

This goal requires combining elements of workstation and MPP
technology into a single system. If this project is successful, has the
potential to redefine the high-end of the computing industry. To
realize this project, we are conducting research and development into
network interface hardware, fast communication protocols, distributed
file systems, and distributed scheduling
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Hive Computing - NOW Project - Reseach Area

Various topics related to the overall idea of Hive Computing are researched under the umbrella of the NOW
project. .
HAbEa2—F127 032028784 LBEOARINOWTOY =7 FOETTITHh TV S,
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Hive Computing - NOW Project - Research Team

The NOW team is led by David Patterson, who has been strongly involved in the R&D for RISC and RAID.
NOWZ'OY 1 7 kb F— LidDavid Patterson# I & V) ?aﬁé hTwW3, HizRISCT O+t v ¥ — ERAIDOI

ARRICRCEAD - -BREFD,

David Patterson

David Culler

. Prb essor'
* PhD from UCLA

» led desigh and implementation of first
VLSI RISC, which became the basis
of Sun's SPARC architecture

+ developed the idea of RAID together
with Randy Katz '

» Associate professor
» PhD from MIT

» jong research record in parallel
and distributed computing,
particularly languages and
compilers

Thomas Anderson

» Assistant Professor
- » PhD from University of

Washington

- research focus on operating
systems in parallel computing

Technical Staff « Remzi Arpaci

+ Satoshi Asami

+ Mike Dahlin

» Andrea Dusseau
+ Dougas Gharmley

« Seth Goldstein

» Eric Fraser
+ Ken Lutz

Graduate and PhD students

+ Kim Keeton

"+ Cedric Krumbein

= Lok Tin Kiu

» Steve Lumetta

« Alan Mainwaring
» Rich Martin

+ Jeanna Neefe

« Steve Rodrigues
+ Drew Roselli

» Amin Vahdat

« Keith Vetter
+ Randy Wang
. Chad Yoshikawa
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Hive Computing - NOW Project - Funding _

NOW receives funding from various federal agencies, from the state government , and from a wide range
of industrial sponsors.

NOW7OY 27 MIB 42 BBUATFEr. MBUF. ZL TEERPSHEERI TV S,

Grants - Corporate Sponsors |

* DARPA Grant NO0B00-C-2481. Roboline Storage: Low Latency High
Capacity Storage Systems. * The AT&T Foundation

* Lawrence Livermore National Laboratories Grant LLL-B28 3537. * Digital Equipment Corporatjon

Active Messages and Split-C. * Exabyte Corporation

* Hewlett-Packard Company

* California MICRO Grant. Research in High Perfdrmance Fite .
* Intel Corporation

r Gl : iness N
Systems for Global Change Research _ * International Business Machines

* California MICRO Grant. Near-Line Storage Systems Based on * Siemens Corporation

Striped Helical Scan Tape Systems. : * Sun Microsystems

' * Synoptics Corporation
« National Science Foundation Grant CCR-9257974. NYi- ynop poratio

Operating System Support for High Performance Applications and
Architectures. < $275,000 over 5 years >

* Xerox Corporation

* National Science Foundation Grant PFF-CCR-9253705.
Pff-Highly Parallel Architectures. < $300,000 over 3 years >
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Hive Computing - FLASH Project - Overview

The FLASH (Flexible Architecture for Shared memory) project at Stanford University aims at merging the
two main concepts in the area of hive computing: message passing and shared memory
Stanford K22 (OFLASH(FLexible Architecture for SHared memory) 7Y =7 b Tld, X v —JREEHE
AEV—EVWIBOALE2—T1 2 JD200FXERSEHAET ARSI TTOATVS,

2ind-Level
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MAGIC

FLLASH is a convergence architecture multiprocessor able to support
a variety of communication models, including shared memory and
message passing protocols. It relies on MAGIC, a programmable
node controller. FLASH achieves both low hardware and low
software overhead.

The goal is to develop a scalable multiprocessor and a test platform
which:

-- can support multiple communication protocols and different
workstation environments

-- can be used either as a traditional "standalone”
supercomputer, a computer server, a robust multiuser
system, or a distributed system

The flexibility of the FLASH design makes it suitable for a wide
variety of applications and networks of workstations.
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Hive Computing - FLASH Project - Research Area

The FLASH project covers the complete range of key points in the area of hive computing. The goal is to
reach a complete system with its hardware, its architecture and its large-scale applications

FLASH7DY 17 hCHEIL Ea—F ¢ L FOEBEAE L THAICEATL S, ZORERNA—FY T
T P—kFTFv—. KBETTUS -V EREREEY AT ACEET I ETHS,

Architecture

Operating
Systems

Simulation
technolagy

Compilers
and Languages

Parallei
Applications

FLASH: scalable multiprocessor able to support a variety of communication models, including shared
memory and message passing protocols.

MAGIC (Memory And General Interconnect Controller): custom chip centered around the Protocol
Processor which performs the two fundamental tasks: data movement and knowledge state manipulation.

HIVE OS is structured as an internal distributed system of independent kernels called cells. This
improves reliability because a hardware or software fault damages only one cell rather than the whole
system, and scalability because few kernel resources are shared by processes running on different
cells.

SimOS is a complete machine simulation environment designed for the efficient and accurate study of
both uniprocessor and multiprocessor computer systems.

SUIF is a flexible framework for the research of compiler techniques. The goal is to manage the data
and the computation in order to minimize communication.

Ocean Simulation, Hierarchical Radiosity, Ray Tracer, Volume Renderer, Water Simulation with/
without Spatial Data Structure




Hive Computing - FLASH Project - Research Team

[5]

The FLASH team is led by John L. Hennessy who has been strongly involved in the invention of VLSI RISC.

FLASHZ’OY £ 7 b F—4ldJohn L. Hennessy3IRIC L WIBEE S h TV 3, #HIZVLSI RISCUJ%EEL% ( 8
ho/-BRBRERED,

6 Faculty
John L. Hennessy 2 | Research assistant
Professor of Electrical Engineering 2 Staff
and Computer Science, 43 Graduate students

Chairman, Computer Science Dept,

Stanford Architecture

-- initiated the MIPS project at Stanford in 1981: 4 Faculty Professor, Associate Professors
high-performance RISC Reduced Instruction Set Computer, Assistant Professor

built in VLSI

2 Research Associates
-- led the DASH (Distributed Architecture for Shared Memory) - 17 graduate
multiprocessor project, the predecessor of FLASH

: : : L Simulation _
-- key role in transferring this technology to industry: ,
cofounded MIPS Computer Systems, 1 Faculty  Assistant Professor
now part of Silicon Graphics, | 3 Graduate |

Operating systems

Anoop Gupta 2 Faculty  Associate Professor, Assistant Professor
Associate Professor - 8 Graduate
Computer Science Dept. Stanford Compilers
1 Faculty  Assistant Professor
Faculty and Ph.D or Carnegie Mellon University, has received 16 Graduate
outstanding awards for his work _
Co-led DASH with J. Hennessy Applications
Involoved in FLASH and the Virtual Classroom Project ' 2 Faculty Protfessor, Associate Professor

4 Graduate
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Hive Computing - FLASH Project - Funding

The FLASH machine is being developed in partnership with the Information Technology Office in DARPA,
and with significant cooperation from corporate sponsors. This project is part of the High Performance
Computing and Communications Program.

FLASHY > > (3. DARPA®Information Technology Office & % < @E%ﬁm’[ﬁjﬂu& VRS h'(l.‘-éo c
D7’AY 7 MIHPCCTOYV S LD—IRICE L >TW B,

Grants Corporate Sponsors
DARPA contract NO0O039-91-C-0138 AT&T Bell Laboratories
OD(Q)F;PA contract DABT63-94-C- 0054 DABT63 91-K- D!gltal Equment Corporaﬁon's Western
Research Laboratory
DARPA and Air Force Material contract F30602-95-
C-0098 Hewlett-Packard
| Intel Corporation, Supercomputer Systems
National Science Foundation Career Award Division
National Science Foundation Presidential Young | LS Logic

Investigator Award

National Science Foundation Fellowships MIPS Technologies

Air Force Laboratory Graduate Fellowship Cooperation with Jet Propulsion Laboratory
Fannie and John Hertz Foundation Fellowship

Powell Foundation
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Hive Computing - Other Projects

Other places and people are also working on hive computing projects.
BaEa—T4 2 VOMRRIMOERTHITDODRTNS,

 Princeton, “ SHRIMP ¢, Kai Li, grants from DARPA, NSF, industry

« Wisconsin, “ Condor “ and “ Cow “, Miron Livny, grants from NSF, DEC
« lllinois, * I-ACOMA ¢, Josep Torrellas, grahts from NSF

« MIT, “ Alewife “, Anant Agarwal, grants from DARPA, NSF, others

» Cornell, HORUS “, Kenneth Birman, grants from DARPA, office of NavaI'Research,
industry |

 Rice, “ TreadMarks “, Willy Zwaenepol , grant from Texas ATP

« Utah, “ Avalanche “, AL Davis, grants from DARPA, Navy

« Toronto, Ca., * NUMAchine © |

+ Bristol, UK, “ Data Diffusion Machine “

« Swedish Institute of Computer Sciences, Sweden, “ Simple COMA ©
- Universitat des Saarlandes, Germany, “ SB - PRAM “




Research Areas and Projects - Computer Systems - Mobile Computing

The field of mobile computing with the focus of continuous network connectivity of a comparatively
dumb terminal evolved from research done at Xerox PARC in the 80’s and currently receives

considerable attention and funding

E—-EN-ACE2—-T s 0BT, EBNBHLEADHEREZVN D ELE{ XY NI —7ERT
DEZFHIEITSCHARIPRAETHEHEZESH TV D, COFEKIZSOFENRIIXerox PARCHHRERA P S&EE N T

1990

1995 2000 >

Laptops Notebooks Subnotebooks >

% fC o
g 1985
Portables
Commercial

P Development

128

| S|
paradigm

shift

- e o e ek de A SR M EE B EE G e e e e e e e e e = = e

Industry
Labs

&
Universities

Wireless LANs >

PDAs )

Ubicomp

Xerox PARC, “ Ubiquitous Computing “

Mark Weiser

ideas,
cooperation,
equipment

Berkeley

\ *InfoPad >

“ Mobile Computing *
University of Washington

* DataMan *
Rutgers




Mobile Computing - InfoPad Project - Overview

The goal of Berkeley’s InfoPad project is the implementation of a complete prototype wireless
computing environment.

UC Berkeley®InfoPad 7’03 = 7 M. ’71"\”/1 ALEa1—F« o7 BEL2BOERLATONEATE
B EEBBELTVWS,

- implement a wireless computing
environment which will allow 50

Lol users in a confined area to

m‘g’;zg';m simultangously access .and .

| | communicate with multimedia

e O e R P 0aR0% 700 SRS

COMPUTE
_SERVER_/

INFORMATION
SFRVER

prs {HANDWRITING - :
129 RECOGNITION ) | network services using a low-cost,
. INTERNET ? % , light-weight tablet

— - covers all aspects of the
InfoPad (A Porlable Multintedia Terminat) environment, from the terminal and

» Yideo and Text/Graphics .
* Audio & Handwriting VO 3 basestation hardware and

software to the wireless protocols
to the middleware and applications
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Mobile Computing - InfoPad Project - Research Area, Team

Because of InfoPad’s comprehensive scope each of its six subprojects is a sizable project of itself.
infoPad7’0Y 27 b 2FE L TR ZOMRTEEAI HE VICLEWEHIZ, 620F AT 7 b EhThHiHEY

EREOIO 7 b ELE->TULDS,

Pad Group

- design of InfoPad terminal
hardware and basestation

+ led by Bob Brodersen, Jan Rabaey
+ 10 students

info Net Group

* network support for mobility, such
as connections, quality of service,
frequency & power allocation

* led by Jan Rabaey, Randy Katz,
Eric Brewer

« 12 students

Medley Group

 backbone network servers and
_ protocols for video and graphics
transport

+ led by David Messerschmidt

- 8 students

User Interface Group

+» User interface, middleware, and
applications ; e.g. speech &
handwriting recognition, Web
browser

» led by Eric Brewer, Bob Brodersen,
Randy Katz

« 7 students

Wireless Communications Group

= adapt existing wireless LAN
technology for InfoPad and develop
own highspeed RF downlink
transceiver for future InfoPad
versions

* led by Bob Brodersen
* 10 students

InfoDesign Group

« systems and low-power design
support

+ led by Jan Rabaey, Paul Wright
- 16 students

S—

N

these two groups also work on projects outside tnfoPad




Mobile Computing - InfoPad Project - Cross - University and Industry Cooperation

The InfoPad project is also a catalyst for cooperation beyond Berkeley with other universities and with
industry labs.

InfoPad7’01> £ 7 h3UC Berkeley?2R%# 2. iOXFEPEROMAR L DHBHRBELEAHL TS,

‘emu |(mT )| [ucLA | [stanford |

[ Coda ] [ Video J [Terminals) ( Compress )

. v, y, J
— f 1(u N
o U of Colo ( InfoPad ) |

kt Packaging j )
-

(Daedalus) | ( Medley ) _

~\
SRI Java A

L Glomo J (ava ppa
\. J/
(

- _J
Industry

National Semlconductor Research Lab, Texas Instruments, HP,
\_ Motorola,..




Mobile Computing - InfoPad Project - Funding

[&]

InfoPad receives its government funding from DARPA’s Global Mobile Infosystems (GloMo) program.

W5 OHEE LTk, DARPADGIobal Mobile Infosystems(GloMo) 7’80 7' 2 L» 5 InfoPad(C B & 45 T
Wd, .

Grants Corporate Sponsors
DARPA GloMo program grant' Intel
IBM
Ericson
Motorola
HP

National Semiconductor

Texas Instruments
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Mobile Computing - Dataman Project - Overview

The Dataman group at Rutgers University investigates protocols, services, and other issues involved in

being wirelessly “on - line”.

Rutgersk—FGDDatamanjtl/ 7 hTl, '7*1"’(’ LATD [#274 ] #RICEALTO7AMINRY—

EZAMDORBICOVTHEL TN B,

Dataman : “ Low Power Adaptive Wireless Information Services *

DATAMAN PROJECT
Rutgers Universit

&‘—“‘--m_..a

INDIRECT PROTOCCLS

[

WIRELESS INFORMATION
SERVICES

A S,

INFOSTATIONS ' SPACE

CONTINUQUS INFORMATION

A mobile computing environment is simulated, with
base stations and maobile hosts. A Mobile IP protocol
is used to provide a virtual mobile subnet made of
multiple wireless cells across which the mobile hosts
can move without having to change their address.
The following key points have been developed :

Infostations : base stations, information kiosks

Publishing information : various kinds of data
can be exchanged

Communication protocols : information exchange

“tools

Continuous information space : mobility of the
users

Mobile computing tools have been developed to
tackle the main technical issues. Based on these
tools, large applications can be designed to benefit
from the mobile computing possibilities and the
information availability.
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Mobile Computing - Dataman Project - Research Area, Applications

As opposed to InfoPad, which is focused on the development of a prototype building-scale mobile
computing environment, Dataman explores a multitude of issues arising from wirelessly connected mobile

computers.

InffoPadp 7O k21 THETOE—EIN - AL E2—F 1 TIRBEEDICEZHELELTHADICHL.
Dataman T 74 ¥ L ZICEM I N E21— 4 — LT 2 H 5 W ZRBICOVTORAZBAEBL TV S,

Theoretical research and Tool Development

Applications Development

Distributed Algorithms and Services
Data Broadcasting
- Indirect Protocols
- Location Management... Data Replication
- Location Dependent Mosaic
- Mutticasting and Mobility
- Software Architectures and Programming Support

- Location - dependent Information Browsing

- Indirect TCP

- -Exactly - once delivery of multicast messages to
mobile hosts

- Pyramid broadcasting

- Energy - efficient data filtering

Infostations

- Information kiosks for mobile users with wireless
connection _
- services such as fax, e-mail, and web access

Satellite Information systems

- satellite based communication environments
- asymmetric data exchange protocols satellite -
mobile users

Geographic messaging

- physical location (GPS) integrated to the current
design of Internet iloglcal address). ]

- locafion dependent services such as geographic
multicasting

Wireless Internet Services
- constraints of the mobile : energy, bandwidth, cost-

- “environment aware “ support for e-mail, ftp, web
access




Mobile Computing - Dataman Project - Staff, Funding

The Dataman team is still small but has received significant funding.
Dataman70¥ 17 hDF—LRELPEVH, PEYOHEERT TV S,

Research Team ' | Funding
Thomasz Imielinski, Professor | Dataman research project is funded by
government funding as well as industrial
B.R. Badrinath, Associate Professor . support:

p——
135 5 graduate students - DARPA, GLOMO program,
et $1,625,000 for 1995 - 1998
- NSF | |
- WINLAB : Wireless Information Network
Laboratory
NSF/Industry University -

Cooperative Research
Center at Rutgers University :

65%: 30 industrial sponsors
21%: Rutgers University subsidies
14%: government grants
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Mobile Computing - Other Projebts

Research projects related to mobile computing are found at many other places.
E—EN AL Ea—FT427CBAT70 7 ME ICH S DIERTITHOA TV S,

« University of Washington, “ Wit , “ Mobisaic “, funding by NSF, Xerox

« Purdue, “ Science Pad “, “ Mowser “, “ Mobile Database “, etc., funding from NSF,
DARPA, industry

« Columbia, Mobile Computing Lab, funding from NSF, DARPA

» University of Michigan, “ Little Work *

« University of Maryland, “ Mobile Computing and Multimedia Lab “
+ Stanford, * MosquitoNet *, funded in part by Xerox PARC

« UCLA, “ TRAVLER “, funding from DARPA
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Technology Categories, Research Areas and Projects

3.1

Technology Categories and Funding

Computer Systems Information Management

Communications

Intelligent Systems, HCI

3.3

Conclusion and Lessons
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Research Areas and Projects - Components - Overview

The category of components is difficult to grasp because it is scattered across many disciplines and R&D
often targets applications beyond computer systems.

AYKR—2 2 FOXDEFIIBESBL O

- MIRMBRIS B4 LEAICHS TN, HROBRISFAEa1—F—2
ATFLEADERRADIZEELH S, |

Category and

Technologies Regarded as

Areas Recommended for

Related DARPA ITC and

"Hot" Research Areas

Definition Critical ... Government R&D Funding ETO Programs Interview Mentions, Unedited
... for national competitiveness+ | by the CIC
.. for national security- ]
Components parallel data storage: parallel data storage : microsystems » scalable paratlel VO

research in electronic
components and
materials that might be
applied to a variety of
systems, such as
research in
optoelectranics, mass
data storage, video
processing, bus
systams,
electromechanical
systems, now materials,
new production
methods

= parailel data siorage architectures
= parallel data storage controllers
high-density deta storage:

+ thin-film recording head tranasducers
+ racording media

* high-density RAM

+ format compatibility

« standards for optical starage

+ magneto-optical storage

+ holographic optical elements
high-definition displays:

+ Iithography

» micro/nano-fabrication

» circuitry patterning

» glass sheet preduction

+ thin-tilm techniques

+ holagraphic displays

sensors:

+ Microsensors

+ hiosensors

+ chemical sensors

» passive tharmal imagers

= point source passive tharmal
Imaglng systems

» high-yield high-density photc/IR
detectors

« multi-spectral integr. senscrs

- integrated signal processing in IR/
radar sensors

battaries:

+ lgad-acid, lithium, aluminum-iron

+ sodium metal chloride, sodium sulfur
+ zinc-bromine, iron-air, zinc chloride
+ iran-chromium, zinc-ferrocyanide, Li-
Fe-S

malerlals:

+ ceramic I1C packaging

+ GaAs

« thin-film dielectric materials

» semiconductor laser/faser arrays
= advanced photonic detectors

« biocompatible materials for
implantable devices

L ]

P S

L]

PR S

" e 0 a2 v

LI

« s s .

- parallel YO architectures

= netwark-based mass data sforage
electronic cireults :

« oploslectronics

+ interconnect systems

+ inte ratin? processing into cormponents
+ analeg info processing

« molecular electronics

» nanolechnology

* biolegy-basadgcompuiing componants
+ optical comporents and systems

flet-panel and head-mounted displays :

» slectroluminesence

+LCD

« plasma

+ cold calhode

projection displays :

« digital micromirrors

s LLD

+ |aser projection

video processing :

» high-speed video processor modules
= high-bandwidth video busses

component design and manufacturing :

« design tools
« rapid prototyping
+ CAD synthasis algorithms

+ medeling ol devises/intercennacts/packaging

+ test theary/aigorithms

« tesibeds for comparing designs

« manulacturing automation

+ complex physical device simulation
energy storage :

+ high-density energy storage
materlals :

« fundamentals of electronic materials
electromechanical systems
electromechanical assembly
merging of microelectronics and
micromachanics

« design technology

+ computational profotyping

= microarchitectures

advanced {ithography
analog/digital converter
demonstration

display technologles

» high detinition systems

« head mounted displays
slectronic packaging and
Interconnact

- physical alectranie packaging

« application specific electronic modules
» mulli-chip integration

« high density microwave packaging
high power electronics

Infrared foeal plans array
Integrated imaging sensors

low power electronics
microalectromechanical systams
microwave techneologles

» microwave and millimeter wave
monelithic integrated circuits

+ high denslty microwave packeging
» microwave analog front-end
technology

optoalectranics

rapld prototyping of application
specific signal processors
SEMATECH

tactical information assistants
ultra danse ultra taat computing .
components

'+ holegraphic storage

» SBNSars
* new materials

* micromachines

» molecular computing

+ computational semiconducter
prototy ping

source : National Critical Technologies Panel

source ; CIC

source : DARPA

source : ADL interviews
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Research Areas and Projects - Components - Hot Areas

While the “ parallel “ theme carries into the components category and made scalable Parallel 1/0 a hot
area of current cutting - edge development, Computational Prototyping and Molecular Computing
address issues that are likely to stay hot for a long time.

INTLWEEFNDEZAFRZAR—2 2 POXKIFICHETRFEY, X5—F I - XZULI/O(FRIZREI A H
INIFy FEHREPBFTHD, £/, AFa—F— - TAOMIIECJ(FBHFRER ESFAEa—
T4 TOREER, ChhPS5EHNICKY FTHYBETH>E9ETHS.

Scalable Parallel I/0 : - the rising imbalance between system processing power ahd IO and storage
subsystems performance has made this a hot area particularly in development,

but its lifecycle may be short

Computational Prototyping : - similarto software engineering, this area is becoming hotter as semiconductors
( of semiconductors ) get more varied but at the same time also more complex

* major issues are :
- circuit - style impact on device and interconnect reliability
- layout impact on cross - talk - induced signal degradation
- critical device dimension variation

Molecular Computing : « molecular computing is regarded as an interesting very early stage research area
with possibly high potential impact ( e.g. Randy Katz , Ed Lazowska )

Other Areas : « sensors are mentioned as a hot area ( e.g. Paul Saffo ) but this area is on the very
fringe of IT '
- while optical networking was regarded as hot ( see Communications category )
optical computing in general was not




Research Area and Projects - Components - Scalable Parallel I/0 - Overview

[3])

The field of scalable parallel I/0 is drawing significant attention as a component of high - performance
computing at the moment because of the increasing imbalance between system processing power and I/0
and storage system performance.

2 —=Z T e NS LIIODDFIZ., EMEEQ L Ea—FT 17000 —84E LT, MEXEZLFEE%E
EHTVB, RS ZXFLAORT, CPUNREEEA LKL T, BERE. AMAOUONT -7
PENRTWVWRLOHTHD,

Processing _
.getting faster and more parallel Scalable, Parallel I/0O

« parallel VO

« parallel storage

» data striping

IO Bottleneck % - separation of control and data paths

J000

Mass Storage
...gelting larger but not much faster

» network-attached peripherals
» direct peripheral - to - peripheral

transfers




Scalable Paraliel /0 - History

The national labs have played a prominent role in the history of scalable parallel I/0.
=27 N - K LI/ODAEH T, BERNICEIOMRMIERBBRZRALLTEL,

|
|
\
} 88 89 1990 91 92 93 94 1995 96 2000 >

UniTree ‘
Enabling Ideas and commercialized by
Technologies l_> IBM / \
""‘ Parallel Lawrence National .
141 arafle | Livermore, IBM Storage Labs
Wt Computing enabled : « :
“UniTree “ “HPSS . will move
, | into the main
___________ . - stream with
| Network  ~ Concurrent Supercomputing hive
N : computing
RAID attached Consortium
storage L7 “ Scalable I/O Intiative “
____________ 7/ :
: Dartmouth \ /
Networking Parallel /O Research B .
107 2 hatrnted ...




Scalable Parallel I/O - HPSS

The High-Performance Storage Systems (HPSS) project of the National Storage Lab (NSL) is developing a
universal scalable parallel storage system for parallel computing architectures.

NSL(National Storage Lab) T1T+ 1 T{ '3 HPSS(High Performance Storage Systems)7’0% = 7 Tid., /v
FLINBEBT %77 Fv—DEOORBOR =27« X7 UVIEBKBEREL T3,

a Mx9$&ﬁ,ﬂ
Loy LR

Hardware Dmgmm : x‘amplv{’tmgurufw

Paraﬂul Processte -
Client spplication

The goal of NSL's HPSS project is to develop an open,
scalable, parallel storage system for use with workstation
clusters, massively paraliel computers, and tradltlonal
supercomputers. It's features are :

( logically ) separate network for data transfer and
_control

[5]

- supports both parallel and sequential I/O

- network-attached peripherals

- completely scalable, throughput limited only by
network and peripheral capacity, not HPSS
architecture

- currently supports HIPPI, FibreChannel, and ATM as
networks, and can support others
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Scalable Paraliel /0 - NSL

The NSL is a collaboration between industry and government laboratories that evolved out of a CRADA*
between IBM and DOE labs.

NSLIZIBMEDOED T REDCRADAICE B EER AP SEEN/-BBTH S,

* mission is to investigate, demonstrate, and commercialize high - performance
hardware and software storage technologies

- started as a CRADA between Lawrence Livermore’s Richard Watson and IBM
Government Systems for the development of the “ UniTree “ storage architecture

« other industry and government participants joined
+ NASA now also has a particularly strong involvement

» HPSS is NSL's core project at the moment

* CRADA = Cooperative Research and Development Agreement
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Scalable Parallel /O - HPSS - Team and Funding

The HPSS project is broken down into several “ virtual teams “ whose members are distributed across

development sites. Funding comes from DOE, NASA, and industry.

HPSS7 O 27 MIOHLPDF— LI SBEEN, ThThOF—AZBLLRHARRICHEL TEEIT S X

IN—DHEE - TWVWD, BEI3DOE. NASA. Z L CEXRIPO2IT TV S,

Team Organization

Development Sites

Development Teams

« Lawrence Livermore
National Lab.

« IBM Government
Systems

+ Los Alamos National
Lab.

» QOak Ridge National
Lab.

+ NASA Langley
Research Center

+ NASA Lewis
Research Center

« Sandia National Lab.

« Bitfile Server Team

+ Storage Server Team

+ Mover Team

» Name Server Team

» Security Team

+ Metadata Manager
Team

+ Storage System
Management Team

= Infrastructure Team

« PYL/PVR Team

Total 7 sites

Total 25 - 40 pecple

Deployment Sites

Labs participating in development, pius Mani HighPerformance Computing
Center, San Diego Supercompute Center, Argonne National Labs,
National Center for Aimospheric Research

Funding, Sponsoring

» government funding by DOE, NASA

« industry participation by

IBM

Cray Research

Intel |

Ampex

Network Systems Corp.
Kinesix

Maximum Strategy
Meiko

PSITech

Zitel
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Scalable Parallel /O - Scalable I/O initiative

The Scalable I/O Initiative is a collaboration between several universities, government labs, and industry
under the umbrella of the Concurrent Supercomputing Consortium.

Scalable I/O Initiative & WV 3 7’03 1 & b i, Concurrent Supercomputing Consortium& L 5 BE D A2¥,
ENHRA. EEROBAHICELZ ALV —2TLOEHO—IRELTITHDh TS,

« DARPA
« NSF
* NASA

Funding >

Concurrent

Supercomputing

Consortium

enough

Scalable I/O Initiative
@ - funded in 1992 |
@ - goal is to achieve balance between
compute power and I/O capability
® - investigates primary obstacle to effective
use of current gigaFLOPS - scale and
future FLOPS-scale computing
systems : getting data in, out, around fast

~

Execution >

Caltech

Jet |
Propulsion
Lab
Argonne
National Lab
Rice
Purdue
Carnegie -
Mellon
Princeton
lllinois
Washington
Arizona
Syracuse
Maryland




Scalable Parallel I/Q - Scalable I/0 Initiative - Research Goals

(5]

A opposed to HPSS which is focused on massive data systems, the Scalable I/O Initiative adopts a
system-wide perspective to analyze and enhance the diverse, intertwined system software components
influencing IO performance.

HPSSH ABF — X DEEBS 27 LISEHL TWBNDICH L. Scalable /0 Initiative Tld, AHADD/Y
T+—T L AETEIVATALAVI MV POREICHEBVITVLS,

—

I/O characteristics evaluatian

guided development of
parallel I/O features

- development efforts in systems software and

- 110 -intensive applications of 21 applications groups - languages

- use of full - scale massively parallel processor
{(MMP} o
- common performance evaluation tool

- modify the applications to exploit the new features
- assess the improvements and the new performance

- new features built upon ongoing DARPA, DOE,

- study of both hardware and software needs NASA. and NSF research projects

develop a scalable I/O benchmark suite and testbed

- hardware : large number of disks; high-speed network interfaces, and increased processor memory
- software : runtime support, compiler techniques and operating systems ( network, memory, file systems )
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Scalable Parallel /O - Scalable /O Initiative - Team and Funding

A large number of researchers, scientists, and managers from research and academic institutions,
industry, and government agencies are involved to ensure not only the efficiency, scalability and portability
of the resulting techniques, but also the adoption of these resuits by vendors and users.

SHOPREPY 2V v+ —PRFEF. K% - \RFH. EERHLSSML. CORMOFRNERLTTE

(. TOBEOEETORA. 1—¥—OFACHLTETREF TN TLS,

DARPA, DOE, NASA, NSF sponsored Consortium
30 institutions in 14 states

Team Organization

Management team
led by Paul Messina, Caltech

Technical Workgroups
- Applications 7
- Compilers & Languages
- Operating & File Systems
- Performance Evaluation
- Integration & Testbeds

Workshops
Conferences
Publications

Academic

Corporate

Argonne National Laboratory
Caltech

Carnegie-Mellon University
Purdue University
Princeton University

Rice University

Stanford University
Syracuse University
University of Arizona
University of lllinois
University of Maryland

University of Washington

Cray Research
ConVex

IBM

Intel SSD

NCSA

NASA Ames

NASA Goddard
NASA JPL

National Storage Lab
Pacific Northwest Lab
Silicon Graphics




Scalable Parallel IO - Other Places and Projects

Reseach into scalable parallel I/O occurs at many other places. NASA is particularly active in funding this
area.

25 =TT RTLIWORBOMRILMBOE DBFFHTHITHh T 5. NASAILZ ORFFIFICREN 2
HE&IT->-TW3, |

« Dartmouth, “ CHARISMA “, “ Galley “, “ ViC * *, “ FLEET *, “ STARFISH *, funded by
NASA, NSF |

- Ames Research Center, works closely with Dartmouth and the SCII, NASA - funded

pr—— .
148 « Carnegie - Mellon, Parallel Data Lab, funding by NSF, NASA, NIST, industry
— consortium including DEC, HP, IBM, Seagate, Storage Technology Corp.

+ lllinois, “ Pablo “, “ /O Characterization “, funding by DARPA
« Syracuse, “ PASSION “, funding by NSF, DARPA, Intel

* Duke, “ TPIO “, funding by NSF, Army
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Research Areas and Projects - Components - Computational Prototyping

Computational prototypihg of electronic components attempts to do for the manufacturing side of
semiconductors what CAD did for the design side. ‘

EFHaNa Ea—4—-FOMEA l-:"”/ﬁ'tiiiiﬁﬁa)ﬂiﬁ’&ﬂj]tf%ﬁ@?; CADNEEERBICLALD
2. BEORZERBICLEDI EVSERDOHRTH S, ~ o -

Problems Computational Prototyping

« increasing variety of designs | Models + Hih:;(:ELy

- with increasing complexity [ Grcuit Lewel

« at decreasing scale [ Device Lewel

input for a
programmable
factory '

+ lead to increasing costs for
experimental prototyping

)
)
Continuum Level |
)
)

[
[ Mesoscopic Level
{

« which blows up capital
requirements

Atomic Level

« and slows down innovation o
, ==« of circuits

-+ of processes -
+++ of devices

««+ of equipment
++« of factories



Computational Prototyping - CP21SS - Research Goals

The project “Computational Prototyping for 21st Century Semiconductor Structures” (CP213S) at
Stanford has a dual goal.

Stanford X O CP21 SS(Computatlona! Prototyping for 21st Century Semiconductor Structures) 702 2k
M. 20O EHEZFD,

ot
~ AN " ﬂ,v-a"'
'JIW% Sy
,\;\Hw‘:\ : , . ‘ o .
R a Goal 1: Development of a Prototyping Goal 2; Organization of a National Network
o AT Environment
N
JK'\\“\ A P EEiEE AR MameCela RSBIHENRYE 0 IR e B
—
S .
150 C oy
e A Staafrsd L LLML
L P o E“s "
[T u":’;;ﬁgh ?ii:ﬁim
Fapdt -
Medium . ¢ 3
¥ Large or sthervis spitionnt P dast, Ve kt
Government or Natf Lrh :
PROCESS MODELING ELECTRICAL MODELING
« develop physically-based models, including * Organize and enable resource sharing of
atomic-level effects software models and unique equipment via

« develop a higrarchy of models coliaboration over the Internet

- implement and demonstrate a highly
modular, open simulation environment
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Computational Prototyping - CP21SS - Background

/
The CP21 SS project hasﬁwn out of the longer-term “Semiconductor Manufacturing for the 21st
Centurkmterdlscnphn M))rogram at Stanford.
CP218S[3<~Stanford X0 [21HHCOFBEHRE] WD, £V EHHEFOOI7 7 L00REL LT
/ L 7 I‘ -( 5 5 o

DESIGN g mﬁ gm . gmcm_

Virtual Factory \ -~ l —~— / | « place a "virtual factory” in

parallel with a programmable

TCAD toals for Lateral Vertical  pyocess Flow
techmology synthesis Geometries  Geametries computer-controlled factory
Eruteament \ |
Process l / N « prototype |Cs computationally
g;‘c"’uft ' ¢ Techndlogy Synthesis Modifica in the \(lrtual factory as far as
Factory pOSSIb e
. . Process Becipa ‘

Ruxttne Iformation for the F“"“f‘i?:;;:;ﬁ;:;’mm - use programmable factory only

| . : t : to obtain experimental
MANUFACTURING mﬂ Rus—s- EXPETimental pazameter | parameter values that cannot

Programmable Factory vahues from test structures yet be covered in the virtual

for Multile Productsin Multiple technologies factory
Single wafer programmahle equipiment,

CIM for specification, mosdtaring, control and diagnosis
Sensors far in-sity measurements
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Computational Prototyping -- Research Teams, Funding

CP21SS is a part of a collaborative year research program sponsored by DARPA. Over 40 academic
research laboratories have expressed interest in building a National Network and joining this project.

CP21SS7HOY =4 hii. DARPAOERERME QT S LO—IBE L > TV, 0L EOHREE» DTS

OY T MISELUFFOWEBARRLTWS,

5-year-program funded by DARPA

Stanford University
Prof. James D. Plummer
Pro. Roben Dutton
8 faculty, 30 student

MIT Microsystems Technoiogy
Laboratories ‘

Enterprise Integration
Technologies, Inc.

intel Corporation

Hewlett-Packard Company

Semiconductor Research Laboraltories interested in
building a National Network supported by NSF

Large academic Government or National
Laboratories Laboratories
Cornell Lawrence Livermore National Lab.
Berkeley Naval research Laboratory
MCNC Sandia
MIT
UCLA

University of Michigan

University of Austin




(2]

Research Areas and Projects - Molecular Computing

The emerging field of molecular computing is based on the idea of using DNA to compute on a molecular
scale. .

BFALEL—FT 1 TDREFIL. DNAZE> TRAFLANLTHERREEITIEVIRBLPOETNTE L,

( Simplified ) Example ; Using DNA to Solve a Traveling Salesman Problem

Problem:; Solution :
+ 4 cities need to be visited : « assign a random, unique DNA sequence to each city name and a DNA
_ Atlanta sequence derived from the city sequences for each flight pair
- Baltimore + synthesize a large number of these DNA strands through genetic
Chi engineering and mix them together ; they recombine in various patterns
- Chicago
‘ g « filter out those recombined strands that don’t start with * Atlanta *, that don't
- Detroit end in “ Detroit *, or that don't include all’ four cities ; this is done through
+ 4 nonstop flights exist : techniques like affinity separation or polymerize chain reaction
- Atlanta - Chicago « the remaining strands all contain valid solutions to the problem

- Chicago - Detroit
Results :

« the manual processes of engineering the initial DNA strands and filtering out
the invalid recombinations were time consuming

- Chicago - Baltimore
- Baltimore - Detroit

+ find a route starting in
Atlanta, ending in Detroit

and stopping in each city no
more than once « the process was also a billion times more energy - efficient and its storage
capabilities were a trillion times denser than today’s storage media

+ the recombinatory process of the DNA itself, however, took less than a
second, making it about 100 times faster than the fastest supercomputers

@ The basic idea has since been extended in theory to a universal molecular computer.
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Molecular Computing - Projects, Places, People

The conception of the field is generally credited to Leonard Adleman at the University of Southern
California. Another emerging focal point is Richard Lipton at Princeton University.

— B = DB OAIEE (2 Southern Californiak22MDLeonard Adleman# B E Sh T3, 2—20F D &
o TWBTIL—713. Princeton X3 DRichard LiptonBBDFAT&H 5,

Leonard Adleman

» Professor of comput'er science at
University of Southern California
at Los Angeles

« started the field with his paper
“ Molecular Computation of
Solutions to Combinational

Problems “ in Science Nov.11, ] Kaplan Institute
]+ institution [|{ * Princeton, NJ
1994 i mu;?ol’%n#‘ H{ + Eric Baum
+ previously co-invented the RSA” DNA

research :
gl * Richard Lipton
-3+« Dan Boneh

cryptography method and started
the company of the same name

niversity of hern g
- Penn State [+ Host of Annual
(1978, 1982) Calitornia . Dan ] \Workshop on
. coined the term computer virus | * Leonard Adleman Beaver Computers

- Paul Rothemund

(1983 )

Richard Lipton

» Professor of computer science at
Princeton University

 described the first scheme for a
universal molecular computer in “
Speeding Up Computation via
Molecular Biology ‘ in 12 / 94

* Rivest, Shamir and Adleman co-wrote the original algorithm




Nanocomputing - Concept

The idea of molecular computing is related to that of nanocomputing.
BFALELI—F14TDEZIE, F/ A 1—-T1 L TOFFLELEEL TV S,

Nanocomputing Outline

« nanotechnology refers to the “ bottom - up “ manufacture of physical objects through the
arrangement of atoms

— :
155 « the theory is already quite well developed and there has been some initial small-scale -
- experimental success, e.g. at IBM's Aimaden Lab

- a computer built by means of nanotechnology, i.e. a “ nanocomputer *, can be conceived as
consisting of numerous nano-scale mechanical elements, such as sliding rods of atoms which are
used to indicate 0 or 1 states -

« a nanocomputer with the equivalent power of a large modern computer could be built in about the
same volume as a single one of today’s transistors in integrated circuits




Nanocomputing - Projects, Places, People

(3]

The fields of nanotechnology in general and nanocomputing in particular were established by Eric Drexler
in 1981.. Several nanotechnology centers have been established at universities and Japan is also quite
active in this area.

F/LANIVER. 5127/ - 3 Ea—FT 1 OB, Eric Drexleric LY FEICIAE -, FNHD
T/ LANIBEROMRIEEOLPOXRZETIThh3 L5 (kY. BELZODBTERTH D,

Eric Drexler

+ Head of the independent
Foresight Institute, Palo Alto

+ invented the concept of
nanotechnology in 1981 at MIT

Palo Alto
+ Eric Drexler : R
+ key organization promoting nanotechnology
+ publishes newsletters, organizes conferences

A L A

+ author of * Nanosystems :
Molecular Machinery,
Manufacturing and
Computation “

* Center for Molecular
Electronics

B

Ralph Merk| NASA Am * Robert Birge
nalpn Merkie Research Center
Xerox PAR - AL Globus
: * Ralph Merkle . computational
» Researcher at Xerox PARC : p mone'::l:. atl Universit napel Hill
. . W major research . Center for .
» executive editor of focus Nanoscale » Nanomanipulation
s nanctechnology project
Nanotechnology “ journal $:::1°; :;1 . Warten Robinett
Y -
« frequent chair of * Richard + Stan Williams

Smalley
Nanotechnology conferences

+ previously co-invented public- UsClos

key encryption with whitfield , prosies
Diffie and Martin Hellman | Molecular
Robotics

* Aristides

Requicha




Nanocomputing - NSF Nanofabrication Network

The NSF is sponsoring the National Nanofabrication Users Network, a collaboration of five universities’
nanofabrication centers.

NSF{ZNational Nanofabrication Users Network & (3 35 K EDGHERICE AARICHEL TV 3,

National Nanofabrication Users

| Network
. . Cornell
o - . partnership of nanofabrication * Noel
157 . facilities MacDonald
(- Stanford

1 « provides high-precision processing o
equipment and facilities to members | | Howard
e

+ James Plummer

UC Santa Barbara | ;| Penn State "

* Evelyn Hu

-1 «Steve Fonash
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Molecular and Nano Computing - Timeline

Molecular and Nanocomputing have just started their life as research areas and experts do not expect a
true, universal nano-scale computerrfor another 50 years.

BFAVEL—FTA LIRS/ - ALEa1-FT1427EHIC. MEDMFELTRELBIAVAEIST,
EFNRLAANE S/ c AL EA—-F—PFTEI3OERHTELELEORFELTVS,

startups begin

Research Centers start, govt.-funding flow.

1959 1981 1986 1992 1994 "
X 7'y 5 7'y ®

Richard Feynman’s Eric Drexler Eric Drexler publishes When will we see a
famous speech * coins the “Nanosystems “ ' nanocomputer ?
There’s Plenty of term

Room at the Bottom © “ nanotech- » comprehensive |

nology “ scientific work on Eric Drexler : 2017

» discussed the limits . nanotechnology ]

of miniaturization Richard Smalley : 2100

and concluded that Eric Drexler

Y : Leonard Adleman : .

in principle nothing publishes * Engines nvents DNA. Robert Birge : 2040

prevents the of Creation “ Computing

rearrangement of popularized the concept of

atoms ’ i

nanotechnology ‘When will we see
_ molecular memory ?
» outlined the concept of the
* nanocomputer “
’I@M‘/ﬂ/ U oo Bill Mitchell : 2010

~ " bz
T}m I\’ Jg\/ji ‘8 \}/l l(/">) é\J Wq\n\h
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Research Areas and Projects - Human Interface / Intelligent Systems - Overview

The category of Human Interface and Intelligent Systems has seen a continuous shift of interest away
from “ artificial intelligence “ as a research topic of its own good to a focus on improved human -
computer interaction as the end toward which mtellugent systems are just one contributing technology
of many.

ATV AT LECE =T M2 —T *(Za)jc‘ﬁ}ﬁfti WEDZHPA(ATLHEE) S S i
BiTU . AL 20 RB ATV AT L—IZONWTR, Ehilba—<2 14— 11 X%&M
LEEBLHDO—DDFE, —DOEMBELVWERLShTWVWS,

"Hot" Research Areas
Interview Mentions, Unedited

Related DARPA ITO and
ETQO Programs

Technologies Regarded as Areas Recommended for
Critical ... Government R&D Fundlng
... for national competitiveness— | by the CIC

... for national securityq -|

Category and
Definition

Human interface and .

Intelligent systems

research in human
Intertace and artiicial

Intelligence problems,

such as research in
speech recognition,
natural language
understanding,
robotics, adaptive
syatems

“pattern recognition:

- apeach recognition
« handwriting recognition
« multimedia operating systems
* VR software
artificlal intelligence:
« natural language understanding
+ knowledge represantation
» computer-based reasoning
methods
» machine learning methods
autonomous rebotic devices;
» SEnsors
» signal processing
+» software
» robotics

. | multimodal user interfaces :

» speech recognition

" | - speech synthesis

+visualization
+ VR ( Virtual reality )
+ graphics togls

* | + graphics standards

artificial Intelligence :

: = reason about task and ccllaberative process
+ COMMON S8M58

+ human-term communication ( spoken and
written language, drawings, images, and
gastures )

« percepticn of physical envirenment

« laarning and adaptive bahavior

» large Al systermns

- integrated Al systems

human computer interaction
human lenguage systems
artificial neural network technology

+ multimodal user interfaces

« speach

+ natural language processing

+ natural language understanding
- translation

+ 30 graphics

« viriual reality

« telepresence

source ; National Critical Technologies Panel

source ; CIC

source : DARPA

source : ADL interviews

“ Al was hot in the late 70s and in the 80s but it's now cold. In my opinion that’s because first,
people underestimated the problems and second, because the field moved away from the clearer
and more creative thinkers like Marvin Minsky to sloppier people like Feigenbaum. *

( Paraphrase ) Bob Taylor, currently at DEC SRC, formerly with DAHPA and

Xerox PARC




Research Areas and Projects - Human Interface - Intelligent Systems - Hot Areas

Hot research areas in human interfaces at the moment thus focus on multimodal interfaces, particularly
human language aspects, and augmented and virtual reality.

Ea— oA -T2 AZXOKRFPHETHER Y bEOE, TILFE— iAo 3—T7 14X, 5HRAS
mOEE. N—F v L V7T« —({RERAE) RV R E B (Augmented Reality) TH 5 .

Multimodal Interfaces : + human language interface aspects in particular continue to receive significant
attention and funding and it is expected that these will continue their gradual
penetration of more and more commercial markets over the next years

« the more exotic aspects, such as eye, lip, face, gesture tracking or facial
animation attract attention in the research community but only limited

government funds PRy
pr——
161 okl
- Virtual and Augmented » in addition to virtual reality, augmented reality has begun to attract some attention
Real ity : as an early stage research topic
« this complements the focus on mobile and ubiquitous computing in the systems
area
Other Areas: « the “ purer “ side of Al, such as research in knowledge - representation, reasoning,

or common sense was universally regarded as an “out” topic® »
« the area of robotics was not examined in detail for this report but was not
mentioned as a “hot” area by interviewees

folnoies s ho‘tntb ik

* For further information on Al research please see Appendix g




Multimodal Interfaces - Human - Language Interfaces

Carnegie - Mellon has developed into the academic center of focus for human - language interfaces.
Carnegie Mellon KZ I ADBREZ I -7 11 ANET. ERARDOhLEL -1,

Projects and Research

People, Funding, and lhdustry

Center for Machine Translation

- spontaneous - speech speech-to-speech translation { JANUS )
- machine translation { KANT, PANGLOSS )

- developed Lycos search engine

[&]

Interactive Systems Laboratory

- continuous spelling recognition { NSpell )

- connectionist parsing

- multimodal interfaces ( INTERACT, includes face and eye tracking,
sound localization etc. }

- e-mail dictation, wearable translators,...

Applications

- 14 faculty, led by Raj Reddy
- more than 30 students
- funding from DARPA, NSF

- industry afflictions to Microsoft, Apple,
Dragon Systems, Matsushita
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Multimodal Interfaces - Human - Language Interfaces - Sponsoring of industry

DARPA is also funding R&D at all of the major commercial developers of continuous speed recognition

systems.

DARPAIZEEXRIZHL TH., EFMNEFESRBIRAE L AT LOREREICH L THEZIT> TS,

BBN

Dragon Systems

SRI/ Corona

» developing improved robust
speech recognition techniques
through use of improved
acoustic phonetic speech
models, better adaptation
techniques, domain -
independent recognition, and
parsimonious language
models

*» team of ~10 people

« cooperation with Notth -
eastern University

+ commercialization through “
HARK * products line

+ is developing hierarchical
analysis HMM speech
recognition for PC systems

« commercial impact through a

. wide range of speech

recognition preducts under the
* Dragon Dictate “ Line

+ is developing algorithms
based on model combination
techniques for addressing
robustness problems in large -
vocabulary, speaker -
independent continuous
speech recognition

+ team of 8 people

« commercial impact through
IBM speech recognition
products, e.g. " Voice Type *

+ cooperates with BBN

« is developing consistency
modeling techniques for
various application s, such as
speaker and channef
mismatch and noisy speech

« team of 7 people

+ commercial impact through
SRl spin - off Carona Corp.

—
All DARPA funded
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Multimodal Interfaces - Other Places, Projects, People

Many other groups are working on multimodal interfaces and receive both government and industry
funding. '

MDELDIN—TTEINFE=FI A2 3—T 11 ZDBEAREITH>CEHY ., HIFPEEOHELRIT
Wa,

Stanford, Applied Speech Technology Lab, Center for the Study of Language and
Information

Oregon Graduate Institute, Center for Spoken Language Understanding

M.LT., Machine Listening Group ( Media Lab ) and Spoken Language Systems Group

UCLA, Speech Processing and Audio Perception Lab

UC Santa Cruz, Perceptual Science Lab

Microsoft Speech Research Group
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Human Interface/Intelligent Systems

An increasingly hot research area closely related to both virtual reality and mobile computing is that of
“augmented reality”. Several places are concentrating on this area, with govt. funding coming

particularly from DARPA.

Ne=Fxlb - YPVF4—EE—EN AL E2—-FT (2 VOMAIRESRERTHHHF L L T, IRREERE
DAIFBBEL2FY MIE>TETVWS, BOPOGFRTHERIThh ., BFFFCDARPAY S DHEFFWT

L3,

Carnegie - Mellon

University of Washington

+ “VuMan” project

« create a prototype wearable
computer for access to information
in hands-free maintenance and
operation environments

» work on hardware as well as
software aspects

» led by Dan Siewicrek

+ DARPA-funded

Vil e Drive

Source Emctronics l
Photon ity — Boam B Optical

Generation | ©  |mlod s i | Propction <O

+ Develop a prototype of a new, wearable display device in
which a coherent light source is used to scan an image
directly on a viewer’s retina

* led by Thomas Furness

» 4-year sponsored research program funded by Micro
Vision, Inc. :

Columbia

M.ILT.

» "KARMA?” project

« develop a prototype wearable system for augmented
reality in maintenance assistance

- “Architectural Anatomy” project

- expose a building’s structure through augmented
reality

+ led by Steven Feiner

« various funding sources, including NSF

« work on wearable computers and augmented reality
centers around the combination with Al

« e.g. “Remembrance Agent” project by Bradley Rhodes
and Thad Starner

« prototype implementation of a continuously running
program which augments human memory by displaying a
list of documents which might be relevant to the user’s
current context
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Human Interface / Intelligent Systems - Augmented Reality - VuMan Project

Carnegie Melion has been involved in the development of navigational mobile computers. Three
generation of mobile computer architectures and products have been already developed and provide
effective ways to improve productivity.

Carnegie Mellon K23 ZDZFOFR T, AOEAZITS>E—~ENEZAE2—F—%RRLTE /-, 3K
B30 E2—3—7—%77Fv—EL7OM A TORREERIIToTEY ., ThoIHEOEEMR L
KRATHN D,

Products Issues

VuMan Rapid Design :
- collaboration with Berkeley and Stanford

- teams of up to 20 students for development, less than 4
months to design a prototype.

- commercially available head-mounted see- Human Computer Interaction:
through display - usability tests on one hundred subjects

- interactive work : Hypertext, cursor, menus... Power Consumption :
- hand'es 0n|y S|mp|e |nf0rmat|0n - sets the amount Of batterles ( Up to 70% Of the

A logistical com weight ) . .
uses a remote logistical computer hardware / software improvement : gain factor up to 3

- Progress : twice the capabilities than the first generation
- 1/ 4 complexity, weight, volume, power consumption
more general purpose, the software and the hardware can - 1/3 design / fabrication efforts and time

be re-configured upon the applications. _ - withstands shock, temperature, water, and dirt
- speech-input : 200 word vocabulary, will run Applications :

real-time with an Inte| 486-66Mhz CMU Campus Tour to Logi'stical Maintenance Computers

wearable computers providing access to large database for
reference while leaving hands free to perform the required
physical operations.

Navigator

funded by DARPA Electronics Technology Office, DARPA Small Units Operations program




Human Interface / Intelligent Systems - Augmented Reality - Virtual Retina Project

[5)

The Virtual Retina Display Project VRD at the University of Washington is located in a gray-zone
between components and virtual and argumented reality.

Washington X2 ®Virtual Retina Display7 0> 7 b3, A2 K= POEEN=F ¥ I - UTV T4 —R
CHIRBEBOEODAIFICE /P IMAETH S,

organization VRD characteristics Expected Impact

_ recurring cost of the VRD system should
prototype developed under a 4 year program Fully inclusive or see- through display modes ze p]riced compen.tlv.eiy with other
isplays

Glasses mountable

Human Interface Technology Lab. Very low power consumption 3
Univ. of Washinaton _ . - (ljemor}stratfe the abnltg_( fo generate an

9 Large field of view inclusive, high resolution 3-D visual
{ 11 faculty and engineers ) High resolution, { almost human vision ) environment in a device the size of

. ) eyeglasses.
Full and better color resolution than displays

funded by Micro Vision, Inc., which helds an Brightness sufficient for outdoor use
exclusive license to manufacture and B ' _ - applications ; medical { e.g.surgery }
distribute the VRD Stereo display with depth modulation manufacturing, communications and

virtual reality
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Research Areas and Projects - Information Management - Overview

e
While government funding has been instrumental in the field of information management in the past,
researchers have found it increasingly difficult in the 1990s to attract government funding.

BEICIEBREREOMBICHIFOHEESRITSATVESN, W0FERICA->T, HEZZH D EEHREC
ESoTHLLLE>TETWS,

Category and Technologies Regarded as Areas Recommended for Retated DARPA ITO and "Hot" Research Areas
Definition Critical ... Government R&D Funding ETO Programs Interview Mentions, Unedited
.. for national competitiveness1} by the CIC
... for national security ]
Information large-scale Information systams: database design : *none « distributed and scalable databases
management « very large databass management | ' | * |- infarmation creation, update, search, a tew HPCC digltal library projects + multimedia databases

research In information
management systems,
such as research in
database design and
management, query
languages, transaction
processing, logical znd
physlcal design

tools

« real-time large-scale information
retrieval tools .

data fusion:

« multl-spectral data processing
+ distributed arra{ proceasing
neiwork information systems:

« navigatlon and resource
discovery tools

» directories

« registrles

discovary, retrieval meihods and tools

« locating, filtering, iniaggalin ,and
summarizing from distributed multimegia
databases

= content analysis and registration

+ dicticnaries and indexes .

» logical and physical design schemata.
particularly tools and tachniques 1o dasign the
schamata for efficient large-scale distributed
databases compased of objects, relations,
and legacy data

+ data compression and manipulation
languages

+ query languages and processing

- explicit profiles of user information
requirements

» fransaction processing and concurrancy
+ spatial data®

» lemporal data

» multimedia data

s imprecise data

« active rules

+ integration of legacy systems

In...
+ defense technology Integration and
Infrastructure

+ application support technology

» tachnology and services validation

* data distributed according to coordinates in a 3 - dimensional space. In this case data relating to geographical position

saurce ; National Critical Technologies Panel

source : GIC

source : DARPA

source | ADL intarviews




Research Areas and Projects - Information Management - Hot Areas

“Warm” research areas are found on the fringe of information management and the Internet.
FCEIHY PEABFELTR, 1242—% v FEOBMETOEHEERI TS50 3,

Distributed Multimedia » are attracting some attention as a base technology for the national information
Databases: infrastructure through the HPCC “Digital Library” program
- * research focuses on issues such as:

- replication in environments with frequent disconnections

- queries on very slow devices

- data integration

- graceful degradation of multimedia data delivery

Multimedia Information - similar to above

Retrieval: * key research issues are:
- querying through multimedia input
- visualization of massive multimedia data objects
- concept retrieval of multimedia data

[5]

Other Areas: - several other areas are regarded as hot in the information management research
community but are finding it difficult to attract government funding:
- data mining (extraction of information from large bodies of data that was
usually collected for other purposes)
data warehousing {databases made of copies of data from one or more
other databases)
- workflow and transaction management
* the prevailing government opinion seems to be that these areas are sufficiently well
served by R&D in the private sector
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Research Areas and Projects - Information Management - Distributed Multimedia Databases and Multimedia Retrieval - Overview

Government funded R&D into distributed multimedia databases and multimedia retrieval occurs mostly
in the context of the HPCC “Digital Libraries” program.

BEINFAT AT « F—EN—RETILF AT 1 PIERBRBOIFANOBFHER . EICHPCCO [F2 4
WEEE| N7 7L0—IRELTITHhN S,

Digital Libraries Are Different From Libraries... Key Improvements with Digital libraries

Not a physical location with local copies; objects held closer to {| Improve data captive via high accuracy transcriptions

originators , :
Enable content-oriented access by applying natural language

. L isi i .
Decoupling of storage, organization, access and vision techniques

o o _ Address problems of scaling by applying and extending
Authorizing allowed! (organization, annotation, support for DBMS technology.

work groups)
Facilitate distributed information access via better protocols,

Buying, pay-per-view supported in addition to browsing. glitlﬂt-)r:ts:luSt?oar:%!:)r?w?:?;:ssi?:%r?:cﬂigig%\fsry methods, and

Integration into user tasks | Improve user access with new browsing paradlgms and
presentation techniques.

Perform user-based evaluation of the results

Provide a large number of geographically distributed users convenient access to the entire contents of very |
large and diverse repositories of electronic objects: text, images, maps, sounds, full-motion videos, merchandise
catalogs, and scientific, and business data sets, as well as hypertextual multimedia compositions of such
elements.




[]

Distributed Multimedia Databases - Berkeley Digital Library Project - Qverview

The Berkeley project aims at developing the technologies for intelligent access to massive, distributed
collections comprising multiple terabyte databases of photographs, satellite images, videos, maps, full

text documents, and “multivalent” documents.

UC Berkeley® 'O 17 N T, HF I/ 1 FMEOEE. EF 4, MEPYEEORERERS S L AL
BODAT—FIN—~RAIFPI7ATEBED>BA1>TVI o P oEROREEBEL TL3,

Research Key Issues

Testbed : an Enviriomental Digital Library

- Integrate services into work practices

- Build prototype systems with real collections and
users '

- Develop technologies necessary for large-scale,
distributed integrated information access systems

- Measure success by impact on world

Collection:

diverse material relevant to California’s key
habitats

Users:

consortium of state agencies, development
corporations, private corporations, regional
government alliances, educaticonal institutions, and
libraries

Systems:

low-tech system to make materials available
quickly to participants; high-tech system deployed
as research progresses

Potential:

basis for state-wide environmental system
(CERES)




[3]

Distributed Multimedia Databases - Berkeley Digital Library Project - Research Areas

Berkeley’s teams developed an integrated research plan focused on critical aspects of the technology

needed for the full potential of digital libraries to emerge.

UC Berkeley®F— LT3, T HNREROTREMEZER - RAT 4010, BEELZIERLFHMEOH

KREESTEIL TW3,

Research goals

Providing a coherent, content-based view of a diverse distributed
collection

Scaling to very large collections and large numbers of clients and
servers

Data acquisition technology

research key points:
New paradigms of interaction )
Fully automation indexing and intelligent retrieval

Developing data base technology to support electronic library
applications |

Developing a more effective protocol for client/server information
retrieval

Developing resource discovery and distributed search algorithms
Applying a communications-theoretic approach to document analysis
Developing Compression and Communication for Remote Browsing

Implemented Prototype Systems

Low-tech: for quick availability

(&%1 .

- ‘Dienst”/server for Electronic library
Technical Reports (ETRs - primarily
environmental and government reports ),
aerial photos |

(“ Dienst”, the server name, comes from the
German word for 'service’ )

High-tech: for research progress

CHABOT and CYPRESS: Data base
access to photos via color specs

TIOGA geo-positioned photo application

- “Big Sur” application to Delta GRASS, aerial
and ground photos
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Distributed Multimedia Databases - Berkeley Digital Library Project - Research Teams, Funding

This project is supported as part of the NSF/DARPA/NASA Digital Library Initiative, and as part of the
California Environmental Resource Evaluation System (CERES) with $4 million over 4 years.
cD70OY =7 MINSF. NASA., DARPADF Y ZIVRIEBROT 5 LDO—IrE LT, %7/-California
Environmental Resource Evaluation System(MDIRIBRBFFE S X 7 LAMBED—REL T, 45FER[ICEY

$4005 DHEZRIT TS,

Federal Agencies

« NSF
« DARPA
« NASA

California Agencies and
Organizations

[
o e A
AT TR AT

State of California

CA Department of Water
Resources

CA Department of Fish and
Game o,

CA Environment Resources
Evaluation

CA Resources Agency
CA State Library
Sonoma County Library

San Diego Association of
Governments

Shasta County Office of
Education

Industrial Partners

Hewlett Packard Corporation
lllustra

IBM Almaden

Philips Research

The Plumas Corporation
Rocoh California Research
SAIC

Sun Microsystems

Xerox PARC

. Y [I'
e 7 e e

| ’}?‘imx”h“% \7_7,.
o ?

SRR
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Multimedia Information Retrieval - Washington Fast Multiresolution Image Querying Project

This project developed at the University of Washington explores a strategy for searching through an
image database in which the query is expressed either as a low-resolution image from a scanner or
video camera, or as a rough sketch painted by the user.

Washington K220 703 17 FTld, BT —IN—REKRFT DI, 2—H—HVFEEORH,LA
FyrF—RUTFVANIASTTHRIPAALEREANEL TRBHIITADL DI EFHEEMEL TS,

Method: _

The searching algorithm makes use of multiresolution (wavelet)
decompositions of the query and database images. The goal is
to seek the database images which have their decomposition
coefficients matching with the ones of the query.

User request:

expressed either by painting a crude picture or by showing an
example of the image to a video camera or scanner. An
interactive tool helps the user to refine his search.

Results: | \

median time to retrieve the target image: 1 second for a database

of 10000 small images, 1 minute for large images. The algorithm
~is linear in the size of the database.

SCPPUT

e ey Application foreseen:
20,000 URLs for images have been collected on the Web. Tests

o U’"(’.U R . are made to see how effective the method is for very large
( n %wpﬁ&mw\ databases.
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Research Areas and Projects - Communications - Overview

The category of communications is driven by the themes of high-speed networking, of mobile networks,
and of information infrastructure services.

A32=24—2a OB TREERY F7—%2J, E—EN -2y T—F2 T, TLTHEAT77

H—-ERL

il ]

2 TF—IlHP > THREFEDS N TS,

Category and
Definition

Technologies Regarded as
Critical ...

... for national competitiveness

... for national security 4

Areas Recommaended for
Government R&D Funding
by the CIC '

Related DARPA ITO
Programs

"Hot" Research Areas
interview Mentions, Unedited

Communications
technology and
information
infrastructure
services

research advancing
the state of computer
communications hard-
and sohware
technology , such as
research in high-speed

‘networking, wireless

services, network
security

telecom/data routing:

» broadband switching

* programmable radios

« wireless communications

- cable

« fibre

- satellite-ground communications
protocols

» mobile computing systems
sighal conditioning and
validation

data compression:

= chaotic graphics compression

« o 0 s

telecom/data routing:

* analog and digital wireless technology

« micro to macro cellular systems

+ satellite technologies

+ scalable, reliable, adaptive routing algorithms
that squort mohility and enhanced multicast
capabilities

» nomadic computing and access

+ internetworking and intercperable services
+ network resource allocation and
management

* autongmous self-contiguring network
technology

« evolution of legacy systems and applications
» all-optical switching and transmissian

+ 100 gbps available generally

» thps testheds { trillion-bits-per-second )
data compression:

» encoding and compression technigues

« image transmission over packet networks
« high-bandwidth digitally compressed video
and data transfer

information infrastructure services:

» ubiquitous, multi-dornain, and multi-level
security

+ identification

* ptivacy -

- support for electronic commerce

« universal accessibility

« NIl user affordability

- ease-of-use

= global interoperability

= reliability

- resaurce scheduling

+ load balancing

- performance instrumentation

» visualization

networking systems

* internetworking

* high performance networking

» advanced developmental
networking

information survivability

« high confidence netwarking
broadband information technalogy
+» multiwavelength optical
networking censortium

« national transparent optical
network censortium

» WDM with electronic switching
technalogy ‘

« iBM/Corning optical network

= innovative device technoiogy and
solution-based TDM

defense technology integration
and infrastructure

« application support technology

« fechnology and services
validation

global mobile infosystems

+ modular multifunction wireless
nodes” ’

» wireless node design technology
« multi-hop network technology

» mobile internetwork architecture
» mobile application suppont

+ gigabit networking

- ali-optical netwerking

« quantum optics

+ quantum photonics

+ embedded seamless fiber
networks

« signaling technology for last-
mile problem

+ rabust and moblle networks
- wireless/moblie radic/RF

+ handwidth management

« Information survivabllity

Source: National Critical
Technoloies Panel

Source: CIC

Source: DARPA

Source: ADL interviews
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Research Areas and Projects - Communications - Hot Areas

The hot areas in communications R&D at the moment are Optical Networking, Mobile Networking, and

High-confidence Networking

REAI2ZT—23>OFTHRY bEFBHIE. KRV b 7—%27, T-ENV -2y b T7—=%27, 2L T
%y b7—7 « % 27 1 (High-confidence networking) T# %,

Optical Networking:

Mobile Networking:

High-Confidence Networking:

Other Areas:

all-optical networking which avoids all opto-electronic conversion in the network to
achieve performance levels of 100 Gbps and higher

research issues are, for example,

- space-switched transparent optical ATM networking

- terahertz optical asymmetric demultiplexing

- optical time-division multiplexing

- self-routed photonic packet switching

issues related to wireless networking in mobile computing environments
covered under “Computer Systems” category, ( please refer to Computer System
Section 3+2¢1)

development of ubiquitous security mechanisms in routing, management, directory
etc protocols

hot R&D topics are, for example,

- security-enhanced routers - micro transactions support

- authentication of nomadic hosts - secure ATM communication

signaling technology for the last mile { ie between the Internet service provider's
POP ( Point of Presence ) and the subscriber premises ) was also mentioned as a
research area with high impact (e.g. Gordon Bell)




Ail-Optical Networking - All-Optical Gigabit LAN

[3]

The goal of the “All-Optical Gigabit LAN” project at Optivision is to develop and demonstrate end-to-
end multi-format highly secure all-optical switched connections. It is a good example of an SBIR-
funded project.

Optivisionit® [RLXAEXAHE Y FLAN] 7OV 7 M. KgPOKIFE TLTATERGITHOIh 3 EE
FMOXy b T—VEBARLELIEVIEDTH S, ChIIBRFOSBIRZAT Z AILLZHEDRVW—HTH
%o

IN-BAND CONTROL BLOCK DIAGRAM

— —— Tech Goals, Tech Overview
— Optics Module [ - research and develop control methods for
' —— optically switched networks
- « focus on in-band control through a polling
receiver that modifies the state of an optical
crossbar switch based on changes in the
connection state of incoming light streams
+ develop HIPPIVATM/SONET OC-12¢ |
transparent converter based on this technology

HHIHE

Eteclronic cards

Funding, Commercialization

+ performer is small company in Silicon Valley

+ Funded by DARPA through SBIR

» developed products tested in DARPA-funded
"“TBONE?” all-optical networking tested

+ Optivision developing commercial product

Registers L based on the prototype developed

HIF

SBC




All-Optical Networking - TBONE

Government also provides the funding for the TBONE testbed for all-optical networking
BiFimedtxy 7% D-OOTBONEZOY 7 P T A MRERICHHEL TV,

oy ‘
180 20 km
[ -

Opticd Link

" Collaboration between Optivision, MITRE, and TASC

« DARPA-funded testbed for all-
optical networking

« two-switch ail-optical
metropolitan scale network

« research, develop, and
compare out-of-band, in-band,
and in-fiber out-of-band
approaches to switching
control

« Uses image-based applications
for real-world performance
evaluation




All-Optical Networking - 100 Gbps Packet-Switched Multihop Transparent Optical Networks

Princeton’s 100 Gbps Optical Network project is designing a multihop, space-switched, transparent
optical ATM network with real-time routing control at each node.

Princeton X3 M100Gbps % v b7 —27 77O 27 b T, wibFERy F AR, ZEXWT, U734

Ly J— pEIHSP &/ — R TITABARATMER Y b7 — 0 % 5%

Project Technology

p—
181 T ; | [
" OE NTREICE 3 —f o g
S e S
e A
=
e T alive S bwdlady,
PHOTONC. SYTCH
oA
Frees.., FIBER

- Develops a terahertz optical asymmetric
demultiplexer to eliminate all opto-electronic
conversion at nodes

» optically-processed deflection routing to
resolve packet contention

» 100 Gbps switching node, scalable in size
and speed

+L T3,

Project Team

« 5 professors: Keren Bergman, Stephen
Forrest, Hisashi Kobayashi, Paul Prucnal, Moti
Seger

* 13 graduate students

Project Funding .
« DARPA funded for minimum of 3 years

« industrial affiliates of Princeton’s Advanced
Technology Center for Photonics and
Optoelectronic Materials




Research Areas and Projects - Communications - High-Confidence Networking - Overview

High-Confidence Networking has become an area of focus in communications R&D as public networks like
the Internet play an increasingly critical role as the information infrastructure for business transaction as
well as military communications.

2y b= 2Fa2VTAB3. 13—V MNEDARZY NT—IOHPFEHRA 7L LTES 2 AXES
KERMZHETICONT., ERLAWERHARESHF Lo /-,

Electronic Commerce

Intrusion Detection

Real-Time Monitoring

[&]

key management secure communication @
endorsement
accreditation
identify verification

cryptography




Research Areas and Projects - Communications High-Confidence Networking - History

High-Confidence networking is historically roated in the combination of networking with public-key

cryptography.

2y MNTI=0 X 2UTFOWRE., 2y T2 7 LA BERTOMPBFOMALPOHEELTE

1o ,

; 1970 1975 1980 1985 1990 1995 >
Enabling ldeas
and Technologies Emergence of High-
Confidence Networking on
Networking Interface Qf the two
183 technologies:
* secure email
(Private-Key) (Public-Key) = electronic cash
Cryptography Cryptography , « digital signatures
‘ l s trusted authorities
T T RSA, Inc. :
NSA Theoretical spin-off )
Invention of public- - 1982
key cryptography, . v
Diffie & Hellman, topic rapidly
1976 broadening and no
end in sight

first practical
implementation, Hiv/es’t\
Shamir, Adleman, { RSA)

1978 S Mﬁb Amx@?\q/




High-Confidence Networking - NetBill - Goals and Approach

(2]

The NetBill project at Carnegie-Mellon is developing middleware which enables microtransactions of
“soft’ goods, such as documents, software, or processing cycles.

Carnegie Mellon KZEDMNetBill 7O £ 7 b T2, XB. VI M) 2 7 EDOEHBEROFTREZAREICTHIIN
W7 REELTVS,

Buyer - Seller
WWW Browser PEPPYPr— * commerce mlddlc_aware e_spemally designed
[ Chient Module Server Moduie | for microtransactions of information goods

« develop standard interfaces for interactions
among a buyer’s client, a seller's server, and
existing banking and credit institutions

- implement plug-in modules of these
interfaces for WWW client's and servers
open interfaces

« implement a NetBill server that acts as a
scalable, secure, low-cost, high-volume
transaction clearinghouse

NetBIll Server » supports group membership and price
negotiation

Bank \
=B by e TR




High-Confidence Networking - NetBill - Team and Funding

The CMU NetBill research team receives funding from DARPA and the NSF and is working together with
researches from Visa and the Mellon Bank.

NetBill 7O = %7 MEDARPAENSFAR S DHE % F (T TH Y. Visatt & Mellon BankiRiT & DHEHAEHIT -

T3, a y
\_ Mester nt A O
sl (76" )
Research Team | | Funding
*Marvin Sirbu, Professor | *DARPA
:';5' -Doug Tygar, Associate Professor : ‘NSF |
- 12 graduate students «industry cooperation with Visa, Mellon Bank

«team from industry partner
Visa (size unknown)

«team from industry partner
Mellon Bank (size unknown)




High-Confidence Networking - Secure Internet Routing Protocols - Goals and Aspects

BBN is researching how to integrate security into future Internet routing protocols. This R&D is
funded by DARPA, which also funds BBN's development of a multigigabit next-generation router.

BBN#LTIRFRDS 42—y bOTORINIZE I X2 F 5 HARE P ERHELTUVS, COFRI(L
DARPAICE W HHEE h T3, DARPAIZBBNH DX HE v M AR —F—ORBERICHERLTWS,

Goals: * researched and develop security aspects of future Internet routing protocols (Nimrod, IDRP) to make
the Internet secure against denial-of-service attacks by securing all elements of the route
management process

* make available publicly the security-enhanced router software resulting from the research

186 Aspecits: * enable routers to receive an authentic, integrity-checked software download from any source
| S

» enable mobile hosts to authenticate themselves to routers and to establish their type-of-service
authorization )

* enable routers to validate the identify of any router
* enable routers to verify the integrity of routing updates

« enable routers to verify that another router is a representative of an autonomous system and that it is
authorized to advertise for specific networks, subnets, etc.

* work through IETF to establish standards
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3 Technology Categories, Research Areas and Projects
3.1 Technology Categories and Funding
3.2 Research Areas and Projects




Technology Adoption Curve

Government sponsored R&D generally occurs in the earliest stage of a technology’s total lifecycle.
BFEEOHEREREL, BHEHOLSA 71 7)VOPT,. BLRVERETITHOh TV S,

Market ‘ |
Size

Gowt. $ Funding

Commer-
cialization

(2]

Embryonic Growth

Maturity

Aging




Projects and Research “Fields” on the Adoption Curve

Research “fields” and projects differ in how close they are to commercial impact but this one-
dimensional view doesn’t take into account the aspect of different levels or scopes in the individual
projects and in the definition of “fields”. [
MESBFPXP7OS 7M. EOFA 7L INPTENLETERILISGEVA EVWIRBMTHERTES iJ"',i
FNAETTREOHB LY 7O 27 bRV OEE - R EVWIEPERESINTOERL, |

fun

4 4 4 d r~
£
Molecular Computational Scalable Hive - Mobile %}
. ) : Parallel . .
Computing Prototyping | /0 Computing Computing

[2]

Virtual
Retina
Display

Optical Info-Pad

Networking

Commer-
cialization

(“Basic”) {(“Applied”) (“Development”)

farthest from (Embryon‘ic Lifecycle Stage) closest to commercial impact

commercial impact




VARt
“Scope” of Research '

“Scope” of research refers to the difference in breadth, comprehensiveness, and level of aggregation of
a project or field.

HRBHEOLEZ L. CCTRTOMFZMOE, HRERVBEUFEET,

- Projects differ in their scope... Research fields differ in their scope...

+ e.g. InfoPad, Berkeley is broad scope: « e.g. “Hive Computing” is broad scope:
- goal is to implement a complete prototype - covers many aspects of computer
wireless computing environment systems architecture:
- deals with all subissues, from terminal - operating systems

and basestation design to middleware
and operating system to wireless
protocols to applications

memory architectures
local-area networking & protocols
languages and compilers

—
190
(—

» vs. e.g. Graceful Degradation Techniques

for Mobile Computing, Columbia is narrow * vs. e.g. “Scalable Parallel 1/0” is narrower
Scope: scope
- goal is to develop techniques, algorithms, - focuses on I/O architecture issues:
and systems that allow mobile computing - protocols for network-attached
clients to achieve graceful degradation of peripherals
- performance when moving from areas of - methods for parallelization of file I/O

high-bandwidth coverage to those of low- -
bandwidth coverage.
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Map of Research Projects

We have mapped projects based on these two criteria of “stage” and “scope”.

Ch oSN ERES . SEEOLEED272OREICE->T. 7O 7 by T HIIGETZ S,

broadest Molecular

Computing
4 Projects Optoelectronic : InfoPad
Computing Projects FLASH
Computational DataMan NOW
Prototyping 21 Shrimp HorusI
Optical Scalable 170 HPSS VuMan Condor
Networking Initiative
scope of Virtual commer-
research Retina cialization
Display TRAVLER
Darmouth
Parallel 170 Multires
Image !
Query
SAIRE
Y Graceful
Degradation :
narrowest
farthest from g— Stage of closest to

commercial impact research

commercial impact

Ths Sl 9 e St @ b

» in total, about 50

projects were judged.

+ judgment was based on

project goals as well as
actual progress {where
available), as stated in
project descriptions and
interviews with project
leaders.

f}ﬂj‘7

Voo
s N

!
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Four Project Types (1)

different goals, ...

J7OVz7 NIy T EOBRAZLIBAAIEGNICOGT I8, ThEEAKEL4DD21 TP ETHE. 7
N7 NOBE..

broadest

A

Scope
of
research
area

\

narrowest

- While projects are scattered across the map in a continuous pattern, four generic project types with

“Avenue Research”

- goal is to explore a new, broad field with
more than incremental impact on
computing

- theoretical, simulations, or limited “proof-
of-concept” experimental output

‘Specialist Research”

gaps, incremental research

- output is often in form of papers only,
sometimes also simulation or limited *
proof-of-concept “ implementation

commercial g
impact

. - goal is development of complete

. - concrete objectives, milestones

..................................................................................................................

- goal is to expand a focused field by filing : - goal is to develop prototype subsystems

research

‘System Development” AR

Tﬁﬂfw% N

e

prototype systems

potentially redefining impact on industry
in short-to-medium term

Commer-
cialization

‘Aspect Development”

output is concrete, working prototype
subsystem implementation

“closest to

pe commercial
impact




Four Project Types (2)

...organization,...

broadest “Avenue Research” “System Development”

A

I'arge overall team size ( up to 60 people )
high student-to-professor ratio ( up to 1:10 )
full- time technical and administrative staff

- often organized as a lab, not as a project
- small to medium overall team size, but this
varies
low student-to-professor ratio
(upto 14}

—

193 Scope : Commer-

[ S resg;rCh ............................................................ S cialization
area “Specialist Research” “Aspect Development”

- small teams, often single researchers with a medium overall team size ( up to 20people ) E
few grad students . - medium student-to-professor ratio (upto 1:5) F

- very low student-to-professor ratio ~+ - technical staff common
(upto 1:3)

\

farthest from Stage of closest o
commercial g research - commercial
impact | area impact




Four Project Types (3)

... industry involvement, and funding can be identified.

CEREDBEFRFEOEREIUBER LB HIN B,

bmzdem “Avenue Research” “System Development
- sometimes cross-university / lab cooperation : - often cooperation with other universities /
for facilities sharing, communication . labs, e.g. “ sub-contracting “ of aspects
- little industry involvement : - cooperation with and funding by industry .
- government provides basic funding for lab, :  integral part of project .
= amount varies i - government funding often ~$2-4 million per
194 L year
— Scope i Commer-
Of ............................................................? ............................. Y RN RN R R R R R Y Cialization
researCh 1 H H bL : 111 ”
area | Specialist Research : Aspect Development
- communication with other specialists at ' - located at one university / lab, limited
specialist conferences but little cross- . cooperation with other universities / labs
university / lab cooperation . - often some industry sponsoring
- limited industry involvement from companies : - government funding varies - can be none or
in specialist field . very littie up to ~$1 million
' - little or no government monies { <$100,000
narroweSt per year ) e A L e L L el L el ARt A !
fart : Stage of .
commercial g research g commercial

impact impact

area




Necessary Project Leader Characteristics by Project Type

The type of person that can make a successful project leader differs by project type, and success in
one type of project does not necessarily qualify for projects of other types.

Oz M) —F—ELTEENZBEEREOV 17 bMOEATICE-TREVF T T+ — %70
JIV7 M) —F—REVIEDHFFEET HHUTIERL,

broadest

A

po—
195
(-

“Avenue Research’

- unconventional thinking

- risk taking

- luck

- interdisciplinary background

- often sticks with field for very long time,

possibly full career, but may enter in mid- :

“System Development”

ability to mobilize a large volume of resources
capability to organize, manage large projects
industry network

history of success in industry impact

typically develops on idea intensively over
several years, then abandons it for the next
examples : Randy Katz, Dave Patterson, Bill

career , o Joy, John Hennessy
Scope - examples : Eric Drexler, Marvin Minsky Commer-
res;);mh --------------------------------------------------------------------------------------------------------------------- cialization
area “Specialist Research” “Aspect Development”

\

- continuous involvement in well-defined
field

- scientific methodology

- specialist reputation

- sticks with field for entire career

either background from “specialist research”
or link to “system development”

links to specific industry sponsors

can either stick with field or move through
various fields during career, both is possible

narroweSt T R Y T e T A
farthest from Stage of closest to
commercial g research p  commercial
impact area impact




Performers by Specialization

Different performers have the majority of their research topics and projects in different parts of the map,
but overall the map is well covered.

BB

ERELTENTNTY T EDSHZ 21 TORBHIEBTES., ThoE/FHhETELEFLL

T, RBREPHN-SNhTWBELERBZIILFHES,

broadest

4

[5]

scope of
research

\/

narrowest

« performers shown selected from
major performers to illustrate point,
not to indicate merit

* position approximate and derived
from a detailed analysis of major
projects, survey of all research
projects active at the performer,
and interview feedback

U of Washington

Government
| abs

pockets everywhere

farthest from o Stageof o closest to
commercial impact research commercial impact




Systems Development Projects as Differentiating Strength

We believe that a key strength of the U.S. system compared to Japan is the existence of and
government support for “system development” projects.

ADLTII KEDHEHFEOSTELEHD— oz;t /z:rAﬁuAFaﬁﬁ9470)7"D/I7 PERICITHDA, B
FOZRELZITTNWEC é:c‘:%zé

broadest

"We use a systems approach to building
A applications. We find 'killer applications' that
research can almost be built using the current commercial impact:
feedback: technology, and try to build them. In doing -——-——-p—_ roiect goal focusea on
_ brings up new so, we inevitably find components of the proj ,g
: application that require new\algorithms, we deVE_IOplng complete,
issues for more L ; : working system :
— basic research optimize interactions between the _ )
components, and we build frameworks for - incubator function
197 - at th_e same combining the components. The value in between academia/labs
(- ‘ time, 'mmed[ately such research is in the study of the and industry
scope of establishes a interaction between components, the - education of people
research pmblem to .30|Ve: occasional creation of component skilled in system
an appllcatton to technologies, and the spin-off technologies _ development
contribute forthe that resuit." (Project Zeno, Cornell)
new research \_ Y,
organizational guidance: \/
- grganize otherwise disparate subprojects so
that they contribute to and get valuable feedback
 J - from overall system development
- this benefit is somewhat similar to that of
narrowest government programs like the HPCC

farthest from ——— Stageof___ _  closest to
commercial impact research  commercial impact



Japan’s Missing Link

We also wonder whether or not in the Japanése system too much emphasis is placed on research in the
left part of thé map.

FICADLOEHREL TR, HETR Yy 7OERO 2L TICERAFREF>TVBELIICBEDI S,

+ no activity, no funding here? .

broadest) | Japanese obsession with “Next ,

Generation” topics, e.g. Al, rely completely on industry R&D

optical computing,

nanotechnology
p— - Japanese /f/q,nﬁﬁess and
198 - support of “bleeding edge” labs
—d Scope like Media'Lab

of \\.L\i:;i:;'/
research L ) «f/f&‘}fl e

area i “Mjm 3/9}.@1.

« image of Japanese researchers as
excellent specialists |

+ image of Japanese universities as " ivory

towers”
farthest from Stage of closest to
commercial g research g commercial
impact impact

area
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R&D as a Continuous Cycle

This seems particularly critical in view of the current understanding of R&D as a continuous feedback Ioop
between science and engineering as well as between public and private sector...

REODRF T, MRARO—DOEBL O+ X, BRFE LR, EELFZOBIERBPURY . B
BBHEE7 1 — KNy 7P ITHhhTVBIETHSZ, TORANSTEE, ZHIVHPYMY 2BETEL T

LEEHREDZAT2H > ERIEEICE->TL %,
TN T
transfer 01)
people /

TN
~ of ideas /

UNIVERSITIES
GOVERNMENT LABS

ENGINEERING
or .
- DEVELOPMENT |

SCIENCE
or -k
RESEARCH ;

INDUSTRY LABS - -
INDUSTRY R&D company
DEPARTMENTS spin-offs

(FINANCIAL SYSTEW) |

—TN TN

transfer of)

technologies
N

I ) The better the feedback loops are running, the more innovation occurs.

» Government should facilitate the feedback loops.




R&D as a chain of distinct Stages

.. as opposed to the overly simplistic model of R&D as a chain of linear sequential stages with distinct
interfaces.

WRBAROETEIRRN EBREOERETIRS . BETHEMELAZT TV S,

Basic Research Applied Research Development

200 “ systematic study directed “ systematic study to gain “ systematic application of

e toward greater knowledge or knowledge or understanding | knowledge toward the
understanding of the necessary to determine the | production of useful materials,
fundamental aspects of means by which a devices, and systems or
phenomena and of observable  recognized and specific methods ; including design,
facts without specific need may be met “ development, and
applications towards . improvement prototypes and
processes or products in mind new processes to meet

specific requirements “

Technology transfers through the different stages toward commercialization through technology push and
market pull forces

Government should allocate funding to each stage and implement incentives/instruments for transitioning
between the stages




Historical Case Studies (1)

This view is backed by historical case studies, which indeed show that instead of a liner “technology
transfer’ from universities and government labs to industry there has been a continuous bouncing
back and forth of people, ideas, and technology between the two sectors...

BROCHCOEET 1 — /Ny TORFRERDEBICARL TV, EHSENO—FNLEHRBERLY
ThS, RECEARMREODEGHFELEOBEIT>LUREYL, AL PAF7,. ZLTHEFITERLT
W,

Goal
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Tachnology Timeline

Examples

Unanticipated Resuits

Today

i e

Timesharin

PSS SIS IS SIS E A S ;
mnHmninmu ————

Graphics

Y ¢
ERTHRERELINNNNNN

ot WA KL ES LI L LS SIS ISP ESS, f///////f%ll//;

Networking

Workstations

WILEL LA IS LIS E ST,

\4||

Windows

"””’%’;’;‘h mn mnn""—\“‘——’"““—

1965 1870 1975 1980 1985 1990 1994

CTSS, Multics, BSD
Unix

SDS 94¢. 360 /67, VMS

Sketchpad Hah
GM / IBM, LucasFilm

E&S, SGI.

Arpanet, Intarnet

Ethernet, Pup, Datakit

DECnet, LANs, TCP/ IP -

Lisp machine, Stantord
Xerox Alto

Apollo, SUN

Englebart, Rochester
Alto, Smalltalk

Star, Mac, Microsott.

lst many pecple
usa a computar,
each as if it were
his or her awn,
sharing the cost.

Make pictures on 2
computer.

Load-sharing
among a modest
number af major
computers

Encugh computing
to make interactive
graphic useful

Easy access to
many applications
and documents at
once

Transfer of ideas or people ——P»

Gov"t research == Industry research <~~~ Industry development IIIIIHI} § 1B business

Because many paople kept
their werk in ane computer,
they could easily share
information. Reduced cost
increased the divarsity of
users and applications.

" What you see is what you
get " and hypermedia
documents

Elactronic mail ; widespread
sharing of software and data
the original netwarks were
wide-area ) ; the
interconnection of fiterally
mitiions of computers

Displaced most other torms of
computing and terminals ; led
diractly to personat compulers
and multimedia

Dramalic improvements in
overali ease of use ; the
integration of applications { e.g.,
sproadshests, word processors,
and presentation graphics }

Even persenal computers are
timeshared among multiple
applicaticns. Information sharing
is ubiquitous ; shared information
lives on * servers”.

Almost any image is possible.

"Realistic moving images made on

computers are routinely seen on
television and were used
effectivaly in the deign o f the
Boeing 777.

Networking has enablad
worldwode communication and
sharing, access to axpertise,
wheraver it exists, and commercs
at our fingerips.

Millions in use for science,
engineering, and finance

The standard way to use all
compultars

Source : National Research Council, 6 / 95
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Historical Case Studies (2}

... and that the original ideas and technologies had impact far beyond the original goal because of the
unanticipated results that arose in the feedback loop.
TORBRELTROTAT7PEMEIFELLELoFRANEREL., FTREZBALFBEEL LS THRRIC
HhE->TWB,

Technology Timefine Examples Goal Unanticipated Results  Today
Berkeley, Stanford Computer 20 3 Dramatic progress inthe " Co  Million in use ; Penetration
RISC times faster -design " of hardware and continues to increase
S & IBM 801 softwara, leading to
significally greater .
HHIEHIHIN===—————  5un SGlLIBM performance
p— . Mead / Conway, Mosis  New design Easy access to " silicon Many more scheols training VLSI
VLS deStgn methods to keep foundries " ; aranaissance in  designers ; many maore comparnies
202 LIS LA . pace with computer design using this technoclogy
integrated circuit
many technology
Dot
RAID ' Berkeley Faster, more reliable RAID is more econcmical as Entering the mainstream for large-
/ : ! N disk systems well : massweddalha scale data storage ; will see
SIS A, ' P o a il TP Striping, Datanash ;‘:fo;;?g:ge”wg&e% ;’gﬁsﬁm widsspread commercial use in
Many computers and waorkstations,  digital video servers
HINIHIES
Parallel . liac 4, C.mmp, HPC ~ Significantly faster Parallel desksids server Many computer manutacturers
arallel computing computing 1o address  gystem; unanticipated include parallel computing as a

) IBMRPS, Intal complex problams applications such as standard offering.
:r.//ff/x .f/ s, OM-, Teradata, T3D lransaction processing,
finzicial modeling, database
IIIIIIIIIIIIIIIIIIIIIIIIE . mining, and knowledge

discovary in data

1965 1970 1975 1980 1985 1990 1994

GoV't rosearch = |ndustry research ~~sswses Industry development [IHINIL § 1B business
Transter of ideas or people ——P»

Source : National Research Council, 6 / 85
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Hot topics in Artificial Intelligence




Research Trends in Artificial Intelligence - History

R&D in artificial intelligence continues to suffer from the backlash that resulted from the big disillusionment
after its overhyping in the 1980s.

ATHBEDOHEERF . 1980 FERICAEKICE

BRUZ%, RELLEIFH/-6 LERBISFE/HMEFTLATW

3o
Euphoria
Disillusionment
1965 DENDRAL expert
system project started
Establishment 1967 Mac Hack defeats 1987 LISP machine market
Dreyfus in chess break down;
1970 PROLOG created 1988 Al revenues peak at
. 1959 “Antificial Intelligence” 1979  CMU Robotics ~$1 billion
208 named at Dartmouth ~ Institute established 1892 Fifth Generation
conference 1980 First AAA} conference Project ends without
e 1958 LISP created 1881  Fifth Generation COMINg even CloSe 10 funy
1959 MIT Al Lab project begun its original goat;
established 1983 MCC formed Real-World computing
1962 Stanford Al Lab 1984 CYL started project started
establishad 1984-86 Al startup frenzy 1987-93 Al startups go belly-
[
1965 Dreylus argues up one after another
against Al
% 1955 1965 1975 | 1985 1995 >

@ “Calling yourself an artificial intelligence researcher is decidedly out of vogue in these mid-
nineties days, at least if one has any hope of raising grant money for ongoing research.” [Andrew
Leonard in"Where are all the agents?”, WebReview, May 3, 1996]




Research Trends in Artificial Intelligence - Traditional Al focus

During the 1980s and early 90s, R&D in Artificial Intelligence in the US focused mainly on methods and
tools for the reproduction of human reasoning and for knowledge management. Today, only a few aspects
of this focus remain popular R&D topics.

1980FX A 51990 F R DMERIC AT T *EI'C@AI%DﬁE@ﬁ%Eﬁ%Ciilm ABDHROBFERE L AEE
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Knowledge Representation
for Computers

Symbolic Inference
by Computers

p— Machine reasoning: Symbolic:
209 - expert systems and - objects and scene modeling
— knowledge-based systems :
- common sense modeling
- constraint logic programming
Numeric:

Machine learning: - uncertainty management’

- neural networks ) . )
(impression or ignorance

attached to hypotheses
processed)

genetic algorithms

- case-based reasoning
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Research Trends in Artificial Intelligence - CYC Project - History

The premier project which embodies this traditional Al focus of the 80s is the CYC project. CYC (
enCYClopedia) is a huge and very long term project whose goal is to understand and speak ordinary
language, taking into account common sense as readily as humans do.

BOFERDEMIIZAIFTHFICETNHLDTRACETSNB 7O 27 MICYCTAY 7 b THS, CYC
(enCYClopedia) (3. AP T2LIICHBEEZRBLEFSOBREELEML. ETLEBEL RN

DEXF7AY 7 b THB,

Goals:10 years $ 35 M

Microelectronics and Computer
Corporation, Austin, Texas

Supported by Apple, Bellcore, DEC,
DOD, Interval, Kodak and Microsoft

today:1/2 M significant assertions

tomorrow: 1M, 2M, 4M ?

huge amount of human knowledge:

facts, rules of thumb, heuristics about
the objects and events in everyday life

Appropriate tools:

- knowledge base
management

- - representation of language

- inference engine

interface tools
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Research Trends in Artificial Intelligence - CYC Project - Results

Even though CYC already handles a large amount of human knowledge, it seems unlikely that
comprehensive understanding can be reached.

CYCISEBLCABDHMBEM VR >TW 24, RHEBALEBEBEZITAZLICRBE>TVWEVWLIICAR S,

CYC Applications

under development

natural language processing

integration -of heterogeneous
databases

knowledge-enhanced retrieval
of data |

distributed Al

www information retrieval

further potential

“‘smart” interfaces
intelligent character simulation

improved machine translation

improved speech recognition

CYC issues

- CYC seems far away from its goal of
comprehensive general knowledge

- CYC works only on very simple questions

or on questions which happen to fall i
one of its domains of knowledge

- No objective measure of progress
available

- No approximation of required knowledge

available

= seems unlikely to achieve substantial
results

AT 0 Mo l&(%&(‘\ L
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Research Trends in Artificial Intelligence - Shifts to Applications, Numerical Approaches

In the U.S., the nineties have seen a move from theory and tool kits to applications as well as a move from
symbolic to numerical approaches.
KETIIIOERICA->TE., ERPY —IXx v HPSIEAN., BSLENTF LD S HELEBNFEADERDY
Rohi,

Symbolic Numeric

S

A

As funding for Al R&D has dried up, researchers have been forced to distance themselves from
the "Al stigma” and to go for cover in related fields with different names if they want to raise
funding.

This has also led researches in Neural Networks and Fuzzy Logic to abandon the name "artificial
intelligence” for the name "computational intelligence”. (1994 IEEE World Congress on
Computational Intelligence)
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Research Trends in Artificial Intelligence - Neural Networks

The focus of R&D in Neural Networks has shifted from basic research to industrial applications and easy-
to-apply automatic tools. -

Za—=FNhxy P77 OMERFESERHAE L SEERTOLEAY. CALPTUVLEBIEY—-AELT b
[/ fC o '

HOT TOPICS HOT APPLICATIONS HOT PLACES
+ simplified and automatic, + pattern recognition _ .y Academic:
easy to use tools for non- T

_ g . : \—;_? . . .
specialists classification \ﬁy Carnegie Mellon University

- speech recognition| " MIT

- adaptative learning

. Y ' . numerous other universities:
- structure optimization signal processing '.. , ,

. : « time series prediction Boston, Michigan State,
netwo_rk input features ) Oregon. Princeton, San
selection - military Diego, Southern California,

+ function approximation - financial markets Texas Industry

« hardware implementation « autonomous control ATT, BellLabs
technologies \ IBM

(on ICs, not boards) numerous small companies




Research Trends in Artificial Intelligence - Neural Networks - Examples

Neural Networks are being used in a wide range of applications as easy-to-use computational tools, linked
to artificial intelligence and machine learming.

Za=Tlxy b7 =7, ATHEEPEXERELBZU X, EORTEEH-Y—NEVSETRIES

AzhTuw3a,
Carnegie Mellon University MIT - CBCC Pacific Northwest National
related laboratories
d (Center for Biological and Laboratory (DOE)
Computational Learning)
- Center for the Neural Neural nets can be used to - Environment : artificial
ey Basis of Cognition classify, detect, encode/decode noses....
214 - Navlab: neural nets driving | 9ata such as face pictures. - Energy: food forecasting....
Mt cars

- National Security: voice
- Interactive Systems Labs: recognition....
neural network - based
speech recognition and - Face recognition and

multimode! interfaces verification

Related projecits:
- Health: cardiovascular

modeling....

- vid i - Science: molecular
vigeo emai modeling....
- Example-based object

detection

various grants HPCC, NSF funded DOE funded




Research Trends in Artificial Intelligence - Computer Vision

Computer Vision is key for intelligent machine development since it provides easily available observation
tools for the real world. An important R&D trend is to merge the symbolic and numeric methods.
AYEa—2EY 3 RBBEZICHATESEHAOBAY -V 2RET 0T, MINBREAROFX—ELDE
FTTHD, EELHREAROMEMIIEESLENFEERELBNFEZEMETEIELTHS,

HOT TOPICS HOT APPLICA TIONS HOT PLACES

» Symbolic Data Level; Academic:

» Remote Sensing(Geographic

3]

- objects and real world
modeling

- rule based systems
- vision architectures
+ Numeric Data Level
- uncertainty management

(Hypotheses
quantification, data
combination)

Information Systems....)

Robotics (Autonomous,
vehicle vision related work)

Medical Imaging (expert
systems and medical
diagnosis help)

Others: face recognition,
handwriting recognition

- Caltech
Carnegie Mellon University
MIT '
University of Pennsylvania
NASA (JPL)
most U.S. universities:
Berkeley, Boston, Columbia,
Cornell, Harvard, Florida,
Hlinois, Maryland,

Massachusetts, San Diego,
Stanford, Washington....

Industry
- numerous start-ups
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Research Trends in Artificial Intelligence - Computer Vision - Examples

Symbolic methods are used for high-level, end-of-process, computer vision to manage all the data
available. ‘

REAEBMNFERE. 2TOF—2& 2 FHATEDILIIL, AYE1—FEY a3 OFKkELRREEOL
EBTHWSNhS, |

Carnegie Mellon University MIT Artificial Intelligence Laboratory | University of Pennsylvania Medical
Digital Mapping Laboratory Imaging Processing Group
Most projects led to large scale | Several well-known robots have This is a typical example of
computer vision systems using | been developed at MIT. Alis used | Image Science applied to
both traditional and Al control | for robust agent control of medical reaserch
structures.
autonomous robots. . Goal:
Research Topics: Example:Hannibal and Attila

Develop efficient tools for
medical staff which benetfit
from the power of cutting-

- cartographic feature (autonomous planetary exploration)
extraction - 19 degrees of freedom,
60 sensory inputs,

- photogrammetry : edge medical images
8 microprocessors
- registration and stereo - Al perceptual processing Main applications:
vision - Al rough terrain locomotion 3D reconstruction and
- multispectral imagery - Alfault tolerance intelligent analysis for
- knowledge-based diagnostic help.
systems

various grants NASA, DARPA funded NIH, NSF funded
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Research Trends in Artificial Intelligence - Human Language Interfaces

Speech Hecognitidn and Language Understanding (written or spoken) are becoming key research points
as numerous applications are developed. Still much remains to be done in the understanding of natural
language.

EERRLEEER (BHrNAL0LEINLH0E) . SROECAPERENZCONT, TREWER
BILh->TE,-, BASHEHROPFICBELELRIANEZZLPES>TVS,

'HOT TOPICS HOT APPLICATIONS | HOT PLACES
* Speech Recognition « multimodel interfaces: Ac_adgn::::ei o Mellon Universit
- improved acoustic - combined text and speech ) M?T ol y
phonetic models information retrieval - New York University
- synthetic, semantic, + speech to speech translation - Oregon Graduate Institute

statistical, context - Princeton University

constraints | | + dictation - Rutgers University
- continuous speech - telephone interfaces - Stanford
recognition , - UC Berkeley
» Natural Language Processing * spelling tools - UC Santa Cruz
- lexical database Industry:
- structural grammars Sgﬂe
- syntactic, semantic, - IBM
statistical, context constraints - SRI/Corona

Sun Microsystems
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Research Trends in Artificial Intelligence - Human Language Interfaces - Examples

DRAPE is not only funding academic institutes in this area, but also private corporations.

DARPAIL C DB TR AKZOMEMREITTEL . EEALHEEXITE-TWS,

BBN

Dragon Systems

SRI/ Corona

+ developing improved robust
speech recognition techniques
through use of improved
acoustic phonetic speech
models, better adaptation
techniques, domain -
independent recognition, and
parsimonious language
models

+ team of ~10 people

+ cooperation with North -
eastern University

= commercialization through *
HARK " products line

» is developing hierarchical
analysis HMM speech
recagnition for PC systems

» commercial impact through a
wide range of speech
recognition products under the
" Dragon Dictate “ Line -

* is developing algorithms
based on model combination
techniques for addressing
robustness problems in large -
vocabulary, speaker -
independent continuous
speech recognition

* team of 8 people

= commercial impact through
IBM speech recognition
products, e.g. * Voice Type "

. Cooperates with BBN

» is developing consistency
modeling techniques for
various application s, such as
speaker and channel
mismatch and naisy speech

+ team of 7 people

+ commercial impact through
SRI spin - off Corona Corp.

—
All DARPA funded

b o O o A AR %m_\ﬂ"
(,\,V\,C}}J




Research Trends in Artificial Intelligence - Agents

Agents are going through a development path similar to knowledge-based systems, shifting from
comprehensive but unattainable goals to more mundane, repetitive tasks.

T—-YxrbMi, BEWFEETEZI Lk -1BEDLS, SUBHYShIERVELOSVAENBEREZE
ATHBEN—-RAV AT LEC-RREZERZWU->TL S,

HOT TOPICS HOT APPLICATIONS HOT PLACES
Agency: information retrieval on the Academic: o
- user needs requirements Net and in huge databases ] ﬁ;ﬂegie Mellon University

» automatic on-line shopping
» system and network
management

» collaboration between
heterogeneous software
applications

 character simulation(games,
warfare)

» information management
(mail, messaging)

- Stanford Univ.

- Univ. of Chicago

- Univ. of Maryland

- Univ. of Massachusetts

- Univ. of Michigan

- Univ. of Southern California
- Univ. of Washington

- advanced interaction with
other data or software

[2]

Intelligence:

- reasoning

- learned behavior

Industry:
- IBM
- Microsoft and numerous
start-ups

Mobility in the network

“Agents researchers have a two-year window to make good on their hasty promises; if they fail, agent technology will
suffer the same fate as its forebear Al: Grant money will dry up, academic careers will be forced to take a sharp turn
and the public will be on the lookout for the next big thing” (key note speaker, PAAM’'96 - Practical Applications of
Intelligent Agents and Multi-Agents).




Research Trends in Artificial Intelligence - Agents - Examples

DARPA support in the field of Intelligent Agents includes very large projects, where the agents are used for
specific and realistic tasks, to small projects with longer term goals.

HRI—>2 x> 2B TDARPAIL., FEBICAZLZ7OS 278 (207AY 7 FORTI -3 T2 Mt
EOEENEAEBICAVSIE) 56, RHICHA3BEAE >/ &8O 7 hETHR-KFLTW

%,
Carnegie Mellon University MIT intelligent Information Universityof Maryland intelligent
Informedia Infrastructure Project Agent Integration
+ Multimedia digital library * general system for distributing and | « technical issues in using intelligent
(video, audio, images, text....) retrieving data on Internet agents architectures for the
L : ‘ integration of large scale
220 7 " information systems
| S|
» Goal: + Goal: « Goal:
automatic data collection and automated tools for managing general purpose communication
preparation for knowledge-based communications flows for large language for software agents
search and retrieval organizations (email, hypermedia,
other electronic media....)
+ Sponsors: v + first experimentation during 1992 + support involves Unisys, New York
- NSF, DARPA, NASA Presidential election for automated State, University of Maryland at
lir d ieval
- partners include Bell, EC, Intel. polling and answer retrieva College Park
Microsoft....

—

All DARPA funded
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2. Biographies of PCAST Members

John H. (Jack) Gibbons
John A. Young
Norman R. Augusting
Francisco J. Ayala
Murray Gell-Mann
David A. Hamburg
John P. Holdren
Diana MacArthur
Shirley M. Malcom
Sally K. Ride

Judith Rodin

Charies A. Sanders
Phillip A. Sharp
David E. Shaw
Charles M. Vest
Virginia V, Weldon

Lilian Shiao-Yen Wu

John H. (Jack) Gibbons is the Assistant to the President for Science and
Technology, and Director of the Office of Science and Technology Policy. Before
being appointed to his current position by the President. Dr. Gibbons was the
Director of the Office of Technology Assessment, a non-partisan research arm of

the United States Congress.

Dr. Gibbons is an internationally recognized scientist and an expert in energy and
environmental issues. He has a deep interest and concern regarding the impacts of
technology on society and their implications for public policy. He is a former
Director of the Energy, Environment and Resources Center at the University of
Tennessee, and was the first Director of Energy Conservation for the Federal
Energy Administration. While at the Oak Ridge National Laboratory, he conducted
physics research, and he directed projects on energy conservation and the

environmental impact of energy production..

Born in Virginia, Dr. Gibbons graduated from Randolph-Macon College in

Ashland, Virginia, and received is Ph.D. in Physics from Duke University.

John A. Young is the former President and CEO of Hewlett-Packard Co. He
currently serves on the Board of Directors for Wells Fargo, SmithKline Beecham,
the Chevron Corporation, Affymetrix, Shaman Pharmaceuticals, and Abiotic

Systems,

Mr. Young has a distinguished record as a public servant. He served as the
Chairman of the President's Commission on [ndustrial Competitiveness, President

of the Foundation for the Malcolm Baldridge National Quality Award, and a
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member of the Advisory Committee on Trade Policy and Negotiations. He is also
the founder and former Chairman of the private sector Council on Competitiveness.

He is currently Chairman of the Board of Smart Valley, Inc.

A native of Idaho, Mr. Young received a degree in Electrical Engineering from
Oregon State University and received his MBA from Stanford University. He is a

member of the National Academy of Engineering.

Norman R. Augustine is the Chairman and CEO of the Martin Marietta
Corporation, and serves on the Board of Directors for Phillips Petroleum and
Proctor & Gamble. He has accrued more than 35 years of management experience
in the private and public sectors, having formerlty worked for Douglas Aircratt and
LTV, as well as holding the post of Under Secretary of the Army from 1975 to
1977,

Mr. Augustine is currently serving on the Defense Policy Advisory Committee on
Trade and is the Chairman of the National Security Telecommunications Advisory

Commitiee.

Born in Denver, Mr. Augustine received both his Bachelor's and Master's degrees

in aeronautical engineering from Princeton University.

Francisco J. Ayala is the Donald Bren Professer of Biological Sciences and
Professor of Philosophy at the University of California, Irvine. He is President of
the American Association for the Advancement of Sciencé, and is a member of

National Academy of Sciences and the American Academy of Arts and Sciences.

Dr. Ayala has been a member of advisory committees for the Environmental
Protection Agency, the National Science Foundation, and the National Institutes of

Health.

Dr. Ayala graduated from the University of Madrid, and subsequently earned his
doctorate from Columbia University in New York. He is widely known for his

scholarship on the topics of population, genetics, and evolution,

Murray Geil-Mann is a Professor of the Santa Fe Institute and Co-Chair of its
Science Board. he is also the R.A. Millikan Professor Emeritus of Theoretical
Physics at the California Institute of Technology. He is famous for his research in
the area of elementary particle theory and was awarded the 1969 Nobel Prize in

Physics,

Professor Gell-Mann has served on the former President's Science Advisory
Committee, and he is currently a director of the John D. and Catherine T.
MacArthur Foundation. He is a member of the National Academy of Sciences and a

foreign member of the Royal Society.

Professor Gell-Mann was born in New York City, attended Yale University, and
received his Ph.D. in Physics from MIT. He is the recipient of numerous honorary

Doctorates in Science,

David A. Hamburg is President of Carnegie Corporation of New York. He was
Professor and Chairman of the Department of Psychiatry and Reed-Hodgson

Professor of Human Biology at Stanford University; then President of the Institute
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of Medicine, National Academy of Sciences; later, he was President, American
Association for the Advancement of Science. He has also served as an advisor to

the World Health Organization and the National Institute of Mental Health.

Dr. Hamburg was born in Evansville, Indiana, and received his M.D. from

Indiana University.

John P. Holdren is the Class of 1935 Professor of Energy at the University of
California, Berkeley, and Visiting Distinguished Scholar at the Woods Hole
Research Center. He is a member of the National Academy bf Sciences and Chair
of its Committee on International Security and Arms Control, Chair of the
Executive Committee of the Pugwash Conferences on Science and World Affairs,
and a former Chairman of the Federation of American Scientists. He has written
extensively on energy technology and policy. global environmental problems, and

international security,

Dr. Holdren was bom in Sewickley, Pennsylvania and grew up in San Meteo,
California, He was trained in aeronautics and astrorautics and in theoretical plasma

physics at MIT and Stanford.

Diana MacArthur is Chziir, CEO, and co-founder of Dynamac Corporation, a firm
providing integrated environmental services, including life sciences consulting,
natural resources management, and hazardous waste engineering. Previously, she
served as president of a Dynamac subsidiary engaged in technology transfer,

training, education, and communications in the areas of health, the environment,

and safety.

Mrs. MacArthur was born in Santa Fe, New Mexico, and received her bachelor's

degree from Vassar College.

Shirley M. Malcom is Head of the Directorate for Education and Human
Resources Programs of the American Association for the Advancement of Science.
A former high school teacher and university professdr, she has been nationally
recognized for her efforts to improve educational opportunities for under-
represented groups and to promote broader public understanding of science and

technology.

Dr. Malcom is the author of numerous publications on equity and educafion, and
serves on a number of advisory commiitees relating to the evaluation of educational

reform,

Br. Malcom received her Ph.D. in ecology from The Pennsylvania State
University, Master's degree in zoology from the University of California, Los
Angeles, and Bachelor's degree with distinction in zoology from the University of

Washington.

Mario J. Molina is the Lee and Geraldine Martin Professor of Environmental
Sciences at the Massachusetts Institute of Technelogy. He is ¢ member of the
National Academy of Sciences and the American Association for the Advancement
of Science. He has served on federal advisory committees for the National

Aeronautics and Space Administration, the National Science Foundation, and the
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National Institutes of Health.

Dr. Molina is a former Senior Research Scientist at the Jet Propulsion Lab. His
area of expertise is chemistry of the stratosphere, and he is famous for his work on

determining the sources of stratospheric ozone depletion.

Dr. Molina was an undergraduate at the Universidad Nacional Autonoma de
Mexico, and he received his Ph.D. in physical chemistry from the University of

California, Berkeley.

Peter H. Raven is Director of the Missouri Botanical Garden and Engelmann
Professor of Botany at Washington University in St. Louis. He has served as a
member of the National Science Board, is the Home Secretary of the National
Academy of Sciences, and is Chairman of the Report Review Committee of the
National Research Council. He is a fellow of the American Association for the

Advancement of Science.

Dr. Raven is a member of the editorial board of numerous scientific publications,
and has contributed more than 400 articles to professional journals. He has been

awarded 14 honorary degrees in science.

Born in Shanghai, China, Dr. Raven graduated from the University of California,

Berkeley, and received his Ph.D. from UCLA.

Sally K. Ride is a former astronaut and current Director of the California Space
Institute at the University of California, San Diego. She is also a professor of

Physics at UCSD. She is an author of three children’s books and was a member of

the Presidential Commission on the Space Shuttie Challenger Accident.

Dr. Ride was born in Los Angeles. She studied English and physics as an

undergraduate and earned her Ph.D. in physics. all at Stanford University.

Judith Rodin is the President of the University of Pennsylvania. She serves on the
editorial boards of numerous journals and she has written on the topics of obesity,

appetite, aging and health behavior,

Dr. Radin is a fellow of the Institute of Medicine, the American Academy of Arts
and Sciences, the American Association for the Advancement of Science, and the

American Psychological Association.

Dr. Rodin was born in Philadelphia and attended the University of Pennsylvania

before receiving her Ph.D. from Columbia University.

Charles A. Sanders is Chairman and CEO of Glaxo Inc., and a member of the
board of Glaxo Holdings, Merrill Lynch & Co., Reynolds Metals, and Morton
International Inc. He formerly held the position of chief executive officer of the
science and technology division of Squibb Corporation. Previously, he was general

director of Massachusetts General Hospital and professor of medicine at Harvard

- Medical School.

Dr. Sanders is a member of the Institute of Medicine of the National Academy

complex, and serves as Chairman of Project HOPE and the Commonwealth Fund.

Dr, Sanders is a native of Dallas and a graduate of the Southwestern Medical
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‘ College of the University of Texas.

Phillip A. Sharp is Professor of Biology, Head of the Department of Biology, and
former Director of the Center for Cancer Rescarch at the Massachusents Institute of
Technology. He is a co-founder, and member of the Board of Directors of Biogen.

Inc,

Dr. Sharp was a co-recipient of the 1993 Nobel Prize in Physiology or Medicine
for his rescarch on gene structure. He is'a member of the National Academy of
Sciences and Institute of Medicine, and a fellow of the American Association for

the Advancement of Science,

Dr. Sharp was born in Falmouth, Kentucky, received his BA from Union College,
Kentucky, and earned his Ph.D. in Chemistry from the University of illinois,

Urbana.

David E. Shaw is the CEO of D.E. Shaw & Co., a group of technology-oriented
financial fi_rms. The author of numerous publications on science, technology, and
public policy, Dr. Shaw is a member of the Board of Governors of the New York
Academy of Sciences, and formerly served on the faculty of the Computer Science
Department at Columbia University and as a vice president at Morgan Stanley &

Co.

Dr, Shaw graduated from the University of California, San Diego. He received
his Ph.D. from Stanford University, where his research centered on massively

parallel supercomputing.

Charles M. Vest is President of the Massachusetts Institute of Technology. and a
Professor of Mechanical Engineering. He is a former Provost, Vice President for
Academic Affairs, and Dean of the College of Engineering at the University of
Michigan, Ann Arbor. His research interests are in the areas of heat transfer, fluid

mechanics and optics.

Dr. Vest serves on the Board of Directors for IBM and the E.I. du Pont de
Nemours & Company. He is a trusiee of the Boston Museum of Science, Wellesley
College, WGBH Educational Foundation, and Woods Hole Oceanographic
Institution. He is a member of the National Academy of Engineering, and a fellow
of the American Academy of Arts and Sciences, and of the American Association

for the Advancement of Science.

Born in Morgantown, West Virginia, Dr. Vest attended the University of West
Virginia before receiving his Ph.D. in mechanical engineering from the University

of Michigan.

Virginia V. Weldon is Senior Vice President for Public Policy. for the Monsanto
Company. She is a former professor of pediatrics, Deputy Vice Chancellor for
Medical Affairs, and Vice President of the Medical Center at the Washington
University School of Medicine, St. Louis. She previously served as Chair of the
Assembly of the Association of American Medical Colleges and as a member of the
Board of Directors of Southwestern Bell. She currently is a member of the Board of

Directors for G.D. Searle & Co., The Nutrasweet Corporation, and the General
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American Life Insurance Company.

Dr. Weldon is a member of the Institute of Medicine of the National Academy of
Sciences. the Society for Pediatric Research and the American Pediatric
Association. her research interests are in the area of growth disorders and hormone

secretion in children.

Dr. Weldon was born in Toronto, Canada, and is a U.S. citizen. She received her
bachelor's degree from Smith College and her M.D, from the State University of

New York, Buffalo.

Lilian Shiag-Yen Wu is a member of the Research staff at IBM's Thomas J.
Watson Research Center, She is also a Director of the International Institute of
Forecasters, and is currently serving on the National Research Council's Committee

on Women in Science and Technology,

Dr. Wu's accomplishments include the development of innovative mathematical
models and statistical methods for business forecasting and planning, and the

implementation of those methods in business practice.

Dr. Wu was born in Beijing, China. She is a graduate of the University of
Maryland at College Park, and received her Ph.D. in Applied Mathematics from

Comell University.
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3. List of interviewees

Project Advisor

C. Gordon Bell, Microsoft Research Group. Formerly Vice President of R&D at
DEC, Professor of Computer Science and Electrical Engineering at Carnegie-
Mellon University, Assistant Director of the National Science Foundation's
Computing Directorate. Led the National Research and Education Network (NREN)
panel that became the NII/GII and was an author of the first High Performance
Computer and Communications Initiative. Awards include the IEEE Von Neumann

Medal and the National Medal of Technology. His full biography is at

http://131.107.1.182:80/research/barc/gbell/ .

Main Project Interviewees

Joseph Bordogna, Head of the Directorate of Engineering at the National Science

Foundation. Biography at

http://www.nsf.gov:80/eng/joebio.htm . Face-to-face interview.

Melvyn Ciment, Deputy Assistant Director of the Computer and Information
Sciences and Engineering Directorate at the National Sicence Foundation.

Biography at

http://iwww cise.nsf.gov/oad/mciment.html . Face-to-face interview.

Robert L. Constable, Professor of Computer Science and Chair of Department of

Computer Science at Cornell University. Biography at

htip:/fwww.cs.cornell.edu/Info/Department/Annual95/Faculty/Constable.htmi .

Phone interview.

William J. Feiereisen, Director of the National Aeronautics and Space

Administration HPCC Program at Ames Research Center. Phone interview,

Lance A. Glasser, Director of the Electronics Technology Office of the Defense

Advanced Projects Research Agency. Biography at

htipy/feto.sysplan.com/ETO/People/glasser.html . Phone interview.

Dan Hitchcock, Acting Division Director of the Division of Mathematical,
Information, and Computational Sciences and Manager of the HPCC Program at the

Department of Energy. Biography at

http://www.er.doe.gov/production/octr/mics/hitchcoc.html . Face-to-face interview.

Michae! lrish, former member of and now consultant to the Economic Strategy

Institute. Face-to-face interview.
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Randy H. Katz, Professor of Computer Science and Chair of the Electrical
Engineering and Computer Science Department at the University of California at

Berkeley. Biography at

http://HTTP.CS Berkeley. EDU/ randy/ . Face-to-face interview.

Duncan H. Lawrie, Professor of Computer Science and Head of the Department of

Computer Science at the University of Illinois. Biography at

http://www.cs.uiuc.edu/CS_INFO_SERVER/DEPT_INFO/CS_FACULTY/FAC_H

TMLS/lawrie.html , Face-to-face interview.

Edward D. Lazowska, Professor of Computer Science and Chair of the
Department of Computer Science and Engineering at the University of Washington.

Biography at

http://www.cs.washington.edu/homes/lazowska/cra/lazowska.html . Face-to-face

interview.

William F. Miller, Professor of Computer Science and Leader of the Stanford

Computer Industry Project at Stanford University. Biography at

http://gsb-www stanford.edu:80/scip/miller-bio.html . Face-to-face interview.

Robert W. Taylor, Director of Digital Equipment Corporation's Systems Research

Center. Biography at

http://www research.digital.com/SRC/staff/taylor/bio html . Face-to-face interview.

John C. Toole, Director of the National Coordination Office for the High
Performance Computing and Communications Initiative and Chair of the High
Performance Computing, Communications, and Information Technology
Subcommittee of the Committee on Information and Communications of the

National Science and Technology Council. Biography at

hitp://www.hpce.gov/staft/toole.bio.html . Face-to-face interview.

Robert M. White, Professor of Computer Science and Head of Electrical and

Computer Engineering Department at Carnegie-Mellon University. Biography at

http://www.ece.cmu.edu/afs/ece/usr/white/home.html . Face-to-face interview.

In addition to these high level interviews we have talked on the phone or had
email exchanges with numerous people involved in the research projects we were
examining or associated with technology transfer offices at both universities and

government laboratories,




4. List of URLs for cited projects

The following are the URLs for ali research projects cited, together with the

URLs for other key organisations involved in the US R&D system.

High-level coordinating bodies

OMB (Office of Management & Budget)
http /fwww.whitehouse.gov/WH/EQP/OMB/html/ombhome.html

OSTP (Office of Science and Technology Policy)

]
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NSTC (National Science and Technology Council)

http//www.whitehouse.gov/WH/EOP/OSTP/NSTC
htmNSTC_Home htm

PCAST (Presidential Committee of Advisors on Science and Technology)

http://www.whitehouse.gov:80/White_House
/EQP{OSTP/NSTC/html/pcast.html

NCO (National Coordination Office for HPCC)
http://www.hpce.gov/

NCOQ Gopher gopher://gopher.hpcc.gov:70/1

CIC (Committee on Information and Communications)

http://www.hpcc.gov/cic/index.himl

Funding Agencies

Independent Federal Agencies and Commissions

http.//www.whitehouse gov/WH/independent_Agencies

/htmlfindependent_links.html
NSF (National Science Foundation) http://stis.nsf.gov/
NSF CISE (Computer and Information Science and Engineering)
~ hitp://www.cise.nsf.gov/
DARPA (Defense Advanced Research Projects Agency)
http://vwww.arpa.mil/
DARPA ITO Research Programs
http://www.ito.darpa.mil/ResearchAreas.html
DARPA ETO R&D Areas
hitp //eto.sysplan.com/ETC/RandD .html
Electronics Subcomrmittee Navigator @ DARPA
http://esc.sysplan.com/ESC/Navigator/FrentPage.htmt

DoE (Department of Energy) http://www.doe.gov/




NASA (National Aeronautics and Space Administration)
htip://www.nasa.gov/
NSA (National Security Agency) hitp.//www.nsa.gov:8080/
NIST (National Institute of Standards and Technology)
htip://www.nist.gov/
NIH (National Institutes of Health) http://www.nih.gov/

R&D Performers

CRA Database of CS/CE Departments

]
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U.§ Government Laboratories http://info.er.usgs.gov/network/gov. himl

CRA Database of Industrial Research Labs

http://cra.org/cgi-bin/SearchDBF pl?ind.dbf+sind.tpl+rind.tpl

Research Projects

UC Berkeley NOW Project hitp://now.cs.berkeley.edu/

Stanford FLASH Project httpz//www-flash.stanford.edu/

Princeton Shrimp Project http:/Ararw . cs.princeton.edu/shrimp/

Wisconsin Wind Tunnel Project http://www.cs.wisc.edu:80/ wwt/

~ Wisconsin Candor Project

hitp//www.cs.wisc.edu/candor/
UC Berkeley InfoPad Project http//infopad.eecs.berkeley.edu/
Rutgers DATAMAN Project http://athos.rutgers.edu:80/dataman/
Purdue Mobile Computing Research
http://www.cs_purdue._edu/research/cse/mobile/
Columbia Mobile Computing Lab http:/iwww.mcl.cs.columbia.edu/
NSL HPSS Project http:/Aww lIinl.gov/liv_comp/nslfhpss/hpss.html
Scalable 1/0 Initiative http://www.ccsf.caltech.edu/SIQ/SIO. html
Dartmouth Parallel I/O Research
hitp://www.cs.dartmouth.edu/research/pario.htmi
Stanford Computational Prototyping of Semiconductors Projrect
http://snf.stanford.edu/ComputationalPrototyping/

MIT Computer-Aided Prototyping of

Advanced Microsystems Technology Project
hitp//www-mtl.mit.edu/CAPAM/CAPAM.html

Foresight Institute http://www foresight.org/

Xerox PARC Nanotechnology hitp://nano.xerox.com/nano

Rice Center for Nanoscale Science and Technology

http://cnst.rice.edu/cnst.htmli
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National Nanofabrication Users Network hitp://snf.stanford.edu/NNUN/

Camegie-Mellon Speech Research http//www.ri.cmu.edu/speech/
Carnegie-Mellon Interactive Systems Lab
http:/iwww.is.cs.cmur.edu:80/ISL.html
UC Santa Cruz Perceptual Science Lab http://mambo.ucsc.edu/
Carnegie-Mellon YuMan Project
hitp://www.cs.cmu.edu/afs/cs.cmu.edu/project/vuman/www/home.html
Washington Virtual Retinal Display Project
http://www.hitl. washington.edu/projects/vrd/
Columbia Computer Graphics and User Interfaces Lab
hitp://www.cs.columbia.edu:80/graphics/
MIT Remembrance Agent Project |
hitp://rhodes.www.media.mit.edu/people/rhodes/remembrance.him|
UC Berkeley Digital Library Project http://elib.cs.berketey .edu/

Washington Fast Multiresolution Image Querying Project

http://www.cs.washington.edu/research

/projects/grail2/www/Projects/query html
Optivision All-Optical Gigabit LAN Project
http://www optivision.com/nsds/hatc.htm|

TBONE Testbed Project * http://www.optivision.com/nsds/tbone.html

Princeton 100 Gb/s Packet-Switched Multihop

Transparent Optical Networks Project
http://www.ito.darpa.mil/Summaries95/B281--Princeton.himl

Carnegie-Mellon NetBill Project http//www.ini.cmu.edu/netbill/

BBN Internet Routing Infrastructure Security Project

hitp:/www.ito.darpa.mil/Summaries85/D332--BBN.htmi
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5. Full list of projects and participants funded by DARPAs
ITO (Information Technology Office)

The following is a full list of all companies receiving grants from DARPA’s ITO
in 1995, together with the names of each of the projects funded. More information

can be obtained directly from the [TO, at:

hitp/iwww ito.darpa.mil/

The Aerospace Corporation

« Decentralized Network Management

Applied Parallel Research, Inc.

» Development of An Interactive Restructurer

AT&T Bell Laboratories

+ Intelligent Node

Bolt Beraneck and Newman Inc.

+ Gigabit Satellite Network

+ Interactive Spoken Language Understanding Systems
+ Internet Routing Infrastructure Security

« Language Modeling for Text Understanding

« Multigigabit Router

+ Nimrod: A Scalable Internet Routing and Addressing Architecture
+ Robust Continuous Speech Recognition

» Support for Distributed Real-Time Multimedia Applications in Mobile

Wireless Networks

Bell Atlantic Federal Systems
* SONET/ATM testbed

Bell Communications Research (Bellcore)
+ Booster Protocols for Distributed Computing Systems

Boeing Defense & Space Group

» Software Technology for Adaptable, Reliable Systerﬁs
Boeing Information and Support Services

» Industrial Strength Sparse Matrix Library
Computational Logic, Inc.

» Formal Computational Logic

« Software Development Technologies for Reactive, Real-Time, and Hybrid

Systems

Convex Computer Corporation

+ Automatic Algorithm Recognition in Scientific Applications

Corporation for National Research Initiatives (CNRI)

» Digital Object Infrastructure

+ Research on Gigabit Networks




+ Research on Linking Electronic Libraries of Scientific and Technical » Embedded Touchstone HPC

Information + Network Services for Real-Time Control

Cray Research « Real-Time HPC Benchmarks

= TFLOPS Scalable HPC System .
Hughes Aircraft Company

Dragon Systems, Inc. « Embedded HPC For Missiles and Avionics

+ Research in Large Vocabulary Continuous Speech Recognition
» Embedded HPC SW Technology

Enterprise Computing Institute )
IBM Corporation -
» Performance Engineering .
+ Applying Statistical Methods to Machine Translation

Environmental Research Institute of Michigan
+ Automatic Methods for Building Language Understanding Systems
» Touchstone HPC and Advanced SAR Processing

« Microkemel-Based Real-Time Systems

]

Financial Services Technology Consortium (FSTC)
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+ Electronic Check Project Parallelization of Commercial Engineering Software

[

FTL Systems : » Robust Context Dependent Models and Features for Conlirnuous Speech

+ Parallel VHDL Simulation Recognition

Georgia Tech Research Corporation Institute for Defense Analysis

» COBS - High Performance Objects * Computing Safeguards

+ Replication in Distributed Systems « Quantifying the Costs and Benefits of the STARS Megaprogramming

Technologies
Honeywell Technology Center
+ A Shared HCI Environment Integrated Sensors, Inc.

- Adaptive Resource Allocation (ARA) = Real-Time Development Environment for Embedded HPC Systems
» Development Assistance for Real-Time System Software (DARTSS)

+ Domain-Specific Software Architectures for Guidance, Navigation and Control




Intel Corporation, Supercomputer Systems Division
* A Cooperative Agreement for Research in Concurrent Computer Systems

(Touchstone)

» Development of Real-Time, Secure Operating System for Scalable, Parallel,

Heterogeneous Processing System
+ Igniting the Proliferation of ARPA-Sponsored SHPC Systems (Renaissance)
« MPI Validation Suite
+ TriStar Computing Systems Technology.

Intermetrics, Inc.

* ProtoTech Phase Two

]
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+ A Prototyping System for Parallel and Distributed Applications

Litton Guidance & Control Systems

+ Demo of EMPP as Universal Beamformer
« Embeddable Massively Parallel Processor

+ Fault Tolerant Massively Parallel Processor

Lockheed Martin
+ Embedded High Performance Scalable Computing System

* Scalable High Performance Embedded Signal Processor For UUV

Applications

« Secure Heterogeneous Application Runtime Environment for High

Performance Scalable Computing Systems (SHARE*HPSC)

» Space-Time Adaptive Processor

« TDigital Micro-Architectures YVHDL Models for High Performance Scalable

Computing Systems

Loral Defense Systems
= Domain-Specific Software Architecture: The Avionics Development and

Application Generation Environment (DSSA-ADAGE) Project
+ Software Technology for Adaptable Reliable Systems (STARS)

MasPar Computer Corporation
« Extended Scalable ASIMD Computing

Microelectronics and Computer Technology Corporation (MCC)

+ Flexible Manufacturing of Multichip Modules

Mercury Computer Systems, inc.

* Bridging the Deﬁelopment Gap

MITRE Corp.

+ Real-Time Communicatioﬁs Scheduling

. Support for the DARPA HCI Program

» Support to DARPA/ITO for MAGIC and ACTS
+ TBONE: Testbed for All-Optical Networking

MPC Corporation
« Early Evaluation and Development of CRAY T3D




Myricom, {nc.

* A Prototype Two-Level Multicomputer

National Semiconductor

+ Reconfigurable Computing

Odyssey Research Associates, Inc.

» Task-based Authorization

Open Software Foundation, Inc. Research Institute
+ Distributed Clients for Enhanced Usability, Reliability, and Adaptability in

Accessing the National Information Environment,

= Distributed Group Authorization

p—
+ Distribated OS
235 ‘
- + Embedded Real-Time OS

» Fault Handling and Customization

+ POSIX Real-Time

+ Secure, Scalable Operating Systems
Optivision, Inc.

= All-Optical Gigabit LAN

» Test Bed for Optical Networks (TBONE)

PRC Inc.
» TIPSTER Text Phase II SE/CM

Reliable Software Technologies Corporation

» Quantitying Minimum Time to Intrusion

Science and Technology Associates, Inc.
+ EHPC Program Military Applications

Software Options, Inc.

+ High Performance Computing Environments

Sprint
= ACTS ATM Internetwork (AAl)

SRI International

« MAGIC TerraVision Application

+ Hierarchical Consistency Modeling for Next Generation Speech Recognition
. Highly Assured and Fault Tolerant Security in Distributed Systems

+ Composing Megamodules and Compiling Megaprograms

+ Real-time Traffic Distribution in Heterogeneous Environments

+ SDTP: An Open Standard for Secure Distributed Transaction Processing

TASC, Inc.

+ ImNet: High Performance Image Communications
+ MIST (Multicast Implementation STudy)
» TBONE (Test Bed for all-Optical NEtworking)

Teknowledge Federal Systems

» Development of Domain Specific Software Architecture
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Tera Computer Company

L

Evaluation of Tera MTA Computer Systems

High Bandwidth Connectivity for Multithreaded Microprocessors

Transarc Corporation

Auto Indexing. Wide-Area File Access

Trusted Information Systems (TIS)

ICE and Firewalls Task: International Cryptography Experiment (ICE)
Internet Safety Through Type-Enforcing Firewalls

INFOSEC for Networked Systems Task: Access Control and Authentication

for Networked Systems

INFOSEC for Networked Systems Task: Enhancement and Maintenance of

Internet Privacy Enhanced Mail

INFOSEC for Network Systems Task: Extended Secure Internet Access and

Service (OVP)

INFOSEC for Networked Systems Task: Network Security Standards and
Operation

INFOSEC for Networked Systems Task: Policy-Based Cryptographic Key

Release System

INFOSEC for Networked Systems Task: Replaceable TCB Elements

INFOSEC for Networked Systems Task: Security Consulting and Cooperative

Research

Internet Infrasiructure Protection

* Security and Interoperability for Heterogeneous Distributed Systems
» User-Level Truftles

Virtual Machine Works, Inc.
+ A Technology for Low-Cost System Prototyping Based on Virtual Wires

Xerox Palo Alto Research Center
+» ATM-Based Local Area Networks

+ Multicast, Multimedia Infrastructure for the Internet
+ Portable Parallel Preconditioning

Zycad Corporation

+ SCOPE: Simulator COmbining Parallel processing and Emulation
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