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Government IT R&D Funding : System and Total Funding

Whalt Is Being Funded ?

Technology Area

Research vs Infrastructure Funding

How Is Research Advanced To Commercialization ?

Stage of Research / Type of Recipient

Governmant Technology Transfer Measures

Characteristic of Successfu! Projects
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2 What Is Being Funded ?

Technology Area

Research vs infrastructure Funding

3 How |s Research Advanced To Commercialization ?

Stage of Research / Type of Recipient

Government Technology Transfer Measures

Characteristic of Successful Projects

& 5

Flow of Government Research Funding in General

KEFRRFIC & 5 FHE4ER ( Funding ) M&SEEIZKI700M KLIC LD Fh 5B O
RS AT oMM (Agency ) B L THREPKFILESTA TV,

Lo

Tax payers

/a Health and
Human Energy
Departments ? o 282’2“_". é Sars $668526
/ 36, & miliian / $£11,2932 mullion
TN AT AT A A 4 mlulon s
:’_,y PP y If)'ll!)’fj'f f-".’."fu’."j’//
/ ARPA NIH ',/.5 NASA NSF
Agancies $2541.6 $76685 [ $9a22 2212
million miltion millian A million

? b 1 ] Others 7
ﬁ Industry :/: lﬂvgﬁﬂhs :ﬁ External t Govemment : {eqg. ?
Recipients 4 -45% ,-‘4 ane 17;?‘*5 ré Eat:z ! Intramural 4 con- 14
;: 2 i g H ~25% b profit) /
'l
2 ELITILIETITFTIELS LTS L TIETTFISETTFAALL LSS SSITTET I ET TSI STLSSTTLTETTE S SIS SIS L
[ Fiscal Year 1934 dala )
E—6

%1%@&:5?@,Kﬁ&%ti&ﬁ%@77??4yf@%ﬁtwamﬁ\ﬁmtwvm
EEMTY, 7008 K Evd Dk, 1009 THRETSE TRETT, 7AUABIRED) L
HWLTHIIHEALTWASEDOEETY .




Estimates of Total Government IT R&D Funding

BES SUBEBEETE [MTREORADEHH UV IERANIER] v &5 AR
LRBIESWEEBETE - TWA3bIT Tl huw,

HECC Rudget HPCC

' the total R&D and facilities Components :
funding accounted for under ~ % 1.1 billion
the High Performance y
Computing and

Communications initiative

* this ¢an be taken as an
official absolute lower bound
of all government IT R&D

funding %

- the National Science and Technalogy Council's

- Committee on Information ang Communications { which
oversees the HPCC initiative ) has estimated the total IT

" R&D funding of the government agencies involved in
HPCC

B—7

NSTC Estimate Drawbacks and Promises

NSTCO it Rl{E ( Officialy Estimated Total = $2.0 billion ) i¥, HPCCICETH#EATO
FHES#FEARICTHLELEDD, £3L5RKO SN TV S AHITHBL T
EERBWAIW,

+ the CIC’s estimate of $2 billion is based on informal requests made by the NSTC to
the various agencies

« covers only agencies in the HPCC program
+ breakdowns by agency are not available

+ the CIC is contemplating a formal study of total IT R&D funding thraugh all HPCC
agencies :

source . Personal communications with John Toole, Co-chairman of the NSTC's CIC
and Paul Regan, Executive Secretary of the NSTC's CIC
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FORTITORFENVIDREI VI EZALENPENITEEEZ TVl &, T
LAEEEFTI TOHOR&DFEH & AEHR~DEF L VIO, £IVInzbTREb
BEHBERTVWEIR A, W 20RDHEIHLOTIH/MLIVOTTH, —DE3HPCCO
TrR-RrVEVIEIBIE, MUI00EPIC SVERASRTWET, 205, 23 v 7
4 FT Ay TrA—Yay - TrF-TJ3ayr—rarZtwnikIiasd, HPCCEH
PhoCWEI— V2 vy —PHPCCIVE—FrYEAOLIATI THHILW bEEY
HLTWERLEWIZEEZAT 4 A FLEEFFHIET, TRAHPCCOIVH -5
YOBLEFLELLLWTT, TIN5 200EML S VL) OPEORFCR>TVET,




HEEAF T & B HREEHRT T 780 568 H 0 BUK & Bt B B 1)

HPCC Budget

HPCCTFREEMAEBRE12OSMBEI- L - TEHE - ES S THY . IO BT RO N
2HONRELEHTVD LD, CHEHPHPCCTAT S L2EOMEERRL TV S EVA S,

HPCC Components by 1996 President's Budget Asquest

(8L $million)
Agancy HPCS NREN ASTA IITA BRHR Row Totals
AHPA 95.07 70.19 33.91 157.92 5.95 363.04
% of total ARPA 26% 9% 9% 43% 2% 100P%
NSF 23.48 54.72 132.83 4269 80.12 313.64
% of tolal NSF 7% 17% 42% 14% 19% 1007%
DOE 8.70 17.00 74.58 3.00 20.50 123.76 |
% of total DOE T% 14% 60% 2% 17% 100%
NASA 7.62 20.85 77.05 26.80 3.98 136.30
% 0f total NASA B% 15% 57% 20% 3% 100%

Total Big & 25w of otak program budget 7o 307

“w of lolal Big 4 S . REED 5%, "
NIH 4.10 2.32 2818 3258 11.65 78.83

NSA 16,80 10.40 12.40 0.23 0.20 40.03
NIST 220 3.60 28.30 34.10
NOAA 7.50 7.40 0.50 15.40
EPA 0.63 9.28 1.02 1.01 12.00
ED : 11.40 2.25 .30 16.95
AHPCRC 8.4¢ B.40
VA 0.18 23.22 23.40

Column Toials i 155.77 186.05 390.41 32897 | 10871 1165.85
o gt wial 4200 30 5%s 53¢ g«

Source : HPCC Program FY36
Implementation Plan
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HECCHAY 2y b T L —2F 000 DROR-TViZbEd, FIOL-Jx>¥
—HEINIAVE AL rOTOV 2 PIBERRALTnD AL WIKTT, EHUDD
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EnYEZENFEELCHLVEHLALTWEEWIZETT,

ADL Minimum Estimate of Total Government IT R&D Funding
KEBRFIC & 51T BEE S #2568 FILIZ £2 S ADLIE S L Tun B,

. + includes estimated funding of
HPCC agencies and departments which do

9%"1“’103&?;?1: not participate 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 ’

* Source : NSF Survey of Fedaral Funds for RaD.
Federal obligations for rasearch in .
maihemalics, computar sciances ant in social
ECencas

ADL prejactions and calculations

H—10

HABRMIZ25008HE < bWERL EtFnid, HPCCoOarFE—-Fryonil, HPCC
TREVITOLIAK, HPCCUAhbbr—Tx v o=l oTw5h LI 5E TH2000
HWE. FRAAHPCCEEERVWI— Vv 4 BLTFA A M) Fa— b SRTWEEHS
B, FRILTSA20%L5VHLEVIORDADLROEETT. TTHEL, TALELDBH
b= A 2500 AL S VDOBROTFHEENRICEDLT T,
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Government IT Funding as Part of the Total Picture

[EAF- & BRADESDS BTEIENF S 3818 (R | . RU. [TEREICH
BEahTVWBLHEN I BB/ Y- TV 3RIE (BE) | BTEORY TH S,

$ 2.5 billion

Govarmnmant
~11.1%
B

All U.S. Government R&D Funding : All IT R&D Funding :
$ 70 billion $ 22.5 billion

Sources - Banalla / RAD Magarina's 1896 Annual ARD Forecast
+ Scanca end Enginearing Indicators 1993
- Patsr Gay, " A&D Scoreboard ", Business Waek, Juna 28, 1693, pp-102-104
- ADL projections end calculaions

B—11

FOLRCAEMOLEHD T L. SEBABTOFO [ THERE 6% BVTT, B,
7 EOHmD 2500 E VD S E T, GEEVAIVARBAFNH NI T, KEDO I TE
otk REELESHER&EDAHRSE VAL TTE, 2K2500EM L HVOHTT, £D
FEOHIA Y FORERN %L HWTT, TTHL, HEOIE) CRMOEGFESH S LV
DFEEDET T,

Two Additional Gray Zones

52, TRAED 25> THAVWHY SRCEBTE SV LICL SEREAN=7
L——2 &, —BOBRHERFCED SOBL I EERFELTVDE
B, PESBHFOELL AL TWVWB N HIBKE J — L HTFET %,

HPCC
IT Components :
~$1.1 billion
ndusiry 1T
Funding
i indusiry
Non-IT | Government Non-IT Funding F?i?xré_iigg

H—12
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FRICMAZ T, bivhbRE 7L~ FIERATHE T, Ol 77
B, A4 »FA ) — 77 FTF,

Government / Industry Gray Zone

A ERFIBEDRESHILHIC. —BEERPROV - LOFEFERLHF Y
THREEIEIIILTEY . ShHAHBRALSLEER»ONEL L DIBR B
L TWABERHRICLE T3,

+ 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 ( CRDAs )
— significant structure particularly f6r cooperation between government labs and industry

— for example, the Naticnal Institute of Standards { NIST } participates in ane GRDA for about every five
researchers

» informal agreements and equipment sponsoring which are hard to track
—* equipment donations Dy industry
—» e.g., most of the equipment in Berkeley's NOW ( Netwark of workstations ) project is confributed by
ingustry :
— exchange of personnel
—* eg. the NIST hosts 1,200 guest researchers each year

—-13

BIZIETISA LV P EAVHF AN —DAFHF—I T Tl FPEEBELTOEWND
3Lk, BRROBESHNAATZ Y L—S—20 L3085 a0 4, ohid
2500 BN B Y 3,

T/ Non-IT Gray Zone
TS CITHE S TRIEEROBRIIH T L~ - PFET S,

« R&D funding in (T-related fields

—¥* problem here is the definition of * IT “ and of separating IT funding from non-IT furding
— such problems oceur, for example, in the areas of components

+ 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
funding
-~ for example, investments in computing and communications infrastructure for research
—* for, example, funding of education and training of non - IT scientists in IT topies
+ applications research vs fundamental IT research
~— many projects mix |T R&D funding and |T applications R&D funding

—p for exampie, much of the computational science R&D furding goes 1o joint teams of IT and
applications researchers

- EH—14
Fhrh, CHLLOIFANEETTN, [ TEEITA 7740 Fahen2&D, 1Th
@D, Non I THOBPE VI T L=V —VHihaT, SHDFLILLACHLESH, Thity
DEHICETATFA4 A—-PTEET,

BRBEOE IO LV =Y, 1THPOLEN L3I, IS LEVEVIRTEL
TWBAR, SOV =V =223 )P LB TWET, 727, WAnSLRAR T THYORE




DEVHIDIRBIERPETEDLL BV T TWAORER &, HEEMICIE 200082 5 300014
AZA3EVABEOIEEZEIATT LY EVOT, THALEALITE S IELTR TV L,
PouhnwFznd Hnh bk AT WL TuE 3,

NSF and ARPA Share of Total IT R&D Funding
258 KILIC 5 & SITERESEF A OB EBIEANS036LLE (9138 KIv) INSFE

ARPAD SEREZ N T3,
NSF - tnsice HPGC  Ousside HPCG
Tactmology $237 milion $79milion | $316 milion
Rasearch &
AT Infrastruciure t60%) {20 ) (80%)
RED NSE&_
Funding ARPA
Applicatiorrs $ 60 million $ 20 miflign $ 80 million Ingide HPCC Quisids HPGG
&Education (15%) {5%) (20%)
: ) ';“"er;‘:'c‘:‘“; $556 mitlin Sasemilion | 3942 milion
(251
$257 million 389 millon $396 million Infrastructure [42%) (30%] (72%)
(75%) (25%) (100%) AllIT
RRC
. £ Funding
ARPA Inside HPGS __ Qutside HPCG Applicaiions | - 8 88 millicn $273milion | $359 milion
& Education (7%) {21%} (28% )
Technoogy $319 mikion 3307 million $626 milllon
Rasearch & {35%} (34%) (89%) — -~ .
Infrasructure $641 million $659 million §$1,300 million
AT {48%) {51%} {100%:)
R&D
Funding
Applications. $ ?Smiilion $253 millian 3278 million
& Education (3%} {28%) (%)
$344 millian $580 million 3904 mikion
(38%) [ 82%) .o{10%)
( FY95 esimeted data : appiications and educaticn ouiside HPCC
estimatad by ADL }
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FOEEILISLT L ¥V LTAEIEV) b BMEHPCCOIYH—3> kD
hzhd, HPCCOIYFE—4>» FONROP, L7 70 75— a3 vHEH) ORRLO D,
bIPLFS /0T UH—FEPA Y TIDEIHBONEVH TETHEB L, A ¥4
K. 7% b4 FIRERESH L L7 L3 10, BBE2EL T, HENSFEARP ARLF
2TVBEDREL L LWTTE, 77/ 00— D —FDAL 7L T ) r—varfiin
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Prioritized Approach

NSFEARPAYTAAFE SN 5 0 LI E % 58 . NSF, ARPA, DOE, NASAHHPCC®
BN ELELTWHZ ENS., RGBT FLICSEORAETLIMI TV,

Inside HPCC Qutside HPCC

" Big Four "

{ ARPA, NSF,
DOE, NASA )

in - Depth Examination

Others

By Example Only
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IRPLECEFLIRTWIIPEwI L&, WENLEIF2ZL9Z, NSFEARPA
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2. KEEFBFMBIL EDGTFICHRBEAL TV S L

2.1 HMABEBEILTWIRESH

1 Government [T R&D Funding : System and Total Funding

Technology Area

Research vs Infrastructure Funding

3 How |s Research Advanced To Commercialization ?

Stage of Research / Type of Recipient

Government Technology Transfer Measures

Characteristic of Successful Projects

B—17
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CIC Technology Breakdown

Committee of Information and Communication &, BFFIC & 3 ITEEEMEES S
()20 KIV) EZRITO7OOXRFRICH T, TORPEEHIL T3,

procasses for alactroni ns, opf onics, mass data storage, energy storage.
Companents slactromechanical systems, models and processes lor inlerconnedt systems, eleclromechanical 370 million 18%
assembly, displays, lasers, video processing, high-bandwidih busses, e«

analog and digital WII'EIGE services, micro 10 macre cellular systems, scaleable, reliable, and adaplive
routing algori m sacurily, network r N and optical
switching and transmission, salellile services, nomadic computing and access, internatworking and
intaroperability, encoding and Hon, electronic e support

Communications $270 million 13%

bal d parallel leable parallel mufiicomptiiters, local-area clusiers of
. commedity workstanons, parallel Vo, interprece ssor communication, vector processing, shared
Computing Systems marmory ab ions, glabal manag) | of memory and dala, moedals of computation, theoratical

faundations of computer design . =+

$290 milbon 14 %

language and programming paradigms, compiler methodology and upllrmzabon lechmques aperaling i i
Saftware Toolkits syslems. human-computer interfaces, soltware taols and libranies, fram ks lexe appli $285 miillion 14%
devek runlime theoretical f icns ol plex softwarm sy , vae

speach recagnition, native lang k ledge-based sy mageprocessing and

Intefigent Systams recogrition, artiicial intelligence. sensars. Iearnlng syslams adagive syslems, »«

$1B0 million 9%

database design and managament, content analysis, diclionaries and indexes, dala compression, data
Infarmation Management starage and organization, logical and physical design schemes, data description and manpulation 3 70 million ae
language, query fanguages and pracessing, Iransadlion processing, =

computational algonthms, ynal geomelry. computati and adapliva grids and data
it structures, symbwlic and ical computing. grap and vi ical -
Applications models of physicat and brological for paraliel p ing ; allin the contaxt of HPGC's Geand $650 million 27%
and National Challenges
Soqurce . CIC

H—18

llem7s /0P —ZonTIEMPCRIHBLE®AN, CICoOFrr/ al—7Lv—2%
PrEVAILONFBHYNET, AT NS TWERTIITSZIBNET,




HKEIBHT b= & 2 TEETRT A S5 B 58 1 o BLIK & Sal PR S8 818

CICIE00ERZ2Yy 7 /0P ) 7T, 700272 PERFEHLATH R, £
—J—FE LT, 72/ 0V —T Yy F 72y — T AHEIEFORNTF LI DI 08

T2z %bofib+58,

Pt A E2000Eb Lol ETA, IV TT

AR Ea— FEATVET. D ABRERE T,

Critical Technologies Institute Breakdown
CIC® 7 L — L7 — 7 13, Critical Technologies Committeet” & » TR & 1 e

National Critical Technologies List TOR S FIZAl> TW 3,

high - density data storage

thin - film recording head transducer, recordingmadia, high - density
RAM, optical storage, magnet - optical storage, holographic
opticaleiements, parallel data controllers

Components hi . ] tithegraphy, circularity patterning, glass sheet production, thin-tilm
igh - definition displays . M

tachniques. holographic displays

high - resolution scanning high - vield detector, arrays

data communication chaolic graphics compressian

signal conditioning and validation N/A

Communications broadband switching, programmable radios, wireless

talecom / data routing cemmunication, cabie, fibre, satelliteground communications
protocals, mobile computing systems

interpretability data interchange standards, product data exchange

Computer Systems MIMD, SIMD, VLIW, Systolic arrays, specialized parailel

parallel procassing

coprocessors, hypercubes, parallel data storage architectures

Software & Toolkits

education and training software

network and system software

multimedia authosing tools, military training
nayigation and resource discovery tools, directions, registries. ...

modeling and simulation scftware

virtual battlefields & weapons systems,atmosphere and global
systems, computational fluid dyramics, agriculture, cellular /
bimolecular function, computational physics,

software engineering 1ools

CASE { Computer - Aided Sottware Enginearing Tools ), user
interiace design tools. software testing tools, IC design tools

pattern recegnition

virtual reality software, natural language recognition { speech,
handyrili multi-media operati ms

saftware praduction

rapid protetyping, modular / object-oriented programming

Source : White House Critical Technelogies Lisl

H—19

Critical Technologies Institute Breakdown

CICH 7L — A7 —%7F, Critical Technologies Committee(Z & - TIERE & h iz
National Critical Technologies List TOX BRI > Tw 3,

o

Intelligent Complex Adoptive

aulcnomeus robatics deviges

56ns0rs, signal processing, software, robotics

Systems artificial intelligence Ln;\ml:;!ga reprasentation, computer-based reasoning, machine
data fusion multi-spectrat dala processing, distributed array processing
R : : very large database managemenl lools, real-time large scale info
Information large - scals info systems retrieval tools
Management health systems & services integrated elactronic patient record and decision support sysiems
: - slectranic charts data information systams, on-the-fly pesitioning,
integrated navigation systems real-time environmental info systems
microsansors, processors, chamical sensors, passive thermal
Sensors physical devices images, point source passive thermal imagars, phota / IR detectors,

multi-spectral integrated sensors

integrated signal processing

£R
v FTT

ADL

IR / rodaw sensors
. Seurce : White House Critical Technologies List
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HPCC Program Breakdown
HPCCZ O 5 L (%5 : $1,165.85 Milion) OHWFBFIL -4 73 RDBY TH 3,
High-Perfarmance scaleable parallel systems, parallal ifa local-area workstation ciuslars, message-passing ~$155.77 3%
Computing Systems { HPCS ) in mﬁril\:::ﬁnp;rallal processors, systems toels for online analysis of real-ime CS, rritlian
network connactivily of public organizations, gigabil netwarking, advanced networking
National Resaurce and companents, optical natworking, netwark-capabla applications and tools, network ~$186,05 &
Education Network [ NAEM } security, distributad file systems. privacy-enhanced communications. netwark milkion 16%
managemenl, ...
Advanced Software computational science applicatons for high-perfermance computers, parallel oporating - $390.41
Technolagy & Applicatians systams, fanguages and tools, parallel aigarithm and data theory and application, e 33%,
LASTA ) distributed computing, ... milkion
Information Infrastructure virtual reality, telepresence, netwark hypermedia, scaleable storage went and data
Technalogy Applications repositories, object databases, multimedia abjects, electronic copyright managemeni, ~ $326.91 28%,
(1TA) maobile puting, secure r , privaie - million
Basic Research and Human syslem software, programming languages, compilers, tools, virtual reality, algorilthms and ~$106.71 "
Resources maodels, software enginesring, computer and science education, .. miltion 9%
Grand Challenges Natonal Challenges
{ These averlap strongly with ASTA. ) ( Thase overlap strongly with IITA. ) Source : HPCC
applied fiuid dynamics, environmemat digital libraries, public access to Program FY96
maodeling, ecasystems simulation, government information, electronic tmplementation
biomedical imaging and biemecharies, cammerce, civil infrastructure, ecducation Plan
melecular biology, molacular design, andg lifelong loaming, énergy
cognition, fundamenial computational management, environmental manitering,
SCeNces, .. health care, manufacturing, ...

3—21
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NSF Technical Organization

NSFIZ &L T i, ITBBZEMRADIZ Computer and Information Sciences EngineeringT 1 L
7 kL4 MCISE) &. Enginetring7 ¢ L7 bl FHHEHLTWD, X, ThoLHD
F 4 L7 L kidApplication-specific(3ERR) 4BFOMEICHEL TV 3,

Vathematical andPhysical Sciences
($645 m}

CISE

Gomputar &
InformationSo
enca and
£npinesring

Geosciences andPolar Programs

{3641 m}
($258 m)

@11am

___3oclal, Behavloral, and Economic Sciences

Blological Science
(%301 m}

Engineering
($320m)
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NSF IT Program Breakdown

NSFOITEIEZ v L7 LA FHPRAS L TWB 7R S LOHWERE TL -2 4

DTRBELTORODLIICES,

( CISE -All Programs FY5S{ $ milllon ) Research Topics Covered ( Not Necassarily Complate )
Computer & Computstion Rassarch 403 + tundamenial theory undartying development of better ications
Computer & Camputgllon Theory‘ 8B + numerical solulions of science and enginaeﬁngapplic:ﬁ';lﬂs

MNumenc and Symbotic Computation 75 + problems in creating, maintaining, and maneging real-lime sysiems

Computer Systems Architecture 44 + programming language lor high-periormance computing

Sofiware Systems 134 + computer secunly

Soltware Engineering 53 « computational geometry

Information Robotics & Intelligent Systems 323 = design ol database and knowledge-based syslems

knowladge & Database Systems 14 « information sysiems in dislrbuted and netwerked envimnmeants

Aobatics and Machine Infeiligence 74 = viual reality and multimedia

Irﬂemdv\.ra Systems . 56 = human {anguage technology

Indormation Technology and Qrganizetions 56 = sensor-based cantrol of intelligen! robols

Ilcm:!rcot&:naiﬁz !Igﬂzrms!ion Processing Systems 22.3 - theoratical foundation of IC and system design )

rnU Bsiug Sysiem A 4'5 « rapd sysla:s protoryping for fzq:\enmental ion and manufacturing

s - : . « package and inler technologi

Circuils w’?alsé‘g;‘:"i;’:mssmg ;g = computing systems archilectures and design methods

sExpystee m“ sBPlr atolyping and Fabrication 3 « muhi-dimaartional and YLSI signal processing

Advanced Science Computing T2 = software lois lor high perfermanca computing

canters . 735 * computalional tachniques and software Jor parallel systems

New Technclogies 58 « computer graphics and science visualization

Hatworking and Communications Resesrch & Infratecture 56.5 = communicalions, infermation, and network theory and techrology

NSFNat o 452 « coding and coded modulalien  « radio systems and networks

Networking and Gommurications Research 12 = wideo, speech, image, and dala compression  + protocal theory

Crass-Disciplinary Activities 242 = instructional soflware and technologies

CISE Institutional Intrastructure 20.7 + gomputer adugalion

CISE Instrumentation a6
/ Engineering (Electtical & Comm. Systams Program Only } = optestsctronics and optical computing and storage

Quantum Electronics, Waves. and Beams ’ « pptical networking technology

Communicalions and Compulational Systems * microwava communications

Solid State and Microslructures « computational engineening

Engineering Systems * microglectrom mechanical devices, materials, and processes

« samicanducior procassing and manufacturing
+ neural networks, neural engineering

Saurce | NSF, FY Budget Eslimate

NSFO7UTZAEIDLICR-THnE T, TFab, WEHL RFRHE0 7L —2 5
YERTHW R, ELFEATFISAAX LT TN —TEDL bW EnS T e8GR T§, #2
3, ZIVA FE Y A OEHICT VI P ERT VAL VADANS Fitli4 325FE ¢,

ARPA Technical Organization

ARPAQ)ITRS:ER & D13 "Information Technology Office” & "Electranics TechnologyOffice” T FRRYIZ{T 4 H

NhTWBY, ABCEMEOF 7 ACEWTHHENOTEEREIEREN TV S,

Information Technology
neural netwarhs
terabit networking
computer systems
computer - assisted education & training
information survivability
human interfaces
natuzal language understanding
compenents
= scaleable systems and sottware
- software engineering
- algerithms

Electronics Technelogy

+ Lithagraphy
display technology
electronic packaging & interconnects
high - power elactranics, low - power
electronics
integrated imaging sensors
intrared focal plane array
Mmicroglectromechanical systems
microwave techriology
optoelectronics
rapid prototy ping of application - specific
signal processors
A /D converters

Information Systems
image undarstanding

spaecn and natural language
understanding

databases and knowledge - based systems

artificial intelligence

objact - priented software &databases
bandwidth - adaptive visualization
natwork switching, routing, security, ...
virtua| realities

head - mounted dispiays

SBnsors

Sensor Techneology
advanced $ensors
target detection, location, and tracking

Defense Sciences
« matarials ( structural materials,
eleciromagnetic materials, optical
matgrials, material processing )
« mathematics ( applied and
computational )
« dasign anc manufacturing

Tactical Technalogy
« mathematical modeling
» non - linaar detection and recognition
= gyroscopic positioning technaology
= simulation - based design and training
* image understanding
+ Sensors

{ budgets currently under research }
( enly infarmation technologies are listed )

ARPAD EZ TITHEIZ ODWTHORED BTN TV AL ER LIOBFIDRTT,
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ADL Technology Classification

AMH\%ﬁ@&5&%#&?7D—%%?%bfﬁ@§ﬁm%40®ﬁﬁ
(Classification Y& 100 A F T — 28, HEORADES RHAIL /-,

Total Funding | % Categories funding % | Research Area ;r,[‘?pg, o )
Hardware . research edvancing the slate of computer hardwere archibecture and
Technology $240 million 9.6 technelogy, such as research in scalable computer archileturss, m
and Archtecture % | supercomputing, parallel processing. thearatical models of computation
. research in electronic componenis that mighi ba appled to a variety of
Hardware | $825 million | 339, Components $132 million 5°/3 SyS1ems, Such as reSearch in oploeleclronics, Mast dam storage. vides w
C processing, bus systems, electromechanical systerns
Computer Systems $453 million 182 ecquisition and operatan ol supercomputer {acillies
Infrastruciure %
System software, ’ 13,8 research advancing the state of computer sohware tachnolegy and
tools, and $344 million o creation of sntware Ionls and middleware, such as research in operabng %
middle wave Yo systems or pragramming lenguages and craalion ol fibraries
. nteligent systems . research in artificial inteliigence. rabotics. and human interface problems,
Software $650 million | 26%| and human $221 million BéB such as research in speech recognition, natural lanpuege understanding, @
interface %o | sensors. adaptive systems
. . rasearch in informalion managemenl systems, such as resedrch n
Irformation $ 85 million %{4 database design and managemenl, query languages. fransaction %
Managemant i © | processing, logical and physical design
research acvancing the state of computer communication technology,
Communications - 6.9 | suchas research In high - speed NEWOrKing. Wirelass servicas, NBWork
Communi Technology 8172 million o, | securly, nomadic computing
. million | 149
-cations $350 o % Co icati 74 acquisition and operation of high - perfermance computer communicationy
mmunications - . netwo
nirastucture | $178 million| %, rhe and servicas @
¢ creation ol soltware and computational techniques diracted at solving
chgm tioral 71 milli 14.8 } specific scientific prablems and applications, such as graphics amd
Applicatio- applications $371 million 9, | visualization lechniques
ns $675 million | 27%
o creation of sof lar other than scentitic purposes, and education and
NQ,- sglennilc $304 million 12.2 | training. e.q. creation of military software, teacher or scientist education @
applicalons A
Total $2,500 million

(Gurront ADL Estimates tor 1955 )
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ADL i34 > #Va—Cd, A4 Va—0RIIFHEF53FHHFEFTA, /{2y Pk
VIIDEWVL LR TLEEMNIZ 0T AN, 22@IIHIPLHEZ2HE -T2 EEd,. E
AAHL Lt b TELETnE T,

Total Research Funding vs High-Leverage Funding

UEDES GAMEBLCT AL FPABEIBETSZ LN TELY, SEIBESE
Bs — LRSI LD b, BORDORENTC, 12187 FOXKEVRERR
RRHEERETII&ICFNHTRELEEL D,

IOTAL FUNDING VS,
hcatiors
e

Appl
Harware
@ %
Communicatons,
4%

Hot
Communications
Sohware Tepics
2%

= can show only broad trends = the real " window 1o the huture *

+ contains lots of low - impact research + but quantitative estimates of funding

« quantitative astirates are relatively easy are difficult
Sample = in parallel computing, is research in massivaly parallel systems or reseasch in

workstation ciusters more promising ?

~ how can a static organizational structure like that of NSF reflect changing trends in
rasearch lopics over time ? :

lasnps -
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High-Leverage Research Areas and Projects
UTIENA 1 g s FPRESNIMRMREPENIC T LDt SHOME

BUT, SWEELGAE. YO0V

7 b EBAFEIC LTV <,

High - Leverage Research Areas Sampie Ongoing Projects
; system - area networking, distributed NOW ( Berkeley ), SIOF (Lawrence
Hardware Technology & Architecture | mamory archileciures, ... Livermore...}
computational semiconductor CP218S{ Stantord ), OECG { UCSD ),
Components prolc?typing, optoelectric components, .| { ! { )
Computer Systems Infrasiructure Supercomputer centers, ... NCSA, SDSC, ..
System software, tools, middleware g?;::.l;lnﬁgue concurrent SCPL ( Caltech ), HORUS { Carnell ), ...
Softwara | Intelligent systems & human interface | natural language, image recegnition,... | Virual Retinal Display { Washingtan ), ...

Information management concaptual queries, media servers, .. SAIRE { NASA ), FICUS(LICLA ), ...

o . | nemadic computing, Graceful Degradaﬂan(Columbla)

| Communications technology gigabit netwarking. ... InfoPad { Berketey ), ..
| Communi -
-cations

GCommunicatians intrastructure NREN infrastructurs, ... NSFNet, ESnet, ...

. . - envi nal modeling, molecul Lirb lluti odel { Caltech

o GComputational science apglications b}l‘.‘;gﬂ'f'fn deling eeutst Ncgrffflern%oa#kl?rll\fm ' ( @ g
Applicatio-
ns

; - CNE { George Mason University ),

Non - scrence applications egllal |Ib|l"lﬂ.l195 parallal computing CINE { S (gCamegue Mellon?
{ curran| ADL hypotheses ]
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Example of High-Leverage Research Areas and Projects : NOW Project - Qverview

Example of High-Leverage Research Areas and Projects : NOW Project - Overview? J. 2 2 L =
TREN—IZL KA 1—5—H 1 I ZEEBONOW  (Network Of Workstations) 70

% 17 M3, High Leverage Research Area DT, X —/S—2 21— 2~ UYL OMEEEH
U)X 7—2a3 Ry b7—9TRBETBLHDFX Y bT—914 57 1 - AHW, BiF
BERZTORIN, FBET P ALY XFLEOMERREETE - TV,

The Berkeifay NOW praject is building systam suppor for using a network
of warkstations (NOW) to act as a distributed supercomputer cn a huitding-
wide scale.

" In conjunction with complementary research efforts in operating
systemns and communication architecture, we hepe (o

demanstrate a practical 100 processor system in the next few
years that delivers at the same time

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

(2) better periormance tor seguential applicatians than an
individual workstation.

This geal requiras combining alements of workstation and MPP technology
into a single system. If this project is successtul, this project has the
potential to redefine the high-end of the computing industry. To realize this
projact, we are conducting research and development into network
interace hardware, fast communication protocels, distributed file systems,
and distributed scheduling and job control,

B—2s8

Example of High-lLeverage Research Areas and Projects: NOW Project - Research

NOWZO Y 17 hTRESOHT IO 17 bHFESTWEY,
NOWRfEDBNTFIC 3 & A - MBS hTL 3,
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B TT,

Example of High-Leverage Research Areas and Projects: NOW Project -Sponsors

NOW Project Tid. MIRFOHHIMFOMEES T, HRBEOBAZRRBLEICELST
BmHhhTun3s,

—‘ Grants

* ARPA Grant NOQG00-C-2481. Robeline Storage: Low Latency High
Capacity Storage Systems.

L1

_l Corporate Sponsors |_

* Tha AT&T Foundation

* Digital Equipment Corpaoration

* Lawrence Livermore National Laboratories Grant LLL-B28 3537. * Exabyte Carporation
Active Messages and Split-C.

* Hewlett- Packard Company
* California MICRQ Grant. Research in High Perfarmance File

* Intel Corporation
Systams for Global Charge Research,

* Intarnational Business Machines
* California MICRO Grant. Near-Line Storage Systems Based on

Stripad Helical Scan Tape Systems. * Siemens Corporation

* Sun Microsystems
* Naticnal Science Foundation Grant CCR-9257974. KYi-

QOperating System Support for High Performance Applications and " Synoptics Corporation

Architecturas. < $275,000 over 5 years » * Xerox Corporation

* National Science Foundation Grant PFF-CCR-9253705,
Pif-Highly Parallel Architectures. < $300,000 over 3 years >
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Example of'High-Leverage Research Areas and Projects: NOW Project Organization

HEBAOHEE LT, JBEMICH L TFEPTFIZHLR 4w TORESHFB D
EHFEFSNB, X, RE (28 A) WG EDRO/INS 5D L5 10HEt
AhTW3,

sfﬁcfsncy‘

>‘ z 28 Staff ‘oo small* "too large”

one zone

-
[~30} staff noumber
(ADL hypothesis)
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High-Leverage Research Areas and Projects : Summary of Current Projects
NAA NI MRETOS 27 MY, 2B <COSBFELT. BTETHTH B,

Abbreviation | Full Name Main focus

SOF | scalo 110 iy o St marce o TEH oG

CP21SS Computational Prototyping for 21st | Computer-aided semiconductor design and
Century Semiconductor Structures protoryping

SCPL Scalable Concurrent Programming Techniques and algorithms for application sofiware
Laboratory for parallel computing

HORUS General purpose platform-independent

communication architecture

- Virtual Retina Display Techniques for display directly to the refina

SAIRE gﬁﬂ; ’E?]Z?r:fase‘j Information | | eligent search techniques for the internet

FICUS - Multiple user simultaneous file-sharing

- Infopad Wireless Access multimedia system

NCBI m%::&mm for Biotechnology | \o1worked database for biotechnology information

CNE Center for the New Engineer Educational techniques for engineering

- Informedia On-line digital video library
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1 Government IT R&D Funding ; System and Total Funding

e

Technology Area

3 How Is Research Advanced To Commercialization ?

Stage of Research / Type of Recipient

Government Technology Transfer Measures

Characteristic of Successful Projects

- 33

92 A TITNDT T FTT, V- FDT77 o VEA L TINDT 77 FHEED
WHBERICE o TREREVS 2 LT,

Research vs Infrastructure Funding

TFELLEE ($2,500 Mil.) DFI20%HF 1L TS5A RS2 F+—OEELIC
S hTWa,

Comm.
Infrastructure
3176 mio
28%

Compuling
Infrasiructura
$452mio
3%

nding $631 millio

Research Funding $1776
miliian.
%

« raprasents ADL's current estimate :
» most of the funding for infrastructure [
comes fram university budgets and [
industry suppon, not from direct

government funding

Total : ~$2,500 million
(ADL estimates )
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RECOBTHEAZINECREV I L A X 7 FHICH LTIREBA2H®H L Ty aH145T
IELT, Bl V7 vV R RA BT KFOREF TV v —hhRD LN LD, £
DTV 7 ML ERETOBREESVEHRENIZLETT, FhALLENZTNA—Fr 27
ERAVTIEFHLCLATVDEL L) S EFHEMENI R > TWEEI TT, FO~NAS
ERRTTREELATLEZE, HPIZE)CTTLHL B2 LRI TIHE, 773
ER-TCHEEIT, REAHKEEZRL, 50T LT A LI RIRICBESEHEAL TY
HBEVIZ AT VAL OTITHMVTT,

Computing Infrastructure Funding

AXE21—2—1 77 ~DEBDEDO S { IINSF, DOE, NASA, NIH - & - TEE
ENTWVWBEZ—N—O 1 —2—F 52— IlHBAIAT WS,

NSF Centers { mainly NCSA, SOSG, CNSF, PSG)
$85.6 mio ,

DOE Centers { mainly NERSC, Oak Ridge, Los Alamos,
Argenne, Lawrence Livermore) $55.5 mio

NASA Testbeds { JPL, Goddard, Ames, ..) $25.12 mio
NIH Center ( Fredarick Supercomp. Center } $6.4 mio

Note ; Does not include indirect support, such as accurs
though NASA's Grand Challenges support program

uparcomputing
Facilittes
Direet Suppon
~$182 million
40%

Other Computing
Infrastructure
Funding
~$271 million
60%

Cthar Computing Infrastiucture Funding:
~ snaller - scale funding outside cenlers

- poertions ol indirect funding, & g. through Grand
Challenges

* Funding difficult to break down, such as military -
related ar funcing at NSA

Total : ~$453 million JPL : Jel Propuision Lanoratary
NCEA : National Canter for Suparcomputing Applications

{ADLestimates ) 8DSC : San Disge Supercornpuling Genfer
CNSF - Comgll National supercom puting Facility
PSC : Pittsburgh Supercomputing Gantar
MNERSC : National Energy Research Supercomputing Center
NSA : Nalional Secunty Agancy
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Communications Infrastructure Funding

—kh. A3 2 =H -3 17 I3~0OEBTIE. NSF net, ES net, NASA NREN
Component FM 1 22— v bR - EEIZBE{HFRETSh T3,

Major NAFN Infrastrcture Componenis <

NSFnet ( NSF $45.22 mio
MASA NREN Component $19.12 mio
ESnet ( DOE) $15.00 mio

Others : National Library of Medicing connectivity ;
NOAA networking cannectivity, EPA network Conn., .

NREN Inttaslruciura
hunging

~$34 million

4T%

Ciher Cammunicalions
infrastructurs Funding
5%

0 C — i Eungding
+ testbeds, such as gigabit lesibeds

« network connactivity of othar agencies

= military networking infrastructure

Total ; ~$178 million
{ADLestimates }
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Communications infrastructure Funding

199 0&6RICH% -7 [Gigabit Testbed initiative] ¥ HE v L NILOF—
AEEARG TORRERTHY ., TestbedD—HlE L THUT B ENTES,

Funding Organizations Key Goals

« Design and develop networks operating
- NSF ARPA with data speeds in excess of one gigabit
' per second

* CNRI (coordinator ) « Explore applications for high - speed

networks

+ Contribute to the research needed for the
NREN

« Involve indusiry from the state to ensure
agreemant on acceptable network
atternatives
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Communications Infrastrugture Funding

IORFEL ST BFERRAEEOCEMDT T, évk’&ﬂb( 5HHAFRDT A B
FyhT—ITHWEINEIEE L ST

Gigablt Testbeds under devetopmaent
today

Key Orlginal Participants
| Al-Optical Networking Consortium
Aurora 5 | MAGIC

Beallcore, 1BM, MIT, University of Defense Research and Enginaering
Pannsylvania, University of Network
Arizona, MGI, NYNEX ARPA ACTS ATM network

ATDnat

Blanca
Lawrence Berkelay Laboratory,

NGCSA, University of California at

Barkeiey, Ameritach, Bell Atlantic,
Pacific Bell, AT&T

Casa

Los Alamos Nationat Labaratory,
Caftach, SD5C, UCLA, MCI, Pacilic
Bell, US West

Nactar
CMU, PSC, Ballcore, Bell Atlantic
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3.1 MAREOCEKS (FBHE. HARRE. BR) &
A% (BATHERS - MITTRR. A%, E¥R)

1 Government IT R&D Funding : System and Total Funding

2 What Is Being Funded ?

Technology Area

Research vs Infrastructure Funding

Government Technology Transfer Measures

Characteristic of Successful Projects
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Definitions of Stages of R&D

KEFAF & & CEIEMET 12 R&D % Basic Research, Applied Research, Development
RED3IDDAT—JCEAIL Tw 3,

* systematic study directed toward greater knowledge or

Basic understanding of the fJundamental aspects of phenomena and of
Research observable facts without specific applications towards processes or
products in mind *

* systematic study to gain knowledge cr understanding necessary

Applied to determine the means by which a recognized and specific need
Research may be met *
* systematic application of knowledge toward the production of
Development useful materials, devices, and systems or metheds ; including

design, development, and improvement prototypes and new
processes to meet! specific requirements

Note : This classilication is completely diffarent from the ane used by ADL in chapter 1, which distinguis
Technology Ressarch and infrastructure * and " Applications & Education * and the numbers following in this
chapter are not comparable to thase in chapter 1.
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R&D Activity by Stage of Research : Ali U.S. Government R&D

SFMICR 3 EBRFR&DE R (M9700f8 KJL) B+ ¥ Development IZfE1T 5 h
TWB3NF, I -T2V —TEIIREBE,. thFNEAFOXAF—JICBE%E S

WAERBE LTV,
Basicéoa;mm >DD‘M2§$HTC> Devgz:nem

IR&D Agtivity by Stage of Rasearch |
Basic ressarch led Aesearch Dhovao
Fraq s pmant
20% X% > 0%
Besic research led Rosoarch Dovelopman
FY g5 oy f 2% 535?

Haow: covers all govemment RED funding, nal just IT A3

O funding
Basic Research > g;ﬂ:h > Devehpmﬂﬂl>
| NSF >
NASA
| ARPA )

Sourse : LIS Govermmant, OMB
Budpat Analysis and Systems I DOE >

Division
B]— 41

Agency Speciafization

CHAVIHIRBETE L, 4, ERELOTWEVWEWI I ERTIDET, FO—WTT.

EEEEDS>TWAEA L EhbhhidBo L+ B8 PRV, BEICHEL LY
CEZIVIRELPH TR A, CORTEERTHAFTFELVDOT, HFH £ Bo0TTI8
o {ENLZOTHERELE, ) —2ld, TV ey ¥y—TEHIOLHIRMADENITDD
L7z

NSF Specialization
The National Science Foundation | Basic Research icER A HL TV 3,

[FYes)

Apptied Resaarch
~B%

« na development funding * no funding accounted for as development
« distribution stable over the |ast § years « distribution stable over the last 5 yaais
source ; NSF Survay of Faderal Funds for RS0 scurca ; ADL estimales besed on NSF CISE and

Enginoaring dapenmeni data

A EEAF AR 9 5 ITRE Basic Research B D#40% #*NSFFFEH TWLW 5B,
- 42




ARPA Specialization

ARPAIL &) . Applied Research & Development ICH % AR TWVW3EOD
NSFIZETEE - ANE—L B IRTEHEL, BETETFASYENSH S,

(FYss] Basic Research

~5%

Appliat

el = S )
45%

47%
Appliad
Research sta?lou:;manl
28%

1
B Applad
Develo
FY 95 "7.‘,, Rosoarch dopmant >
3% .

FY o4

‘QEE‘ F-Y

= distribution volatile over time

50UrCe ; NSF Survey of Federal Funds for R&D
{ about + 20% for each category )
source ; ADL estimates besad on data from ARPA aHfices

ADL Estimate

BRI & D RADIEBI2EF D S EHWK (Basic Research 21%, Applied Resaerch 21%,
Development 58%: FY95) &HAS & ITHFICHWTI. HABIERRELLE

HRECEDSUSNTVWIEHMESEI NS,

Basic Research Applied Reseach Development
~35% ~ 40% ~ 25%
( ADL estimate )

Bl— 44
I TOSFRIELOFTFIIH~NEE, WESTHLEFTERLIZIEEE-TH, &BI1

TSHD 2500 BHDOHFIIR 7T KHOREDOENO FEOE VIR 2720 - 20 - 60 { LW D
R LT, R=Yv g - VF—FOLFBSE, FAR07A Y FPEREMIFR L) ET
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AZENTVEDTRBVHEBELT T,
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Types of Recipients of U.S. Government R&D Funding

ERRFIC & 2 R&DE € (3 Industry, Government Agencies and R&D Labs,
Universities and Colleges® 3 2N F L —FIIHHE5EA 5N 5,

tirms in the private, commercial sector,
Industry regardless of size ( from small businesses to ~ 45%
large corporations }, inside the U.S.

Government U.S. government agencies themselves { e.g.
: NASA conducts much of its research itself} and
Agencies and s ~ 349
% 8D Labs federally funded R&D centers administrated by 34%
universities, industry, or nen - profit organizations

Universities
and colleges

universities and colleges of any size and
reputation inside the U.S.

{ FY95dam, but
B distribution is
[ suableaver
B lima)

non - profit organizations, international agencies, ... |

~ 4%

X —45

CHIBHAEDBESREIRATLIYI D TAVAOES, A VA P)— LT VREABEDN
FhTwEd, 2RNSYREROFELSA VAP DI IIHERATVES, BloHsox
YhEBAIH—FLEVWIZETRERLZL. CORTIEIZ VBN THE LR ERWET,

Type of Recipient Varies by Agency
4ONFBI-TJri—R, TNFRIIREIME -2 EFRH TS,

(%)

Industry Indusiry
80 80
ARPA « sirong NSF » completely
supporier focused on
of industry university
research funding

University Gaverament § University Government  § ooy
Funding profile
50 80 80 80 o the spmey
tnclustry Industry
20 %0 Fundi : il
. UNAin alle
+ major source * does lot of orhaUS
DOE of funds for NASA its research  § Gov. R&D
government itself and
labs together

with industry

Univarsity
80 80 80
Nota: Line donotes funding profile of total U.S, gevernment R& 0 funding

Government
B0

Government § Urniversity
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FrB -V y—Riaibl, MIAARPARA VT A MY —ICHATW B IR
DFTTLE . BHREIRGDERDTHEHOFTA ALY o~ a b, A VFARY—, 223
=YTFTAL ANRATEITEI NI GIRFEL TR, E VI LT, THRL ZOEMIZY
DELF LTI, ARPADHE, MISESA Y FA M) DI CBEIFfoTwvd, NS
FRREBIZNR— 71 12To T B, DOEE;ty&'/U:/M%U‘O NASAZzZZ -V 7
ARBIELTAVFRM) = FNA L IFENEVI LI 26T /B0 E T,

Agency Specialization Revisited

FFrF14TDiRE. RHEED R 1 T (Type of Recipient ) & HI7REREE D&
( Stage of Research ) TREBT 2L, 4 2OFXTBEI - 1> ¥ —BOEBIEE /FRE

Ehthd,
Stage of Research
Basic Research Applied Research Development
i
Univarsities [ NSF \‘ E
Type | . e
of

ini Governmarnm
Fleclplent Agencies & Labs

Industry

EHEMLEEMEEZITLIR—FOAF T LW T LT AL, T kg5
K9 Ed, 272, WV —FOAF-YOEHRLEVIDE, WEHEETERYLTH., EBRo
HREOLGT LR LWL o THE-TEFY, Hlz i, DAL L R2Z@N-T vy - ¥ —F LIFE
BV EE)TLL M TR, ROBRLTHEN=Y 7 UF—FOEALRSET DALY
FeRRMIEEI 7794 F - ) F—FpheBuEd, 22ROV IRICTEEL CRT LS
EBRBHLEENHIELR>TLEYOT, 2030300 E L1
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3.2 EBEVCABESC S IBFRED 5 RRAOR B

HWRA L OFy /O —}

1 Government [T R&D Funding : System and Total Funding

2 What Is Being Funded 7

Technology Area

Research vs infrastructure Funding

Stage of Research / Type of Recipient

Characteristic of Successful Projects
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ZYAT T HETT,

Technology Transfer Legislation and Executive Orders

KEBEL2 LEEPARESEAL T, ARPHERLPOREATERERET IS
HELTEE, P THHABBayh-Dole ActiciZFB LSERTNDERHER > TV,

1065 Erosdom of Infotmation Act + provided a vehicle 1o infarm the public aboul activities of the government
+ provided the right to request agency records and have them made available prompty
- established technology transfer as a mission of the science and engineering personnel of the
1980 Stevenson-Wydler Act gavernment laboratories
- established the Office of Research and Technology Application (ORTA) 1o disseminate information
on federally awned onginated research and 1echnolngy
. y e —
1980 Bayh-Dole Act Eﬁgg&g%lu;o TR LRIR & A AT LTI}\fEi‘PiEE‘JFU:Li# EORANSTES
- RF. BEAR. RN TELAREETROLDICTE L0 LY . BREACHCIRRES
Y ST R/
- @ BRI EOe b UHEPeRTI- o QRABRERE —RBAUEI ENTE, KR
AREI WA AT
1986 iederal Technoiogy Transfer ' ::ﬂd'lgrpi:?;ec‘;gypi:ﬂ;gvgs:;:ﬁh and Develapment Agreements (CRDA) for research {abs owned
ct
+ established the Federal Laboratory Consertium for Technology Transfer (FLC) and established
technoiogy transter as laboratory mission
1989 Natioral Compettveness - extended CADAS to research lobs owned by the government but operated by contractors
Techrology Act
1991 Defonse Authorization Act . ::1;:30&&:9:! federal labs and R&D centers to award contracts to pantnership intermediary far certain
1981 Amefican Tachnology - allowed exchange of intellectual propaty between CRDA perticipants
Preaminance Act - alfowed laboratory directors to give excass equipment ta educational institutions or non-profit
organizations as gift
1992 Small Business Technology - requires five federal agencies 1o fund cooparative R&D projects involving a small company
Transter Act and a university a govemmant H&D center

X—49
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FKMEOR VIR LIERT 4 VYT 4 T2z, SLEKRFMIL, T0dbY 74V A%
DAY F A PoOUNALKEGE—EBMTES T ENTE, EROPFELICHNA > LT 4
IHEFLbRI) VS LS BTT,

BOBRLIZZDETY, FhAZBOF 7/ 0V — 2ot TG LORE LTV A AR, £
NEREEZ LI EVIERDST AV I TEHLOTI G, bHAAF I ThEVALLE TR,
ZONADIR 2R - T, BFOHOBHIl 2w -2 v 34 E¥—23vilhoT, F4 YA
A=D1 beDh, BALACVGEHFTEELREITONE I MISH D FRAN, 20LH %0
DS D Ay D RER LM H D T3,

T b, -0y S FFRLLEHRED LHVEF, HBVRTTTRRVAHFOREDD
CERRRNLESLEIERNT T, ITERLIHDELLNFEOFDHLL LA E, I7 -
Y FAE-—Vav=—TEL VI RIFLVAABRCD T, 0EEDT L ERL T CRZA
BERVFEITTWEPEVIE, FARE>THFI TidhwnweEBoTnEd,

Technology Transfer Bridging Organization and Problems

S OFH - ARG LA S, KERFEIRADORE +t —BATHRECERRICBE T 320140,
BEOEBEE. 7075 L0HAEED L 3RAEREILETHEUTE .,

= " matchmaker * between industry and technalogy specialists within federal labs

Natienal Technology Transfer
Center

+ maintains a substantial databage of facilities, technical speciatties, and research objectives of over 700 federal

laboratorias and several universitios

Faderal Laboratory
Consortium

+ trains technology transfer specialists in industry and government

* similar ta NTTC, puts industry in direct conlact with spacialists in the federal labs

Research Triang!e Institute

NAASAAA N

« works with business ta fum data and laboratory resuits into products, services, and processes
= active mainly in health, environmental, and social research area

( We currently believe that none of thaese erganizatians has a signiticant impact on IT R&D transfer. )

Cooperative Research and
Davelopment Agreemenis

- BRI BTSN A R, BN, RELERTERAT 2LV IRM—REAORTRIIL A RE.
CREMICRBG-EROMTORRRE <. BEERFGROERRIZICTES S,
CRRICET IEHBEEN—SBE LTRSS E L,

Small Business Innovation
Research Program

+ funds technology development by small business
+ each of 11 largest participaling government agencies award 1.25% er more of their budget through the program

Small Business Tachnology
Transter Program

» funds cogperative R8D projects involving a small company and & university, government - funded R&D center, or

nan - profit institutian

+ 5 tederal agencies participate

NAIEAAAN

T;c::g?::ngy + fedaral program that distributes funds to industry tor R&D through grant competitions
Advanced Technology » also funds industry R&D through competition for funding proposals

X—50
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CRDAs

CRDA (Cooperative Research and Development Agreements) (I R/ EERRE T
DITREADZOT 2 7 MIBWTR<BWONIAEETH B,

= frequently used for joint product development of industry and taboratories

= tab provides facilities, personnel, and equipment, and all of this may partly be financed
though a special grant

« industry also provides funds etc.
= very flexible structure leaves lots of room for customization to individual labs

M very popular because of its flexibility

w 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

W We currently believe CRDAs are often effective because they put labs into the
position of & demanding buyer who is intimately included in the product
development process

[%}— 51

bA—ol, HElE TR 8 5w (oo TV, FOPICSDIRRESADET,
CRDALWH TN Ar 7, EE5ARARTHE NS CEFBN AN, EFRERO L)
ZHONPTTRES N TND L&, $TC) T (ECRMALEE) TT, FEHII7LEL T
VT, Bl Z SR OE L P RmYERTRBMEZ T, 2ORbYIIVAEVALLOREDL
FEED, TEADBF-THERRZE DT 200 Ld. FIvalzl BT —A - 84 - F— AT,
TVFITNEETLRI LTIV - AV MlhoTwT, BIREDOLHLTHE, TAHNTE
FZOTVABNALRIENRYIRLT ot b BoTWET, ELROWVLDPTUTTIaHEY
TTH. COEHEFEIAFZVDT, b ILLARTEHELZVER-TVET,

£\ BHTH, Bayh-Dole-Act E CRDA &\ DRBBAFEORMADE TR % 0 FFLHH

VWD TTH, b o b RELDIIMIEZENEVRATA ¥ FiHoTWAI EELAALLRFE N
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1 Government IT R&D Funding : System and Total Funding
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Research vs Infrastructure Funding
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Government Technolagy Transfer Measures




£S—ME

Commercial Impact success Stories(1)

SEEAT—2ELTIE. YMBFHERIC S > TRESN RN TETEALOMBRRICEITARLLBOFNCDHEHY,
ZOBELTRILYIPILY . F3740R 3y b7—%27, =727 — 3>, WindowsH#(Fb5h 3,

CTSS, Multics, BSD
nix

5D5 940, 360 /€7, VMS

EEISLTE N ERRRARERERRRARAUEA L SRR AN NN AR NN NSNS
. N

Shatchpad Whah
GM / IBM, LucasFilm

E&S,S5GI

use a computer,
each as if it were
his or her own,
sharing the cost.

Make pictures on a
computer.

Load-sharing

\\\\\\@\\\}\\\\\\\\ SIENEICCOIOISINGNNNN Arpanet, Internat ﬁumn?gra o;nrz‘;]ejrt
TNANH I HEAFR NN - emernet, Pup, Datakit compiars
L - — - —— e e ——— — — — — — — — DECreLLANs TCRAWP__ _
Workstations Lisp machine, Stanford Enough computing
Mo Xerox Alto :; :;:li(ce LII:t:fLaIClIVe
EHNNATTE S Ao, sun
Windows Easy access to
LA e hester it omants 1
A e
1965 1970 1975 1980 1985 1980 1994

Technology Timeline Exarnples Goal Unanticipated Resuits Today
i i Because many paopla kept Even personal computers are
let many people their work in one computer, timashared among muttiple

they could sasily share
information. Reduced cost
ingreasad the divarsity of
users and applications.

" What you ses Is what you
get * and hypermedia
documents

Electronic mail ; widespread
sharing of software and data (
the original networks were
wide-area ) ; the
intarconnectian of kterally
millions of computers

— o — e — e —— o — — — —

Displaced most other forms of
computing and 1erminals ; lad
directly to parsonal cemputers
and rmultimedia

Dramatic improvements in
overall ease of use ; the

applications. Information sharing
is ubiguitous ; shared information
livas an " sarvers”.

Almast any image is possibla.
Reatistic moving images made an
computers are routinely seen on
television and were used
sffactivaly in the deign o f the

Networking has enabled
worldwode communication and
sharing, access 10 expartise,
wheraver it exists, and commerce
at our fingertips.

Millions in use for sciente,
engineering, and finance

Tha standard way to use all
computers

Gov"t research s
Transfer of ideas or people —— P

Industry research ~»amaa

Industry development

—— $ 1B business (IR

integration of applications { e.g.,
spreadsheats, word processors,
and presentation graphics }

Source : National Research Council, 6 / 95
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Commercial Impact Success Stories (2) _
fttiZiz. RISC,VLSI,RAID. 2 L TS#DEBRAHIZEBEENZNNFLNALEL—Tr 9 8H5, ThoDOH@BAIG, LBORAR

BRERRLEIBREEATVALELPAOS FTHBINCRAIFRCRIILTVI LW e MRT—7BTARTITF7O

AMHBHEIETHY ., COEI2LFHBEEISICERL TVWESL,

Parallel computin

1965 1970 1975

1980

ﬁ%\\‘“\\\\\\\\\\i

1985

1380 1994

|BM RP3, Intal
CM-1, Teradata, TAD

carmputing 1o address
complex problems

Gov"t research

Industry research xoaaah
Transfer of ideas or pecple _’

Industry development

$ 1B business NI

system; unanticipated
applications such as
fransaction processing,
finaicial modaeling, database
mining, and knowledga
discovery in data

include parailel computing as a
standard effering.

Technology Timeline Examplas Goal Unanticipated Results  Today
Berkeley, Stanford Computer 2ta 3 Dramatic progress inthe * Co  Million in use ; Penstration
RISC I A R RN IBM 801 times taster -dasign " of hardware and cantinues ta increase
software, leading to
significally greater
I s, sor, i significaly
VLS| desi Mead / Conway, Mosis ' New dasign Easy accass to " silicon Many more schools training VLS!
esign . maethods o keap foundries " ; a renaissance in designers ; many more companies
D TN . pacewith compduter design using this tachnology
ATl — integrated circuit ’
technology
Fastar, more reliable RAID is more economical as i i -
RAID le.'k‘e!ay disk systems wall : massivedata g‘;f; 32&;&:;‘:?%7‘;3 large
AR RN L AL S Striping, Datanash ;%‘g’:::;"ggég%f nD?si)nal widaspraad commergial use in
T Mary computers and workstations. digital videa servars
liliac 4, C.mmp, HPC Signilicantly faster Parallel deskside servar Many computer manufacturers

EAGLL AL MM ML MM SR Ak AR amen maen Amemn Whew AR samen ameas e

Source : National Research Council, 6 / 95




KEBHFIC & 5 FHRERTEB R L OB & HH B REA

BRI, SSRERMOTEMEFEIC 2B ET, ERL bty aaTy vy, ¥
STAVIA, Ay M) —FYF, -2 AF— 3, Windowss RISC, VLSI. RA
ID, NI VLAVIYEa—Fa1 T bn) OREOBETRFOHENIAT, ¥I3 709
—~PIVRATT—EREDEVIRTT, BoleblBh, AALLEiIN LR - TV AITELE
WRHE DT THEEFATE L, ZPoBOBEFE -~ (RIC ko bidEL BV, T
TR o720 TOA VT AP ) =l o Tl ONARIZ o 72 BT T,

Ll Bl2idZ ) W) fHEFM2 L w ) S L #fA 2 4 ABTT A, How DE4IZ v
(e TAVIFMNLE) LTTE 2DV &, Bayh-Dole-Act kP CRDA L o/l &
MBSV It A, 2 TR, ADHAIE VS 2 EAF-BREVE VI Enh4 LT
To BETDHI, THIVAIZEPRI-ADET I/ OT % NI VAT77-F50TRERL. A
BHRAAESEIREBLVWIZETY, REBLETE) LNOEMFH 540 L2 AR,
FHIVHITEDNE WV, HEVREIVI TR I 22 bOBTAFE -7,

RIRHADEGE L (HY AN, FREVIDRAFRIIETLRTWT, HEE TAE
BRAEER->T, IFTETHFLERTH FALLWHWET, WERMEATWIEETE D &,
M FAOERERIE 150M1< 50T, TH2s, 70V 2 b O BLOdH bEFZEEC 1000
FALBEWOFERERL S e FUET T 2 OMVEE L TEVERSTT,

FOKE. HBCEIFAFRTTEL LOFE AR . 207022 bOLbdiz, WHIRHIE
Yo FOHERIGTIFALL T FN(GVBEELI, 2IVIAN, 2070V b 2K
boTa&H3RIT, ROIERAWETH, YVIVYFIT T4 v 2 AFFLED, B F7l, #
SN RETT, 2F0. 72/ 0V =D ALV L0k, ABERD S EC L oTH
BERALLGIONRRL Y MELUION, ROVEDLZHDOERFTT,

IT Research Projects Success Factors

B OMBIEEIRR L - LITRAESSHOWELEERE LTIE, CHETEANT
BRI ERICSIITEPRACHBL LA C CREBEY S5, B4 2O
s, BMLTWB 7OV 7 MRS WS REOEREREL 2 2H 3,

is there an optimum funding size for a project ?
is there an opiimal size and structure of the research team ?
« are there particularly successful roads to commercialization ?
» what are the do's and don't 's of how ta distribute government funding ?

= what are successtul but less formal ways of cooperation and communication between
public researchers and industry 7
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ZIHhLEIVI I EREDTVELWRE W) & BFMMELRMEAIIMR T, £ DA
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ERFD b, HHEVI O, HOPORICT -0 BREDALLOERTT RS, E§
RERAFEHYTTH, EI0IFALADOTU Y27 bF0wDR, ¥IVIAL T2 Fr—T
VH—=FOF-LPMELNTRDB L VDR, 2T, APFHRATH L) e nar,
FTIWREMPEA-TWL Ep Ao TnRviEdh, WAWALRERYDH ) TT,
FhPoiPHNEIT -y FAE -2 a v ~DEDNHEHENE I oy HNAV T 7
TAYTZRHEEI, IR THWITRWEDR, RoThnkd, #H50nHTEET ok
RoTELANDREDOFRSHE/ INTIDLINRID, FOLIRILEDIEINF, 7OT22 D
BHrAEATHEVIREILE>TWET,

EE 790Vz221M0)—F—DR—=—0F Tl THREZEIITEES D,
ADL &9 TL &I He.
EH FCEIhETFATEERZRFLET,

ADL 7A 7L AREY, MAPLMETHFEINTER-TLEVETH, £ ) TEAR
72 BAVEEZNT, bbb TELBENOI LR LIEVERWE T, /Y5 Ea—108)
W) BME— DM AL TEFDLILIEBBTEE TG, bbAAFNIEANRET,

EF8 HATHIPALANEDOOBRHIT70V 227 b2 ABLTEBELEB LN LET
A, ML 2o TV ADRBEABRNT T, HEHBEIE THELERLZY, £ 755
AhEvHE, CORELLELEEVD LD, ) LTAALREENENICE>TLES
EI)TT, Lod, HEFT7E Y22 b2 Ro2 R HFHERREICZ TS, TIw6, #H
LWHEEWI LD, &) LTLREREOREFOHEESHICZ->TLEVES, TAJLOD
BERLE) TTH,

ADL 7ANABFELTY, ML) Dt HRrEAFEILVTREDL, § 55 AFEE
LTwa2DTidhv, ARRAOBEFH IS ) IHAN, HlAIRZEOMAELARROL ) %2
FATONY, WELONSFOFA AN Ea— TR 705 FADEZLIY 70— P &R
BEWALARBET, TAAM)IE2a— g BLIBKEEICIAFCEI EEHLTT., T
TS, BoLlebiIRbbIAREELTVE LV I URDABEGI LT, FH I AN
WAEEHENIT I3 HN I T,

THeb, RIBYBFANSFELARPALSCICHELIIEMOZI VI BN LR o7,
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