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Director of Riken Brain Science Institute

i : itus, University of T
D5 ST ek Amas Professor Emeritus, University of Tokyo

Za—HuaY¥a—7 1 YT BRUEMOEBIREHEIZEAND LR DIEENEM

For Pioneering Leadership in Research on Neurocomputing and Mathematical
Nueroscience

J1v—7B GroupB

Dr. Gordon E. Moore Chairman Emeritus, Intel Corporation

d—Rr> E. L—7#E+

For Qutstanding Leadership in Moving the Integrated Circuit Industry forward by Presenting the
Guidelines for the technical Innovation known as Moore's Law
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B —1E 1, 1936 FERFEHICEEN, 1958 FICE
HAZT2EICAYHEYR B a—-X) BxH, 1963
FICRIARFERZRZET L LEBHORMEES I N,
[FIFESUNK A T8RS TN oBBEICH T, FO%E
TR TEERE T TR B, BIRAERR T, 1996 4Eic
EEICKDIEE, EBEROMEEZ I ON, TOM,
ISURZE, =R AV Yy 7 RF, FEHRPSTAFEZED
BEEERERD NI,

1994 X0, BE{LFMFTFREBE I 74 7 AT L -
TNW—T7 1 Lo Z—73 T, 1997 ERFEHREMAE L
VR—DENBEIRAE Y R—DIN—TTF s L E =L
THEOHEGRMFEIC S 6N, HERYEY 2—EZBDHT
Bobihb,

CNETIC, HAEMEEE (B 178, BBk mE
BHEAEAE, BRI B X OCMERZANL X — 1 HAH
. ETRIEAEY%AREER EERE, HERIMISE
ThHhbNb, Ffz, TNeural Networks| FEEITFIHEFRER.
NS IIREER TS, ERADOSEOEMEED
mEIChIEE N,

BiE L IO SN E T, BlREEICHEE
Nize BUZFILERTEEEY I TICAD., FTTHRE
D OBEEOMSAFRE L EZ HEZTIN, RETIZTLE
WBTHB L@ O-ZAZEREI N, HEASHKOTT
HOHUEEDT LN TER, UNARZECB D, BExtic
NFBESZT o, EARICKD ., BHE TR ERMNICE
L. TORTCZa—F )by FT—r7ORBERE |5
WEMZ BT HEL2EIRT 258, MEOREZK
BN eNlzDTH B,

HC OS5, BEEHEIXOBEENSD T CEET 54
T, UOTEHNFRD AT BB E R H . MR RO
T EF DA IR LT T 6N, Z OB
BEME VI IERICE L DEEN LKL D, HHRTRVAT
LB T2ONIEN GBI L THlch 72t TH %,
1960 FERICE L S HREIEBMETINOHEY T I TU X L
FIB LA, CThIZFORICERAENIZEENERES
BELALLDTH S, Fio, BIRIEET I, #hiRER
DEAFZ w7 A, FEIGOH. MOBECHBIREZE,
SEOMFE RIS THEEN TV S, Thb
REFEREEROARERERCEB L T > TV 5B,

W 1970 FRBFIC, HMBZOHL WAk L LTHE
WRMPRFERE NI THRBIMS RAEAIEICH LUV
BERBIAALIEE DT, MEtE, BHH0EH, A7 LR,
PEHE, RNE— VR OB EESIERO AR E
UCHEIZE Nz, WHEGRMYAZ TR L Ul BRI
BETH#ME SN 2% CERNIICED bh, BTEE ALTHGE
NOWSHDEN > TS,

BELOWMAEAUIHEARERLRER 5T 7%, B
FERFEZTTATNIC B VT, BRERGIRE 2 —0t

VA —R L UTHBZORENIEER BT 20 /e b,
MBORIRAR T — L2 A bR, R ES LICMoE
TV RREET 28 LW 2 I b T, MHREIRHEO 7Y
BT ERNEEE S, 550 LHEH20 08 Tl
R A DR AR &, U WIS K % B 2 b
LT, SHaBHRDZREFEIN TV,

BHAETEEE Ty I TV =L, EVRY TR,

A= BEEMUATELH S, CNHFICDSNHLT
FDTFINVF—DRRTHA 5,

CELBHEE

1987 %  HETEMERBEIKETI 7OV E—AAS
JELERFIIE

19874  FE (R4 ar¥a—4%] CHE) T
AALHMOUEE, RANRE

1987 45 HEBEALIAFIL © ALZ#E

1992 %  IEEE Neural Networks Pioneer &

19954  HAELHE

1997 £ Caianiello &

1997 #£  IEEE Emanuel R. Piore &

20024  HAHGERARE
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(5) Biography of Dr. Amari

Dr. Shun-ichi Amari

Director of Riken Brain Science Institute
Professor Emeritus, University of Tokyo

For Pioneering Leadership in Research on Neurocomputing
and Mathematical Neuroscience

* Professional Career

Professor Shun-ichi Amari was born in Tokyo, Japan in 1936,
He graduated from the University of Tokyo in 1958, majoring in
mathematical engineering at the Department of Applied Physics,
and received a Doctorate of Engineering in 1963. In the same
year, he took an associate professor position at Kyushu University
in the Department of Communication Engineering. Several years
later, he returned to the University of Tokyo in the Department
of Mathematical Engineering and Information Physics where he
retired as a full professor in 1996 and became Professor Emeritus.
He also served as a visiting professor at the University of Paris,
the Catholic University of Leuven, and the Chinese University of
Hong Kong. In 1994, Professor Amari joined the RIKEN Frontier
Research System as the Group Director, The Frontier Research
System then established the RIKEN Brain Science Institute in 1997.
Since its founding, Professor Amari has been focusing on theoretical
approaches to brain science and has had various leadership roles,
including Team Leader and Group Director. He is currently serving
as the director of the institute.

Professor Amari's highlights among his professional affiliations
and honors include: Member of the Japanese Council of Scientists
(1997-2000), President of the International Neural Network Society
(1989), Council Member of the Bernoulli Society for Mathematical
Statistics and Probability Theory (1995-1999), and Vice President
of the Institute of Electronics, Information and Communication
Engineers (IEICE) (1995-1997). He has recently been appointed as
the President-Elect of the IEICE. Professor Amari also has served
in various editorial capacities, including founding co-editor-in-
chief of “Neural Networks” and founding editor-in-chief of “Applied
Mathematics.”

Professor Amari has had great enthusiasm for mathematics
since junior high school, where he was inspired by a devoted math
teacher. He joined the math club at Toyama Metropolitan High
School and learned innovative ways to think about the discipline.
At the University of Tokyo, he enjoyed the freedom of studying
a vast array of subjects that interested him without having any
time constraints. He majored in engineering with an emphasis on
mathematical aspects, a theoretical approach that was not common
at that time. Upon completing his graduate degree, Professor Amari
relocated to the southern island of Kyushu to lecture at Kyushu
University, where he was inspired by different cultures with whom
he worked, When he returned to the University of Tokyo, he took a
systematic approach to mathematical engineering and made many
contributions that expanded his fields of vision in mathematics and
engineering.

Professor Amari has been involved in many areas of
mathematical engineering and applied mathematics. In particular, he
has a strong interest in the mechanisms of information processing in
the brain, and he devoted himself to the mathematical foundations
of neural network theory. His motivation in brain science originated
in his eagerness to understand the complexity of a brain system
in which information is distributed over a large number of neural
elements from mathematical points of views. Indeed, the algorithm
Professor Amari created as a learning model of layered neural
networks back in the 1960's was later reinvented by others and
became well known as “error-backpropagation”. In addition,
he has made a considerable number of significant contributions
such as the “associative memory model”, the "dynamic theory of

neural assembly”’, the “theory of neural fields", and “neural self-
organization”. These have served as bases for establishing the
foundation of today's neural network theory.

In the late 1970's, Professor Amari initiated a new approach of
information science, called “Information Geometry”. His approach
brought together new concepts in modern differential geometry,
which is connected with statistics, information theory, control
theory, general learning theory, and pattern recognition. Today,
information geometry has been established globally as a powerful
new method for information sciences, and its applications continue
to be widely discussed at many international conferences in the
context of new challenges and in many areas, including brain
science and artificial intelligence.

Professor Amari's enthusiasm has continued to grow even
after retiring from the University of Tokyo and moving to the
RIKEN Brain Science Institute. While he leads his own laboratory
in Mathematical Neuroscience, he also manages the institute as
its director, promoting comprehensive research for brain science,
Professor Amari continues to lead the academic community with
new ideas such as the natural gradient algorithm that integrates
neural network theory and information geometry and independent
component analysis for signal processing.

Perhaps Professor Amari's energy and enthusiasm for research
can be attributed to his various non scholarly pursuits. Not only is
he well known for his skill in IGO (a Japanese strategy game), but
he also enjoys skiing and playing bridge, video games, ping-pong,
and tennis.

« Major Honors and Major
Awards

1987 Yonezawa Special Awards from the Institute of Electronics,
Information and
Communication Engineers (IEICE)

1987 Koudansha Best Sclentific Publication Award for
“Biocomputer” published by Iwanami

1987 Academic Research Award from the International Foundation
for Artificial Intelligence (Al)

1992 Neural Networks Pioneer Award from the Institute of
Electrical and Electronics Engineers (IEEE)

1995 Japan Academy Award

1997 IEEE Emanuel R. Piore Award

1997 Caianiello Memorial Award

2002 Special Award of Japanese Statistical Society

2003 Annual Report /[FOUNDATION FOR C&C PROMOTION

35

JYnoEZ

EROER "L

- 88T

ONEE

»
=2
&2
g
&
i
3

Y

FEHIEE

EMEYEE 9



EIHOES "L

-4

1

JY NOEZE

ONE

5
o
&t
g
=
4
M

S

FEEEE

EINERRE 9

34

(6) d—F>» E. L—71§L0DIEE

=

E. L—718%
A VTIVHHRESE

L—7 ORI LTHIS NS ) a VERREIROHNBIF O
T U CHEREE DR 2 B T 15BN SRk

- BREE & 155140

WL—7E13 19294 1 H 3 FICKEA D 74 )b =7 MY
VIV AADFERTCEEN, MRV Y TSRO
DEITH 70 FODRAATFT I L WS /NERERIC AR, 1E
TRZFotihoZRcmEy, ZEMY Y/ BRI HE
S, HUTAINZTREAN—T LI, #CT
1950 FI LHEOZE LB IGFE NIz, DUWT 1954 FEich Y
T AIWZT IR B TR Y ZE OB S RS &
Nize

WiEE 1953 Fic Y a v X« RSV A REDE YR
TRAMCIFE & U TART L T L 2O BRI SR S 1
foo BTG 1956 FIC b5 VU AR FEBABED —~AD T AV T
L a v L—EBEHERNL Uy 3 v 7 L—HE8 K2
ICARTL, FCTHHTCREERE ) > b AHIC fil
BNz 1957 FIC L— 7L LMD 7 ADOFEHTE LRl
FHigT g vy L—YEFRERZEN, RV aY S
VIRARDERE LR ANE T BT 7 F v AL RYEEK
2ALEENT UTe, Mg, ZOMD 5 vV A2 SRR
REETHD ., HAMDEREDE LTz,

BL—7EtlonN—F N /A AEE 1968 Hlc 7
VT x A FAEEER RN, o TV U L
— 7L TV ORILRZTES, 1975 T3
EbIURSRERLE CRO) L&Y, 1979Fh bR
BRU CEO Wb 5N, Fitid 1987 42X TCEO TH .
T7YFYa— S, Jo—UELINTOREMNE, LT
MLEZOREGFMEERZHD. 1 ¥ T IVEOREET
B S5E3LERRTHS,

B L— 7T TR AR > e o hiE, 11%
D, BEROMENY YR AT LB Y M - T{b#ER
Yy MEoTr, ZOEERY Y NTTCELHLRT L, &
IBRICHET 2 T LIS KRB R e, G A ERZER
BEADORIAED, ZT T had )&y rotinmg®s
ZRINED 5 HILENDHERE DTz,

WELEX T 27 F v AV PR TIE, RO EILHR Y o>
N UV AZEEFT B TIN—TERN, BEELLTFN
HEEETA VIR, FCTC, JAAELOERCIE ST
B ESN T abvATHE T4+ NIV TS T4 BADT RS
VURRBEEICAER Ule, COBRIC, T 7 F v A RE
EASHAELT 8 ADHFDO—ADY— « sh—= {84
TL—F « b UIRKBEEFRP LD, CORSUVA
SR NS VYV ARDFETH D, BAEESERRE Y O
VEETHESBDT, SIS K > TEENDIERK D & AR
Kk Ule, /A ABHE T O T L —FsE0Ez 17RE
U, FIVVREREA A — R B ay 7oy —%
YEDATS ik, EliNbOBTHRFZHEICERE LD
U0 UTRehkmRiiee T 2 552 ERH U,
THEYR o A VAW AVIHDT vy o« F)VE— ISR
ICEFEZRT L UTHEBEE (0 Ol 2 F L
TWeh, /A ZAE LI KB R———# L7 L —HEEo
IR ZNMISH TICHBOEANT S O—F & 6156 Lz,

(FIVE—FK3 IC OFEINCH L 2000 FEic / —NIVEERZE
Uleth, /A AfE+HA 1990 I RNEIC B AR L TWialih
WHESELTWET ETHHS,) /A AL IC HEHN
Hi7e g S TL— 7R/ A AL OBMOR & DIRNH
gD, /A ABLOBEREIRT A ETE IR BN

BL—71ELET7 =7 F %)V R OR & DEMERER 1959
NS, 1968 T A > T IIVHERILT 7 DI AL EEEN
HETCHDLNT, TOMIC IC i RENFES TS, L
— 7 1965 Fic Ly ha=d Ak Tk nE{ DA
T CICEEDAL T & EWIREEFRLU T, ROTER
KFENDERIC DWW TSNz, EIEEOEME D5
RSN R LT 2 OFRID, ROICHREINE TL—7
DEEAN Lirole, BUL ORI, RODEEEMO S
NI VT RAEWNT 2T F v AV RSSETTEEE N, TV R
U a— - Fo—7ELic KA NNERENBIEbh, ¥
Vaye ) aryigeEOREICET 2R, ORI
TIBEEC I | U, T 5 OYESH I ED T LT
HELUTCW TEODIGERICEERLDTH T

W7t e/ A AR LIRS OREMBEICER LT
1968 I T 2. 7 F¥ )V Ptz FET BlicA 7L
MR Uiz T4 7] &S % integrated electronics
(EREE T O = v bbb & bNie, FiaftOz i,
FORFICEEENTHENTNDIC Kb, EHICERE
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(7) Biography of Dr. Moore

Dr. Gordon E. Moore

Chairman Emeritus, Intel corporation

For Outstanding Leadership in Moving the Integrated
Circuit Industry forward by Presenting the Guidelines for the
Technical Innovation known as Moor's Law

» Professional Career

Dr. Moore was born in San Francisco, California, on January 3,
1929, because it had the most convenient hospital, His parents
lived in Pescadero, a small farming community about 70 kilometers
south of San Francisco. He attended local schools, including two
years at San Jose State College, before transferring to the University
of California in Berkeley, where he received his Bachelor of Science
degree in chemistry in 1950, This was followed by a Ph.D. in
chemistry and physics from the California Institute of Technology in
1954.

In 1953 he joined the technical staff of the Applied Physics
Laboratory at Johns Hopkins University, where he did basic research
in chemical physics. He joined Shockley Semiconductor Laboratory
in 1956 shortly after it was established by Dr. William Shockley, one
of the inventors of the transistor. Here he received his first exposure
to semiconductors and to silicon processing technology. In 1957
Dr. Moore and seven other engineers and scientists left Shockley
and founded Fairchild Semiconductor Corporation with the goal of
developing and manufacturing diffused silicon transistors. While
laboratory samples of such devices had been made previously, no
such devices were available commercially.

In 1968 Dr. Moore and Dr. Robert N. Noyce left Fairchild and
founded Intel Corporation. Dr. Moore was initially Executive Vice-
president of Intel and became President and CEO in 1975 and
Chairman of the Board and CEO in 1979. He was CEO until 1987,
when Dr. Andrew S. Grove took on the title. Dr. Moore remained
Chairman of the Board for several more years and now, having
passed the mandatory retirement age for Directors at Intel, is
Chairman Emeritus.

Dr. Moore's early interest in science was stimulated by a
chemistry set that his neighbor received for Christmas when he was
about 11 years old. He was stimulated by the experiments that one
could perform, especially those related to explosives. He went on
to build a large home laboratory in which he produced quantities of
nitroglycerine and other explosives while deepening his chemical
knowledge.

At Fairchild Dr. Moore was responsible for the group that
developed the first double-diffused silicon transistor to go into
production. This included the first use of photolithography for
transistor manufacture, a process developed under the direction
of Dr. Noyce. During this timeframe Dr. Jean Hoerni, another of
the eight men who founded Fairchild Semiconductor, invented the
planar transistor structure, a version of the diffused transistor that
retained the silicon oxide over the junctions, resulting in a much
more reliable transistor. Dr. Noyce saw how the planar structure
could be extended to produce resistors and capacitors along with
transistors and diodes and how these electronic components could
be interconnected and isolated to produce complete circuits. Mr.
Jack Kilby of Texas Instruments had made a laboratory model of
an integrated circuit using semiconductors for the components, but
Noyce's extension of Hoerni's planar concept resulted in the first
practical approach to building integrated circuits. (Kilby received
the Nobel Prize in 2000 for his invention; Dr. Noyce would have
shared the Prize had he not met an untimely death in 1990.) Shortly
after Dr. Noyce's conception of the integrated circuit, Dr. Moore

succeeded him as Director of R&D, becoming responsible for the
realization of his ideas.

Dr. Moore held the position of Director of R&D at Fairchild from
1959 until leaving to co-found Intel in 1968. During this period
integrated circuit technology advanced rapidly, resulting in Moore
publishing an article entitled ‘Cramming More Components onto
Integrated Circuits” in Electronics magazine in 1965 projecting
the advances expected in the next ten years. This projection of
exponential growth of circuit complexity was the beginning of
“Moore's Law”. Also during this period the first stable MOS
transistors were made in the Fairchild laboratory, and extensive
research under the direction of Dr. Andrew Grove led to a major
increase in our understanding of the silicon-silicon oxide interface
and in our ability to control it. These advances have been very
important in the continued development of the industry.

Management problems at the parent company led Moore and
Noyce to leave Fairchild in 1968 and found Intel Corporation in
July of that year. The name “Intel" was derived from the first letters
of “integrated electronics”. The plan for the new company was to
develop and market large-scale integrated circuits (LSI) significantly
more complex than anything being produced at that time. They
chose new directions of semiconductor technology that were well
suited for complex LSIs. In particular they chose to develop silicon-
gate MOS technology, which has evolved into the mainstream
technology for making circuits today. Their first products were
various types of memory circuits including the first commercial
SRAMs, DRAMs and EPROMs,

Soon after getting the first memory products to market in 1969
Intel was looking for other LSI functions. In investigating the
electronic calculator, Dr, Marcian (Ted) Hoff realized that not only
calculators but many other control functions could be realized
by a chip that had a general purpose computer architecture and
was controlled by software. The idea of the microprocessor was
born. A team including Mr. Masatoshi Shima undertook the task of
designing such a chip, resulting in the 4004, a 4-bit microprocessor
that started a new revolution in electronics. Intel shipped the first
microprocessors in February of 1971.

Ten years later in 1981 IBM Corporation introduced a PC using
the Intel 8088 microprocessor. While this was not the first personal
computer to be made using a microprocessor, the prestige that IBM
brought to the product was important in getting it established. Such
early applications as the "Busicalc” spreadsheet drove new markets
for PCs. In 1985 Intel decided to de-emphasize memory circuits
and concentrate most of its resources on microprocessors.

Dr. Moore considers himself lucky to have been in the "right
place at the right time”. He entered the semiconductor industry
just as silicon transistors were being developed. He was at Fairchild
for the birth of the integrated circuit and at Intel to see the
development and growth of the microprocessar.

Since becoming Chairman Emeritus, Dr. Moore and his wife have
established the Gordon and Betty Moore Foundation to support
programs with lasting positive impacts on the quality of life. Major
areas of interest for the Foundation are higher education, scientific
research and world-wide conservation.
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« On Moore's Law » Major Awards and Honors:

Dr. Moore wrote an invited article on the future of semiconductor 1978  AFIPS Harry Goode Medal
devices for the 35th anniversary issue of Electronics magazine 1978 IEEE Fredrik Philips Medal
published on April 19th, 1965, He was asked to predict what 1978  IEEE McDonald Award
might happen over the next decade. At that time the most complex 1984 Elected to National Academny of Engineering
integrated circuits on the market had about thirty components— 1985 ACM Medal for Achievement in Research
transistors, resistors, capacitors, etc. - and ones about twice that 1985 NAE Founder's Medal et
complex were being developed in the laboratory. He noticed that 1990 National Medal of Technology W @
starting with the first planar transistor in 1959 the number of 1993  AAES John Fritz Medal o
components on the most complex chip available in the market had 1997 1EEE Founder's Medal il
about doubled every year. He boldly assumed that such a rate 2001 Caltech Milliken Medal ] u:m
could be maintained for the next decade and projected that the 2001 Chemical Heritage Foundation Othmer Medal (|
complexity would double each year, going from sixty components 2002  Franklin Institute Bowers Medal N Eﬁh’{'
in 1965 to some 60 thousand in 1975. While his goal in making 2002 Presidential Medal of Freedom — 1
this prediction was to promote the idea that integrated circuits were 2003  Elected Foreign Member of the Royal Society of Engineering %’
the path to much less expensive electronics, something that was not (UK) c
obvious from the prices of early integrated circuits, the prediction g
proved surprisingly accurate and was named "Moores Law” by Eleven honorary dactorial degrees

Prof. Carver Mead at Caltech.

In 1975 Moore extended the projection, but with only half the
slope—a doubling every two years—because one of the important
contributors to the original had been exhausted. The industry has
been near this new projection since 1975. Today chips contain
hundreds of millions of transistors. One of Moore$ colleagues at
Intel. Mr. David House, proposed that computing speed actually
improved faster than the number of transistors because the
transistors also become faster with evolution of the technology.
He estimated that computer performance doubles about every
18 months. This might be considered a corollary of the original
prediction

Participants in the industry generally recognize the need to keep
up with the Law's projections or fall behind technologically. In this
respect it had become a self-fulfilling projection.

Continuation of this unprecedented trend depends on continuing
technological advances, especially with respect to making smaller
features, We are nearing the limit of conventional lithography.
Even if we succeed in getting around that technological barrier,
we are approaching molecular dimensions and must contend with
a variety of new phenomena. The fact that materials are made of
discrete atoms might soon limit our ability to continue to shrink
dimensions. Moore's Law will probably continue to hold for another
decade or so. Then the slope might change to a longer doubling
time.
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