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Abstract

In order to cope successfully with the highly integrated information society at the 21st 
century, it is said that excellent and various R&D, which themes range from hardware to 
software, such as high-definition television communication system, super high speed 
microcomputer, human friendly information processing, is required.

In the middle of the ocean of the information from the multi-mediated huge intelligence 
fountainhead through, for example, internet, users have been requiring the environment in 
which they could obtain their truly crucial information and utilize it to their daily life or business. 
So it is necessary to develop a new information processing technique, especially R&D of man- 
machine interface, which connects the human and the information processing device such as 
personal computers, and more over, system interface, must be executed from a new standpoint.

As one of the breakthrough to the new R&D which meet the requirements of the times, this 
Leading Research Committee (sendo kenkyu) focuses on the field of the function of the human 
brain, sense and perception, searches a new concept of information processing device which 
has a thoroughly different architecture from the one so far developed, aims R&D of basic 
techniques to build the new system.

This is an endeavor to realize industrially the human-like information processing technology 
such as memorization, learning, association, perception, intuition and value judgment, all of 
which were primarily performed in the actual brain. To be concrete, a conceptual design 
concerning the basic element of information processing peculiar to brain function, and a 
principle of development of the new information processing system, are investigated.

Study of the basic element: The brain is a system which gains the algorithm automatically. 
Breaking down it into the elemental level, the basic element, which has unique traits of neuron,
i.e., super parallel processing characteristics and knowledge accumulating characteristics, is 
attempted to be realized industrially.

For now, a prototype element which imitates the neural networks is experimentally 
manufactured. A thousand neurons are completely connected and made the neural networks into 
1 chip. The chip simulates a information processing network system of a million connections 
with real-time execution. It tries to test the performance of super high speed neural network 
systems which connects the 1000 neurons parallel with each other.

This deserves 200MIPS of the performance quotient of conventional computers. Software 
which efficiently arranges it is also investigated.

Study of building a unique system of the brain: The brain is said to obtain information 
processing algorithm automatically for well-adapted behavior to its environment. In other words, 
the neural networks in the brain are memory buffers to store the algorithm, and brain is a sort of 
the memory architecture type computer. The essence of information processing in the brain is 
architecture which read out quickly the best output from huge amount of information stored 
through experience.

A totally new mechanism is conceivably possible to perform it, that is, an architecture which 
have not only rough conceptualization of input information, skillful fusion of the information 
processes which test their hypothesis with top-down processing, but also excellent output

(ix)



response which extracts required information quickly. Moreover, as for a mechanism of 
memory formation, it is important to make clear how it integrate the multi-modal sensory 
information, how the short term memory is converted to the long term memory. To investigate 
these, the newest technologies of optical imaging and / or functional magnetic resonance 
imaging (fMRI) are to be developed and applied. Further, encoding and decoding of various 
sensory and perceptual input and output are investigated to approach to the information 
representation in the brain, and a principle of interface designing fully corresponding to brain 
function is explored.

This report of the Leading Research Committee has taken into consideration these 
technological movements, presenting the concept which takes in advance in “ Brain Computer” , 
which is the final target of brain function oriented information processing, and making direction 
of R&D.

That is, for formation of biological and industrial models from experimental brain studies, 
the strategies of learning and learning control for the brain to aquire the algorithm automatically 
(Brainware) are studied based on knowledge from measurements of brain activities which 
enable to make such models. Furthermore, computational neuroscience proposes neocortical 
neural network models which construct realistic neuron models to understand oscillation 
phenomena in the brain.

Besides, evaluation of large scale neural net chip system so far developed confirms its 
ability to learn and process at high speed. Further enlargement of the scale of the Brain 
Computer as the first generation suggests construction of a new information processing system.

To yield next generation of the Brain Computer, it is required to research and develop 
architectures founded on some new concepts, or elements and systems which realize them. 
Positioning the issues in information engineering field, and drawing their realizable images, are 
tried.

At the International Workshop on Brainware, there were lectures on recent technological 
movements in this field by Japanese or foreign specialists in 7 sessions, namely, “ Information 
Processing in the Brain (1)”, “Information Processing in the Brain (2)”, “Measurement of 
Brain Activities”, “ Devises and Systems”, “ Brain Computing”, “ Panel Discussion” and 
“ Poster Session” , and active discussions were brought about.

Foreign technological movements about sensor fusion, micro-technology of intelligence 
system, image processing and generating, was investigated by dispatching specialists to US.

A new information system at which the objective of the R&D for brain function oriented 
information processing is desired basically very highly and anticipated enthusiastically, yet 
thought to be lacked a concrete developmental strategy.

However, it must produce rapid progress to stack more of the outcomes reported here and to 
realize engineering application of them.

This research has been deliberated its line by planning and technological committees of 
Leading Research Committee - Strategies for Automatic Algorithm Acquisition in the Brain 
(Brainware) - consisted of researchers at national research institutes, universities or companies, 
and partly performed by the agency of cooperation with outside specialists.
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Table 1.

CA1 dentate gyrus

control 87.6 jt 2.3 % (n == 24, p < 0.005) 120.1 ± 3.5 % (n = 10, p < 0.005)

Rp-cAMPS (100 pM) 82.9 jt 2.1 % (n == 10, p< 0.001) 122.1 ± 1.4 % (n = 6, p <0.001)

calphostin C (2 pM) 90.6 jt 2.2 % (n == 8, p<0.01) 117.2 ± 1.6 % (n = 8, p< 0.001)
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Postsynaptic Glu receptors
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NREM sleep and REM slee Wakefulness
i ---------------------------- 1

Complimentary, reciprocal sleep-modulatory actions of uridine and oxidized 
glutathione (GSSG) at the synaptic neurotransmission sites in the brain. Uridine 
facilitates j -aminobutyric acid (GABA)-mediated neurotransmission by binding the 
postsynaptic GABA receptor (GABA-R) as well as the uridine receptor in the GABAergic 
neuronal system. Similar actions can be induced by several benzodiazepine (BDZ)- 
receptor agonists at the same receptor complex. Astrocytes may contribute to the 
turnover of GABA. In contrast, GSSG inhibits the binding of glutamate (Glu) at the 
postsynaptic Glu receptor which belongs to the receptor complex of excitatory amino 
acids like W-methyl-D-aspartate (NMDA). Similar actions can be induced by several 
Glu-receptor antagonists at the same receptor complex. Astrocytes may contribute to 
the supply of GSSG and GSH as well as the turnover of Glu to glutamine (Gin) by 
glutamine synthase (GS). Glu is biosynthesized by glutaminase (GT) from Gin. The 
NMDA and/or non-NMDA receptor-mediated enhancement of neuronal activity causes an 
elevation of vigilance level, i.e. wakefulness. Either the activation of the 
GABAergic neuronal system or the inhibition of the Glu-ergic neuronal system 
eventually induces natural sleep, both non-rapid-eye-movement (NREM) sleep and REM 
sleep. Modified after Inoue (1993).
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S2. 3.1 (1)-10 Svoboda K. et al.,

FIG. 1 In vivo two-photon excitation laser scanning 
microscopy (TPLSM) combined with sharp microelec­
trode recording in the primary vibrissa cortex of anaes­
thetized rats, a, Schematic representation of the 
experimental set-up, and £>, representation of the record­
ing and imaging geometry (neither to scale), c, Three- 
dimensional reconstruction of a layer 2/3 pyramidal 
neuron (projections onto the x-z (top) and x-y 
(bottom) planes; stack consists of 110 sections, 
512 x 512 pixels each, acquired with 2-pm spacing). 
In the x-z projection the surface of the cortex is towards 
the top. d-f. Cellular responses to whisker stimulation for 
three representative cells. Left, recordings including one 
entire stimulus train; right, expanded views of sections 
indicated by grey bars. Action potentials (lower traces) 
were associated with dendritic (Ca2*) transients (upper 
traces), with two action potentials (black arrows) produ­
cing larger [Ca2+] transients. A spontaneous buret con­
taining four action potentials (e, grey arrow), produced a 
still larger [Ca2*] transient. Whisker stimulus trains are 
shown at the bottom. Fluorescence was measured 
150 pm above the soma and 290 pm below the pia
(d) , 60pm above the soma and 170 pm below the pia
(e) , and 82 pm above the soma and 240 pm below the 
pia(f).

,Nature385(1997) 161-165
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Fig. 4. Dendritic action potentials are required for induction of syn­
aptic plasticity. (A) Fura-filled CA1 pyramidal neuron with somatic 
electrode. The approximate area of TTX application is shown by the 
oval. (B) Superimposed optical recordings from regions of the neu­
ron delimited by the boxes in (A). Traces are from progressively more 
proximal regions moving down the column in (B). Dashed lines are 
the average AF/F during the pairing protocol given along with a 
transient application of 10 )iM TTX to the dendrite. Solid lines are the 
average AF/F during the pairing protocol given without TTX appli­
cation (-11 min later). The increase in [Ca2+], is similar in regions of 
the neuron proximal to the TTX application and is significantly re­
duced in those regions distal to TTX application site. (Lower trace) 
Somatic voltage during paired train. (C) Expanded somatic voltage 
recordings during the first burst of paired stimuli for trains with the 
TTX application and without. No appreciable differences are ob­
servable. The first current injection was subthreshold in all traces so 
that only two action potentials were evoked during each individual 
burst. (B) Plot of EPSP amplitude for the same neuron showing that 
paired stimuli without back-propagating action potentials do not 
modify EPSP amplitude, whereas subsequent paired stimuli with 
back-propagating action potentials result in a long-term, large in­
crease in EPSP amplitude. (Inset) Average EPSPs for the last 2 min 
of each period (control, +TTX, -TTX). (E) Grouped data showing 
normalized EPSP amplitude after paired stimulation with and with­
out TTX application. (F): Summary of mean LTP amplitude under 
various experimental conditions. The amount of EPSP potentiation, 
plotted as percent of control, is shown for all cells under each 
condition. We calculated potentiation by dividing the average EPSP 
amplitude at 10 to 15 min after stimulation by the average control 
EPSP amplitude.
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D., Science 275(1997) 209-213
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2.3.2 (U-mi:^Lfc,k3%#&%&<Z)-e&^f:o #^(c. l-o
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tfm_Lc>WT#%A'o

TU%&r,%6l'3A#%aaA<&&o 6C5;K f>FVT^

(2) #<#&. yrntm^L/co f>KVT^ y^- 

>Kv4')')

c mm*, e z ^ z mm ^ fi 6 < v J: - =, > c mz, f:

-o/ctl'-Sob, eLT^

Z0%^-3^TW:, %#T

A B C

2. 3. 2 (1)-

^=po^^yx*<*D, mmofmww (CAimaao#^ cAs^^e) ^g,o^<oAA^^e

w&o ^#o#0%aaToy^-y%%^0y^±S v^i/>'^id:^ti:!]A#<, iooo^@mo^<$&
£> U'o ^>t<0, l>io-e#&)^Wiir5 J: 9UAt)t 1000*7^ AA^Stf &tfftii'SSbLtivJ; 9 
&8E^'S£LTU5o HBtittlllfflf§jx^7f^ 7 ^ KffflL'^t>©-e*6„ ->i-/XlcA*5tl/c

8S#:©*ti:^EA-E>o Cil;6<Xly->a A- K • -i' >^A'X£tti*t'-S>o E3C ti^Sc:

(f) (Yj) m@Ro#m6o&Aojaw±@^
@?@m#e#&#B%#6LTu&A6eim@m±d<A<%i'C6Taa. Lx,'L%*<
6, c©j:9<i:#@*#micmm&m4.±if6c6^w.

^2.3.2

##6LTkL



- >#mThk c® j: 7 L/cv%%-%#%#&

ca^BLUo
g(Tx m2.3.2 (i)-mA@cAi##mmoB#&ma6.

CAl##:K0@|3{6fcj:*P#%6A^ 
^^TU6o v^-7 7-@m6e(itia#ig$Tm3aT<
^>K7-r (LTP) o)
#g*6#^7T. l$0A^-el)CAl###B^^A^-Wr&C<!:^&ao fmc#L^ /<7

A^^fl^(f^(fCAl%K#Al:#<Ct^-e#%Uo 2/:^ CO#i^(:W:LTP(j:%<^ 

t?L5, LTPOM^C^^-CU^^LUo CAlMS0f>K54'l'kL A#%

T&fX ^^%A^7T6%#®A#%
A^J^b^ T>K7< COck9%##^#%^#ta#A/:Wil@(±^ #H%%m
2.3.2

##«t-f^^mT#aj:9%6®-eab6Ag^*57o ^0/zAKfi, d-T^fh®

6 >7'T&&o

®#®MS^'#T^Xf-A&#G%f&C6#T#%Uo T(±, —

f#&Z##(c%#-e#5®-C&5 7&?:ErftkL
a C 6^6^60 m2. 3.2 (D-2EI(d:#/!r0ef7l/T^#^fl

6&$#%4-70ai3,5-e&6o jf0j:7%#^Wa@'e&ABRM

^ c a.

7 Ka<##%aaw\ mo-f-f ma
a^A^^AT&^o ioo##^±&^, i#o#g@^iooo^±o##
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fiEiaea-Y y/WxAA

* dendritic weight 

anode

m2. 3. 2 (l)-2g|
SRStidend (#K%ii) node (8E/ - K) cell (/hSi-IIHSS) body (WS#) 0 4*?* 6.

MAIf, dendti-O/^
A/xA*T36ttilti)]'C%6= c ft ^&&&&-&*)#6 6#0<to%A#oS c
6^<T#6. %-oT. m

c 6^<T#
а. a/:,
б.

#A9%yDtXT#^^^Tl^6(±T. ##Mma(i#ATab6o V7h0v;ji

L/-va:/?#0m, mgRT^^Uo #m^-KT&#LU0-eaba^ %%d:LT^V7

c. Sffl^n-fevthME

7d -fe y 'V' (Neural Net Processor) I$M[hIS#;S-'> ^ ^ U— Y~t 
tz’fu-teyVr — ’Z&Zo #^7"Dt vlNC SS^lEllTx A##%7; a. k-X a >

5 c t*<T# a« #^01^^) a C P U*<^%^JKT^^t'7;l/d'V

6#&@-immca c t ^ g m u T#&# ^ fiT i ^ a wm-yct .,-?## 
t e, 0^#-em# ^ # a act

&6o #m;fnty'f0#m3g&kl\ (NNPDL)

5ef@$m&%kL

7o t y -f-mcjm LTmmmmt a c a«

y7$^l#t4#oytV -fy?

SRAM) 0 5#0%aT#BE^i% (m2.3.2(l)-4BI), f0##-?#ialOOO#0WStlOO

#%/W h®ytVTlOOOJ2t±0Ay]^^()-#(±act^-C#a}O\ #@M0mT(i^
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3*&9L WJJM

|tt«M*

|ab»

$**@8

mm,o^xns. ~

**T=3-y
70-bX##S# w&vz* c

^>*-3i-X
W»B8 a.fe*£»

la**

®js@s
BS**

;(77-

*Vh7—<7-/<X

Bsiaew-reifiro
7n"tzyy—09 
*yH?—7/<X^

S2. 3. 2 (l)-30 An-tr -y y 7 0

7^a-Al/-7.
a. #Ea#wm##s#&a6amt%, -Y>7vy>7%6'o0

eo/:A, CO^otyf—
0^##®##, #@/<5/-7%^7o77

Ati'blSS-tSo /'f y • **') iff
oy5A.3-^(^>xh7^^a>oVxh)
L. /<7 7 - " ^ t v 6o 2 &#(:: LtaAkk

/tV -7ft;%B$im&mmf&/:a6C)ZAT&a.
^ >f V 7 - + + V V' ^ y e V fi 1 SL^AEKti 3 #Orn^m%^
##/<?/

-fu^xW&^WtW-Ux^r- h • v->>j:*r> > ^TSEiESflTl'-Bo 7 
y h 9-^§iJ®PE]£§-!i/<y 7 7- • / * 'J © 7 ? -tr X1* y h 9-? ./U^LtO'j- F- 7-f t- 

Sito<Z/z6®SijT*5„ t/z. m#7 Fl/i>>ymo7-7vl/ytV&mmL, MWtflti/<$-y<D 
7?tx^ill{|;LTi^0

Kd<&&&0(zx

cmmmf

- K ' /<V ZfikL ^#0 h L

T, @B0@#^#9 0^x &6M;L ^m0M^30M#%#7 0^T#^^fL'5o

CCDt&^gMI# (#^0%#) (:^LT0m%6#^M#"e0#@^9C6}6<T#6o 

W#a^AL/cC6^#g0hV^6L-C^ fC#(;:A;f706&@c#& 

T&6?o C0#^, A^omsm#,

L/:SAM;iJ (4) 0J:9(C, #@f/<#A#ty SJ:D#jl6#A
hk coj:9K#m7'otyif0#^0^



NNP VI PROCESSOR

MMDTO-16 BFDTO16

TC558128AJ-201 TC558128AJ-20 TC558128AI-20I TC558128AJ-20

MMADO-16 BFADO-16AO-16

MMCS
MMOE
MMWRL
MMWRH

BFCS
BFOE

BFWRL
BFWRH

CPLD XC7336
1FRD
IFWR

IORD-
10WR- NETDTO-7

NETWORK
BUSselect IF ADO-3 NBSY

NRST
NCLKHI-ADRS LS245 Direct connecting 

to other chipsIFDTO-7 PBSY
PRST

MCLRCS1 CSO PCLK
XTALOSC

CPU BUS CHIP ID IN/OUT25MHz

RESET Cascade collecting 
to next chip

S2.3.2 (l)-4@ 0S/WH&

-f □ -tr -y IF-iiBSicy * v ft X t y * V ictiS
® CMOS — SRAM -$• fll 11S o h ^ yo 6. CPU (*X h • ti

ISA/<XICLS245%<P<D/<X.
IFRDilFIRIi&iftSO^SHX ZmiQMtei&gtZ

h7-^M3$OfE"^IS^a:lS1"-BC 7°D*-ytF-CD
(PCLK) F9-^O^ci'y^ (NCLK) W#|5|%B%CrC\

f v X I CSI6CS0#
ts x y — h 5 o

e<Df:*A ?v

tL6o CfLb^#9Cth^

LTl'&o

#m^oty^0yciy7AmK^#Ly:NNPDL0K#f##^##(:LT^/=/f#
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/=Uo) mEoyoy^A (j:. f-fwmoem&;aau &am&&

^#f5C6^BM(C3-K^^6o %#####%
ct-oT&^m^/^yt^act^fm^^ao ^myotvyoyay^A^

mmLTuao^. &<#-em#om%tfom@#&om&'?&fK ##fo^o-r(i%Uo 
#m (i. #gi:j;-3Tm#*tia^#w-c&6<, y
oyvA^+^T^^tK^ ^2%. #myoty

yoyo/vAtd#^(cj;cT0#&##y&%&0#m&E#yactT6&0 -eL-c. 

ya /?toy 3^ gat ty a##^m#T# aoAx 
tu3@AT±&o#^/f^^m#yaoT&ao

d. Sfflyn-feyy-OtSrS

CO@"C(j:, m##%T^L/:#myatyy-OK#M^^vt>X^#0&'#'ao CO 
y a t V y- (d:%^0 C P U t (d:M% -3 /: 3 >t y Hc^ # #&# $ fLl:U a 

^-w<t3U3 ct^m#LT^aow<%m;:%ao

^^#^(j:y>y;l/Tabao 16tvh (1V-K) o^^-tl—647-FOg[#([^ 
^O^gB(c(±gE^O%A<#E^^^"Cuao 16tv MO^O%±<6 4 tv

#<x 4tvH:lv^xfi)t-K%tO/<7;<-f. T&8tvH:^0##W<<6

myao
flTW<o M, 0#m^61007-K#%(j:ya-tvy-OMY[:3-K^##^ 256## 
^b#0^L#igya3-K^##)At;o A"CO^o&#(c(lstop#^<#^fi, ^fr(ic 
cT#ihyao mo^LMf&aao-Ko## cy%y^256##) ^6stop#^-^-e^. 

u x^- h ' ;l/-yt^<o
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loadreg^fr □— H • 1/S^X##^
(4.2 £#i@) (t#^D—bflfi©!/

yXX©e9Jn — bteS^SA,, 1 6fi4t§aiWtD-Ft«^ hit-ISo
2see (iH'^F^^a)

0000 [-eg 0001 count reg: L > X X ©IF ij count: &«. '• - ¥© U y X X^
E&l±kyxfCD-Ff5#&count2#%#*&*f5.
m (16BSSB) 0012 4050 3020 : 1/ yXX 0 £ 1 it 4050 £ 3020 £n-Ft5»

initgrp, initrand, initconn if A—y°W^b^ MWSlMih
loadreg ©#&^tl/^X^©D-b@B^^*t).

o0
0000 reg init count init: 1001 initgrp. 0101 nitrand, 0011 initconn

initgrpid:, ?;b-Xim&U;&w&%©am-&^Xb7^b©mmf 
cm<. C©#^"C, initrand
(D7°ci-kZ(DmffllZ(DftMfftZc V X ^ — b 7b-7©5feji(t&fiOTl£©!:t&©(4. 5 #BB)o initconn 
^fiSLEtoicSE^SW-rs^X^a UTWyjlT-x VXX-b • ^-Xto^sIttH < = 7yX7

initgrp ^(16 BEE) 0991 0008
initrand #il (16 BSE) 0C52 0054 1000 : 51$ £ 54 T">- b LT%mtb. * y b 7-X £ 4096 IE8S 

initconn #| (16 BSE) 0A32 00C0 0040 : #@##©&$tg(&t y b It. J&K£«J8Hb 

setwta#^- b?X— b • 7—74V • 7 b VX (wta)
Z ©#<&#. <yjL— b • 7—X4b • 7 K VXit 2 0 If y bffl4f4 y b f"5
0001 adr-sjii 0000 0001 a-lrbjii: 20 If v t ©tf -f > 'StiU7)!i\ M,V© 4 If y b

20 If y b©#-f >^#©T&1 6 If v b-C&%, ^4 -f > - V©%S7 bl/XC

# (16 BEE) 1201 0000 :w t a $ 20000 itES

tabled 7^-feX • 7—
C©#^(±. 7XtX • #&©T@8 tf y b tt7-:/;b©7§ £ £ 7-
b$@-CEBL, g%(d:7-7;b©@ (dt^x^m^xtyb#) ©VXb"C&%.

0010 0000 count-Rbit count-gbit: ©,*;&,% (%A$)
$1 (16 BSE) 2004 0000 0005 000A 000F : 4 offl 5 o^tb©4U • *7 -k y b £ 7X-tr X • 7

-XMtSSBtr
am = #m, E$©am©g#i±o-c&t). 5#Ri±2©#$EEt!iEm©EB^-r#%. 

tablerd^ 7XtX • 7-7>E<frtiU/
C©^ld:7XtX • 7—XVb£^fcB-f ©lt)3t''£o ^©T(5 8 tf y btC7-77b©±^2&7 — b 
WutEBU. E©ttiir7-X;b©7- bEtf btfflSf 50
0010 1000 count-Rbit count-8bit: (SAft)
m (16 BEE) 2804 0000 0000 0000 0000 : 7XtX • 7-X;b*^ 4

E&@G (4o©0)
&m : C©#^^ 77tX . 7-7;i/©3b>f y7Xt V©##6#tE©^(tMUSo -



cell/dend**hfr

t&c:aA^#5. etf^b0##B#mm@&TKK:^fo ____ ___________
bit 15-12 11 10 9 8 7 6 5 4 3 2 1 0
sec base rsv connection mode input number access mode cell/dend
on 0100 0 pla inc wt til l chO tbl rand this ext odd even

base dh^©&$3 — b 0100
rsv ?# h y h 0
connection mode @#©Z— b 2> tf "J b

pla: nJM&.<&> D inc: t> ^— b • Z — 7)1/% ii Ubi'y'^ltol- wt: Z x.— b • Z—tOb £:££#) 
input number Atl'F-l > $ <DWi chl,ch2 00:1 fl 01:2 6 10:3 @ 11:4 flSf
access mode Z7-feX • -E—b©^Zv3>

tbl:Z7tA - Z—Z/l/©3b7-lz v b&^< >^l:Al#LTZ74zA
rand:^-r>f ©#T@[1 Hv initconn^tab^mij

cell-dend AAx ^^>bZd"b (a*c@) C©Hvbl±
n-jvr— ■ /z V©##z b 1/Z©g±iu (£y b 1 6) CMtBf &o W^X,

^zbz^b (Hvb&icfs)

this:titi*#gs, C©gS©S«7: This hV’id
ext: f>b?-Y
odd: #8% / even: (mjK#A©@Bc©AA;m^. a##AAr#ma&6M#(X fZbZ^ b%

z©3?s©4? f y 7, ^nf-^^z.iro-sr, a uW^'-o "< t *,%#?*<:,. ^%©A;,ff >
V &b,r^f?(j:. c -Xiz® 2. .'I;:;. ^ 4 ©A D4i! A©.b * :- * £Eii'd <
M (16 BEE) 4700 1000 0000 0000 UWtjbZA*, 'fWlMHJA) Z\ CCD

assii iooo #mcm±L, 5t.MmfiEfo&u (oooo p
Ig^ftT^saA #-Ct) At4,0000 SScDffljgaA^A

m (16 BEE) 4100 1000 0000 0000 qmtiii&Vx Zx-b
ffl (16 BEE) 4000 1000 0000 0000 C©:@£\ £x-bliU y7)> 0, 1 (@££1-b Vi?7,$)

zx-bz-z;bi±#m^a%^.
m (16 BEE) 4780 1000 0000 0000 0200 Ctlfi, 2 ^©AAdU >7££f7>l?!k 4f»©;t7^-

2o%©^Z>^o
m (16 BEE) 4720 1000 0000 0000 Z-Ztb • Z7ZX • Z-b&fg^

1: zztz -1-bK,
©z bt/A&m-#f b?&&a
£B©^-TJ;5fcA |B|D4##c©#b#k:mw6fl5
A*Wy7y-±©EZ bl/Xli^- bt'/tyx 
— y 3 >Asf#?)fi§o ;£ ;£n Z — Zlb ■ 7 7 -fe X 
Z>ZA - Z^tAl±#m#W@6-C&S. f ©#^, 
A-XMt 1 t”'7 b£->z b^n§©T% Z-7>

i)=T ■

P

P + 1 
P+2 
>Pt^.
P+4
P+5
P+6
P+7

T—-?fis ■ 7i>±7~ 
+-;>>= {0.2,4.6}

P
p+i
f .
P+3
P+4
P+5
P+6
P+7

7>yj, •
«R •*}#»<&»-<£ 5

* Ptt«K+>^roigSi-57" Ku*
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am 2: mm*- k(±> mm<DTQm& (pia
❖$x-b • (wtt*7b),

^X- b • =j—f)\ • 7 b b7.©gl!H >7 V /< > b (inc If 7 b) 
h' v b 6s 0 v^^tDBS^x— b

%o wt Hv b# 1 CDBtli, H >7"E U \Z.mULtzt> ?-- b • 7- 
^X- b - 7-7A©#7 bbAld: setwta # 

cell inc If 7 btf 1 Tdt, 6
0©=k-5 C, ^©HtTffiStT bb7&@#^b7V^bbf& 
W@£©8irm, -fiWC, inc tf7 b&lCf-So

celMb^n-eror^-fe^
i n c fcfy b = l

2**>roMStf«3
7 x— b9—7/b

3»A©wia^te5
b 9—7/1"

e-KKM0

setwtoTifiii5 
LteT Kvx"

i n c fcf y h =0

£***#*>«;>
9 =— b 9—7/1"

cell #*<Z> i n c Ify hOSb*i7)EM0
logic >j>m.Ati<Dmmmm
C ©#^(±, 1 (buf ❖ inv) , 2 g»©eigi#m (and ❖ or) , 7 U 7 77 D 7 7 (dff
❖ raff) &#'J\©R3m:*%f&.
1000 logic mode celt/dend logic:,mode: A'>;££, KF cell/dond: £.RAS dend & £ 1

reset 804X #lfO output

set 8F4X 25IZ1 output

buf 8A8X IESIe input output

inv 858X Sis input output

nand 87CX NAND in1 in2 output

and 88CX AND in1 in2 output

or 8ECX OR in1 in2 output

nor 81CX NOR in1 in2 output

xor 89CX XOR in1 in2 output

rsff 84DX ?P7?£LRSFF set reset output

srff 82DX 7P77&LSRFF reset set output

dff 8AEX 9P77##DFF d~in ck output

rscff 84FX 7P77##RSFF reset set ck output

and3 88CX AND3 ini in2 in3 output

©Xt± cell/dend T-^-fhf 3 = If 7 b 3 ip F>^l£© cell/dend tlSK&^-rSo

m 1 (16BSS3) 8A84 0000 0000 cell (00000 Stt) *b dend (10000#%)
m2 (16 BSE) 89C0 0000 0001 0002 XOR 0#%k 1 SittfA*, 2 SifetftiJrt
&m:dendm#©@a&, 10, 11 (SL, SH) Tb"</I"A%^5. dendAA©#^K,
7/W7©l/0-C#m^#%^iT,& (SHby7f±@/W b©#agt,#^#j:) .

dendreg dendS^l/i'X^lCD-H
dend m©7 A-7 7 b (8 If 7 b ©#»###&) tt, b -777 ®-g|$T*ffiJB LtUSo Vi <-oA>© b v 
7 9C dend l®7^fi' k'f'fSD-FtUo C©#^&#o if A D 7< A < 7^%^ 7 b 9 — 7#
#Brf g&.
1100 reg 0160 10# (€r# hex) rag:Vi>X*#*
m (1651*13) C3480020 7 b '> a Jl b • b^l/§f> b 7 "f b © 20 #% (10020 #%) ®((t t
&.
&#: ,I©i&^'T@m-eg&bS;7fW:0,l,3,8,9,A,B(by7f*©#Ui8##©bZ;7f)
TtiT8 tf7 bCB“ b^n-So
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errcell/cntcell -tiM* MISSUS©^—££ n — H
##©M@H:Mda, err##k cntf#^^, »®S»*^D-FtSo 
1101 0000 0100 0000 (DO# hex) errcell
1101 0001 0100 0000 (PI# hex) cut fell
m (lonaiB) do# iooo
ES: ^-*65'n-h'£toa©ti:<I©tiKr©9gfirBt©JB©im©?5»J"e$)a = a^?-#

clrwrk/break/stop
dn&^ttrD-fe^SJffllofeftCfllv^ftao clrwrk b*9 7

break lira-bX©*^ stop fcm7Siesta0 Piffle 3.5 ^#®-&«fc0 
11H 0001 0100 0000 (FM0 hex) <ln,rk
1113 1110 0100 0000 (FE40 hex) break
1111 1111 0100 0000 (FF# hex) slop

9- p?8F&$4!re&a#, <-©&&# ioAg-c&a.
clrwrk ©tg-6\ FI# 0000 ©7 o C V 5.-ffl 0000 £ 1 7- H’6{fSn'ta =

e.

aooo#— 10000#)

C0|@gB#(Z)f:*k LSI (Am##

(c##LAM^Xf-A^#(fpLAo My%AA0mm#A(im^03 TU3

-eomox m*o##-emmi?#set*<^-DAo

LTU6o

f. ££&>
A#<X %0 2cOet^%3^l:^r,/:o

i. v 3 >.

Rl#-e$,S e to &%#&<&set

L/co
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3) WAS&B : 38, 34-45 (1994)
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(1) 1996. ll^S#m###^445. 6
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mia#
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(3) % 8 ^12^2081)-^ 7% (Scias :###B) :EM# ^l#l 0 0#^®#
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(2) 7 td’y h 10077 *> i- L A1000 - a. - □ > £/ X ^ A

a. CtD&A

b7-^^VLSIf

e®AAA^#%-a-7/l/4'y b7-^®#

1. #fm - V >y

2.

3. $i#mm

gn^/i/f v>yw\ /<^->mm®AA®###m®%#j^@9o t>®

wwakL &

=k9l:%6o A®B®##tbb#f6A)6A. AKR®## %±) 68%#®####-?#

'Sretinad ganglion cells®## (S43®) LTV-Bo I407-^Xf-'>3>

-e#mRfK-^-7/i/4y b7-^®##^, fgM®#@T^LT^6o 

±(:^LA^mt*^^-Wrfi(^ B#^»^^7//l/^ V >y^@7-^.-7/l/4v b7-^ 

®##(£n convolution neural networks T'tf L ASSJbie®-E>0 3 91®® #"44X'AoVT^n- 

mm#ai^7A6®^^-7/i/4v c

fi6®—a-7/1/4;y b7-X®#^(i, 4AAxi%A<—

6T&60 —a-o>^^EM%#"e&6o

SiJ|^jM@^-jfi"5 — 3. — 7/VA y h 7 — 4®##(ix feedback neural networksT'TF L A—S 

^c#J®#A(c® 60 S3E® <h LTx TSP (Traveling Salesman Problem) OUtll-^lLo C 

4l3®-a-7/l/4;vb7-^?l±, ^A7"X^<zLzL-o>#k®2#lclt^J-#-6®T, 4A

c®#±A^LA[]®7-?#, ^Tcm^fapDM^/f^f/i/

— a. — 7A/A y h

/”' y X Axis<tf— ~y 3 7##T/I/A V X'A (eft# 4 #5 feedforward neural networks®#

3@®#A^^A6^T^LTW5o >A7xm#^#l)-zL-n>Bk®2#lclte'Jf 

'E.o AAL,

A®i«tiN convolution neural networks ®##tN feedback neural networks®##^# 

& L A2A®#®^ A&#4"5o AAA»L>> modular neural networks<h Vx.-B^'Trab &c 

AJexB^A J; 9 (e^ —a-7/1/4. v h 7- ?£VLSI A 7 Xtrff^ SWAL ##^#m(e&5 

®'C6;H(dA E(e^LAA##^—^-7/bAy

#ft®7-^XA-43>(i, EKe^^#A##®z.zL-7/l/4v f^-f&A###^')
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Size of typical neural networks.

Human brain

Feedback neural networks 
(TSP)

Modular 
neural networks1000-city

Feedforward neural network: 
(3-layer, pattern recognition)

% 10

100-city Retinal ganglion cells

Chinese charae] 128x128 (pixel size )

64x64

Convolution neural networks 
A Motion detection 
■ Line detection 
• Edge detection

32x32
10-city

10* 10
Number of neurons

#2. 3. 2 (2)-m JL - 7 VI/* V I' 7 - ? om#

©#H<h|qIS/N°WxSS (PDM : Pulse Density Modulation) -5 x-f 'J9)l/Wi

1. looom&UiovLsif ^ 7^## L

2.

3.

##<!: L/:—y h 7-^ ^7^ - K/<y y h 7-^"C&

^,o h7-^0^-F7J:71d:,
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-7^4;^ h7-7©y-fA; -7Vl/$ y h 7 — 7 n #fg

b. lOOO-a-nyi/XT"JxfDMftJMM

7 tzy 1000#©-a-a>?

— — y J\/% "j h 7 —7 yXy-A^-^^L/Co ^SL/"czE-T?;t/ti^ 7 ^ — K/<y 7

#©-a-7;l/A v h7-^T?**5> <^©##B—^#d>A@it(:% -o T#{^f 5 o

TV
-y* (t) + 52 wu7j (*) + Ii(i) (1)

y>k*to]
a if a > 0
0 otherwise,

::t\ /tiii#S0-a-D>0Htg[, j,’ (t) #Mt|:&#6i#B©—a - >

l i (t)|iBeSiJi(cjb'^§iSg©-jL-n ^©TLSATrC&So ^ V?Ea] te 7 A n 7"

#—^-o >0##Bajd]M#76^o 4T0-a-n>!i, ±^7^^ 

&o £T©—^-n 7{i3AiL©7 n y ?fc£iQ
##^#T^5©T, S—ai-n >^b©ttidj/''7L/XtiS|BlSgiC^J5Kd:tl5o

(Dvd-yxBK

it (2) £ (3) T'^Jg$tlT©^> X -5 fcN — =l-u >©f*|£P1tf£^IE©J§£\ ^©##A

#©-zi-o>©Ad]<!:%^o ^ci)©^a^ 

2^©A77£t/A7x$gA#m£©8!(j:, L/-h7;l/f77d'T(Cck(9mmL/:o 71:'yh©

yd-7x^A#m©%^©MSBAA

ft&o y-d-yx^aAdJ/^vL/X^&ti^ 6ify h©v^-7"%MA##tcit^JLy:/^;[/%%&(c

d>

®#ttfc =k rXtoS'Jtt 7 77x$ tiA/n°;vx (i, ^iiz:icoR@g§T'inSS ii 5 = it
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hyperbolic tangentmtOJE®##

®(C% LT, COCiK-ed^Bao#^^ LT7 7 C yL &^-Wr&
C6lc%6o

^ (1) T#m&Hy=###@zUl,

N
-v!(t) + 53 wijyj(T) +

3=1

dr
fj>i

+ y*(0), (4)

y,'(0)#%%8m&&y-o m^(112(fy h®7^7. yC7>*Cz>^-emmLTLi6o ## 

#7777(3K^^®/<;i/7^7')' 7A^^, %M#7777^g,0/<;t/7(l77 7#J^A^i 

f5o ma##z)4:(Z)mmg(;k m@l3m&om##(:lt#L7/<;i/7^^7-h7;(/7777 

-WCck^T^gRL, l^@;m@^lEO#A(iy^7@J^, m®#A(17y7m^A^f5C6lr 

m#L-CU6o ^y:, com#m@%(c6l:'y ('®7-('7;l/7777t^#AL, 647<;l/ 

0#^W3&^T#&ck9(:%-?TU&o

c. 1000-zL-O 7777AO#R%

#2.3.2 (2)-2g(clOOO—a-n7777AO#jWtEI^L76 777A^#(1, 20 x 567y 

70E^jT#6K^^Tli6o AT®7777^#%, *0B#:[sl%O7y7'7777777

VLS 17 y 711250, 0007- h (DO. 7 n mCM0S7- h7 7 7 L 70 —o®7v 7

mi=18#(Dmm#:[m%6^Wm#:|El%i:'3#51#(D7777(5)1% (A@Br918#® 7777(3

TU&o

^mm#:@ll%0 7777l%&%gmi-6y:6i:, #2.3.2 (2)-2g(K^L7j:3(:, #Tff®7 

V 7(lW8a#[m%6 777%(3%^mv\ ^0#07 y 7(17777(3%®^^mv^T%#:# 

AS!0777A^#gRLTli6o ^y:, -c®^-n:20m®7y7^##L, 56#®#-K 

^AL"C777A^#gRLTVi&o

777A®{t#^#(:^L7o #-a-o7#(r(ll,008#T^»), #-zL-o7^70 

1, O2O@077772#-3TU5o -jL-o 7^®^(C#m^H61, 008#®7777^(4 

012#®7777(1, WA^m07777tLT#mW#6%-D7H6o
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lOMHzO|)0(d:2

12 external inputs1000 Neuron System

Host
Computer /A

High-Speed

56 chips
■ Neural chips usig cell body circuits 

□ Neural chips not using cell body circuits

%S2.3.2(2)-2EI 1000-^-o>vXf-A<7)#B%B 

^2.3.2 (2H^

m
—a—a># 1, 008
— ZL-O 1, 020
^rv:f-yx#& 1, 028, 160

12
#A&^#12(: y h
IE {fill tf y b

7 l:''y h
20MHz
10MHz X(±5MHz
MS#m: 6 Lfv h%

V ^ 1,120
3.3V
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d. l£ £.6b
7lf v KD#&^#clOO^#0^f7x-e^A#ALY=lOOO-zL-o>vX7A^^ PDM

l"7-f

OOf ^-^^X^^—o-e&^Winaer-take-alUg^&mi^T^&OV-^XT-y a > 

6 ^ L y:##, 10, 000#i@mT& & C 6 ^#E"e # T U 6 o 

mc^L/cckoc.

5o mm0#t#7vi/d'uxAt)^/e^f:^%-e&6o

AM#c^y=-3T, 8^70
cmmA# ;p # w s)

[1] Hirai, Y. : VLSI Neural Natwork Systems. Gordon and Breach Science Publishers: 

Reading, Birkshire 1992

[2] Hirai, Y. and Yasunaga M. : A PDM digital neural network system with 1, 000 neurons 
fully interconnected via 1, 000, 000 6-bit synapses. Proceedings of I CON IP’ 96 Hong 

Kong, pp. 1251-1256, 1996
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2.3.3 v t° a - ^ y tzco'&m

d) ^ > e a-^ 5&

#2-^^LTAA^7f6Z6l:j:"3T,

av:m ^ cm ^ a j c 6 c & -o /:«

#4A^I:<h^TA^e%C6T&ip. CCKAfm*mW-&m#6LT

i-fiSHK L tz z. t ttw -5 £ Tr b tzwc
T^y;i/^m?K3>EzL-y0fJA(d:^#(cAA'r6&ao r3yEjL-y^#H0%W 

iCfcWTj ti-&t^ HEK(£ti<h/VA® tc aE/c t£ VG '
#H#^o#^0#2#YW<T#^UC6(cd;6o f

%y:36(D7;l/y V XA^A^<*>y:x.^ c 6(d:. wm## 

Rr#^#a^#6"3TAT^x.±(fTjo<C6^T#%l'C<!:l:ckt). ?RT#r&6 (^j##

fL&j&<#%w

£tz^ TAoSfqlKtoicS-ft; LTfc , ^tif-^y-S^fjESk

^ -Bo

m<kLT#/c^gT

^WW:7^mc#H##T0'&WM-6o

cmm#^T0##T& 60

r%]#j c#f&2

-30#g%7yo-f 03^®^'3^S3 C C^L^T03 >b°

mu/:Wo m^:#mg%M&3c&(f5o

AFa^SMo^flSti. ^l5©E^fc<h^-©EE©iSET$)-Bo v;b
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^B#^^0*#t@^"oW%(c^Aao y-A0^7^7x-%6LT^ 5

^;c%#(bom^A6-w-^%#^#ao

f%6^o^y hT&a,, C0^Wff##^^TV6 

#A®M0(j:77o-70^(0^65 7 o mcW%#^77o-70#iE4rff-D-CV5^ 

C#^=kD^< mUmA, LT#>LTU < 0&mav„

Dd(y h, ^y ho^y
Vo

(c) V7 h7x7x — 'J x. y V / ^ y h 7“^i_'7 x 7 h

-f 7^-Ay 77 h7x7ii^y h7-7±^##Bl6B(cmA%VJ:

-7i > b t lTft&i~Z ct-5 icttofco UU77h7x7Bx ZtltTcD? yt°^L-

L/VL^/^b—^"etis -fe + i U 7^r Sic(i77 h

Ox7%.-^x>h^om#aa#(D^#%%^<#ALT^t). Mb^0#T r#^#^6

07^ - K^y ^t-o/:77 hJi-^x >

!n >h°J--^{c^-rstffgI^b©77a-7i LT. WWii:OT©—o£3§-/lTV50

(j:, mo##&9m#(i:e®tf7i/0#m-czb6o c^^-ecv <-7^0^771/^0^ 

M#@iC%LTfFb#T#A^ ^yzLT-eflb^m^^-Wr&CtiCck^Tx H^0A#:^t7 

;HbT#60^61^7 6 A# &o -e6i-6A±-C0#8ijt 771/0##^t

m0m<kmm#6'E-0e7;L/0#mT&6o ms#0B^b#%#0m^

0m<w<^0d;7icm/y^x mvcm^ 

bA^6mA<a'0j:7(:m<i:LA^m# 

i-0t77[/^fF6C6T2b6o 

Ctlb077o-f@&6T^#^v #*R

i@@%ti@@fmmA0iimic*LT. ##

&(nc%m^#'#-c6^m#T#6o

C^b077o-70^(C(^ 3 71: xi 

-^7a^7-73 7iCj;6^iC<k5#

W<@#"e&5 7o

(mm##A# # mm#)

V7h0i7
% y h y—y
I-VX>h

y-r->'*;u 
X-->'x> h 
(□db h)

#2. 3. (1)-

J-—V
■{>3-71-7.
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(2)

a.

Al^fltll (Artificial Intelligence)

3 > t: ^ - f ^ A^C^flt ^ ^1: A^0ft6

m#&a63'LTl'ao M (1960^ft@)
ALTl^o e0#g(C3b60(j:##(Reasoning) T&*). Ky^>'-T>x

;!/-;!/) AXW^x-fAliMM^oy^A (Lisp. Prolog. 7oyy

^3>x%7A#am#m^^) (Cck%m&f6C<!:d<-e#6o 198O^ft0AX^##%y-A 

Id:. %.4r%/<-l'y%xA(:ft#$^6j:3(:. 

m#&0#%T&'3 7=<!:UAj;9o 

IM (Brain)

g,6o#%K Agu^aj: ?«

mm, Ob®

#%^) @lW%0y:)6lcB^tf';HI:LT#-3Ti\6o 

3 1/1° a. — $ (Computer)

3 > h° a — 9 ®Ki:o t'>T(d:IIP1W(1){c^#S^. J 4 x > (Von Neumann) #(c

a#^fi6=k9^. m#f-&3>b"zL-;Mi7o?'7A##giT&&d<#;uc. (abem#? 

(j:) ^Ty^7>gl3>b°^-^T&ao 
x/’f-f X (Device)

X^#. ##0% (10 &*$?-?&&hv>

wos(CMos). wos^^iaicaAwao ^

-eii.

c#64"30m%^^^L^0}6<m2.3.3(2)-mT&^o 4-3om5#m±A (A%% 

fb. Artificial Intelligence). B (IE. Brain). C (3 > t° ^ — 7 . Computer) . D (x/^ 

^X. Device) 6Wa$flTU6o 1##X^(j:3>b''^-^C&[#^(hf6X#T$,(). V-T 
7>#3>l:zL-^±CD7;l/d'VXA&aiXj:^Dy3A0^i)#^#jC'6LT^Co A 

X%#A(i. ^m(:^#L/:7;l/=fVXA6W9#^mx..

m^07vl/=fVXA-e&60i:*L. AX^#T 

id:. ^@g(D6nH^r^ti^V^mM%^#^®/:A(D7;[/d'VXA^#^LT#T^6o A 7
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Artificial Intelligence

LTU6.
#2.3.3 (2)-lEl0±## (A 6 0

v hkL -zL-o

h9-?6LTtf;Hk*%T&6J2m#$y ̂ 7-?efVi/6LT0m#&cmA&#L

TU60 1980^ft
T# AI%]

5;L/$'y &-c\

(T/<^X) 6^90A

2.3.3(2MElOT^ (C6D)
#2.3.3

(A6B) 6T^ (C6D) ^^CX-o^60(±, m#%@#

AI%# (A) 6B (B) (Cognitive
Science)T^ao (D) 6f/WX (D) (j:.
#(:#@HcMaLTUao (A) 6 (B) #2.3.3(2)-m0A, B,

o > h° jl — ^Olftt ^ i > *} x.7 (Brainware)(4)i l O M #o T # # L

^6#. yi/^>C7jc76l'3#±(i, #2.3.3 (2)-m-#-/It't,A. B. C. D0#A6LT
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b. nmziMitmM

+% h ?^5o VT/l/fYA^m&^^facefcab'Bo
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LT#^.Tj;^-e*59o
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#m!:]:/t:zi-f kk ^glcZ^Yo^? ; >y6^0^0^##^-(i-j:9^L-CUao

103-



Level 2

Level 1

time i

> Difference 

on Structure

Difference 
on Fundamental 

Patterns
time i+1

2.3.3(2)-2gi

7;i/^v

§o

4") Ramose

#W^0Aa04:(:^@LAAA^f#&f 5AG,, f AT, Rm^^LAMmotAvl/ 

Am^$ti5T&5 9o eA;l/Am#^^iA&6(±, %Oo) o#^(c%5o
r^c^a^gj iryo/

7^>y(:#^A5C6^^-WrA96LTA5o #AB, Ctl^T0zL^-7;l/4;vh®#% 
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#3C6A%#^^5o
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d" V XAAg,A#:^K^L=k9 6f 5 6, ^#LA7i[/^U XAA^m#(c<t5#amAT# 5« 
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(^SA# MO: &)

1) mgA;mA<^3i>-?T3>t::i-f&#iJr)/=;K *^Uj%(1995)

2) NC&iVLSIzLzi-on^yzL-f. ^^(1991)
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C©###l:^f6i&e?#6Ll:©DNA^#^fl^6f6 6x

#A3fU:9o C©C6(j:x m^##t)7

vi/^vXAoi@@#^#^WL^ ir©#k#%#)&

(d:^c/:<m6mR-r&6C6^LTV'6o L^L, m{b6L^#&(:=k&7;l/7VXA8 

#m#(j:. 7vl/^VXA##0/:60#^%WmUo C©/:Ax ca^gm6LTf##%

©!£<£- (G A ; Genetic Algorhithms ^AL ; Artificial Life&i") Tiix 7 n 7

7A#d<m<%6<hc0%$om^A<m#{bL/E-0^#^u^caf(f

(3) ̂ mm^^AtLxom

mi±x i#&f#m<35#^^eT#/:7vi/7';xA0@mm#om#& (7L/^>^^7) ^ 

j:-3Tmw^iK+^"cm#mfG^0##%myx7A(c^f6o -e©##& (7t/-r>7j: 

7) tLTx #^%(ix #mmmic#A3#T^Dx ##$11%

ttteia©7®#jg (AP©IOTt£*£lf)

tLT#A^,^TU6C6(j:x 2.1

T##%LAo C A(ix M
*<A###©m#ms&?r 3

i^i;oTiijoT^< 11, -e©m#©a#A

#m##Ly=i)©6L-Cx 

t)-3"C^6x 6V^C6T&6 (*2. 4.1-4

mm#^##Ly:©^x A#©^#^###

5x i#Abtl^o #K ' J:$;l/

A%©#im'

^#©

C©/=36x

g#^#K • x^;^-£$?*) Ati • tti7<h

(torn

' 'f» <«, • v --/-- --^ “ i.*-*'- - ~ ’ ?*?'■-

1. t;uzTuXA<d 6$hmi#<DI6s§

H8l#fflflaoi4Sa:L-CiSEtolc4xb*L-Cl'5
^®$lffltt:E(7)2S«ji(XE©EJKgi:SJ$E)jr^5

tmi.bLrsetoic^.xbfva'i),,

2. M¥to<9tOM£#Sm*£LT®eiftl::5xb;KTl'-6„ 
2-1.

ttlt-
#¥*Sl

w®Stfi

(&m%*)

(Stm*)

2-2. m4bl=,to-Ci#Ef#$8###U=c<!: 
@;*©3ESi=isntTff»m«*fty. 'rtmtz* 
$3tC93E£*l>5ll-|n]A’'-DTl,'i)i:SB3ttAtJ:A<-iio *)

4f:4. fd. 4* I
emm

2-3.

#2. 4.1-4G
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a (#tm

6#x.6o

(4) &TV

<##LA-3Tl'6(Z)T?&&o

&A A)

m%xm

1) ?. y^yxni/?' i. 7vd-^># (#*7C'trmms:R)

r#^ - g, f#m. 1977#)

2) 1. 1.

1987#)

3) eA?c#

(#%^x#%$4#7^T'7V-42, 1996#)

4) rRNA±0f*#^3b°-f^RNA®#jm-^®igmom#^#%®mjgj

/<U#^fl2, 49-52 (1997)
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2.4.2 • 7-*5L^91^©S2-ti:ftBE=i

(1) JH®3>tTa-^©1ftftf-Ot'T

MO##tf;L/6LT0^.zL-5;L/^y h9-^^<-X(:LT'3< 6^6-zL-o3>l:

6##f C 6"'o %
ot\ y t U<-% « T-+-r^f- + ®^ littftfi—F^xTft

Ltcb cot LTaeSIS iiJ: -5 o

rnMni/tczL-f vXTA®#eN

/eu<-% » B&tT/l/if&7-+7?f

T&53o

6 LT(D##(c-3l\-C^6o

(2) mkomm.7-*7-9T+

a. Mic&v&mm^TJi'

T. ±Tm#^c<

#2.4.2-1 EI(j:mEfrt^l/^|@@(:#6-±(f6C6T, 
f;i/^#6RLTU6o coctkk 

1^3 C6&##LTW^o
b. mmmmcmcKmmtfvt/

— xL-7;l/^yh(Z)f^;f%x 7^-K7t7-K#^ 7/f-K/<')/^E0=k9(z^#f6

"'o y %T 4" 7 V V KE(c#f5 7 V v

ARTCAdaptive Resonance
Theory)C&-j' < $ v h 7 - ?, ART4; v h 7- ^T6 6o (ART * y h 7 - ? kk #PM#0
^lu^bGrossberg Network^&Pfl-£tl&0 )
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HVC

#2.4.2-1

S L T V £ £ V ? SHE T'ab >0 „ t bl^T-^-r kUni^tU ^-K^x

#2.4.2-2 E0=k9(c^

/'- e,fiT^6o

c.

yiH^-BPgJg^TOl/^&So tfJ&j&ti—*.-n 'y^K-Xt LfcPDPCParallel Distributed 

Processing) 3$ ^ V a—XA0at#(C^O, sWs^M^tiWLt LTU€>0

ATTENTIONAL ORIENTING
SUBSYSTEM SUBSYSTEM

GAIN

INPUT
PATTERN

#2. 4.2-2 g| ART^yh?-?
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#2.4.2-3

cm@) eomm^±oi/

6, 6W7^#&T&5o

^-^e —-SlEti^-^e —-5^)6l31^ 5>f<£ 575k -th7"v > ^A/EEtcS-dUT, ^

PDPO2 00 L/<;l/^E^ 

f&„ h7-^LNet(PDP^y h7-X) 6^^

l^ffll'5i|l/kl/©^y h 7-^HNet© 2 o© VKjUD^ >y h 7 - ^ led; *9 M@^~5 (S 

2. 4.2-3 El) o 2o®L/<;l/0ma^m6LT/\-tzL-^&56^%fC6^T#j:7o

r^u 0#%0#mc65o

(3) i2tft®l3Vh'a-^

t)65o %-oT,

'7-+T^^^;5k ^2#ftim!=]>tf:L-f<LLT0##6#^6fiao

tLT, m2. 4. 2-4 EI0j;3^ef;W&(f6a5"'o 

—C0##6LT^ X'

7-+7^^^aL'nd, m2. 4.2-5 EI®=k7%tf';l/^^<C675<-e#5o COEKd, jE6
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Cerebral Cortex

(slow but logically elaborate)

Activating 
factors .Thalamus

Amygdala 
(fast but crude)multimodal 

sensory inputs

S2. 4. 2-4 E

LT, (LTM).

a. > U £ £’<D «k a!CE$lf 5?

amEtm, (#ACJ:-3T(i. Ocko^u

#2. 4. 2-5 g|
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%8:am#±:ammg cpum©i/v%^6U9*^-3^<3^=k

3o
b. mm?yEI.-?om^mm12?

Am©#@l3#d<<!: © J; 3 ») ##(:%

6%&o t;5/„ e©&6,
cxxw^m#L/:6#xxw^fte) ^imm. ^##/j#©

3 S*###m©&-3#6<&WLTl'

—A> y ^atmi^SU^Ki^ gAjFfiE^©k©//$Bf[;£tiTU£;fc&Ht§tttiil < ^ JS

L^L, m©to#&#m<%fK 9Bm©#sd<&&e%u#6w<&&o 
ytv^-%-7-^f#co#@(;:&ago#

#AA© fc&gfty- 0 fc © K t£ 6 9 o

d) # 2 mftmig; 3 > b° ^ ^ ©m#~i% ^ -c
ytV<-X'7- + T^ff©#2#ft^3>tfa-^©##(i (1) (AiB^fJ©

cko^) ##©#A#:-e&^x #^©mmfpmi:j;o. mi#ftd:^a;m^©##}6<mm

(1) filteff (Behavior);#'1 Z>&tzWJ(k'C'&> Y) ^ (2) (ifltfiSc (Architecture)#'1 Z>&tzW$k
-e&6#A m2#ftm^3>t:zL-f©m#t-e(i. (i) t (2) ,<7

±&#c±&©

am##&&-32l/<;P©|#m#Wl'3©##(!:LT8&&T&59o C©#A, @#^©(±,

#© r#m##j ±#m# rm#j ^##^#%7-

L^L, ytV^-%-7-+7?7f©m2#fW#:]>b°^-f^|D|#T©m#k|\ B#

3 >k°jL-^©#%#<#L V' X 7 v 3" I: A 6 C «h& A#L 0 , 4"#©^#^#$^o
(jsmA# M a: &)
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1) t v, voi. 32. No. 12. pp. 1301-1309(1991)
2) ATm:%#m###^2r-A%(1994)

3) voi.77, No. 12, pp. 
1256-1262(1994)

4) G.Matsumoto et al.: "Brain-computing”, Extended Abstract of Brainware 

Workshop, FED-148, pp. 31-36, Tsukuba(1996)

5) T. Ae et al. : "Two-Level Processing for Real-Time Image Understannding”, Real-Time 

Imaging II, Electrical Imaging’97, San Jose(1997)
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(f MR I ) UT-

Peter Bandettini (Medical College of Wisconsin)
and

Hideaki Koizumi (Hitachi Central Research Laboratory)

(i) f mr i mm
Koizumi : & A © 5^ < ©iro(in #(CfMR I (functional magnetic resonance

imaging)

Bandettini :
mic^cTf MR I L/:o

t Ltzo
Koizumi :#&#,/'-/<-KA#TM&LT#&fiaL/:aA 6^6©#^?-#"^?
Bandettini : M¥©n—If >1f±©i^ 6tr-To vly'y%k&m&Z (MG H) ©0 f

Koizumi : C 6Tf L^ ttz^ SBfLV^ ^Wtoo

Bandettini : ^ztlt^^tzOli^Mtz. 0

Koizumi : f MR I ©Iw^Cfi^ £tz-h^MM^^z L Ateo %]im^ 'h
^ L/:^o

Bandettini : y=-3/:—ig^*WTL/:A<o iA<
%%aLf:o L^L,

NIH (National
Institute for Health)©o/<— h • 9— j-—1#± (#%^ a > K> A#) tvx — 

/<- K©^r> » >y#±(3^©A^6%AL-C&Ki@6Tl^ LA«
Koizumi : C©j;9(C 1 9 9 2 tf © 6 ^ Cffliff lTHo©i^7A-^ b f MR I ©lsi5C

i'©Tt&? C7^X3>v>E$4A#, f LT/\-
/<_ FA#©?"^ ztty

Bandettini :#L<W^(dr, A7zL-^3>//<7-^3>, Tl/T2#%. PET
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(positron emission tomography)A £\ t > h £ r> izT~fu — f^ilt

Lfco LAL. €-©4l'C\ SO©#x.^'$ > h

L/:o
Koizumi : f">B£. 'yKf-4 7-Tr&£ tz-fotfX'-tteo
Bandettini: #rLl^g^a^6£#(:(d:.

U60 fftf'fk i-
£'A£'A#Nm&#=U'©Tfo #.

Wp(c.

(2) f MR I ##&%
1. h^'sZzrj y^JtiJf^- (#e#%)

Koizumi : IMR!©#####^##?#/:©#. %©S#£NIH (^g) , eLT7 
77A#±©'?y?xT'7:/?m%#r (MXV) ^£^<jb^£mwafo NIH(c 
uy:o/<- h . 7-±-1#±(io> K>A#^mi9.

(:m-3T#m©#%^^m6T^afo #©s##gi#m##%%&i&-3Ti'a
fMRiom^^

2©j:-p(:^LT^af^?
Bandettini : g#^#LTl'5/'-/<-KA#£'^X3>y>E#A#K:'3(''TTfd<. #

x.Ti'e6muafo ^-LT.
#mM%#m##©^a-mL/ch%m^mL-c^a-#-o c©*ga<m3 
@gT. #(c/\-/<-KA#©MGH(i^©^T##(:#W^^£m^afo m 

###?/:< $/L©f MR I#m^##/fLT(iua-#-^o 
Koizumi C£^. 4"#©^#^##

©^jg©#TL j= 9^0 MR i
-5 6LT&, K#©m^m<-C6T&T#^^o #3##^#©^^

#W&#JDALT&.

Bandettini :%id:#^f©j;3%Alq]-ei)cl:^#/:U£%-CWafo MGHTWS## 
<kLTm%##©A4-3--f:f?- hf 6(tW<£Tt)^<T. ^©^61:^0^^^ 

LTt^:©^%#Tfo #*. W#©##L^LT.

af:. -e-5U3#g&fF9f:U<!:,B(,'
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2^0
Koizumi : < h 5 l/Xf-'j '>7° 0 A V jr -i — > (&$}#%) h ^ o Z. t & =k < If 9

8m4#&o##K i&K m:#, #

y 7LTU&fc#0##Tf ;K 
r,T^ & 6(c±#c#@K:#gf-s# 6#^.T

LT^<0-C(i%^TL j= 9^0

Bandettini : < h y >XxV is~7l) A U tm — >^ i; $ icx ^ © <h jo D /f <h SU ^ ^ 'f" 0 yr.'^.lz

Koizumi : A < -€-© t 9 0 tr'^feo

Bandettini :^<©^KmA'^R$#6m-^(!:LTf MR I (ij:V'#A<hmL^fo 
Koizumi :mmiCfMRIf^h^/77/f-©#K.

fAB©eS©^SCoUT, 7-thf v VI#A# 
(M I T) Ly:^, g^#^©j^ - A%

Bandettini :
Koizumi : * #i#f"<5, ^ < (DM'ftSf^tzfzilfM^ -o fzfzifU'ht^k.S

4-aT0^<0%m#w^LTuafo #(zm##m#©ck9 
A^lA< K@L/: V -y-a<<H'9 LT6^#"efo

Bandettini : ^CDt&ty'C'ito
Koizumi : &%f:(ae9^9A(c%&©T#%l'©-Cf&?
Bandettini :4-ii^yf6Tt)o -eft(d:%©#^g#-e&^T,

iSotl'I to g-fli^ f MR I 6tzlfm^M^>tzh'’tM^'>tto

(3) mrnm^rnm^?
Koizumi :AWH©fMRI-C^ 1.5T(1AX7 = 10,000^X7%) ©Ut»^6ig##6^ 

3T- 4T© f MR I ©^@K#-e&5* ; -71/
-0-y/i:Vi/#± (;4;V^A^) (d:x 2dvU:7TlcMf:U<k#-oTUaf&o
4 TCoUTij:, 6A#om<b##^K^#4:0 6 #g©^g^
f3T-#-o 3T(:"9UT(j:, jEm^m^(j:aA-eU^#Ay,A 3T©MRI^#5
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Bandettini 6, ^fWR##©S/Nlt (#^*##lt) BOLD
(blood oxygenation level dependent)n y b y x b kliAL^y©t?Ac?&flM

A%©{%#%#^ (Tl) C#bH
-o©&Aa9g#^bx

*-#l:';l/#±©<!:;:5#. 4TT"#-TIC 0.3-0. 4mrn©amm#fa3 7 A©j%^ 

TkL 3 Tomamm (BP!: echo-planar imaging) T, ®{C 0.6m©^FB1M

L^L. ^^^##c-ouT^am#^b@am#^©#ff(j:mm 

am#i:w <©&*&<&% afo
oc,'m#%#m) ^#jmf-ac6i:=k^Tx am#T&imm##(;:&#&^<©

Koizumi : 607y o -^ A##

Bandettini : •€" y 0 £ bi^> aMI#©$A:#(^My 6SAR (surface absorption rate) ©

am#
#m(izR.m©Bgmmt L-cme&fiTi'a©-?. -j8:K:K#m^m^a<, m# 
gm©m:#ai's/Na<#&^&6i'3C6-e-#-o

@am#^m-cm#&9%s/N^##^m&f 5©id:, mm
^#3#%##A©^(:^r)T#^-4-o 4 TT/<- Ky-^gOQDn^;!/^ 
^LT^#^#6©(igm©#Tfo 3 T-T&#LT##-CK6%a-&/Lo 

Koizumi : #m- %#m©#A^y^- t'^Lcmam#mm©e^+^gi#ai'#-c6id:@ 
m/:a#3 Z6-M-&0

Bandettini : ^#6, ##L:^%L'3'36& f MR I ©^WT.
C6d<&03fo |s|#

C. ^#©M (artifacts)&#bfi#U©-C\ @i#©lW#{(:(d:+^&m^g 
ctTfo fMR i©+^%g#%m%LK#bay:imie^mmf ac&

till"'i i>X(Ci oT ■fcilGil^tt^r ti b A^ yo
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Koizumi
5^0#JC % % #a om#d<6 66^3 C 6Tfkio 

C6T[d:6^^-l±/Lo

(4) Efc&'^X h/x^yV A£;£AT 
Koizumi

7 fV A0^lj^^ L%m(f ^ ?

Baudottini : $\z.\i''—KA^T"7>tw — • A—-i$±<h—IjlC^ofctirS^db 0 £
fo %#7v>h>A#0Xfw-7>' tz-y-V^^ttPETA^^y-fA 

Ly:o f MR I (j:PETj;l9
EPR (evoked potential response) d; D 6 ^ 9 C 0

IB^®/<7y^A(d:PET^bem^^/:^0^<, PET0##0#@ 
^-ei^&^xHcRB&frruaLf:,, L^L. ^O^-p^/^^y^ACMb^i^
j:9%, 20-30%>^yxy^^V\ #02O-3O#imiH&L%U6l'9mk;iEL#

<Tm%m/f6mt)trCL^0TfAA f MR
yxy0$#mm6^^fr#^. #%<b&m62#T&mg;<msT#a
"ErLT,

/<7fXA(cLT&, %##^#A^EL<mW"3V^6#a^3-e^U6#(c.
LT#&c6^-e#^fo %*®yc^A?

(ilEIScDS^I^tsiid<T#£tir/vTLtz0 Ctltziffe/Jx£ft^ij©—r>frtit'

&6C5^-%]6C6A<-e#5(D-efo

Koizumi : ?£ •€> ISiz'o

Bandettini : ^3C#g^:0(±, m%##T#U5U5^%-?%$#&^&C7>yAC^;t 

6#M^g6Ll:^6C<!:-efo $3(c^y:.

f^U±#^##T100 msd--y0#<!:%oafo
Ac$) ya v ^m@/<7y-f Af: #-?#%'Af\ # yx AW,gc

Koizumi :#%%/<7y^A®aiJdiCkl\

Bandettini : ■£<£> biStyHiTo
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Koizumi 7l/yv

Bandettini : X 7T^fctotl^-ti/vo

(5) *3©*$fciStt<!f<D£fcyj&'?

Koizumi : (7o>f'(7)

#^7^-X6 LTii$ &%< l#6<

LT. A^#B%f 6 & A 0 6 L7 j: - X A 6 El' a f ^<0

Bandettini : ^6 -9 A £ S V ^ Xo

Koizumi fMRI0#^%ii£'O2bA()A&60XLj:7^? ^JA(AE
##^4:^6 LA#Em#g^#6C:£(d:#

(d:ALT#^%£#A&0"eL * 7&0

Bandettini : ##(:oUTX=f *<, EOSESMAltSJMA^US £;: £>T'1"o tt\ S

LA^ A0XA^'#
TLjzOo ftU:.

-3^0. igAf MR I Aj:^T#m&#£#§r
fMR i WA##-?v

k° >XA(f? A < . c® X 3 AE 6 A^A# A A 4T#m^

#ATua j:9(c#e$fo
Koizumi :#^A, EAj5(±6#m@#£mM^#^O^#^O#%(j:#mt#J0m#A

Bandettini : &3l:%A%a<#0XAyX£LTa#LA#:Nf%&%l'0#<m#8><Z)fgm
A £ St ^ £ -to < MM > £ u •? SS©SS^ if A b A VT' L 9 fro

05) A^MgAOd, ##A#^##£.

-eLTfMRI^i:^-C^a#a##(D^03;ziJ:X-7 3 7-efo #JA#\ -u- 
7A^f^X (v-^^###^^r) O7V%h7'3^*1#±0j;3A#^f06 
0&m%LTU&AkL 2'7i)-3Tm^#$[|LA^
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%-D-C#^fo m&&m%LTl'&#W:A4 AT7;fn-

a/f/f^WMRI&#^Tl'ath4,o ^©cko^A^tOn;^-

>r — 's 3 y^AWf t -1U'£ir0 £ £ lz<$■$&£ o tzlifr <0 t SA& Tf* L <* 7 0 
Koizumi : h 7 >X7> y7 V A ') — ©119 Hi c A-?^ Lfcfao

Bandettini : tiV0 %©##=f—C0I®Wb13 ; a.—A — y a >©n ^ ^—>r~7

Koizumi A^©m*'e©7a>T^7Tf^o

(6) ffij*'\©sn
Koizumi : fMRKi. CtUi. m#g'

mm-mm#

< 0BG#ma<#6frr < 6

Bandettini : iiV0 ## - ###(: WmM%77c-f^#6m6fl^fo mtfSSfg

7^Xl/^y7 (dyslexia, Tld:, #5###:^
(MT, mm^s|6#g) C@mi:A6

fi&ckoc,

£tc^ © < fu3l^©Rf££M^©C t fcliL©tii£tlT©£1“o £

Koizumi
Bandettini : ^ < ©A/^'ltg^I? i#x.Tt't t«= SiAESEIf_®JSS7' lv >7y

(7) $6[c^*/\|p|(^T

Koizumi : Hifi&g £tlT©£7 >7 7 fatitzltt 5 tlfci^^T©

Bandettini : 7>77^#%^rT©mm(i. A/rCctf^
©A^^#l\T©a6l'9 C6lrUy:o 

c«k^<-xc^<©a^Tir^6o

@*^%5^6T7TLTmA6C6^AtnT(±iZ©^6#L:$ L/:o ##]©*§#,

Koizumi : C7#%$#lT© 6 <##z^> (complex systems) t © 7 i)0lcol'Ti"0 J;

7 (C#C^ L/=^? %*^6#%$$l"C©6 77X(caotic system) t
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Bandettini : LT jo D,

>/AT'Cft£ fc@autSlgte&Vo WISi:jboT, ^oif

i9iij% (emergence)^ # X X idJrb^T fc-o £

(robust) fx
Koizumi : £jl&Wd\ ##&aMiJ::/l'nt:-£. #!g&ai4i%.$vl/^-£U'O%o0

^oja. ^0^T, m##^£B#m##t#W<0rij:<a^£#^Tl^fo
WLWZki)'' bSij% (emergence) Wicjl, jo jaT < a £#/Tt'ia At)* 

#U?f-jao £ Z 6 T"'SSti#5fc|f ti a £ E V £ ■ft'' ?
Bandettini : ?Ati3/cSI$0SSgLTV£f-»k %>L,

@xa £#m^i(c#joj%a(>0T^ y%f-Ad<§ ^^ma-a@@£#XTi^'#-o 

Koizumi fMRI0%lc^60(j:^0j:3%^m#

ffimi'af-d'?

Bandettini : o —Ajq ^oTF'-^fa* • * ^4% Slfc© ^&Iro @ lEa-i] jo ii: A: £ E V ^ 'fx f

fMRi/NiRS (&#f(.^)^y- 

fMRi/MEG (m#M-) £#-oj=ma-Aj3e-e-#-jao fMRit^© 

m^jo-wr-etL m%ejk*F0/\t/D «

f MR I £ M E Gjotir-e(i> f MR I ©M#©^6}##^#a £ £ j)< 

T#6—MEG0^-ei@W^^M#^#^££*<T#^fo 

It$cdM if b -? £ =fc (. 5ft)'' -3 %/ -S "Zr L <* 9o 

Koizumi :NIRS^y-^>/, #^b^/7X^-l:cUTtd:^omjojT,^'#-^? 

Bandettini : )fc h d^/7 7 ^ jo<jo<$-tiaj;io ^ #—(C#{b^t

Xo tf > £iS%y\:ey n t: ji^f ^ g,. Kib^#£

ji^o £ji(if MR amg%#^D^Xa££(c%

a-rwoo vTii/f^A-em^m^b^mxa©^

^T^M#M^%ac£A<-e#^fo cjtkk 

y xt A x A a # a or##^ab a © T c 0^&^^o ^ r#e L

Koizumi :

-123-



Bandettini : f MR I

Koizumi : |=I#&###T"C\ f6j%££ L(C|ftl^

Bandettini : t'C.'X ^iSffl^'afe-ST'L J; 9o 

Koizumi : t i?K

Bandettini : -tfO<h $>—Wiiz-ptO tz^'il:"i't3io
Koizumi

(1997^2^5 8,

P. A. Bandettini and H. Koizumi, ”7r I

INNERVISION, 12(4), (1997). (g###tb, Tel: 03-3818-9821)
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*-9- K&1R

mUL $iJ@r, #2im.

A^-C^2-5mm03^T, ^

< wcj; ^-c^o. sm^Torna^o^ 7 A ^

##<&#

mcao, 6„ ernm^mm

<k 9 cAm^*±c < #w &« m^gic

^/:j;<^-3-CU^U6C6^Uo

ic, A»iL-c.

& 5o Sf&I^MR I (functional magnetic resonance imaging: fMRI), v h

n >CT (positron emission tomography: PET)

&^f9\-it^ ^ — 'J y 7" (near infra-red spectroscopic imaging: NIRSI, or optical 

topography: OT) fr'&£0 ##(C PS IS (p#) (electro-encephalography: EEC) 4'b

MS##ff(super-conducting quantum interference device: SQUID) 

fcpSlH (magneto-encephalography: MEG) i)<$>%>0 C tl bOA'/SIro^rE^ LT> SS> APa!

mm -

(functional magnetic resonance imaging: fMRI)

%*®^^hocT (?ET)

-c, m%0m^##(d:*<7 7 7T-(c=i;-]-cmuai

£ tltzfr, 7"n 6 C d: (blood oxygenation level

dependent: BOLD %^) &##LT,

/:o #& *&g^Anmem&
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<,c,'a/<7fx A>

mW2#0@#&fXl'f&%&(:#,

^ a/:EIB(L-T^Rmc#^* W:EIB<h 0^-^^ <h S@mm^/<7 fX AA<J: < #m ^ fi

SiniaB -iBo

<lfy^'7xW^ff>

7 xW&3 BS£l> 'y IS <D-&^&MUK$5fctltz3-~-9 Uffi

%mfo X7V7^;i/zLT%#A#07i/-"y;[/7> (#%?0^^^-^a##Ty-<;i/*)

^ j: 7 % t> 0 L, #B&M-?M0#J 1% %) 1 ^ @ A Bm L T ^ 5 o
<##?& (complex systems) >©@^:^-Cl tl^b© 7 n >-r^ 7 ftM&Mz-tz g
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ss

a^M^mA-c^^rntr^g

m^g,^6j:3x io#@m (#^5$, M5^mm) L^L,

K z 6 & (f e & & „ a

/=*y o ^ J: ^ h6&B^^Tio

d<?m*fiao j^mac

d<##T&6o c®j:9%X:/77Xl'7?^-r(Z)##W\

6ZT%)W%-r66o

wmu-c& oa ^%j; o61^oA^ 3#a^

L^o
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S4S





4$ trttf

L^L. f##i(d:A(:^?#^X6C6A<6T&66f66, A 

(hONmcjoWT. ##&<k3/L6C6d<#e-r&&o 

A#yo/7A0 j; 31:7:3 jL7;t/i>Ml:%-3T#&&fi&0"e#%:l'0T\ #%07— 

zLTvi/ c^a/7A)

%V^o
6f:)6l:(d:, AC% e^0

kk C0yi/-^%;l/-0WA^#^M<!:
^^3 >k:z2. —+ -^03 >t: a: —

llEO'/nt y If • <—% • 7 —4-r ^ 7-^07 *'s J -i v >In > t° j. —7 ti"/n 7"7 A

(:%-36 0 3>k:zL-^A<#Ae/zAC^yo/vACj;^!:? 

^jL7;l/^-fF^6C:tT&6o 73.a7vl/#3>l:a.-^[d:7Z:a7;l/l:(d:J&

^m07vl/^VXA (#) AA1##^#X^##-#-^/:360|%&6LT

0<&djAf5o AAfac6-e#^%m^L:, 7;i/X-XA (#) a<###b&o C0«t3
tv- ' <-% ' 7-+7^7f 0#/77>#3>t:^-

CZT0/1 v
c0$#M%m#3 >k°^.-^0 3 Hd:.

7;i/xvxA^@m##f6mA^fX3h^^y(d:,

&%) y V 3 LT^

#3L M#3 %^0yntyy » <-% » 7-77^7-^071 >777>

K % 6 % %^R0 3 > k° zi - f 6 ### C#f lA < T& 5 7 o

A^##% (^&#%) (1, m#3>b°^-fa<7;t/:fVXA;&8#m#U 70##f6 

7;l/3*vXA0g8t"M^@#^-e#6#lii& (7"l/7>^j:7) &B70&00#3S(:j: 
-3T4)%<3^cyac6(cj:0, Mvxf-At L-C0B#3>t:^-^^#^M^f-6/:6
0SI@^r> l' ( o^O^jS^ fco
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wmwm-tim e v
swaa z v

$sa gias^ i v

xjpuadv





a. i 9tmm$L

mi mm

1. M S B : « 8 ^ 7 J3 1 0 g (7k) 15:30 ~ 17:30

2. M#*Br: cm)
3. ft & m:

d)#m

- #ma (mm#)

- # m e# (mm#). mm (mm#) . #% (mm#). (mm#). ms
cmm#). (%ms). sm (mzs). No (5y$mm). i## (s

mib#). m± (#±m#). i^m. mil# (a$mm). /m (a&). 
(^/+-y). #* (#@ftm. a^). *# (amftm. *@R#). 
(#?#)

(2)m^m##

(3) NEDO

(4) $## (#K?m)

E#*#

Hsm^i-i

H8BR1-2

HsmKi-s

H8BK1-4

H8l^Kl-5

H8B^l-6

H8MK1-7

4.# $

(1)## :

Subsbiis. mm. see

W7^m#s# 8%%^#%#^

g^9-^yay"/ M#^B(^)

Sl^-fl/ay^ tvya>(^) 

5^9-^ vav^ m#m###(^)
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%. hmm^gmL/c, 6«

' #%(ck 0 6 L T±(f ^ 0 , E# 6 (±

M^E "30% 0 &o

(3) #mm^

(4) #%####

m# Hsmm-i 9-^yay-y^

$ w:o

(5) f gR 8 #g^#e%K-o^T

#m#m ($?m)
C0^g0c.-X^K#

<5 o

*B^#RAT##f6o

#¥£ LT9=# z -= tz0

gC @ v^E

(^2-3B@m o 

^9-^ xa yVCol^T

### ck D ## H8SmS1™2 ~ H8$g8:l~6 ^ 9 — ^2 v a v 9®

C 6 6 L/:o

ma c^b^) ^ms^-a-a, -3s## = $5&#m

-f? y v 3 >2A. ( 1 &) (i LeDoux, Goldman Rakic, McGoughi§-JS;©|III
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(RRA) : ####

• -fe y ■> 3 >2. ( 1 4=r) Aertsen, Singer, Abeles#&®l#T3^#'#'

-1 v y a >2B. ogmm#### (2g) (##A^## = mm##)
abt-2## = mawM### = mm##),

;nm i#*& wbA^##:####) 0m^r-e^#f5o 
K#

• -tr y '> 3 >3. (3^) tiKoernerS, : &###) >

m;n cmm# = ##). ;nx (ATR = mm##) a„
t y a >5. 6o ms####]###-',,

• -f? y v 3 >5. ( 1 £) KochS, (^## : teASSS) >Leon

Chuaft (fr^fllS Calif. Univ.: A###) Poggioft (3C## : %A##

&) om(&T^#f6o mmmmm# (s^)
##) . 4^# (m&A : ##) . lii* (NEC : 153###) 6

p;i/i± 6A5C6C

L. 7 ^T&a65 C 6 K L Ao
£1 ±
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W2 8 4# m 1 mm

f ^ 8 ^ 7 ^ 3 0 B (1&) 13:30-15:30\.mm b

2. mmmwi

3. titi s s

- #m& #m cm#)

- # m #$ (mm#). (mm#), m# (^#). # (#iE^). NK os

m*). mm (s#m#). /j\# (sm<k^). @@ (^#ftm. B&). M 

m (%Aftm. B$mm). im# (s;nftm. #±m). tr# (Bramm.

TEIs)

(2)3

XI

(3)NEDO

(4)#B# (^?m)

H8BA1-1

H8BA1-2

H8mAl-3

H88BIA1-4

H8BA1-5

H8HBA1-6

H8BA1-7

H8MA1-8

\h&
UtEEk #

■M, icffll

M

mas nib, mm,

BE9-^^av^ (#0

SEV-^7 v a yX M'fX;?- • XX'J^-X

@E9-^S/ayy tv^a>(^)

SE7-^c/3vy @####^ (^)

25: ^ci

4.

^7 moB 6^y:o

(1)## :
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tife O tZo

?#g%LTua
- com#?) rB^.#j&j o^-e, ##

#V=l'o
(3)Bg^###

(ZK^) :

gm2fu=;&k h^momerx dcm##?#

L, 9 ^ s ^0?##*oBwa-mzmsM&a t&

±(fa^gd<&ao
b. mzRmm(NEDO) =

#0%##^-^36TU#/zUo
c. m&Rm =

M###74'f7d<@a:aC<h:&%#LTUao

g L /:o
(5)

### (#iii E^M^A) Z«9. *# H8MA1-1 BtfF?-

##) $#CNL?g(8^7^10B(cM#$fiy:R#

CO^Oz.-X^K
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# O'# (C ^ 6660

-^##^®-#6LT. g^7-^V3'yygg#^?%L-C^0. #

£tZ' ###j;DR#k

mm^-e®
mjMf a 6 ®msa<& 0 #m a #/:«

(7) B%9-^ s/ a ^y "/IC-DUT
H8BA1-2 - H8BA1-6 icgcf#. ^-^ygv^®^###^

(8) ^®#

(DsMfrfc-otz o

a. *#g®wm%##. mm.

^T®fsm^®
" ^ t V ®##^r±(f a (Functional Memories) £ 1' 9 60

• Saifi^^lM^fijffl LT. zl-*?4 >^7^-XCDB^SJ(37x-;L/-tr-7^

* L/cfleg^ft© V 5 -a. Is—is 3 >'SrMi^MIE'^"ao

- @#%6U3#m^%^L'3c. gm%A-

- LT^ao-e. a®A^A$<&#3^#Df^#^®@m

- A^tty (L®^Ac6aK#6 LT. a
- LT®B##C&B L. t>y6%^@%6®M^v%yAg*

b. A#®9%^#0-

*^g®#^M#® #t%^4-#® % 0 a&® UT&T® mm#<& r,
S/V 3 ><-X0#%&@AT@jg#3 il'3#gg&%&#&a&

#®0f^N^^®^ (#&)

& - y ,y F ^ Nm#®^ Ld<m;ifL###Rr#
&ATg^,^a^#(j:%^

F&&#a®A<gaLl'o 
b6 LT®&0^

#Kif#^®" m&ma" ^mm#6LT^@fao 
m#w^T&ac6^^. #^R#aLTB# asm) mmT%<-r&@#c
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m%o3uma<mgT, tyo#T0s%

m&5^T#6fl%<T&qraf &C6&#;L6o

*fHzNmLT,

tl&o

b tl^Bo

m ±

-143-



riH8ltS1S$8&&©$fc£SF3£J % 2 ®&m =Mzc

1. m m B : « 8 ^ 1 1 ft 6 B (7k) 13:00-15:30

2. Mm&ar: (#) 6#^
3. tti s s:

d)#m

• SMM

- # m 9=@ (mmsn . (mmm . . Mo (s#m

m . m± (B$mm . /j\m

(B]%). m* B^). oamfta. *m^#). (#

(2) S®SS

xmi
(3) N E D 0

(4) ### (#?#)

ik%
mm. /Mt. %

Hsmm-2

H8^m-3

H8^R2-4

H8MK2-5

f mss#* m i (^)

(^)

Cfny^A

4. is m

-#1#

—144 —



'#3#

-*§ cf

- y - v >y

c©m^c.

- &#@m#&Ax#m0m:m#&A6@m&©mm

• 7;l/3"V X'A©g|»ji

• x^wjSffl©Mat

'a#©x#^m#0^(#?<b) -7AoyLsi©or#e

vs'^D^-iiL'? h nu=A x£o&tf-Stew'd' < D ©i&SEtt

• X-;[/©#%6 7aX%©XX^a-;Wk

gA&XcA®

MteM^kPiir&ctteltzo
(3)S^9-^ i>a

%io, (ftm #mcg*

(#3 0) % 8 ^12^ 178 (A) f%l#30^b^@f^C

£ Si r>tz o

JW ±
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1. m m B : « 8^12^170 OX) 13:30-16:30

2. = cm 6#^
3. ft S S :

d)#m

' #

(2)m#
m

cmm#)

9=# cmm#) . (^#). me (mm#) , mi (mm#) . NX

(nm^:), (%m%^). Mo (x#m#), ;%# (x#<b#), w±

(#±@#), ma# (0$mm , /^m (0^). (0^), 159

(yt--^). (&#fta, WR#) .(1T#ft@. #T)

- #m ($?%)

xi

(3)NED

##

0

(4)### (m?m)

ih%
ME9>

^EX Mg

@s#*#

H8BK3-1 (m

H8BK3-2 (B^c) (80

4. # $

(1)## :

(2) Su@SV:B©BE

(3) ?j5% 8 :

#*#ma=k94^a©###kL
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r ^r-^CD h — >J

- K7'y7^%#L/:Uo

'#fL^7;[/^VXAom^ (7L/-?x;i,-) ^fGm(c(±#g

- g<'0fGm^#L:5O(d:jlg^6

r&Sj

- t g m 6 a

• Z>fr-C'tS.\^&l$-l3fi[\^7F.-tZ.tTfilr'

rm#3>t:^-^j cfuc^-oi:

U6l'6%#m~077n-7A<m;t-C#,

aj;9(:%ao 4BM^77o-f^#^a

i&S^'zb -E>> (h®##^<ab c /:o

%&. ^F*3C^fac6(:L^:o

(4) ^0#

mm^w=k^^T0^m<6-3/:o

%8$m0#E?m-emm3>k°zL-^ - 7-^7^7^0@f%M^cg@LT, 

NEDoms0#&g%a?jEo

%gk K##M^(i%9^2^12B (*) 4:#imoej:^ (M) ####?#

Kl ±
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w-m 8 ^

m 2 4 mmm

1. Bl AH 0 : ¥$ 9 %■ 2 ft 1 2 B (tK) 13:30-15:30

2. M### : (M)

3. as is m :
d)#m

- #m# e* = mm#)

- # # ^# (mm#), (mm#). mm (mm#). (^#), # (m

fGA), (mxA). mm - No (s#mm , /j\# (xm<k#) ,;nx 

(g±m#). - linn# (B$mm), (s^). (^#ftmm:

s^) x lag (#m - = 4&T) . *# (#*fts, $m&#)

[4$iii (a?m) ]

(2)3

XI

(3)] ebsmik :b

E#*#

H8mA2/#4-l 

H8BA2/K4-2 

H8mA2/K4-3 

H8mA2/K4-4 

H8IB(A2/K4-5

4.1$ m 

(1)^# :

ts -S cfc. 9 Ulit^cfc o tz0
ttz^ wiisix

ff(Z)##mmj 6LT.

%8^m # i (^)

f B%8^m # 3 (^)

^g%8^& m&#%#^##6% (m 

%8#m Am#m6
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(2)0 m

16#mmAia

(3)f 5% 8 W: l^T :

ct % # 3 ^ ^

(^) &^#3[mm 16# m (^)

3ibS

£ ### ic—f£ $ tlfCo

(4)BE7-^ v 3 "j ^MfgSt-^VT

(D: m a : ¥$, 8^12^10 0~ 1 1 H

)##'#xf-:#Bij#m if#, memm i5f#(m sm
29f#

197^
279^ (P9 #SA 22^)

0#^(:cUT

rnffmmA#^ r#;n^e#^w c^##% K##m) ,to. irn,
bi-ckoTM^^ti*^n-tr'yf-fco^T. $?ilt©i

^c. f v^(LSlXbjockc;##(D##(cc^T. #W&^y:o

f y-yoME^J ICOUT

#mm J: 0 I: =k ^ (PJ) ? 7 o t y 1# f 'y B M £ L /:

aT##^® ^ fi Ao

mmicNf #e#^ a c £ £ u^o

(7)^0#

T& -o /=„

- mcf< %- cm#f 6o

L%>" eycf< Ip"

Si4> -E>o
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- A<k#T0AIM^-3<

# uut y (zA#A<^omm3:mT# 6 w#mo

®#:#J

h9-f-d<

' If'yyyo^jLy hT%<#@g!0yn^j:y 

' %#Oct9(:kL g-A#0 7 

ISM&c/SMti^b&Vo 

®mm6A#0*f6

- A#6LTW##om##a<m#a&:wac&TU6(Z)-c\ #m
36 btl-E>B©5S^rffl#"f'5o

-gim±#0Xn>;j:f hT##&=N\*<%*x z®^eo#^(±mmo m®A#%

%AA^ 3 o% D #&&<##-? 6 & o
" Z%&-CO###%Td'%D/-zL-d<&TUaC)-Cx C%&&#A##/r<D*W

cms)

j: t). % 9

Tl'^o 
- CO%36|:A

-S Z. h.&5tW~$~-Bo

. 4-^(m#3>k^-^^#:,i:4cm^m36T#/:^ commt&wmoAmAm

Kl ±



A. 2 r«tEtfimi@Er7-1 is 3 v yj

International Workshop on Brainware

m # : I WB’ 9 6

£ m :

Bm&A

* *:

% SE: iW#a#6,

g$#Eiai%#A. B*#a#6

mmam % 8 ^ 1 2 ^ 1 0 B (A) - 1 1 B (*)

12^ 1 0 0 12:30 ~ 18:20

12^118 9:30 — 18:00

mmmm ■.

bSISjS : 7-kv^a >

r#c##aa(2)j rma##aiu

rr^'^f X/yXfAj r|gj^zi > b°o. — 9 j r/'^Alh'rV Xtl y '> a >J

o m m # ise cm ##%### 3 #)

2 9#

###A0# : 19 7^1 9 7^



5^8 512^108 (40
'* — -f—'s*f/~f\/’i- V —

(mm :

(i) c?i'0^7)

12:30 - 13:00
iSiSSSS

#3'j (SE) »;H 13:00 - 13:30

M. Ito
6m

President, Science Council of Japan
rK#j&
"To Create the Brain - Perspective of Brain-like Computers”

■fe y is a V 1 A.
(mm = mm

L 1. L. Cahill Univ. of California, USA 13:30 - 14:20
Brain Mechanisms for the Modulation of Memory 
by Emotion”

L 2. ig'/S
K. Tanaka

14=20 -14=55
Inst, of Phys. and Chem. Res. (RIKEN), Japan
rwtmommamj
Neural Mechanisms of Object Vision”

L 3. ysig mz 
K. Kawano

14:55 - 15:30
Electrotechnical Laboratory, Japan

"Neural Mechanisms of Ocular Following Responses”

3 — t — y'u — 9 15:30 - 15:45

■fe v a y 1 B. ®CDltffi*S(2)
(«* : SIS *- ;e?K«86»®S)

L 4. A. Aertsen Albert-Ludwigs Univ., Germany 15:45 - 16:35
"Dynamic Organization of Cortical Activity”

L 5. mm W; 
T. Iijima

16=35 -17=10
Electrotechnical Lab., Japan 
r (c J: 5

"Entorhinal-Hippocampal Interactions Revealed by Real-Time Imaging”

-152-



* y'> a > 2.
: /J\#

l 6. tpm j]
T. Nakada

WLt# 17:10 - 17:45
Niigata Univ., Japan

"MR Analysis of Brain Function: Present and Future”

l 7. mm

S. Kuriki
17:45 - 18:20

Hokkaido Univ, Japan
K a Yntxc a j

Perception and Recognition of Letters 
- Magnetoencephalographic Study of Human Brain -

y )x

mm %
S. Maeda

18:30 - 20:00

(cm ##a#)

¥ES 8^12^115 (tK)
tr>3> 3. T/^X/vXtA

cmm: 9=# M
L 8. ##

M. Aizawa
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(3) Workshop Schedule

December 10 (Tues), 1996

(Science Hall)

Opening 12:30-13:00

Plenary 13:00-13:30

Session 1A 13:30-15:30 

L1-L3

Coffee Break 15:30-15:45

Session IB 15:45-17:10 

L4.L5

Session 2 17:10-18:20

L6.L7

Banquet 18:30-20:00 

(Restaurant "The Space")
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R

E
X
H
1 
B 
I 
T 
I
O
N

December 11 (Wed), 1996 

(Science Hall)

Sesion 3 9:30-12:05

L8-L11

Lunch 12:05-13:00

P
O
S
T
E
R

Session 4 13:00-14:15

Poster Session
PA-l - PA-13 PB-1
PC-1 ‘ PC-11 PD-l‘PD-4

Sesion 5 14:15-16:00

L12-L14

Coffee Break 16:00-16:15

E
X
H
I

B
I

T
I
O
N

Session 6 16:15-17:45
Panel Discussion

Closing 17:45-18:00
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(4) CONTENTS / PROGRAM FOR EXTENDED ABSTRACTS

December 10, 1996
Lecture Session
Plenary

To Create the Brain -Perspective of Brain-like Computers -
M. Ito (13:00-13:30)
President, Science Council of Japan

Session 1A; Information Processing in Brain (1)
L—1. Brain Mechanisms for the Modulation of Memory by Emotion ......... 3

L. Cahill (13:30-14:20)
University of California

L—2. Neural Mechanisms of Object Vision   14
K. Tanaka (14:20-14:55)
The Institute of Physical and Chemical Research (RIKEN)

L-3. Neural Mechanisms of Ocular Following Responses   17
K. Kawano (14:55-15:30)
Electrotechnical Laboratory

Session IB; Information Processing in Brain (2)
L—4. Dynamic Organization of Cortical Activity   23

A. Aertsen (15:45—16:35)
Albert -Ludwigs University

L—5. Entorhinal—Hippocampal Interactions Revealed by Real-Time Imaging
T. Iijima   27
Electrotechnical Laboratory (16:35-17:10)

Session 2; Measurement of Brain Activities
L-6. MR Analysis of Brain Function: Present and Future   33

T. Nakada (17:10-17:45)
Niigata University

L—7. Perception and Recognition of Letters-Magnetoencephalographic Study of
Human Brain-   36
S. Kuriki (17:45-18:20)
Hokkaido University
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December 11, 1996
Session 3; Devices and Systems

L—8. Artificially Designed Formation of Biomolecular and Neuronal Networks
on Solid Surface ......... 41
M. Aizawa ( 9:30-10:05)
Tokyo Institute of Technology

L-9. A Model for Bottom-up and Top-down Information Processing in
the Visual Cortex ......... 44
S. Ullman (10:05-10:55)
The Weizmann Institute of Science

L-10. PDM Digital Neural Network System with 1,000 Neurons
Fully Interconnected via 1,000,000 6-bit Synapses ......... 54
Y. Hirai (10:55-11:30)
University of Tsukuba

L—11. Artificical Neural Networks for Practical Pattern Processing ......... 57
K. Yamada (11:30-12:05)
NEC Corporation

Session 5; Brain Computing
L-12. Parallel-Sequential Processing in Asynchronous Networks of Spiking

Neurons:A Theory of Cortical Computing ......... 63
E. Koerner (14:15-14:50)
Honda R&D Co., Ltd.

L—13. A Newly Developed Micro-Processor for Brain Computing 66
M. Ichikawa
Electrotechnical Laboratory

(14:50-15:25)

L—14. Reinforcement Learning in Animals and Robots 
K. Doya
Japan Science and Technology Corporation

69
(15:25-16:00)

Session 6; Panel Discussion
”Brainware & Brain Computing” 
Chairperson: Panelists:
G. Matsumoto L. Cahill
(Electrotechnical A. Aertsen

Laboratory) S. Ullman

(16:15-17:45)

Y. Hirai
H. Koizumi (Hitachi,Ltd.) 
K. Okajima (NEC Corp.)
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Poster Session (Session 4)
PA—1. Hypothetical Reasoning in a Brain-like Modular Network ......... 75

H. Tsujino, T. Masutani and E. Koerner 
Honda R&D Co., Ltd.

PA—2. Synchronization of Processing in Asynchronous Networks of Spiking
Neurons: A Novel Scheme for Gamma Oscillation in the Brain ......... 78
S. Nagai and E. Koerner 
Honda R&D Co., Ltd.

PA-3. AnAutonomous Robot with Biological Brain Model Based on Basal Ganglia
and Hippocampus ......... 81
J. Yamamoto and Y. Anzai 
Keio University

PA-4. Computational Physiology of Lateral Inhibition ......... 84
T. Kato, T. Sakamoto and Y. Kobayashi*
Electrotechnical Laboratory 
*Toppan Printing Co.,Ltd.

PA-5. Dual Oscillator System in the Procerebral Lobe of Limax Brain.........  87
A. Iwaxna, A. Yamada, E. Kono, T. Kimura and T. Sekiguchi 
Sanyo Electric Co., Ltd.

PA-6. Neurotransmitter Levels in a Rat Brain Subject to Magnetic Resonance
Imaging ......... 90
K Hyodo and K Homma 
Mechanical Engineering Laboratory

PA—7. Theory of Self—Organization of Spatio-Temporal Receptive Fields.........  93
M. Miyashita and S. Tanaka*
NEC Carp.
*The Institute of Physical and Chemical Research(RIKEN)

PA—8. Identification of Noradrenaline Receptor Subtypes that Mediate
Synaptic Plasticity in the Cerebral Cortex ......... 96
N. Qkado, K. Nakadate and M. Matsukawa 
University of Tsukuba



PA-9. Distribution Pattern of Serotonin—2A Receptors that Mediate Synaptic
Plasticity: An Immunohistochemical Study ......... 98
S. Hamada, N. Okado and K. Senzaki 
University of Tsukuba

PA-10. Aggression and Serotonin : Contribution of Inhibitory Mechanisms .........  101
S. Ueda, A. Nishimura* and K. Yoshimoto*
Dokkyo University School of Medicine 
* Kyoto Prefectural University of Medicine

PA—11. Correlated Activities of Adjacent Neurons in the Hippocampus .........  104
S. Suzuki, H. Kaneko, M. Akamatsu and J. Okada*
National Inst, of Bioscience and Human-Technology 
♦Kyushu University

PA-12. Dynamical Neural Responses for Vocalization in Guinea Pig
Auditory Cortex .........  107
R. Tokioka, T. Miyashita, N. Murai and K. Fukunishi 
Hitachi Ltd.

PA-13. A Role of Dynamics of Piriform/Entorhinal/Hippocampal Cortical
System in Odor Recognition .........  110
T. Oyamada, Y. Kashimori and T. Kambara,
The University of Electro-Communication

PB—1. Dynamically Adaptable CMOS Winner-Take—All Neural Network.........  113
K. Iizuka, M. Miyamoto and H. Matsui 
Sharp Corp.

PC-1. Image Enhancement Based on Lateral Inhibition and Light/ .........  116
Dark Adaptation
Y. Kobayashi, T. Kato* and T. Sakamoto*
Toppan Printing Co.,Ltd.
♦Electrotechnical Laboratory

PC-2. The Gabor-Type Receptive Field as Derived by the Mutual-
Inf omation Maximization .........  119
K. Okajima 
NEC Corp.
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PC—3. Illusory Line Motion by Two-stage Motion Energy Model for Area MT
.......... 122

M Nomura 
NEC Corp.

PC-4. Dynamical Map Model Processing Temporal Correlations between Stimuli
.........  125

N. Kiriyama, 0. Hoshino, Y. Kashimori and T. Kambara 
The University of Electro—Communication

PC—5. A Model of Working Memory Playing a Leading Part in Awareness-- 128
S. Inoue, 0. Hoshino, Y. Kashimori and T. Kambara 
The University of Electro—Communication

PC-6. Active Perception Based on Coupling between Electrolocation and
Jamming Avoidance Response   131
Y. Kashimori and T. Kambara
The University of Electro—Communication

PC-7. Coherent Link between Dynamical Attractors as a Key Process
for Odor Perception   134
O. Hoshino, Y. Kashimori and T. Kambara 
The University of Electro—Communication

PC-8. Recognition Mechanism of Quality and Intensity of Taste Stimuli
in Gustatory System   137
H. Horie, A. Tsuboi, K. Waki, Y. Kashimori and T. Kambara 
The University of Electro—Communication

PC-9. Models of Electroreceptor and Electrosensory Lateral Line Lobe
for Electrolocation of Electric Fish   140
H. Owada, M Kimiyou, Y. Kashimori and T. Kambara 
The University of Electro—Communication

PC-10. Possible Architecture for a Brain Like Computation Machine ......... 143
T. Qmori
Tokyo University of Agriculture & Technology

PC—11. Inductive Learning on Special-Purpose Brainware Architecture .........  146
H. Fukumoto, S. Hiwatashi and T. Ae 
Hiroshima University
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PD-1. Multiple—Dipole Source Localization Based on Information Criteria — 147 
T. Kiyuna, K. Kami jo and T. YamazaM
NBC Corp.

PD-2. Self-Repairing in Neuro—Computers under Defective Neuron Circuits
.........  150

M. Yasunaga and K. Mold*
University of Tsukuba
♦Hitachi Microcomputer System Ltd.

PD-3. 3D Object Representation in the Inferotemporal Cortex of
Macaque Monkeys .........  153
K Tamura
National Inst, of Bioscience and Human—Technology

PD-4. Development of Multi-channel Extracellular Recording System and
Its Application. .......... 156
H. Oka, H. Sugihara, R. Ogawa and M. Taketani 
Matsushita Electric Industrial Co., Ltd.

-166-



a. 3

(1) ir>if7^-va

a. lac&ic

1996^12^ 9 B^blSB^T, ^SKmiq]#, B(T®6^

7^>b>D.C.TM#$a/:" MF1 '96"(Lm#^jTTU6t>-!)—KM 

-#-5m^##KmgL/:o @##^AT, /7V7^;1/^7T#^:#(C.I.T.),^V

oK#, -7^^ot>T-K#^2’&*)8K, aK#0#&,

b. mm#% " The 2nd MFI ’96 "KOUT

1EEE/SICE /RSJ (BTo^y h#6) ±#® "1996

International Conference on Multisensor Fusion and Integration for Intelligent

System"61'7 &0T 

6^T, #imi(±1994^K7%<^%-eM#^fiy:o fm:SI##l'T@#2imd<19964EK#

*^KjEU$E@Km^TU5o /:<!:^^, I#® 

8 KHt (factory automation), 8##® ##(autonomous vehicle navigation), #& 

(inspection), SS (agriculture), (medical operation support), 0T

(fbflTU6o 6<K, 4-0#, 27)®#TLl^#^gKmA^^^TAigi^fl/:a:U3o ^ 

ilbtt, T#Kj3(f6#fS#@(bio-based information processing)joL/^71/ 

(signal and symbol level) TCDlWHxSi-a (information fusion)Tab -Bo BITK, y y a

1-0, 2 bVl/^r^ LTjo < o

(D ISIm (theory)------- 4 Si

"Statistical Decision Theory for Mobile Robtics: Theory and Applica­

tion” tl To

(D (Uncertainty & Relyability)------- 8 #

"False Alarm Reduction of Ground Penetration Radar Returns through 

Multisensor Fusion”, "Uncertain Information Fusion Using Belief 

Measure and Its Application to Signal Classification” tlt'o
(D chliM(Application & Implementation)------- 11#

"Development of ’ AI-VISION’ for Fluidized-Bed Incinerator”,

"Automatic Operation of a Combined Harvest in a Rice Field” A£To 

® ti t h ®®[-a (Force / Torque Fusion)

-167-



’’Including Sensor Bias in Shape from Motion Calibration and Sensor 

Fusion”

(5) ^((Navigation)--------18®

’’Adaptive Rule of Combination for Observations Over Time”, "Dead 

Reckoning Navigation of Movile Robot Using an Indirect Kalman Filter”

© 3§4r —(Varied Sensing)--------6®

’’Study of Odor Compass”&df0

© 'J x.y Y vX-r A (Multi-Agent System)------- 4®

"Multiagent-Based Distributed Manipulator Control”, "Guiding 

Distributed Manipulation with Mobile Sensor” &df0

® 3 > t0^. — 9 \i'J b >(Image Understanding & Computer Vision)--------4®

”Shape Reconstruction from Endoscope Image by Its Shadings”,

"Stereo Matching as a Multistage Grouping Process”&£"0 

© ffifi(Grasping)------- 4®

"Dynamic Object Localization via a Proximity Sensor Network”, 

"Integration of Vision and Force Sensors for Grasping” /idiV

® (Bio-Based)------- 2®

"Development of a Fish-eye VR System with Human Visual Functioning 

and Biological Signals ”, "Analog VLSI Circuits for Sensory Attentive 

Processing”
© (Stereo)------- 3®

’’Multi-Sensor Fusion Scheme for Calibration-Free StereoVision in a 

Manufacturing Workcell”dfo

© §###%6i##(Target Detection & Tracking)--------10®

”Human Motion Capture by Integrating Gyroscopes and Accelerometers”, 

"Multiplicative Inhibitory Velocity Detector (MIVD) and Multi- 

Velocity Motion Detection Neural Network Model” ftifo

© B#lalSfS(Real World Computing)-------- 4®

”A Proposal of Novel Information Architecture—Open Cooperative Work 

Space—"fc dfo

® 6(Vision & Range Fusion)--------4®

"Sensor-Fusion of Intensity- and Laserrnge- Images”, ’’Recovering 

Shape and Reflectance Properties from a Sequence of Range and Color

168



Images” U £'0
© toSCTactile Sensing)------- 4 $S

"Optimal Grasping Using Visual and Tactile Feedback”if0

© fbWj-fe > y >— > ^'(Active Sensing & Planning)------- 3 Si

"Multimedia Sensor Fusion for Intelligent Camera Control”AEif0 

© fSffi(Application)------- 3 IS

"Sensor Fusion and Planning with Perception-Action Network” &if0

® (Low-Level Fusion)------- 4 Si

"Adaptive Sensor Models","Optical Design of Distributed Signal 

Detection Systems”ifo 

© VA — (Sonar)------- 4

"Fusing Bynaural Sonar Information for Object Recognition Systems” 

%if„

@ — -l — h (Neural Net)------- 311

"On the Active Perception of Speech by Robots” U if0 

@ S lyKCD(High-Level Fusion)

"Intelligence Fusion","Communications Management in Decentralised 

Data Fusion Systems”%2'o 

© #ia(Archi tecture)------- 4 #

"Real-Time Microvision System with Three-Dimensional Integration”, 

"Video Compression and Enhancement Sensors Using Column-Parallel 

architecture" % if0

i.

tzo fcWS(Navigation)i^St"^rnSLlH^l^fr^tZo -t? y v a > b LT(i 1

8 iit'9 d ffe-ir >y -> a >K
fflU>tF(r-ol'‘Tfe#Sl-8E7)^Vo SlraftnrKv

— 169 —



6T^ Cfl^-#9/:6IC(!:^LT^#0t>y^#lz<i:ao ##&fif:&©T&U5U6%
#^#^%©(i7>K7-7©#m"C^6o ^"7^%^^

lc#LTnd(v hA<g^©%*A9%&S^%6(:^#4©^&^&^^ CCT$)t>y#^©
FcUH^ *) ±if z> nr © tz0

##&od(y %
mm#<by-r^o(gyro)^mLT&fikL $

##A^W#%t)^T&6o ^#©«k9%\ M©m#t>^:^6C5^#f6l:(j:CtiL^
bflf: (c%±(:|#9 T&TU& 6l'9©d<##T&6 9

^t-ro%g§©%A «S# 
odfy H^t!Z;<mw6a&j:9l:^63o ##n#''y h% 

o-^-A^©'7 + ^ an >/n°x UbAftl^b^S) ili^^xioi^ 

&Ei596]i-a#e&

ii. §###%] 6 m#

M-fey h LT\ ^M'tKDHit!^^LT. 5 ^©6

iii. &#:©##©#&

ftfitintfy h (cAFbI©J5Atil?#D AtU: 3 6 © 3 Mlql^£> ^ A^©##^#$m

lcy-^6L-C4%#Lj;3 6f 6^A<$,6o m©#@G(ctDm&M-f^ + <n^%(p#(±^#t 
m#% 6'^<#6 tiT U /:o C CDigj&k&ir tf / 31£ 6'ic £ XM^M K) i6^> #fi(c 

j;-3Tt>-fA:%6©#ll3A:be&fr(,\ f-f©K©[p|±l:^)6Tl^o ^<©A©M;C^ 
i^A/f©^. ^fff6A^^#fawm6LT, ^%^#^#mLck9 6f^#%-e&^y=o 
QA©#^#(:j:'5 6©-e66o t>y6LT(i, */7, Aomg#.
5o 7-yy^f >ym&^<6(cio(,^T*%h7-©%W^g(c%5C6^&&©-ec©j;3 

tm%h<tz £ ft A 6 © 6 6 T-& 5 = ii J?llv)l3-'y h^E^SIfifti-ttWWU ADigg 
# (d: X y V 7"^- 7 - U J: Wf f - ^ © cm l ^ t > ET (iM©m©E^M^a'J^'#- ^

C6T#9ii©#j^lcm'G,aT,&o aa'9 0%©fiJ^(CB%aLTl,^5o A^^©#%K^LT 
4#/W;w# hoz:^x6U3^g^mt;(:-3aT*#giE©mm^m
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ck<mg,^lT^aCMU (*-X^-7D>A^) © "NAVLAB" ©g(imi:#l*^L\t©T& 

-3/:o 1 0#WX#&6CMUn#'y #m©%K%^

A&@#$©M##^T&&o #A###m#ayXTA(cW4%T#%k i#g&©##<&^#f 

6C6, !#6©gMiJ^ff9C6, L

=ko(c U 7;l/f-T
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##©NAVLAB (^5##/:-oy:^?) k"y7/<-y&3BW#©-f7/-tfaX\

l%m%m%©9 9%^@#^ffL/:<k©C6-e&c/:o X7lf^7 7X^ ###^ 8fM#<!:'L:&B% 

A#%#@C%-3/:6©c6'e&-3y:o

CMU©aX\/ h#^(±Am##m©##o^y h©mmT&#&-e&ad<, ##(:&#& 

^%^-^<!:(C77X^©7'y4r> V C^^gR%L/:t©C<!:T$,^/:o

m&t >-9-^ g,# tlTU 6%]^#* 6 m^r LT%6TW%%f*#a % 6

X:E©X7%^#o^v Hc^^T(±AX%#^#6©W^0^A#<.

CW^G,I)t###A©^©A# %#%X-7t %«)3o

iv. X — J — h X t° — X : T 3 > h° a. — 7 t" 7 a > J

c. eraummiss
(Dt> U 7 *X-7Xf4A^(Caltech) W?$

YU-CHONG TAI##g©#^m^K^L, m#. #4^ff ^f:o TAI##g(i. * V 7 f ;l/- 
%X#^-7 ly-fRC^^Tx 74 ^ ngf i^lX©I^lfl<\ A^©xX 7 nfflIS©* 

^X(f©y:6(:#eL/:o %^%/:4±©^A^T77 7UX/ #*(ff:ck9T^5o 
Chaltecb©7X7ox7>#^(4:^ 7V-7X-A^g%g#©1991^(c^L

/:o m&(±, 2OA©#0S^#L, 10&0©A#%;fn^j:? h^m^TUao Xlc. ^MX 
^#©STEELE Laboratory (C^mLTW&o @^'eT'cHrX^/\7FV>7'f6/:6©m#&T^ 

7 n^y—>7"<hMEMS(Micro-electro-mechanical system) tz!6^^t>tlZ^'>6o 

2%l'L4^>f©7:c/\d<%X3fl6oM&©JE;%kX 4,000%7^-h"e&6o 
7 f h U 77'X7^ 6i@#^P©y:6©7 V - WL-A (7 7X100) A<800f^7^ - K /< 
;i/77X7o%x^ #?7vX. ?x^#]&©y:6©^v-7;i/-A (77xioooo)A< ?oof 
A7^-h. ^m%x. RiE. /<v^^^>y©/:A©@m<5oof^7^-h. cAx 

7Xh©/:A©@#m000^7^-|'. ##^<1000^7^-hT&6o 1995^
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for Flow Control ( Transaction of ASMS, Journal of Fluid Engineering, Vol. 118, 
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©#)t©4b##©Yu-Chong Taift(iExE©Chaltech©S*|5:gT\ :®2A^\ 7^7n-i?>1f

iAS-^fc o

(1)
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TMING C. WU##g©W^^J
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%©yV3>C7j:/\(D±(c^A%7Y:^^^fF(p±(fj:7(!:LTL'6o " Micro-
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#!?&5 (Robotics Reseaarch, The Seventh Inteirnstional Symposium, edited by George 
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#^®m#c(±, fpm^#LT7K^mi^m#:mmv%7A^mwi:wao

ATi^^g-eab!)^ 4-#^%#T#6ck9ir&-3/=o

174-



LROBERT J. FULL

l&lis Department of Integrative Biology £ U *5 LT& D

m£LTl'&0-C\ 4'B(^W^@^5^5%##0l:y^7v'y0

T & & & 3 £ L to y+y v t b % *9 ® y y

^y^##LTjo!9o ##(:##(:%-3f:o 

4#:o^#^Ll:W'5#gRyj,

l\ @/r0#*&6^#^#TW/:o

C£&fr-3T&tK coyxf-Ald:, %#MfF(Dy=)6ic7-y-i>3>^my^

<k9%££t)^T^6£oc£T,

d. t'flf

7^?om(5, /<^^y*hn

-yxo#^%l:W<6A#i%6C£*<T#/:o &20A:&#fi&££;M>%U

«fc 3 &E^£ME L;fc©7"\ Mb LVfffgicfeMfoS £ t&Tgfco

H i$ $ %)

175



am mn 0
8 #12^ m m

#1 a 90 (^) ------>7'>>h><r * 7 7 y h yglE^EttiS
^2 0 10 (^) 7 y > h >
#3 0 11 (*)

77yhy^—>o#y-^;i/X# o#y-tf;i/x
#4 0 12 (^:) n-fy-tf;(/x

yu-chong nmmmwm UCLA 
(* V 7 f7k=.7;A#o-f y

KRISTOFER S. J. PISTER###
CHANG-JIN KIM###
CHIH-MING HO##
MING C. WU###

#5 0 13 (iifc) #y77yy%3/<-7k4'^
RONALD S. FEARING### ROBERT J. FULL## BRH

#6 0 14 (±) #y7?yy%3#—>#*/6
#7 0 15 (0) ^m#*iBEE / sicECtmmmm#!##)/

RSJ (0a;#y F^e?) ^#©”1996 International 
Conference on Multisensor Fusion and Integration 
for Intelligent System” (%Ifb 7 X t" A © Ac di> ©H#
t y # - A c



(2)

a . Electronic Imaging’ 97HS#S

1997^ 2 ft 9 0 cfc *) 140 11:7 / ') il San Jose Convention CenterlcrM $ tltz 

Electronic Imaging’ 97IC 2 ^100 -lSBOieSSSnL/'Co ^©Convention Centers jolt -g>@

SPIE(The International Society for Optical Engineering) ©ZllfB'i* 

5Photonics Westic^ IS&T(The Society for Image Science and Technology)^#© 

Electronic Irnaging*<A#L/:BTm#^flT^6o C©

Electronic Imaging §{£#;© 8 DKft fatin'*'So 
3D Displays 

2D Displays

Electronic Imaging Systems 

Document Imaging 

CCD Images

Multimedia Processing and Applications 

Visual Communications and Image Processing 

Image Processing Methods

#6o IA©#SnLtzImage Processing Methods© ^©Real-Time Imaging IId:Applications 

of Artificial Neural Networks in Image Processing II© 2 L

IIA<cUTU5©U. )

])7Jl7-i A-T y — it's? (Real-Time Imaging II) 

fay y a >(£ Image Understanding, Tracking, Video, Real-Time Imaging System© 4 o

-i y — '7 MM (Image Understanding) yfa'y fafa^T:^ h y 7° X7

r@^j ^©IHhiXilfiUo U 7 fa 9 4 h,7 A (Real-Time Imaging

System) ->XfX<D^^fa±7'$> o tz0

d’UXACLTt)^ ###ai7;l/d’UXA©%^d:ir©^ >7')/ >d:l'7EK%
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(Applications of Artificial Neural Networks in Image Processing II) 

t y * a >©#&##© 6 jo 0 c /:o

Neural Networks Architecture for Image Coding 

Neural Image Segmentation, Compression, and Texture Classification 

Neural Networks for Object Recognition and Classification 

Optimization and Learning

#3>k°zL-^0#2#ft^#^6®(:##6^5ART (Adaptive Resonance Theory. #16*

ART* y KGrossberg Net £ k9 )i£fSA3. (2MSI©* 9 oT<^So STM (M
(±A^7# (T) >/)

-Po LTM (d:±T^©ma^#^ff9o C©±T©^-C.

©m^*^ ?*£#m©So < ma-^#

^tidtlTVSo ART* y K g&tilOlWJ^AE^btobtlTUS *>©-£&•£** ART©/\-

KC7J:7fl:. 7;<V#Tkm###&fl,TU&o

C©j:3^ART*y h©/\-Ffk©^i=l(:i5^&4'#©##lC"3UT.

U0

Multisensor Integration and Image Recognition using Adaptive Resonance Theoryby 

Steven M. Singer (Naval Air Warfare Center, Aircraft Division, Lakehurst, NJ)

### ARTT6&0 (Ic?

ATTENTION AL, ORIENTING
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CONTROL DIPOLE FIELD
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|WAVE

STM

GAIN
CONTROL
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96x128) & 19x25 (Tzfd'L. 3x5) ART$v
f- ART-emALJ:9tL/:t)0-e^'5o

®-o|±E^,i:-a-7;^y 6^9Al^T&a^ fe-5—ottdoUX®

#6^|6i-e&ao y:/d'U, ##0j:9(:. ^#Ly:mm^M^mA^#ay=A(:(j:. -3.-7 

;l/^v C@^##ART@#A, iKA®6C5K Fuzzy Logic&#AL
Fuzzy ART6#LT^a (#^0^aB(iCCC&a) „ m#^(l(j:Aircraft(F18) 0# 

A-effjog 6t0T&-3/:o

c ® <t -? %\#m - m Am® y % ^ A A3. 121-2^ ® j: ? t # ac^o

->&!WcLTi'a#m®m:aaTi#&ac6d<m$N3\ r/<^->@#j

^a. /<^->^B%LTi'a#m^#%<i:f-aTv[/d'vxAA<#m'e&tu^ 7;i/=fuxA
*:j;am#$)%T&a^ ^®=k9%7;i/=n;XA^%mT<a^A$)^i\o

/-x°^- yMj&LTUaiiiH^ b(Dt B#fyW<£ b®L A: <b

^m%#m^*^6LT^a6##-#-ci^T#ao %/fu
mm^aic^A^^ga/^^-y^^mj^atw^^^m-e&ao Bi# 

2.2.2®ct-5%##7-+7?f+ (:#%-3-cuad\

LT^iJffl LTVat)(j"l:'(iti V (Real-Time imaging IIicAitayS‘b©^§StilWC7 —4^7

^f- + ^#iB®^®^6l=mi'TUa) o %-3TUaAircraft&lAT&!X C®1#
Ati-h^A U < b<D Z. -ofzo Aircrafts 2 a iv ftia^'PiicAoT < ao

T2A®#A±#<U<^?J r^G&dNaW^m'J 6#A
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Structure.
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FFN feed-forward Network
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b. 6F^f$ll5tt|olSllE —Stanford University©Professor John Koze —

2 ^ 14 84^#^ Stanford University© Professor John Koza^KPdJ Lfz0 (KozaXVb—X 

©Forrest H Bennett III &I9SS tlfco ) Professor John Koza(i> »feWT/F-i'iJ

X A (Genetic Algorism, GA6 #0#) ©#J%#Tab 3 John Holland (University of 

Michigan) ©txhT PhD4r<!:b^y:C6^bt»^6ck3(:x GA^g©#%#T*!). GA 

GP(Genetic Programming)©^—AMb lT> V — K$tlTV£ (B^^A

4^<h Genetic Programming ©HBx*li;£-At'b>Jhtfb tu General Chair<t LTX/SSIT'Jd 

-E>) o

1) GP(cj;&m#%#a©8mmiS

2)

3) #UBGPy-;t/+y h©fF6&

::m GA6GP©al4C^UTm%LXJo#A:Uo GA (Genetic Algorithrn)&###mU= 

$< 6

Procedure GA: 

begin

initialize Population P(0);

evaluate P(0);

t=l;

repeat

select P(t) from P(t-l); 

recombine P(t); 

evaluate P(t);

until (terminate condition); 

end. l60
X-X/^XACgcf#, m^?X-;l/[J:%%#ftP(0)^b, m^(select), 

(recombine) „ fFffi (evaluate) £ It ^©#ftP(l)^^l P(2), P(3),

P(4)............ (?) TJl/XUXA^%0, ##

ab o EHW(Evolavable Hardware) K J; o Kfe ~o t, iSoi^'iK
tlntzo GP (Gene tic Programming) CoUT iis GA^MfWft^Xn X 7 Aid|iJ^3 Ltz fc©N <" 

b l'|c,So TXXc^X 4"Blk Professor John Koza^MPol GAchGPOPaKcii|2|pff2. 2. 3 bW>
A3. (2)-3EI© =k 3 Atmu©&6 C

-180



5SA3. (2)-3EI GAI:&#635E

#A3. (2)-4 El

GA0#fF (recombine) £ Ltli> 3512 (crossover)^ %^^S(mutation)btl^o 

35K^Ml:£6£x 3582(381
Pft2. 2. 3© =k 9 b£>$ tl5o —GP(3##A (Expression Tree)^-^^£"#"50T^ 35

E(d:mA3.(2HEI®j:9(c@B^*0-o^^x.#f#6%6o #@±(3.

(30=k9l:Mx.a^ xhV>y?#
a£-#-6C£f, IcmMLTl^o #i&0#^(C3L'T(3. ^0 2

£ jo () -5o

#i#^35& (Grammar)5o SitiA(Derivation Tree) ^#x.jl(3\

35E(38l|(#2.2.30j:3%A0±-e035E£^&o John Koza0^9GP(:jo(35'/oy7A(3
^#*(3I#T&9. ir®35Et)m^#m*±-e&g,6

(m#A?^x.(fm(ieaf)0^j) -e&o, 
(instance) £07 yf->/0^U##A0#g%A<gmjb^3i^£C5l:2b'Bo t;6A.
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<, C© Reuse#mm_kmg%miJ&fao

h? hy-eff&o A- h-? p >6
(6^©jgm)

ck<GPO^a<hLTm^3flT^6o ^-hvh>©#^ A©m#l'6#mA(imm©M#

& 6. A# -f > -/vi/^ij  ̂ -e © © ^cp^ff ^ -n ^ & o

GA3#ma -etGPc j; o a „
1) #8iJ(D4.%6f. ^sKA<ff^5o

c©##BmaGA©#&©##-e& &*<. - >&5%a<oi#
-e^^o A;i/7-A-h7h>^m^6AA7y-A(c^3#6o

2) #^d<#A*fif:y=*X ^m#m<KALf:o

GAir^mefF'jT&^x h v >ya<##rc&aAax 
-3/:o GA^m^mmum^mo#^ 8mi:GA&#m-#Afa#gd<&cao
C^#^L^0^GP-eab^6U3

3) gfmcimm^^wr# &„
GATtJu fFffi(evaluate)©fc^6iifi tnessPHSf^-ffl© -S^A fitnessl9l^©iS5^GA©

GP©#A, fitnessMm<^<Tt).
mm©M^^6C6t)^#T&6o fitness^m<&fUf. ^3(c#gA©
j;UC6#U3aT&%Uo

&U:©###. WmT&5 3o

f%?#Al§AT#GP6©#&##<t< %&&&, #^?#J^GP(:cl;6^Tff7

%59o
6 B©^tAJl/^6©AA%M%Al^T©77'D-At©jtg^gT&aAA

L A# A b A A 9 o

GPCJ; &##%#&© @#^8%

Professor John Koza® <h Z ?>~Cli PGP(C A 6##%#i»© t LTs 7 A □ 711
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(1) H?I& ; VLSI-^-un>t^-^. (37A8) Genetic Algorithm, pp. 188-190.

AMM1991)

(2) J.Koza; Genetic Programming II: Automatic Discovery of Reusable Programs, MIT 

Press (1994)
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