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Abstract

This paper is implementation of cellular automata neural network system using evolving hardware concept. This
system 1s a living creatures’ brain based on artificial life techniques. Cellular automata neural network system is
based on the development and the evolution, in other words, it is modcled on the ontogeny and phylogeny of natural
living things. The phylogenetic mechanism arc fundamentally non-deterministic, with the mutation and recombination
rate providing a major source of diversity. Ontogeny is dcterministic and local physics. Cellular automata is developed
from initial cells, and evaluated in given ecnvironment. And genetic algorithms lake a parl in adaptation process. In
this paper we implement this system using evolving hardware concept. Evolving hardware is reconfigurable hardware
whose configuration si under the control of an evolutionary algorithm. We design genetic algorithm process for
evolutionary algorithm and cells in cellular automata neural network for the construction of reconfigurable system. The
effectiveness of the proposed system if verified by applying it to Exclusive-OR.

Key Words : 333 3l=99), A4 €18 ZZAHA, FPGA, A= o850l A4

1. M 2 T F(EAs) T NEAS IFHF ZLoU1-5] o F
o) %8 ANNssh EAst Q1347 oﬂ+ ol JEHY Edol

ERUSD BT FH B39 A AY wdz o T ANNs o BT SHR A% ANNe] T2 ACEIE o
34 Jdg o848 AsAue AFUSe] Yo of  HHIEF #Ast A€l HLPHS =dsa Ao I

A% A7 APAe) FAL o8l o)Ae w LT

ey
y N T 67
e

W ol A7 BRHAE

T
ﬁﬁ$m£££

P

rp

gﬂ

E‘.
ht

o,
m~

AR ABAS 4S5 e ZES fe Q7 Aade A H2, Al meaE S5l steriel 249
FEae] ARAT} A $oF EQS AddE Ae A= f7hEed 2AE fri-ﬂ% % AL EA9} olF]
Aoz #r} AEF SEulECA), wriole] Al g BAlde ZHAeR sjZsy] S8 AAe] #4 E
(L-system), AFUFHANNs), A7) ASUES), Aoh & & ZEANE B0l slek oI WEASN LA AR
YEE & Aoz L-Aad 7ie 289 A4H61% 4
&} 2EmtE 7)uke] CAM- an[?] o] glek. olelg
EeedAt 20014 68 19¢ BE ABge] #2777 AXHEE BRAe] F7keHA ge
k2 Xt 0 2001d 99 309 o ARl iy
ARl 2 B ATE 2001 MEAl - BLT(HH A A smgel= Sl LB ATA 7}-;—? 5}
stol DEI[S/N Y HAAQUAYS ¢TH| BSI|E  =dole] A m = AT e Fseole Rl
o onist Z2dEBraintech2!)ol A YR HTEIE X Lad bit: A SnIe ANE BEste] A8 %J-ﬂa]
o gro} S atdLUCh o pE Ao ZHAF SRLCE  Ze Z2aa] ﬁir?a}oﬂ AE T2 ATHEYE A2dolt



FPGAE ol &t Z&d st=

(8] £ =#dMe 258 s s olesiq 4% o
Eriel AATE FPGA ) 7R3 2 HE¥E 7%
stk dEs} exvtEl AFRHECANS)E F 7H4] 1FA
W E2d SR ds] A%t 2 xvlele xE wHll s
grelge R FdEo] oIl dEy emrlg NAYL
ASE Fote) B0 Y 34 E IS o)L FF
o 2o 22 Ae=2A fdH Hu wet AFA
gha o] Al&"e] Fad ade wHe FHeh wdold
ol A A W] WGl uhekA AR Jge] A
Hyz A 71d¢h 4737L 27] 49 wjdo) wel E}"*
3 FHE A "Eroh o] AzdlelA wide) Pej= Aset
L Evtete] ofsf 2Rt dEE 2EqE AAY| V)&
o] AZRAL o2 AL dIRE HrokE Feae] a3y
Aol w2 AR N2 Y)se) wEkithe Relrh wEky
b wRlE 712 wd dle] 239 S4& ZE Nagu-
mo-Satort A¢Her FrE[10-1118 AH&8aL, olE FPGA
A ol F&sE7] Folgtes A5 &i%ﬂﬁiﬂr. of Al

HE FPGAS] H43171 918 fadxl dzgds 24
o] g3 ATE FHA FAHF ZERAAN YoHE A &
zHFe duAY zZAS THPels ¢F A4 BE
{Operating Module)s} 7222 XH/“B"T‘C’ g A 2
(Re- Production Module) 2851, 5 072 o|Rolx] 9l
of |z, AT 4E9E e A 9§ 9 de
A% EA9TE a8, A% YR e FHe 35
2 ZRAXM o A= AQE vEDEd o3 U

”“‘—r— H}E T AEE AAHAY FAx 4y
A ol &3ke] N AFHo B AT oM,
bé’ }‘:“ﬂﬂ? ol FA4 Ach AN MNide FEAS

Z8t7] $8ted Exclusive-OR Aol &-g-3t]ch

1L

Shd
-.11[.1' il

g

I 4z n2
ln .

o

. o d

2. Matsie MBS 2ole NF%o AL
A A gL JEA AEAdA delitE 30 =)
ZA23 Hdolt}, Sipper$S ol ri¥ke® POE( Phylo-
geny, Onlogeny, Epigenesis ) model 2 Algtetgd. 2 =8
oﬂ/\-]‘:- o]& Age LAL 7vto=z 3 NAY v s
stech. Aok G Fo 29E A
=)

4 23 Wadl sl Jgdses an o e

Hoz, b@a = Mlﬂo}uﬁ ASH 2P@LE wpe
o} 2% 18 Agkd pzel Agselth AW e Evbel A
Amre 27 sk F AAS A JHHF = =9

49 wie B3 2498, Foi1 B7e) 48

1
T & e TR LASEE sk

3. MEF 2LE0lE MW

Aget SEREH12~131E A7 3k At o)A
B Alzdolth @1%—3} 351:]-1%]011%] ojxHel Foz
f¥° *31 ol 7. o) A2

> :‘%01 94"}04 %‘—ZME} iL &‘ﬂ ??‘%’oﬂ hfﬂ
Fojq Altel Al PHE B wA A A7) e o
o} X 78 Ao Aejolnt glEdict wgl ARAle] TE

dlol M 2 PHol e o

Patterns of Initial Cells

Reproduetion

C
e 8 0808 00D

Development
(Ontageny}

Evolutionary

Operation
(Phylogeny)

Cellular Auntomnata Neural Networks
i Behavior

Fimess Evaluation Environment

0% 1. Wskshs A4S o Svig A4 AEE
Fig. 1. A conceptual diagram of ECANS

2,
lo
>
2,
gl
e
A
="
X

22 SR

w
19
1o
o

>

i

Aets .
o]

oﬂ)\-] Aol A= Agd ¢ Eulele] A
A upet Beojgc) 7124 AEH
7)]94 A2 928 g Aok 43
A4 97, 92 88 o VA 9Y 2
> 77T 7 e o9 A4 7 o2 Abe]e] =lale] 4
28 %lfﬂr mhelA B ﬁ@_%} F AE 7HFE ¢
e e Erlet] A 2Rl BRE 9 ?r/“(rulc) 4
- 5LM Aol 7d= gl Al 7 1%4
- 217 9] qq:u%% stefs] ¥ 29 22 g7ixle] 44

@@@@

State 2

™
4,
3
ﬁ:l

b=
A
g,

it e &

™

=
e
e}

|
A
o?f. ¢

[+}

£
i
= rﬂ. o g

ﬁmrﬁ_
rL
"L

1_.1__

2 W s okdlo rlo

Gﬁo_%:_q

>
-

State 1 State 3

AT ks e

State 4 State 5 State 6 State 7
og 2 A dagad w2 de] g7kA] A
(A4 89 44, F4 A4 44)
Fig. 2. States of cells (cell’s connection type)
(dotted line : inhibitory, solid line : exciatory)

State 0

32 ?f 2 FH 29
oEvie AAY RRe AAY AT
} “““'0']7 Hodgkin-Huxley WA 4L B2 1}}:%
Nagumo-Sato®] NZED-S WP o] ALES9r) o
B2 oy g PERE I A8dE STt ﬂﬂ
et RS 7tAth dEet eEvtel AAwe] de
el B4E Zve 7he s o 2Asty CAY 73
o uwpzhx W] BAE A ek ThFy A J
€% 5 It Nagumo-Satod) 7t w9 Tz 4734

427



HXK 2 XsAA=HEE =2X 2001, Vol. 11, No. 5
& e 2
Wi+ 1) =u(x(t+1)) (1
H{t+1) =D —a Xkt d)— 0 @)

29, x(Dx= W 29 7 [0
g5, k%% 0014 14bele]

g (e A w4 &
2 A
1 on ol dEmdeld 6t

= sa (- )e e
& e BHAS, A
Se 2 gl

Flex FH 2deld [He AYre DA T
9 ez Jehty] HE OQ.%@. AEE B2 Feoln
A AEe] A7le T2 Y= dse] gsid SHd
Age o Erlel WAPAA 7R JdAREE TR 2
, MW 61 T A A A dER AR HES
Z= ol$ et TRtk 28y vHEe SR 54
gl V= %ﬂ Wﬂ— o Ee PE-g Helth
33 MEgQ 2EOiE AFY

7*‘%! 4@}7 th &7] 4& 49 t‘af%‘ﬁr?* A
of spA % ﬂuwr GAE T @/\17401: s, gehd
we 279 Aol fé&bHM ElEi s H %M—. o
#7179 49 A% £A9 BFEe] n} FEHL thEX
% RHor &7 AL 27 Fas 2-3 o, ST
5~102A7t ARsach A, oz Z8F FAd

B oyv) ggd AES o drderd FAelth
YEYIE ofv] A" 'rr'ﬂ‘” Bidste] FASHAS 2
3 4= 27) AEERE AEH L EviE g o
e HoFn
TR, gAY, F 4

H

dAF o2 WA Eke] Lﬂzsﬂ 2E FAse
olt}, e 7+ FHHY 42
29 FAE.

Awe FHBE Bgee vE

4th level
Qutput layer

Final nctwork

0l 4. ECANSS| 2agetA
Fig. 4. Developmental process of ECANS

o1z EAlS] H&al7] e 2t 31% HE ol 88k
. dsE 94 ﬁ%}olﬂ = 0“’1 A= ez 27] 4

ojch. AFeAl AA M 27] A A /‘ﬂ£7l 344
1.‘—. T e] 213 1°%°1= AR B =To A T3S BAA
70 Aol 7] A9 Mg g Agst=g St
4. N5y st=do MA
4.1 M5t st=4o]

st=sloll14]E AHEAE £ZES]

At s s Ho

428

T#E @AT 2 g =) AAgE A g Ax
3¢ ARA S0 Gorg TR BEAS FHL S 2]
Foll B> EopellA %%HH’- gk g oA BA9

c{r

2

g5 A= boehndlol AlAdE &

2g FofFa Yok Zﬂ_r““ 7 =gy o
@)= FPGA(field programmable gate array) ©|th ©]
shzgo] Uk AL BRSE BEZEHS U2
W oz ¢lele] St=4e 71—9— TEE ¢ ATk

{
=

o Bl

|
)

’rnJ BEUR < B o A < A 1
g:[_),
r1r

I,rl v

]1_ 0101 1 H | —vﬁ"—l— = 36}71 ‘T‘]sﬂ’q ﬁ/(H
NV e AFEES] -7-”1-% L) %—: e 59 3 A=
23} &8 E(cvolutionary algorithms)e] 1:]-[15] A3 ekn
EJ"Oﬂ a8 2 37t AEHLE ‘ﬂ‘c'ﬂt— s A
5}= 2] ¢} (evolvable hardware)=t@ &t} & vﬂ‘}] 4 +xE

Uehll= vl 25g 8 ¢nzlEe mﬂiﬂ; T8
Hge Mo shmslole] TEE A shuz s Aol
). &, FPGAA| A= sl=glo] F2F HAAs= HE~EH
| ‘31-L oA "ol %o A o7 7kAY] =R

s 4 jﬂ 2 oli=g o] AL FE G FolA e FRE

E\A?Ilétrlirt)rr;l;ry : $ Cellular Automata
o] Neural Network
Processor

i T3

| Evaluating Fitness |

Main Controller

a2 5 AA Alade] sjarn
Fig. 5. Diagram of system

B ERdAe 15y ol ol&dte AEE o
whel AATE P FPGAWSl F-8% A3 Wy
T2E AR 2 v EAEYL AL o Trlel A
i 1= Fck 7] do] BHEEA AR i
A 7o) AF FAE WA B0 11, A8 FnAS
o EEd FaeEel TrXﬂ_%} dayFL A

: A HdA FuF ipiﬂ]z’ﬁ‘;

28 oEntEl ARTA AAs, GREY AY AAS

E$1Cﬂ7} g Sz dnEse 7 ANES HF

7} (Evaluating Fitness)dl|4] w2 o] Zojzc} I8 5
ArEl Az=gle] &8 tjolojliglo[r

42 FEX dnaF Z2AAM

FAA gnPEFe AA] AEY AzAe 29
Aolth. RpAA ] Age AL, oH AhE B
ANAE A, = AA FA sﬂ?gon g J38%0 =
& 7H2ﬂ7} wo @gz Mo} ol AAET oln A B
ddole] o#A iR AATS 5‘1“0}/1%4[16] Z A A
= HW*F“C}‘W %“‘Elb— A= Ecﬂ&_u} z SAR
°‘ AgEe A map, g9l B9 AAAE Olﬁ—o}fﬂ
EAel Ug FR #F mdde NATE A2 A

r

K

)

T01 g



FPGAE ol88F A&d stz

3t 12 golztA B,
> 2%e] 4ol wel HEHo] wahy EaNelE
He BASA Hed, o) W AREst 2 A}
4957 2e AAET BEA0E o Be A48 B
A Uk B 98 ARl GAH AR TA
o A3 A=g ANE BAFE AARE, SeRels A
A8 @ §974 A e e g fURE AR
Bl 4% daese a} vasa el 9

CERER °%H*H7P 0% WA, 94 Azl At ¥
AL 7}1]_1_ Aok &Rz} 2 _T_Vﬂz-J Azs A4 C’Jﬂ‘
NZE Fol7] FA FAA FABY EEAE Seo]

TE "ol &??lﬂr[lﬂ.

Ponulutlon1 6[[“::3
{ Population 2] ol $

___________________________________

Buffar or 11
Euffer 12 ’

Crossuval Random Valua
Conholler M Generator
‘y \
i
- _
— e Bul'fer21 .
G|\ aerzz @ Sortrcnes

T Ganetic
Algorithm
Contrallar

Operating Modula

| RAM l Intermal FAM “
Re-Poal

Re—Production Module .............
27 SuHE TEANY BE thelolad
. Block diagram of genetic algonthm process

2% 62 AgE FAA duIE Z2AAe B2 vle)
g Uedth Atd Z2AA e FRH %h-ﬂ
Z9] 7| datzbel TxFe} 2¢io) ]%9- = ¢ BB
(Operating Module)s} Ao AP g HJu =g

(Re-Production Module), NATS A45= 2742 52+
tz,_J,] A—hsLE é):.o_ ;qz]--s}_. 17H—4 94__,_1:]]_,_3,] :]L,] ;ﬂ;‘;-ﬂ
7155 AskE Ao 71 (Controller) 2 O]—r—017¢4 olt}.

NEe) FAA QRS TEANE S AG @
DFoz 4A AdEe AES A g BpaE 2
& 7o Syt ad, ALY Z2AAE 2719 9%
S E o4l Adel Ade ARt F SA% @
2279 7 Avrit H2ele] 4R Wi w AT
& Agsl B 33 4 AAe AP AYE e

o og R

A 39 ] W2 g o|&dte] AetA ") ol =22
AUE A7 s AALE s € W Az g
%‘7‘*&71 $gelt}.

go”d; Parent 1 ID | Parent 2 ID |Direction1|Direction?

3 7. BRels 74
Fig. 7. Instruction format

A4 BE(Re-Production Module)olHe Aste g
ARSI gl R A¥E FE F=xsld, 9 AE
& B3 ANE NHES AN FWRe-Pool)dll AFFHT)
o] W] I¥ 73 o] W FiL FA @ F 2R AHe

Aol MA W FH BE AT

D(EEE dell AR"E X2 A= P a4 =2=
(Op—Code)®} TA 8} EQWo] & A&Fo] Add 94X
—: A AsFE W FZ(Direction-Code)E EojA 3shte

Hol(Instruction) & THEo] AZST dA = ¢4k
3§°4 5, dels #AEe §FF A= 2749 H]E-f-- +
A=e] gz, Dt WEIsE AAC dEe Wol A=
YA AGAE 4 9 %l‘% FAIg o] ko
Z g Adel A AAE ““Eﬂ"i ﬁEﬂi TEo] A
A8 Feod A7 (Contro]ler)"ﬂ/ﬂ o=
A3 A =k F AY H IDE F= 0}‘-“4 ‘HIEEMW *
AAZ glo] Bolz, AN F=E Fzdle] T T A w=}
g} EddHo] A4S Fadt TEn, A4 & A" Ad

2 Wk FI=(Directionl, 2)8 #=Z3}q o2 o wae] 2}z
2 Agst ] HAct,

A4t 25 (Operating Module)sl A& F32} gdzze9
Z1E Akl wztel SIS 3skAl ok ZL"‘H 832 4
2 Ree] g T2 Jepdd, 283, ddg B RE 7
A7} w2l ZAFE SddelE wisty WE A éFF:% zks
+ Ak

k AT e T

Cr%sésig;/er »|  Crossover Operator

Generator (Multiplex Set)

£ Butfer2t | [

1§

4

Buffer 22 |7

Converter Converter
Mask Mask
_.— —
Mask Mask
£ Generator

T8 8 A4t BEO R Fx
Fig. 8 Imtemnal structure of operating module

Wzt dake Fe oA dis
gotA B F FE MAS ARl ¢
Buffer2el Zi FITh FAldl, wabs ‘3"4 71(Crossover Point
Generator)oll A= 03 1Ake]e] W8 BYAA 1 7 P,
2o 29 wARS @485 m, T8 ghoed wWAEE 0o
2 Axgd, uaEL 19 GAxe Zolnd (¥t} e
Abole] A= ghg WE DAt BR A471(Cross-
over Operator)d A& F H2 A9 RAHE T2 o
2 Qe sk, A F 44" ALE Buffer2l#
Buffer22e)] = ﬂ"‘ﬂ-t}

E9do] I ¥ Sdde] i ok w3 At F
Aps=o] Buffer?l, Buffer22°ﬂ A7 3 FA, ata3 94
71(Mask Generator)ell 4] 03} 1 Alo]e] F42 w4 A7
F7t P,Eth 28 vla3 v]E(Mask Bit)E 12 4R 5,
%87 ey 022 FHsch o] o d4Ae deo] wF
a3 HEE AR vtaaE AT W37]1(Con-
verter)oll A= rt2zZE Fxdte] dAA9] TR vhs

Eiy= “473 map dake S
E9] Bufferl1=

429



Hxl 2 XsAAHEE =&X 2001, Vol. 11, No. &
= W|E7h 1o]8 WEET, 0o]d TWE Fol EdEol @
De Ag9ch SeHe A4 F e T4 Bured)

Buffer22¢] A 78}

42 M Mzisiel 4

2 =EdA4= FPGAE o|-&3le Agel 2.Erlel 217
wg FHEREY FAA duFE ZRAANAME A
S ENE AADe 27 48 AAE 8t T AASL
A N2 AL G247 "ok ARE JE T °1Eﬂ5]
o] 7] dg AR, o] AEEYE Asd AET LE
wle} %01 ol& R e st @74%115} 7t A5
Aele As ks 94 DY g 2 2 =T
= o @@ AeHon TAFRE AAT Y| AsS 4
Astel Q3 AAPE FESFAT. A3 ABT Y ke
Aze 428 eEule) ZE(Cellular automata Module)
dd FEE(Interconnection Module), 21 w4 EE
{(Neuron Module) & A 714 ZE=Z F+Ado] 9t 2% 8
£ Aetd AF AR R de] EF tholojif otk

Azel cBulE EE2 & ﬂ olBa} o]2 AT HHE
/&7‘3]04 A7) A Aag AR s 2R, A

g 2859 Ao "E-s A Eo] el B2 A5
Zi"] C"‘@C’] AQA 7H EEAE 4 (1), Q% 2
Flos 7w Zde] _L‘ﬂ?lﬁr "‘ 1), Q8 U2 FHLES
He A= P& mHsE 4 (3)7 (5)93r Zol WFe] el 4
AT

a,—(t+ 1)= keai(t)+ ]ﬁovzjlj(t) (?’)
b(t+ 1) =Fkb{H+ ﬁowi,y,-(t) (4)

c{t+D=FkelD—av{H—6(1—F,) (5)

Uoowr Left CA  moormmete-
Uy CA B
Loser Alaht GA  SSE=memme-

Fram Laft Nauron

Ta Laft Nauran

Te Lower Neuron

a2 9, Ag A4 R 4o E2 thelojad
Fig. 9. Block diagram of cell in evolving neural network

A
&z #31= State Registerel
Z Z8o] g & Huitt F

A8 73 9¢] A B, C Register ol 23 '_rL?iE]‘?i,

AAE). 2t Register®S &
"d’&% 8 AFh %k"‘é—-% 2
ZE A7]|3L, Registerd Eoioe e WA Ad 42
BEJAE des SLEAE =r°ﬂ o3 A4g=H ’9~°] AEE
zHdt FHe ¥ FHLE 0o ¢ 75}
AV A3& g

430

S Az} dngE T2 AR 27 A4S 7|
A2 st FH4A duEES Fh8k, 1\75131- AR PER

o] 4 7%} AT omolE BE FEe] AEHoZ 474
Y} 722 WASAEY. & F44 dnIF T2AA9
A7) REskd Askahs AFFE AANA

5 Mg

k]

3 2w

5.1 Exclusive-OR(XOR) 2|

B =R Aok ,\])m-:al_q Aee ;\]fﬂc—;ﬂ B7] _?,]5]_
o AP EaEr E7)158 Exclusive- OR(XOR) TAel A&
stk ol Ao AHE5 AErjeEL F 17 2k

E 1. XOR 489 A% Hele
Table 1. The parameters used in experiment

EEEE XOR

Qo] = 3 : 2+1(bias)
4 # 1

Z7] A AF 9:3x3

Ao} Al A 5
Aeie] & 8
T8 ¢0)=(0,1F 0, 010) % (E AE

ke by k, =05 6=05, a =1

100 )

¥
050

¥

!
ooo - -

| T I ' I ! | ' I !

0ao 500 1000 1500 20.00 2600

I8l 10. XOR 8% (A &4, A4 o4 zh

Fig. 10. Response of XOR problem
response, dotted :

(solid : ideal)

I 1. 5040 HEk F ezl XOR HEH=Z
Fig. 11. Obtained XOR network after 50 generation

43 AN A 2] 49 AU GuAe o
Sa 7 velx) A CATRHO sJstel BANA Ae %
St 3 @H0ioE == atgsun, 29nE 27)
As) %7 lelnE QAR ol 2rElEolth 25



7

-

2 dojuy] AT CAS) Fol F71% 7o
2 A9 S AL AaE AR A% o
CAS A& Td GAFENE BE U7} o}
o] REE 919 Eoh Lo] EARTE 19 10€ 50
@ol7l XOR 4739 vE9a 549 Folth
b LAY BA G AT ge AR 3§
& WA JFAN E&A A5Tt AEHE
beiA] 20228 Fobs] Ba MES Y gl @
o7 Yozl XORS] WEHZ PEE ekl

t
1

il

o
|y = g do L o

ﬁMiww

=

51
IR
9] 54H)

ARkl B R

o 11

[y
(W]
m

bbb

=
_‘?__
s
[v]

1
KR
'\_.

.41

5 8 8

I{

_Q.

= 78 F=golg olfsle dEd e
cﬂtﬂ,\iﬂ At A2 FAR dmE
£ o Evie ARZgezw TAHD FAa
1\1L ARG NETHE A= FF2F

Fote, 12 dRYEFE TPt FAA

2 11 AE F@4 Z2E, A BE, Aolr) aEn

4 A 2 FEs g 217:}3% W= 2 o] Fo
A4 BEAME m3tel GRS Y, A4

oA AYE o "= AAE ZH*M'} Blal, ©l&

UéﬂﬂO%F- TET A3 AI7HE 2o]7] Y A4

Bojg stm, el 2dwe)rl AFE Fee

.feﬂl sl o) E o] &3le] AETY 28

viel AATS FESEs AE oRulel MAGe A3

o oA mde yiykoz F AFY 2delth FEE #A

A daEld ZRAAC e FEEY, 2L {FHA &

J_ali- zr M o3 5 =E AAE ¢ A

B F2e AT A3 W) o TESAE

J‘jn

i
ol ]
o

o

!
[
i
1{l"ll'l-& 1 _l_.

Mo

~
=

E

e &

2.
—+
Hl!

A

ne
[
o
n[}e
] Kl

SR

o

2 =EiMe 28y st=dog T A' FuA
Z Alade T F AdA e %15} 2 2 e
= olg ¥ AARle] =R THE ¢ gl AN 2
F84E IR

P

ital

= &

[11 C.G. Langton ed, Artificial Life, Addison-Wesley, 1980,

[2] C.G. Langton, C Taylor, JD. Farmer, S. Rasmussen
ed, Artificial Life II, Addison—-Wesley, 1992.

[3] C.G. Langton ed, Artificial Life II, Addison- Wesley,
1994,

[4] RA. Brooks and P Maes ed, Artificial Life IV, The

MIT Press, 1994.

C.G. Langton and K, Shimohara ed, Artificial Life

V, The MIT Press, 1997.

E.JW. Boers, H Kuiper, B.LM. Happel, and S.

Kuyper, “Designing Modular Artificial Neural

Networks,” Proceedings of Computer Science in

the Netherlands, pp. 87-96, 1993.

Hugo de Garis, “CAM-BRAIN : The Genetic Pro—

gramming of an Artificial Brain Which Grows/

Evolves at Electronic Speeds in a Cellular Auto-

mata Machine,” Proceedings of The First Inter-

national Conference on Evolutionary Computation,

vol. 1, pp. 337-339h, 1994,

(5]

(6]

(7]

FPGAS 0

(8]

[9]

[101

[11]

[12)

(131

[14]

[12]

(&

B RBY SHEYOl WA I THO BB AT

A, Stoica, D. Keymeuler, R. Tawel, C. Salazar-
Lazaro, and W. Li, Evolutionary Experiments with
a Fine-Grained Reconfigurable Architecture for
Analog and Digital CMQS Circuits, Proceedings of
the first NASA/DoD workshop on FEvolvable
Hardware, pp. 76-84, 1999.

I 478 4R SET 19 oEd A
Ae Z}%’éi/iﬂ o @ AR JFHAAFEHE =

2, A 358 SH, 4 11%, 1908,

M. Ohta, A. Ogihara et. al, “A Study on The
Mechanism of the Minimum Searching by the
Chaotic Neural Network,” Proceedings of Inter-
national Conference on Neural Networks, pp.
1517-1520, 1995,

S.H. Kim, GW Jang et. al, “Trajectory Control
of Robotic Manipulators using Chaotic Neural
Networks,” Proceedings o International Confe-
rence on Neural Networks, pp. 1635-1688, 1997,
C.G. Langton, “Life at the Edge of Chaos,” Arti-
ficial Life I, Addison-Wesley, pp. 41-91, 1992.
M. Sipper, “Non-Uniform Cellular Automata : Eva-
luation in Rule Space and Formation of Complex
Structures,” Artificial Life VI, The MIT Press, pp.
394-399, 1994,

A. Thompson, “An Evolved Circuit, Intrinsic in
Silicon, Entwined with Physics,” in Lecture
Notes in Computer Sciencs, No. 1256, Evolvable

Systems : From Biology to Hardware, Springer,
1997.
X. Yao and T. Higuchi, “Promises and challenges

of evolvable hardware,” IEEE Transactions on
Systerns, Man & Cyvbernetics Part C: Applications
& Reviews 1997, vol. 29 pp. 87-97 no. 1, 1999.

M. Mitchell and S. Forrest, “Genetic Algorithms
and Artificial Life,” Artifficial Life, vol 1, no. 3,
pp 267-289, 1994,

S. D. Scott, A. Samal and S. Seth, “HGA @ A
Hardware based genetic algorlthm, Proc. ACM/
SIMDA 3rd International Symposium on FPGA,
pp. 53-59, 1995,

x X A

N

&= (Chang-Bong Ban)

20001 %—Ogtﬂﬁlﬂ AAA 7] Fsl %‘_ e}
20003 ~EA : FYEtn ey AAbA ]
TR almtF

DA Fol: AgetEg o], AFERE T

431



RssEie %

| K|S AlAM R =2X 2001, Vol 11, No. 5

Ztated (Sang-Young Kwak)
1999 ¢ ‘&i‘tﬂ'é‘}ﬂ AArgetal Zahal

2001~ &) : T} hored ARA7]
FekR HAlaA
BAR: FaEt=de], 9F4AET, A5
2R F
o[ 5 Z(Dong-Wook Lee)
1996'd : FUietnL Ao A &-F-8kx) FEhAL
1998 - T4 etm ek FeHAA}

20001« Fd et hSh] FEAL
2000 ~ & A : ZYST gy A T
73 (A7-4)

A H 2 (Kwee-Bo Sim)

1984 - SRS AAbs et F3A}

1986 1 FATNET ekl AATE}
FE4L

1989%d : The University of Tokyo A8}
',74 “Zahdkat

19004 : BAYS BU7eAFL AL

Zolilgtm AAA7|FER [

@297 2 ASA2UYE B

=24 AYALY

Aoy » AF3} - Al 2RFED] =84 HIAAY

2 A4 B

tfgtA7IeE] Ao 2 Al2E FES

HEAY B ggolat

1991 ~AA
1997d~8A

o]AF &
2000~ &)

2001 ~9A

25

=&

TRk oY, Aids, AFEEA2E FER-HX
o AZEAFY, LMY ZENH 8
stede, AdFTHdEA B

el | +82-2-820-5319
Fax @ +82-2-817-0553
E-mail @ kbsim@cau.ackr
URL : http//rics.cie.caac.kr



