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The significance of “biologically inspired paradigm” as the creation of a new paradigm is
described showing the scientific position in the course of biological evolution and the hierarchy
of nature by referring to the Darwinian theory of evolution as a change of paradigm in the
scientific revolutions. The structure and functions of brain as a by-product of biological evolution,
the various information processing models with time and space structures by deducing from the
brain functions, the genetic and evolutionary algorithms as the models of evolution itself, and the
algorithm based on sexual selection, are described. Furthermore, as the results of trend survey
toward the recently developing complex network science research, the useful design guidelines
for constructing the future information and communications society can be obtained.
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RTHETORRERESH LSO T
b0 WD H L7-FE L IR ET LRI
BRIEV, ERBERICBVTE R BREREKE
o THFRR ERFIIREZ MV THZ LD
BERPECDOWTIX, Wada SORET L 04 7 —
AT YTV TY) ZAATHE RSN T WS (20,
WS DEFNIZEWIZBWT DNA O HHOH
BIFICHHOT T —RENR L L L) 2 LI
HU. 1 ko TRZ 5 RRERELFFOET
NWERELTERRRELFEIAL TS, £EHN
WRCEMLERERELZEILTBY ., HBRITY
27 %) BB W CHIRMER 2 T W e 2 H 1R
KTEDLHTHNITH %,

4 HROMIAELET) TICED
< IRERALIE

4.1 (EZ2MEE7 LIV XL(CGA)RY

KL DAH A F1 = X 23k VLB 2 # T
BENTELDLDTH D, ZOBKMEET VLT
LT EITED, PR R S R E )T
W RRIIRET L LWL 2D T4
HHMBELEAR BT H MR OH 2 =X 2
Ze ¥ FEFBT, BETRD SEBR~NDT v ¥
YRR DT LI, RYLDIH
GifEE, X DRSS RAEICEINICERL 2035
il < &SRB 22 B L LA T VT
A 2 (CGA : Chemical Genetic Algorithm) JI1ZDW
RIS %, /2. COEETOUTII VIO
HEACICHEH L2z EfzTer 93 v 7
(CGP : Chemical Genetic Programming) J 12D
THMH L. ATHREOMED > TH 5[5
1) (symbolic regression) | IR, #ET—Y =
¥t DATERISE OPERH T L 7RO W TR
T Bo

[ HIEAL IS B THERG S 7zl e o AL X 7
= WA o INN el

Mo MU LERICB VT, BfETH»S
HBMWAD= v ¥ ¥ 72 BB S E LD 5,
BAAD X ) Ml oEBR 2 AL T& 22
Zohn (K29, haeEFMELAD D25
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X 30 Tdh 5,
[CGA DS 4 7 V] (M 31 )

CGA DEEHA 7 VDOEAT v Tk, KDL

BYTHb,
Sma]lerm clecules
DNA o % <ol
o
° & od
Polym erase lPolymemse l Syuthetase

Aanino acids

-tRNA synthetase
Amincacyl-tRNA

O
1

Ribosome

Protein

[sassasses

=l EHRRIC BT DIEIRIFEROBER D
DEMEZ RN

M

K L
DN-‘\,-//C" ,,/7"‘ /4'"

o i,

Aminoacy lHRNAs
(aa-tRNAs)

il
SN OXR

transcription

translation
trans lition

Y
XK [ s b
Quiput amino acids (RMAs

4

F reaction

XM,

Indexed amino acids
1AM inos)

ic]o]s CGA THUL\HHRaiEE

Entire Algorithm of CGA

Not chromosome but ol

—— Roulette Selection of Cells
g}@ By &
& 5o

&+
DNﬁMuiabm
( -\ ‘\ (B in [N,

—} nllmai
phirni s

1= numit of selection,

Chemical Reaction

In wach oull,

i

ek

DA Crnesa\ner & Molecular Exchange

:%mnlh.'rmhn:uh:ﬁu: revised _\
‘(iﬂ)*\/x]

CGA O£{F7ILTU XL

L ML £9°, M 30 okiEZ > N
Az HET 5. MIHIRECTIE, 3XTo
MW7 3 77 ¥V tRNA (aa-tRNA).
tRNA. WO 7 IV BEF= VA, TV
& L7 DNA S 7 3 Jfiliz b,

2. ALFEPUE L RIS, TRTOMBATH>D
A7y 7O 55, (RNA-T I 7 Bt
WO T I 7 B~OFR. Who7 I /%
NOFF) AL %o PO T, 2D
BOEEH L tRNA, aatRNA #{EhH. #
NOEDFA XIBRKREL LD, S HITHIAR

BT =N A XD % %,

3. BN DT I 8B SO EIGE %
L. EISEORHVHMEE V-V b -
AA = VEPUT X D EIRNT 5, TORAE.
BIRSN-MREHES T, ZofMilioT
RTOWHEEH (DNA, =205 7—N)
#mﬁﬁkﬂt—éhéo

4. DNA OZRESR ( WED GA LFRMRIC, #
fZf-on ”"%%{ﬂ%ﬁ Jo

5. ML To DNA DR E 51284 : ﬁ%
D GA EFRRIC, BiInfFoREE, =D
KL o7 2 PRI T s

6. MNBEMOBESEOFE. L. BT 4
ZMETHIIRT. 2o ThiIITE, R
77 2R A,

[GA DEfLREPEICDWT] (X 32)

32 /e (@) 1R$ &9 R 2MICBT %

[FIXES L2200 EZ2M (ragged fitness
landscape)l 2. FXAi (b) DX 5%, DO %
i (smoothed landscape) IZZBH#§ 5 2 12X D,

Evolvability in (C)GAs

Evalvability m the (C)A can be measured by the basin size (/) of the global optinum solution.

@ (G

b Gilohal optimmum e Cilabal optimum

Basin
Optimized?

—

The busm stee (A) might be mpmented durmg evelution with the CGA

sl C(GA) [CBIF BiE(baETEE
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HEAL VT REYE (evolvability) Z ) E &85 Z LASTE
%o
CGA DEFREN ZBGET 5720, =oD72 %

}| Peak’s location
0.8 i\ Is randomly set 0.8

fxw)

0

0 4a/5 o (1+4a)/s 1.0

Xk

EMIE R E LRI (54 7 1)

CGA_best )
F(x) R e
08 — S 1

__;.*',-‘.‘*“"‘ . J
o6l L" & -

"J:_J_"EI'\' L3 v 'ﬂ"h' l"’“dﬂw
ok A
Y

w 1““& \

5 i \ fWMMm
02 |
wM‘r , CGA_worst
e i S T

o 50 100 150 200 250 300 350 400 450 500
Number of generations

sl [2E URIREICT S 2 CGA Dvk
(#471)

Fix)

0 50 100 150 200 250 300 350 400 450 500
Number of generations

sielof 23 URIREICY T 5 SGA DiE(k
(#47M)

LE (s 47 1, O, M & _DoOXRYFI—
7 B E R TEREIT - 72, BT E LT,
SGA (Simple GA). PfGA (Parameter-free GA) %
Hw7e 247 TOHMAIE, §XTORT
k=1 ..,nTxx=1¢%%L%, Fx IRKA
iti Gedifi) 1 2 & %0 74 7 T ORI 2 BiER
. BRIk BTV FAIxe=0 F771F x=1
Th ()ARAM1 2L 572 ZITBRY. F(x)
PiRKME1Z2L5, 4 7MiE. %Kt k T,
xk = ax (axlZ. 0 & 1 OB O—FEHLE) T fr x)
PIRAME1 2L 578 ZIZHRY ., F(x) 28K
1%2E%, K33DXHIT, HRITTRAM G
i) 1 ZMAHER L, JRPriEfE 0.8 25 fiffse
D1 412> TEY, IXTOXTk =1,

L 0 CTHROEMEA A HERIE. 1/5)"E % b, ¥
£47 1, Mid. 4 7 1 (X 33) Ok LYH
Lo TWnWh,

N2 e lnel

34, ¥ 3512, ThEh CGAL SGA DEIEL
F (X) O#bOMF 27", CGA DA I3 Ba%UE
DMK E L —F SGA DRE G AV S
W ERS D, CGA D Bl (CGA_best) 1.
0.8 UL Loy #EFICELTWD, —F
SGA D¥AE. 0.8 DL Loz 2 &g Rk
e oTwi,

36, X 37 12, ENEN CGAL SGA DT 3
JEE A N T ADORSRIZRT, Zhud 5 K5E
DFATMOEE LBEOYETH S25. CGA
WZBIFET7 I D, BRIk TEOERKfEE I
523 RTCO axlZBVT, —EfliPl EZ - Tw
b2 DN DBe —Jiv SGA DYEITIE. T3
DS LR S TWBRILE £ 9 Thwv
RICBHHZ LDV Hb, TMIFEY B LBIT,
> TWAB I EZR LT WD,
[(PERE R IC D W]

F 3. #4112, SGA. CGA. PfGA OYERELLIER
AR ERT,

£ 313, ZF LIMEOWLEOMEE £ T, SGA
DEIHRIZHEE LT, CGA OHERED T 2 22
BoTwabZERLTWAS, 72, PIGA 37
NTOFA T DO7EFE LREIZH LT, 100 %55
LTwb, £41F., Xy F~<—7 8 (Shekel
foxhole problem. Langerman function) D& T
H 505 CGAIZ PIGA L %D IIHEEZMHF TS
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o ,=0.60 o, =0.87
o,=0,73

|

Number of cells

Amino values x

CGA D7 = /fBE R IS LDBERF!

02 ,=0.73 g =087
o, =0.07 \ = --o.ml

Number of cells |
a0

Number
of
generations

Amino valuas x

ey SGADT7 I /EE R RIS LOEERYI

CED B

38 12, CGA 12817 % Basin size DZAL% R
o FRPSGH 5T &, 5L (100 1AL
ZIEIZ, 282 Basin size 23BLCTwW5, i
&, BT (binary value) 2 53R (function
value) ~NDO< v ¥V 7LD & FC. Wik i
IR LS Z2RLTWADDOEEZ LR
%o

M 3912, aRF¥y-73 BERT— 7 Vol
ZRT o EALOWPIRETIX, aFy-TI VB
BIRT — 7 VOEOZALIX, A FITRT L) IS,
I NYOfEA 1 By MELT S L EITT I RS
KESEMLTOVBA, #bAtEL L D X 512,
I R Y OMEDEIIH LT I 7 AR AL
LTCWaAETHRTNG, Shik, X320k
KD XD ZEBIA. ARO L) 2 5Bl
AL (L) Lz 2 iin LTwad, Z OfGE.
CGA FAEALWREVEASHE R L. B L v E Ok
ZNHARZ MELIER L 25, LD L

LEN r&UrIsEC s BmE

GA |SGA |SGA* |CGA |PfGA |SGA |SGA* |CGA | PFGA

Dimen 5 5 5 5 10 10 10 10
sion

Codon [ 6 6 20 6 6 6 20
length

scaling |linear |linear |exp. |none |linear |linear |exp. |none

Typel | 2% 9% |100% |100% | 0% 3% | 100% |100%

Type | 12% | 20% | 100% | 100% | 0% | 5% |100% |100%
I

Type | 47% | 85% | 95% |100% | 14% | 79% | 43% |100%
11

E20 RyF—oMBEICHI IR

GA |SGA |SGA® |CGA |CGA |PIGA |SGA |SGA* |CGA |CGA
| (WF) | (NF) (WF) | (NF) A

b | |5 5 5 |5 10 |10 |10 |10 |10

Son |

Lodan | | 6 6 |20 |6 6 |6 6 20

sealing | linear flinear exp. |exp. |none |linear |linear exp. |exp. |none

Shekel (5% |S% |S% |50% |37% |0% |0% 0% 0% |13 |
| %

Langer (41% [(47% |13% |35% [83% |0% (0% |0% o 1.7

man | o

Basin size increases with the CGA
Temporal changes in 7 and B in a typical run of the CGA

e large

i iy

0 I
[ W 10¢ 160 200 5D 1] all o Is0 W0 20

Number of generations Number of generations

he average basin size (&) was greatly increased during a run

Ziclzl CGA TONRA R - Y4 XDiEhN

Test Function (1):

Final Translation Table

Bmnary-to-renl walue mappings for the 200th genermtion of CGA evolution

/m'-;l_ll L] oo ool o1l mnlm

/w.... e a 8« 0w & « @

Olw s » « Olw + s a 0O- ¢ @

N@Peed e@ 0 1O ew -

w. s 0@ we@P@e i TN ]
] ] e

o o1 00110
e @ - » MWe =+ - |Nese@

| | =
l e e 0. ne@ a- - ew
RN o IR
e «sw u-..o.n.ol- ;
CLY Y TR LN Jipir] XN )
8 . n

]

CGAD2ME-RMEBRICHIF DRI
BER—7IL
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(1Cc7)

A& HEY GEILY) ICBR L THRNTWnEH 2 &
ZRL TS, ZOBETREPLRBR~D LY
Bw= v ¥ U 7 2 LMIER 3 k. B
W REORVIRELTETH 5. ROFTIE,
CGA ZzHIEWM 70 75 3 v 7 (Genetic
Programming : GP) IZ3L5k 3 % 1 (CGP) 122w
THWd %,

4.2 {EENEEI0I5Z5 (CGP) 22
X 40 1. CGA%Z CGP NEHE LK TH 5,
CGA DX 31& CGP DX 40 M T 5 L 505
£912. CGA IZBIF 5 #=T (DNA ¥—4 ¥ R)
B HERIV VOV — NPy &, FLOMIC
ZHENTWD, DNA ZHRENT I VBOK
HBL72y 7 8L, EISED IS5,
Z D, DNA OO IS ST (RNA &
0, IRFRENTTIVMELDH, Zhbd
HBRIELTTE2T I 7 V)V {RNA A Lo
FUBRRICAEE L LTRSS oMo
MEEZETMEL., #HE 2V — )V AEDHEL
RSN EICE), MREE e R
ol V=N L ER LS, BEISED X
DRV — V& EALIICHER T 5 2 E05REE &

il pomdizen nn.‘.: : -
oeeds 1 I Fouletie Sedection of Cefls.
= B e e T e iseiiiee] il !
N e M S
— o [T E] N ame *
lllllll ———— 1A - Ok Wutation
—_ s lpped
k|
“—L — b -:rmct & Mzlacutar Exchanga —
o | HETS [® 15 -
. | .
sl CGP ZIWdUX L

«  fitness = exp (a-exp(-/b)), a=8 b=5100
= Good solution is found after 140 generations

« Population average remains significantly lower than
best individual
i.e., Indicates that population diversity is maintained

Ewelving 278 + Butd = In*2+ 180

P Bae e —— OGP vt i —— G Dt fnbeband G Asmrage Febechan

il |  m—
% |
Ex
5 A
83 d
0% |
i3 |
i |
o | B —
W P
Geraratins st

SEISE D LR

5DTHbo
USRI 1] (Gl Il i 7))

B 41 1%, Gl R R LT IS o
L #t 2 CGP & itk D GE (Grammatical
Evolution) & T L72d D TdHh 5, CGPAS GE
EHARTHEIEA Y — F25# . 140 R TRWF
WCELTWD, F7o, REOMPELBING
T BH OISO FIEAHE Ik ROfE X K
CRINTVRDL 2 E0 S, EHOZ R E IR
72N TWB T ED D5,

42 1%, CGP& GE 2MEME L7z % R L7z
bDTH b, HIBE 2x5+3x! +4x2+100 1K L
CGP & 2x5+501 Z4 % L. GEIZ 1.9x% Z 48 L
720 IEBULSINZEINEZ LT 5 L ThZEh
095, 0.81 %Y. CGP DHIMENRTVWALZ LD
BH 5o
OSHFI2] (==Y = ¥ b OFTE)ikI) 23]

431F. CGP 2~V F (2) -V =¥ bDR
BTHAH[WT 5 Z (The game of tag) |7 — 2412
IWHL72HDThHbH, ODT—YV v M, T

Formulas ‘ lsPI%EIG:\:ﬁ-(:};JnL
GE Solutson

-Target: : .'

2043t 474 100 25 iII II’

i
.

*CGP: 245+ 501
normalized \ !
fitness=0.95 15 4

GE: 1.9%6 1Y s
normalized kY b
fitness=0.41 05

a

local_y, y1 or y2
(pixels)

Local_x, x1 or x2
(pixels)

REoTs—L
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L5 ERRHOUR ~

Function Usage Description
+ (+ah) aplush
(-ab) a minus b
(*ah) atime b
Y (%aah) if' b= 0 then 1 else a divided by b
min (minah) Ifa<hthenaelseb
max (max a b) Ifa=hthenaelse b
abs (abs a) absolute value of a
neg (neg a) negative value of a
iflte (iflte a bed) Ifa<=bthenc else d

s L0
u S 5
@ (b) (©)

Match ups at about generation 200,

In (a), the pursuer hits the obstacle (shown by a halo).

EEE T—J 1Y NOITENER

(=6 F-L0s

Emergent Strategy Generation Player
Tagging 200 —450 Pursuer
Weaving 200450 Pursuer
Safe Haven 200-450 Evader
Obstacle Hugging 200 - 450 Evader

Boundary Diversion

~450

Evader

Focused Tagging

~450

Pursuer

Point Circling

~ 500

Evader

Arcing

~ 1000

Evader

Shorting

~1000

Pursuer

ELZTMFERMA 20, Tz oNE
WX DT, BEHWIZITERIEEZ CGP &l T
LR 3 %, 2513, CGP THW % 3EAR
BOVANTH 5,

M 4413, "D —Y 1Y FOITHOKT %
#9, SEAY— MR EET, EPIZHS 1. 2
FEEWTHLH, ODT—TVx ¥ b (pursuerd
evader) 1. EH 539 FLWEWYZ BT LS
ARATH L TSR0 h %0 46 1. A%
L7cz—Y = 7 FOITEIRIETH 5 aHHlT NG
FTA5HB. CGPIZXD, b6 -V VD
Be& TR 2 LA IR LTV B 2 &0

5o

5 #EMRZY b7—O0OWHERR

[ NN R A ETH 5 D L IR
2y HANRAELD T,
— Albert Einstein —

G HEA OHEZY & EH0EE Y X 7 A0
TR - LT 5 L & HICEOREN
HLISHRL TS, — T, R KESD
RAREIZ BT 2 NHGEE ¥ A 7 2 Offaggtk b H4
G TERE L. THEFICT 2 HAh B OB
ELTRERTRIZES>TETWS, &9 L7z
RIS 5720, Ay VT —2DFLFI v
AIEH L, BIMICER§EETS, A Y77
WIS THRBER 2 & v b T — 7 i & H OHLER
ZHER S % 72D DIBEHA T OWTHRA L 20 €
NS %l U CRBIETARIZBAME O B K AR
DIEHEE Y AT 2DTT ¥4 TEFNEIRE
THIERHIET, 2 TIE. MBI 8
Mt v b — 7 B OB 217 - 720 4
2. HOBEYEYD D RN 2720 TRbls
FIKETE 24 v M7 =27, A5G R R
B2 U7z 7 — FRCE R 8R. 350 2 Il ¢
ELMENT T4 v 7R M ET S H
CHIERI 2 2 v b7 — 27 OFGHEFLIZOWTOM
-2 T o720 T2 HEDALDOLHY
WX o THRBAET DHEN R v M7 — 7 ik
WZOWTHFE - fgEL. 5HBory P —24%k
BOEFE LWEY FIZOWTOEREZIT- 70

5.1 F¥—9—R0D:HHA

¢ A'— VT —V FHG (X 45) @ [/NS 5Bl
RILWIND [TV F LAy vT—=27 | ObT
PREDDGZERAIZIVHHT LAy b7 —
JBIRT, Ry MT =27 BROFE SRR (1
i) BRI B BBIBDZ L [6 RDOKE7=
DIREEDBV), HRFEDINT T LXK
D, REWNTZ 4 = FEED TDNIZ. X 45
X EDSIER A v b7 — Z(regular network) )
AE—=NT =K - %y b7 —2 (small-world
network). 7 ¥ A% v b7 —7% (random
network) Th b, pldty b7 —7DDO4E

21


user2
テキストボックス
The ICT Inspired by Life  
 －The Design of ICT System Inspired by Evolution of Life and Brain Functions － 



Small-world

p=0 » p=1

Pli) oc k¥

Power law [z 24 —IL)

Power law (log-log A r—JL)

A= DIBE

A=Y=y D=5
(A V5—xvy FDBE)

E46

BRIEET, o0 BHMTEI8ICED T
VELERWL. EHAY FT—=I 05, R
E—NVT—=NVF- %y NTI—=F, FUVFTLEY
b T = NEZBELTOL B AR TN S,
A —=N7Y— - %y b7 —72 (scale-free
network) (X 46) © THM i ORE ki & HBLHE
P (ki) & ORI X & FH] (power low) : P
ki) ki 7 JIZD>E5TVEERY N T—=7D
CLTHbH, M461Z. £ ¥ 7 —F v FDR
r—n71) —ZRLTWBRET T, g
¥oT (hub) EFHEN B RBOKE R ) —F
ERBONEBEHD ) — Fh S>> TwWh,
FA EE. CoX¥E ZOMBBEEZ R LR
MTHY, wbwsbuar 75— (long tail : 2
BORVWHBEZR LM TEZV)) BGRERL
T, FMA I KA EEzmxds s 7
WKELLZLDTHL, COLXDOEHOME
-y LD, HARRPHRAET DRA %
A —=NT7)— - 2y NI =7 TCENENA
iz b,
e XL —LDEHI I £ 7 ) T ORFFFHEDOINL —
b AU Z 72 3H0C, —RICT80 1 20 LRI &

I TW5E, EEL 20 %DEEN, &Ro

80 %% HHLL TWB E W) HEHITH S, Eitd

AT —NT7)— %y FT—=7 BT AE k

DFPED P (ki) & DBIEATR
o JEfEYE (robustness) : E@rR ¥ A 7 A DSEREELS

Bhizxt LCHrodintk (adaptability) Rk

(fault-tolerance) D Z &,

o a5k (fragility, vulnerability) © @Ak & 13K
T, R Y AT AHDEEEEEIIN L TR
5924 (weakness) D Z &,

LERHE, TNE [ L7k bEda]l, 54 %
TV R, 2007, Tld. o L EESTE L o
oML —F+70BKRE, =2—3—7 DK
T HIHROFHE T 2 RAMMER, PRGN 2
EDRFRDBN % BT 72 03 IR L T 5 [40],

52 Ry MNI—=J0FREE

e 2y MT—2 GITHHOEEV ={vy, vy, ..., Vil
LHOELSE =ley, ez ..., em} DOIRLES
G ={V, E}

o X¥ (degree) : THM vi DX E ki &1E. vidr D
T2 D,

o SEIN A K/ TH M M #E (average path
length) L(p) EED 2 A vid D vil247<
72D S R IT U B e WAL D IRANARF DI
Yt

o 75 A % —42%4 (clustering coefficient) C(p ) :
A2y b7—7 GEHWRTAROET ) HER
ERALT HIBET 0 & 1 ORofliL & %,

o &y b7 =7 HulE (centrality) @ Ay b —2
DR THLMREEZ R LT EEZ W
Vo RBOREVHMIIEPLNTHS L X,
KB (degree centrality) &5, F 72,
% < O 2 TR ORERER FIZH 5 THMITE,
BEAMEC X % Wi (betweenness centrality) A%
BwEwvnd, R FHED Freeman 23k % v
M =2 ofiEE LTRE L7,

e & v b7 — 7B (network density) : THMS D
BOENZ TILWIFE, Ay VT —7 %
ARV EVI),

K471 25250 Y 7R C(p) & FH
NAKL(p) (plddy VT =27 D05 &He 2
R)OMBRERT 7T 7T p ANEHETIE,
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1 a

[* % o
osfl * . Clpy/Clo) =

i o
06
ol . )
0zf HAYUO *

[ ® p— 2
o_ " " L -
0.0co 0001 o;m o1 1

[
OSRAIUVIRBC (p) & T

IKRARL (p)

248 2 #4143 71 (bimodal distribution)&% DR ykT—
DT —=XTHF 49—

P(k)

k1 %) k

BB EREORAICBNRY hT—2 -
T=FFTIFv—

2IAFN Y ITREC(p) LIS AKL(p)
FEDITRELMED DN, pHKRELARDBICT
o Ty MFL DML T, p 2N ZAAH
(0.013532) Tix. C(p) BRZIVDIZL(p) A3
INEL BBy WBWB[RAE—LT— L KB4 Hs
HHLTw5,
[k (random failure) & B (targeted attack)
OWHIZHENAR Yy bT—2 - T—=FF7F v —]
CDEI Ay FT—=I BT LE2ON? LW
) [WIEASH B 05, AEERIA ¢ [N BiEL v b
7 — 7 BHEAEDPEHYY | [Tk & Bl )7 125w
DY FEIE ? pp.282-289, THHMLEL 20084F
3H% (Vol49, No3)ickz &, 48 I1TmT &9
By KBOKER (k) PERONT L KBONE
% (k, ki< ko) 28D — N 2 FH2 T D4R
3 5. [2 WXkE5Ai (bimodal distribution) % 32
Ay NT—=7 - T—=F T F v —|DBFDETDH
L ENRINTNVS,

5.3 2RNIEHAREM
* >K[# National Research Council iZ& % % v b
7 — 7 FHEEOWNGE T
http://www.nap.edu/catalog/11516.html
2E Bl RTITET LGB OEEDE
weEHEEhTw5,
CoOXREED L, KBEEER Y PT—7I12BTS
EF) YT - aIb—va rds ERANTERE
Y=ty FRBOZZDICEEEI W E ST
WA, HOHERLZ B & LoRERWATE) %
s 52 e, R#EEETFAY bT—2 O
KxT5HI LT, AMoRomEExHE LT
WHIERE, AWDRA H =X L N OENAT
B2 WF7eaRIciE LC, MIEHMZER L X9
L LTWAZ EDBREE,

5.4 #iExy FO—JRESEHDRAENID
[41] - [46]
[HLAR A v b7 — 2 W]
o THIIMRZ. [ & B D& Hv — )
T HMMRA v M7 — 7RI, NTT HAR. 2008
W2k B L [E AR (= KU @A X
B AE=NVT—V FOIGH) & I & Gv =
L=<V -2y NI—=2DVIALTY T
(DOHEBEZ)NTXY, RN THEN L 2—
RV Ay M= ERMETELI LR,
M A DU TOBRKZ Izl e 22—
Vot bI—=2ofE, b3 YO
THDHTA ¥ VFEBETOKEFIH S OEHH
Mg (RaRFCHCHRILT 22— -
v b7 —=2) ofl, EEOEEE & HADR
HAEDOBNIDOWT, EIRRVWED DR v b
J—7 - PRBY—DFEREFTRBHHH L
TWb, fimeE LT AFHTIERD X9 IZEKH
LCTWwb, NGRS 28 2 7= 87 [+
Ay M7 =27 | B EITHEE T SRR, [
it & BV EBERY)TIAXY) Y 7I2E-T
[ PREACRS | % 2 ZITHR D AAA, ¥ AT A 4K
Z[AE—NVT—IVFHELLT, MBEORNEZ
WY %2#F5HZLTHbH, LT, ThEeHZz b
DR, BEEROLEELL[V =Yy b d Yy
SV ]THY., WENZYV 74X 7Dl
RFETH b
o ZHE, [NRO Y DR — [TAEANEDH

23


user2
テキストボックス
The ICT Inspired by Life  
 －The Design of ICT System Inspired by Evolution of Life and Brain Functions － 



(ICT)

#ENational Research Council [C&? %Y fT—IFZ DRSS E

HERERF SR ) 7 WROEAM WefEE | RGO Al
&

KRy b —27 2B 227 Y v | ERNRRARY —LE > M3 A &

Tevall—Yar cFRTF 4T

Ta kg AT

MESNERBEVRAT LHOBS - ER | ERI2BEZBOERLET A v b | T4 &
U—7 OMWE

FETENCET A1y U= HED | Ry MU L& HERRTTE) | i &

5 DEAF Iy IR

Fov MU= OREN & EESEE TS 2OVATRERR R b U — 7 M | &
B oofERA

Sy N — I HEEE A =T VY T | EEEEREA TRy U — TR | &

£ - fRHEME DA

Ry BT — 7 OEHEEDHEE B & BRI BN R Y | &
— 7 OME

Sy N = EZBOMEBRMONRE | Rxy N — OB CHEB s &

Foy b T =7 PLOEEHROIEKR AR O 2 b L—= 7 | BRE &
HEOBR

Ry RT— s N2 DY A > AT LER A~ DR A &

N B Y OB OITEN Y LT Y AL EEF N s f&

TERATTEY 8 Sl g f&

R EBETF Y hT—7 LR ON ) 1% =Wl et 1 &

RIS NI 2D —]. HAREH AL,

2004 4

[ LW B ANEERICTD. DB bEIY
HEVHEE, LK EZIMHI Y H72FITHZI) AW
KA Do 7T 79 2y ¥ —DIEWELR DR
XJeFvAhY - T9vID [RE—LVT— )V A
MO L D Ay bT—=2 5 TR AIEN
e NFIBROEE 2R EWAN L T b,
s FHE. [ Ay FT—=2 500 — WMAATh%EPE

55 —1 HilEsk, 1997 4o

BABRD SRR - FBEA Y b7 —2 % T A
EAN AEHZODP DD YT 58—V &
WOM L, 1TEOREEMIELADHBR L LT
DAy VT =25 OTREIZOWTHIL TV
5o
[SNSZ%3 8]
oV —YxlAy M=% —¥Y A Mixi DIk

IZOWNWT

KETIZ. MySpace. HATIZ Mixi 23R H]
T, Hpo7urzbk, KARFHLII2=F412
&S 2 MlE L O SWEREEZ - R L LT

(34 http://www.nap.edu/catalog/11516.html)

LRI 2D T 5,
[TEHOMmE]
* Google M ¥ ¥ 2 AMRMEIZDOWT

WWW DY ¥ 7 R»H [E L DFAL 25
XRINTVWEYAL MIERELY A P TH S
EwIyfFicko&s, RRHFICH LT
PageRank™ &\ 9) 7L T XA % 7Kg
REPURT B ¥ T3 ARG TR Z WD TV 5,
Lot 257 ]
e Amazon D ¥ ¥ 1 ZAMRBZIZDOWT

Long-tail {4 (R & L0 (powerlaw) = A 7 —
V7)) =) oiFH T, Wk, XA PET—
Ry 77— HBRICE > TOELRILAP L
ENTVRd, b v Fr 7o r 75—
FR=ZALLMK LS LTAH Y MRGET A 2 &
WD, EREFREE BT LT b,

5.5 BASEH

IS D—D2 8 LT, [ 0D 5. Pk
WA [, P E (2006) Tl £ ¥
¥ —%v b EERTRETSHEHR O B R AR

24


user2
テキストボックス
生命に学ぶ情報通信(ICT) 
-生命進化と脳機能から学ぶ情報通信システムデザイン-


The ICT Inspired by Life

O The Design of ICT System Inspired by Evolution of Life and Brain Functions []

HOZGEICBIT 2SR E A v b7 — 27 OB
A O IICE USSP & N 3 % Bt %
AT 5T P2 BRI 5 % Hoalr (B 2
Ly INKFEOIEREZ B < 7 AV ARG B e
L) IZDWTRB LT 5,

56 F&H
[REINAGR X Y w72, FEkICIX
WA D 5. BEIJIIHRZ S WAhK
o]
— Albert Einstein —

Mex R HRBGCHARHLREZ A v VT —27 0l
HD SIRHT eI HEE L Tnd 2 LAt
Bholze Fl2w AE—NVT— )V FBRR A —
N7 — - 2y bT—7 OFER AR L7z
A7 =%y NEVRAAPRELTETNWELT L
%) 5}75‘0 720

CHDXHIT. HARR ABR i) o4 2B
JELRVT, TN A Y b7 — 7 DM T
Who BIMER A Y T — 2RO 20
DD Y H 5 21 WAL OFDITHTF TERAITHER
LTETWRHIHTHY ., [RMICS HITHA %
WF7E0 3R € ¥ 3 A TORMAHIGF S Tn
bo 21 A2 EXBHATRTICEST Y b

SENH

T—=27 -5y =L REFEHICEEL
ARz B 7256 T EPWFRFTE S, 5%IZ. Ch
OIS E, ittty b —27 - 7—
F77F X —OkEt e Rk ICT Bz B
54075 - AMF7F v —OREZTTERL.
UE LWHA Y X F LA DT ERAKDRET -
RSB HRMBINCIEH L T &S EE R
MUEDO—D o TW5,

6 SENRE

1980 AEACHE A [ AW 27 5 | T UL B o i 58
2B L TH 5K 20 SEFEB L 72 ShE Tk
NRTCELZLHITTEMTER]Z LI LIRS
T4 LADREIETH Y, BHA LB OREL2 S B
I, F=<Z - 2 =DV [)35 ¥ 4 Ll |12
PEE L. RN EROD LRy 7 XA—=F T
HokFi7z e Mbh s, N (Zh& 2 b AdmikiL]
DEWTH B 2 LIIARGTHBRRT2) p3 { fiF
WG EL ] 0P 2 5 UE, AROTEHLE
BHEEEE - HET 22002 DTAFTD
BRELBVRDDTH S,

AREETIE, [T S] T HLELE 7 L % M5
T5Z LT, MhA RFEFROMERIHETTE
5Z L%, FEhlRR LRI HRRz,

1 b=YR-I—V, RER, HEFEHR0OESE], #ITERE, 1971 F.

(TR R E |

2 BIIFEEE, [PAry194VRE], F15  BHREUHER  EFW IOV VEE), F25 . —K
ERMHERD SO —IBER, £358 . PA VY194V EFDEM, Hi7HR, 1970-1972 4.
3 JrU— - AAV—&Y 3V P - R—LX#F, Einstein1 50 DEE, EfErt, 1997.

[EEYnE(ERaE]

4 Charles Darwin, "On the Origin of Species by Means of Natural Selection or the Preservation

of Favored Races in the Struggle for Life", London, John Murray, 1859.
5 Fv— )X -F—0420F, UFv—K- - U—F—iF, FEKGEORRE], RREHE, 1997 F.
6 J. H. Holland, "Adaptation in Natural and Artificial System", The University of Michigan Press,

1975.
[Za—3lbxy hO—TRE]

7 A.Waibel, "Phoneme Recognition Using Time-Delay Neural Networks", Report of Speech

Committee, SP87-100, pp.19-24, Dec. 1987.

8 A. Waibel, H.Sawai and K. Shikano, "Modularity and Scaling in Large Phonemic Neural
Networks", |IEEE Trans. on ASSP, Vol.37, No.12, pp.1888-1898, Dec. 1989.

25


user2
テキストボックス
The ICT Inspired by Life  
 －The Design of ICT System Inspired by Evolution of Life and Brain Functions － 



(ICT)

9 B, EBHFEX, [MEERESEHFeaDcHOD_1—J)IbRy ND—07 —FF U F vDOMEELER], &F
BRBEFaMmGs D-0, Vol.dJ74-D-I, No.10, pp.1361-1369, 1991 £ 10AH.

10 K. Fukuzawa, Y.Komori, H.Sawai and M. Sugiyama, "A Segment-based Speaker Adaptation
Neural Network Applied to Continuous Speech Recognition', Proceeding of the ICASSP'92,
San Francisco, 55.1, Vol.1, pp.433-436, Mar. 1992.

11 H.Sawai, "Frequency-Time-Shift-Invariant Time-Delay Neural Networks for Robust Continuous
Speech Recognition", Proceedings of the ICASSP'91, Toronto, S2.1, Vol.1, pp.45-48, May 1991.

12 H.Sawai, "Axially Symmetric Neural Network Architecture for Rotation-Invariant Pattern
Recognition", IEEE, WCCI (World Congress on Computational Intelligence), Proceedings of the
IEEE ICNN'94, Vol.7, pp.4253-4258, Jun./Jul., 1994.

NE LRIt ERSE]

13 =E=H, KE, 2, NSA—IOREZAZICUELHN7IIVIUXL, BFIERBEZRMIGEINTIRE,
Vol.J81-D-1, No.2, pp450-452, 19984F 2 B.

14 B3, ZH, TWHIDE/ (S A= TU—EEM7 LT XLICBITE2EREREZDMR], BFEHREEER
FGS, D-19f, Vol.d83-D-1, No.8, pp.834-843, 2000F 8 A

15 B, =H. NEGCTFEERICEDELNEEL  B&EB(LENOER], BRMEZERHIEE, Vol42,
No.11, pp.2663-2671, 2001 F 11 8.

16 S. Ohno, "Evolution by Gene Duplication”, Springer-Verlag, 1970.

17 K&, BR. 50l =, 8, MTMEHRAZEEZEIEERCEDELCRNSEE], YR T LAfIEBERT
RFNGS, Vol.15, No.8, pp.422-429 (2002).

18 EAIl, [0IvID#FHEEELL? |, fLFREESISE (1992).

19 BE, [HIBEYMZEAFT — EPHEDIAF v I AZRD ], HiIHM (1998).

20 K.Wada, H.Doi, S.Tanaka, Y.Wada and M. Fu-rusawa, "A neo-Darwinian algorithm:
Asymmetrical mutations due to semi-conservative DNA-type replication promote evolution’,
Proc. Natl. Acad. Sci. USA, Vol.90, pp.11934-11938 (1993)

21 H. Suzuki, H.Sawai and Wojciech Piaseczny, 'Chemical Genetic Algorithms — Evolutionary
Optimization of Binary-to-real-value Translation in GAs", Journal of Artificial Life No.12, pp.1-27,
MIT Press (2006).

22 W. Piaseczny, H.Suzuki and H. Sawai, "Chemical Genetic Programming — Evolutionary
Optimization of the Genotype-to-Phenotype Translation Set", Journal of Artificial Life and
Robotics, Vol.9, pp.202-208, Springer (2006).

23 C.S.Chan, J.C.Tay and H. Sawai, "Environmental Effects on the Coevolution of Pursuit and

Evasion Strategies”, Journal of Genetic Programming and Evolvable Machines, Kluwer
Academic Publishers, Submitting.

[y D — B
[—ARsE]

24
25
26

27

28
29

ZIWN—=b=2X0 - NS\, [#HRY NO—IBE~MRDEEHZHHE<~], NHK HER, 2002 .
N—U - JHvFr, [EMEHTR, BgAR — v NO—ORZORAR], B8, 2005 F.
SRy - Dwy, [RE=ILT=ILE - Ry hD—=0, #RZHDCHOFRENBEE], Rad=1=
T—3VX, 2004 .

Ny - DOvY, [RE=IWT=ILE — Ry ND=ODBELETAFT I IR, RREFEKRZLERS,
2006 4.

EHEf, ST, [EMxy ND—J0RZ], EXNE, 2005 F.

BB, ST, [[EMxy ND—0] L3En], @kt 2006 &F.

26


user2
テキストボックス
生命に学ぶ情報通信(ICT) 
-生命進化と脳機能から学ぶ情報通信システムデザイン-


The ICT Inspired by Life
O The Design of ICT System Inspired by Evolution of Life and Brain Functions []

30
31
32
33
34

BHRER, [RMEBRESDED>TVNDDD — Ry NI—ODREZILAT S, FRHE, 2007 £
MEER, [IBOIEHDT — Ry MD—IRZETHEFZRHE< —1, DOJINZESE 009, 1E2EA, 2007 F.
MELHER, [y FD—ORZOEBER, DUENDICENICRRZODEL], AARIFE, 2007 4.
[\F5EE AR v N —ORZDIND |, BEHRLIE 2008 £ 3 A5 (Vol.49, No.3)

EMFT, [Ry hD=0D0 5%y hD—F2IN — X NDO—ORZOHEN - PMBIEERICONT — 1,
Vol.51, No.8, pp.348-353, YT LA#llERFS, 2007 £.

35 [y hI—ORZRAHR], BIERE No.520~, Oct. 2006 4.
[T P RE]
36 AT«—Tv-AbOAvY, [SYNC — TEBEREYZ0OUADDN], BIIERE. 20056 4.

37

38
39
40

[#t=

AT4—T> -3V, [RIFE — & k- #hH - VI SNOIF7OECHEBIERY hD—2 ], SOFTBANK
Publishing, 2004 4.

BrhtE, & EMER], 1BEE, 2002 &

HbE, (46 — ELTdnFRy b=, YRTLEREYMZEAFL, I\=VFILAT 177, 2007 4.
JEEFREE, TR, TUlefehiddsnl, Y4 VE2 Rt 2007 4.

v FO—UREE]

(A= Y bD—JHES]

41
42
43
44

BEO®RR, DREBISBREAFR DTS — i g iRy bD—J8lE], NTTHAR, 2008 .

BHZF, [HRRY ND—ODHOERE, H=fBFREARICDIIC], YEERE. 2003 F.

FRIER, [U—FT«2VJX, Xy D=0 — FRik - =21 =7 « - 4 RBRER], YEERE. 2006 F
KIEF, [VRATFIII J22=5« - Ry bI—7, BERAROME T R—I X M§ER |, B
HLRMZERT, 2007 £

45 ZHZE, [ARD<KDORZE — [NEAEDBER] [CRESNICHZRS -], BAEEREL, 2004 £,
46 ZHE, Ry hJ—I0 — @DMTRZRET DN —1, FEL, 1997 F.

vizbapdl

47 TRUEHR, [HmF), #ehEE, 2006 F.

¥

HEMEPTARR ICT AR5 —HEE
=R IZE+

BEREZE, JVE2 5T ATV R
sawai@nict.go.jp

Vol .54 No.4 2008

27


user2
テキストボックス
The ICT Inspired by Life  
 －The Design of ICT System Inspired by Evolution of Life and Brain Functions － 





