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Simulation of 1/f fluctuation generation in the « -wave in ECG

Yasuo Yonezawa P, Kazumi Tsuchiya
1) Division of Systems Engineering and Information System Science,

Graduate School of Science and Engineering, Ibaraki University

Abstract

The writers” research has determined that 1/f fluctuation generated within a wave in an ECG
(Electroencephalogram) undergoes a steady state by brain activities though the Fourie transform computation of a
measured ECG wave. 1/f fluctuation spectral data that is obtained on long-range correlation component observed in
an ECG wave is not the sole spectral component; the white noise component present in the total ECG wave also
contributes to the spectrum. What is the biological significance of these long-range correlations that are indicated on
1/f fluctuation? Our 1/f fluctuation simulation model has noted that the statistical correlation is not equivalent to a
“case-and-effect” correlation. These simulation results suggested that 1/f fluctuation generation according to
complexity stored of ECG in an object may be created by a relatively simple process as inplus transmission in the

brain.

Keywords: Fluctuation of ECG (Electroencephalogram), « -wave component, 1/f simulation, randomness
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[E#] £ARBENEEHIEES, SECSHEEENEE > (BHICBETIRBICEET S
SAFLTHBIEDS, EHELROBB WS, £EV AT LDOFEREAEEE L TVWAE
ROEEEG B L HECORBICHE O BEREZ DN S EIRBHETH D, EH X T A
FECOED - FECEBEELCIVECOREBEETEVEY S, BEZTDODDEEMEL (5
AL L TE A8 EE D, ARNTRINDEREWAED - FECERICBEBL T, BEF
BCOMERT2ACOEMLETREE T2 BB T IV ERET 5. KARET TV RERIE
DEFERETHIEC - FECHRF ERBEERHICER 2EZ, BEZTHICHIC L B EIS
CEPHRETH B, REFINERVWAEYI2L—a i) B - EECTHERBER|D
BB BT > TASE LT L - DNA Bl HE S B EBAENAS Aoty &
DHBEBEICLAY-T, BEVORNEEECICEEEOR EFR S50, MR L /- DNA B5lHI(C
FEEBESE SN,

[¥—7—K] B2 - kBCE%, E#L0E, DNABE, TEYE, REEAM, EETFEE
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MEETH D, BIEICEDL T T, WHE LS, HHRT
HRBTTHOBRLERIZL o TEHEREE LD
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HIEDFEHE GRIR) LRI 2 [ L 2 ¢ THAEDE
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[REERM A MIBOIEAR L LTI B TERML
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BERTEBENLIEECTORYAABHRTH LR
BEERE]LERY AT AOBRETICE) EED
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BFEAHLIIET - FECERFICD L O IEETHE
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CIHCD L OfEEUE B WIEE C oA 113k
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bo F72, FBITHERZET - FETHEHICD LK
EECHEREE S L — 2R ITR I TICEED
DEFERE O LRE, BXU, AT 27 AHED
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A1, HO L oSEEMEMEVIERTORY A
APELLDTH L, LLl, 7R+ 55
& LBV 7OV R RICIRET 5,

3. FRRFESXTLETIV
(Thymus Learning System Model)

ZITIE, MREFRLE LEVATAETVER
35, MBRIZREROERTHLET - FHCR
HMOFBeOPIELPHIETH Y, BIRORIE
AR ML IB LT TR~ 7o B % B L T 5 B fR
HMETH D, KEFEOBICET LT LS
ELTIHBERBEED VAT LTH D, RETITIERS
DEFEGBEME TS 5 WA T v AT LET NV E
THLOIETEOERERREENL, 0%, €
TVREERITR ) 6
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WNZx 4 AR L L CoIEE O i 7 o
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O SN THIIE S TICRIREE 2% TV 5
7-OWIEET (B & L TR Y, 3612, 4
Rro0EECOBATHET AL ) HE - JEH
Ol OBE A R T REET D, O
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EAEBRZ | OBERE R 5,
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1 BC - FECEFEOMRY X7 LEEREE
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(2)REE L A7 LOEFIVEE

B Tk~ 7z R AR O A B R T & 2 [Tl
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Ui o8 fgae o € 7 VL)
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bE O FHUDOHHMEMEIZEC TH 5 4EAK Y AT
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QW B T DNA E5) 0 s
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FCOMETHRP CTHAELBAZHL), HC
DNA FEHNZERHIEL Y AR T A (K 4 ),

4. R X7 LOEHES CREME

RETIIHECIRE L MIREE S A7 L EFN
FHWEY I 2 b a UEREEENIIED 72O
DHEEY AT L OHHS L FOMEMORER I
B L TihR5b,

(1) EEKRY 25 LOEME SRR
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TR LTBY, 2oibid A, G, C, TOIHEE
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or—(yx /v -xrrat—:(1)X2EH))
[12]% 2oigiE L L7z,
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Voo Immunogical 'I‘nlcrm\cc]

Ratio of same

» Accept.
nonsclf-subsels N

...............
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T T 4 =Vl N — AN LT E OB
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DFFFTRER F AR TORE L7 7 — Y ZIgfT X
S LHCY AT AE(A), (B), (D)id4002
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SNATHE Y AT L OME LM S 02 b & T
FHCOY AT L OB S OMEME O L 0 §a% 2%
BAEBNTA7-012, YIalb—Ta YEBEEOA
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SEAEPT) (K7 28)
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DNA BiFliZ B\ Cid, WS R 2 g < &bz
R (R 7 (C) D10,000~25000 A7 v 7 & &),
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Abstract
In this paper, we propose an Immunotic Self-Nonself recognition system-based Thymus Learning System
(TLS) that includes real living organisms for elucidating such an emergence of complex generation that an
elongation system generates with a self-defense function. TLS has immunological tolerance as an incorporation of
Non-self matter. TLS shows various interesting features from the viewpoint of information systems, such as
immunological memory and tolerance pattern recognition. We demonstrate that our immune system model provides

a suitable methodology for a complexity emergent solution of the self-defense function in the evolutionary process.

Keywords: Immunotic self-nonself recognition, complex processing, DNA elongation verbosity, immuno-
tolerance, gene duplication






Japanese Journal of Computer Science Vol.4, No.2: pp. 177 ~ 192

Issued December, 1997

Bl 2V, AlgmEsy, KEREY

[Ef9] bhbhid, TTICRENES - FECTEE L BV A EEEEROERLE Y 25
LELT, BEBEFESITLERELTVS, AR TR IORBENES - FEESREHEBICD
EDWAEBECSYATLE L TORESE Y X7 LICH T 2 EEEERORE %  ELDOEHMNIE
EFINTHZIBEH 7T XLEBEC L EETIVTRET L2, 515, EEHT7ZLIU X LIS
SO TRESNABS VAT LOEHEMRLEE SR LAY AT LSS U HBEERE LT
BEEREBOLHEL TR L, T4 05, RENEC - FECHREHB TER SN, WHEL .
VAFLBEICE T AUXNBICL > TES WA EHMNOHELFHIL, COEENABY X
FLDERFIBEE, TF— VEIISEERE & LAFHEICH & D <BEEDER - BEOENEE
MRt L7z AR TIE, RENEC - FECHREEBIC L 2EHEERELVERICELL, »
DHEBEER - BECE U THERLES CE2BME L TiTaw, Bz 7 LI XLOEHE

MEERET B

[¥—7—F] B2 - AR, EHEL0IE, BEi7IV I XL, BETFEE, HEEES,

AL

1. FU®IC

AR, BMER EIHEN WIS EFEELTET
Wb, DR RITZE OARA SN O A RS,
ZOBEBICHFEN L BEOBFETHEZF ) £ 75D
DTHh, BIE, bbNATFEMIIz 2HED
FULERED 1 o, R EOBERE D AT A0
BThHY, EEREY AT LMD B RMLidEiEE O
PEED VAT LEEDEHLORTICH B, T
bt BEMEEEL0DY AT LOENS
BRI ICfE - THEMML L, X0 Eissetaakt b
ETY AT L OBEDHEMLIIATHOMETD
o BIRODIVAFLEFHNI Ny 7Y VEEETIZD &
Dnie, HENGEHBEOERPEREN TS
(1, 2],

EFEOIL, ZOBMRMEONRE LTEMY X

TARPEZ, BT AT LAOREOEE R EHREED
AR &, 2 DB RGBT ICE ) Y AT A
DEERELICE L—E DM £l L T\ b, A
AT L ORI EER Ao - H OO L (L
DEBVRTHEMENTH Y, OEROE—IIH
C-FECHERIC I ORI RETH D, B
AOREREE I F B LA VED Y AT L OB
BEVHIToND, bhubhidsig[3licBwTIh
LOBEEDETNE LTHRERICERL, EBEOR
BEYAT LOEREETH L HD - EHC R
CHEEA R EEE LB RLEE TV ERE
L, HENLERILT LI XL LTOFENER
R~L7,

AERICT, Db ORET HRENHC - IFH
CES TV TY XL DM AT L ERERE LT
DI REMEZ R\W7Z LS, REmICTIRERLE T )V

1) FRFERFERBTHEMIER S 27 A T% - BH A7 288 (BRI Bk 7316 FMR B SLHdBR 4 — 12— 1,

yonezawa@life01.dse.ibaraki.ac.jp)

(A4 H 19974 8 A24H

BERER A 1997411 A218)






O IR LIEELR(2) 179

FEHOCERVRENICBRICHFET A LITL S
EORMOBIEE £ 2 oh, FE% T HERN
TOLHEAELES

OLR N @ﬁTbﬁ?#§E¥$®mn Ex )]
Vel C A 454E

AR AT LERESMETTAZ LX), MR
BOREIMET L CEEERAL TR AERITIT
HENA7-DITRI A LEEZI LN,
LLEDSERoARNRE BT L& LT, EME
O - FHOEM I AT AOERAXF - LZPTOLS
VL, MRFB AT LAETVEREL,

(2 VBEEFLB AT LETIVOERI X —L[7]
R AT ATHEECE, RERETH HIFHE
COBRFTDY AT LERERIT A, G, T, CD4
WHRFL S TRk 35, RIZ, 43D 5% % DNA
BEHNZ BT, HOY AT AR & BRESERACYIRE
DALT =Tz AATY YRy 7Ny =<y
F U T ETRH) ETHD - FFHCEMR T b
5 (1), QEEWU&}rﬁﬂljiﬁ)&\/’f)ﬁﬁx:(g‘d)ﬁbﬂ
i, JEHC S U CHHMLEE S e S b, T oML
HoOBRICREEFRREZEALL,
AKEFIVCIE, Bk Lo REEREO5RA SO,
@iz L7z, BEFEINEAYE (Immunological
Tolerance) & FABIEE A% (Misreading Tolerance) D 2

OB Y AT AOFIRE T T sz
REMET AL E B R B, RIBEAHEEDET LI
DTFo2 00 THEEISNATYWE
OBy E 2
REZRAMETAIEACY 7y ME(IIE
E0bhbI AT AEREREA) RICEH—OY
Ty M —EOHE (&)X THETH L &,
Z D5 % BT DNA BCHIM IS0 ol avic
Y A& s,

QR EEA L
BEEETHLIFECT 7y FOESIFO Y #
FTOMETHEEP THAELBEAZEFL), HO
DNA BCH 2Bl B9 B SA T L

HOV AT LD HOE LTOE—MEEbLRWVER
R, $4bb, HOVAT AENPHELEAIEH
CH 7ty MURECY AT ADIEDOAr — I &
ERET S,

¥/, BREEETHLIEHCY 7Ry MEE, J
YF LR LR Y Ty b & K o FHEELC
IR L CRERR AT 02 %0 EL, HOY A
F IR EERDI0ED Y A7 LA — VTER L
720 L72o T, KIRERENOIFHACY 71y b D
LIRS DB LT 5o

P EOERAR - LHPRFE L AT LETLVT

DOWEEZF T AT, WEFOERME, &5 H5
B EOFH
Qi3
LaldTalclTTAlC] - - 4749 ¢
BERE EPZ2AV4
iACCTGCTAG]i—lGACCTCAGAI-& -+ +|GCCTCAGTC]
2
h GUF L0008 TRy bEER 100
MO ETES
(A) I — e wF Y
.................... PROFREEES] L.
47— 202 i . .
- I B (RERS) - [imuwm@mwmm«~mwnmnmwmmv—~-
N HREES X7 A - : :
BYATL | L e ~— - [ECECCATON
AATCTTGCTTAGGCTGTC GATA I 1+ I .
AGATTCG. ... ... AC.. /\
HEFNOES KSR TOI AT [ ‘
7\ YA XDES E Cf) ®] @13
- 3 lalclTlglclalTicld - - - -lelclTiglclalTfTC]
FTELae mpe \\\S\\\ D X=® B
SRR '
JEETET
M1 (A)BEESEEEOEFIVE BYED - EEACSEBETTIL



180 Japanese Journal of Computer Science Vol.4, No.2, 1997

(3)®ZENES - FEBCTE Y X T LDEHE( AR
AEI Tl 7= EE 2 AT LB TV & vz
Rab=TarvEfihol, HOVATADY AT
L O E, HC DNABSIREOZELE LT
2, BOY AT LA DOEFIEROEMEME: & O
PEIZ BT BREEDEALD 2 DO S CERRIZEIH
Tho RV AT LOEIIEROEMES T v/ ¥
OEHERI8 I Lo EFHR Y P K- (X
(IN)x*0fRELT L, KEFVTHE, BEHHO
BEBEOGHTH Y, BIEROT ¥ v 74
e L THEEREE 52 5,

k
S:_z,pilogzpi (1)
i=1
T, BEEZORY AL o THESNSH
. DNA BECH DR &R OBRHNF — > DAL,
(2)30U2 b &£ DT DNA FEFIERDOFERA ST H
LHIGFTE & BEE 7 — ) =753 (Discrete Fourier
Transform) L, F0D/37 — A7 M IVEERTA
& TR L 726

1 & ~i2n fi i
S(f)=v l[sza]e mf
@=(G,C,T,4)| j=I
k=1, 2, 3, =, N/2 (2)

ZITC, NEFYITVF=sil, hidyr 7)) >
J B f=k/Nh ThH b, 2hbHld, 3, DNAK
TUEMERER L TWA 4EMEA, G, T, Cka k
LT

Density= 1 [Xj = « ]
lj=1, 2, 3, = , NI (3)

EEREEZMNEOMKE LTEHEL, #F£% DFT
T/ — AR MV L 72,

F ORGSR, REER L OMEIER = iR T2
v, BEEORREICL ) IRNICEECERYEC
MIZIY AL Z & T, BHEY AT LAERFIMICHEEDS
LT DI EPEFSNOMBEEPSHLONE 2o
JA

B OB o= WIEE IR = Wrieny 1230
rd, TEMDOEWES|~EHC DNA B 2 ME S
®hHEE, BOVAT LEELHER UIEEI 25

BERMRHFT LI ENTRETH 72, TDEE, HHL
EOBWESZ I At 720, &b TEWEDE
FIO#E D R UREED L B, 2T &, EETFE
a9, 101ic & AW OB E 8 S 5
R TH B, Wiz, HOWHEDEOKGIEE CES
z W A IZEL Y AT E MR IR S B0 T ORER
BREDFERAY), BZEYO DNA B OFEO/
FIEE /S — CICEEDE AR T [11, 12],

Fi2, O Y7 AT = VTORGIOHBIME L 1/f DO
EWHEL, Y AT ARFIEEIC—EDORS 2N
ISR AT LI EER L, 2O &I,
ELEDEW D AT L LRI ERERRE L OME
HTHCZMRL, Bl BElEsats R
2, MBS TUEMZR LSS 2 & TR X & 1
KEE, BEEOEVI AT LAIRELEZ EER
LTWwa,

iR, BCIEECEEEEHEICL Lo HORE
BREAEDS CZ LT, HERME Lo DEMMLT 5
LV, BT AR OBBE TS EHBTNLT
BEMEARL T A, &512, X ) BEAHICHmV Y
AF AEEERERT A 20I120F, SO ITEE M
LT B2UERDH Y, ZOBHALERE BV THbE
JCREI & L THREOMAE v A=K - B LT, VAT
LEROMEME 2 M LS EELEUN B L, T4b
L, BV AT A 2R L-REBTEB LS Y
AT LOME) ZZER L, NI &DnTERKEE
b U155 HEMEEIRILEE > A 7 A OREEMEA LA
L, BEOGSEEYOFROHEMEIELNL LD Y
FUFEPTLENE, ZOVFI AT, ALY
AT AT TFEIRBICH BEIE L2V AT LA TlER
<, BHEMICLABERER, $/2, £EHFICLLHW
DEWIME & OIEBESIREFICTRE T4, BCR
ELTCORSEREOZ EPUBETH S, ER AT
LOEFIEROWA - i, ER - HER OB
DR TEHINZBCD Y AT L% M L EHE
IR S, AT BRRIES IS & e L%
B LI ZRBGROM AR OFER L LT, Hamsh
TWBLTD 2 DDMAIFD AR Y AT L OFFEL
LT s,

(1)BEFEHICD & O UEL DNA BHIHE
R & BEBEAE R DR

(2)3AEE/IC D LT £ DNA BFiEE 0%
M X BTUR 7% DNA BCHIEERE & 6 U HEEeiE



@M RIEINEM LRI (2) 181

T1 S DMOBBEEMICEITREETF— VRN~

( 1) Structural proteins (&l 4 ~ /¥ 27)
Tublin-beta mRNA autoregulation signal
Amyloidogenic glycoprotein signatures

Sk, SLIZBET 2 4RhE
M—R-D-1I
~V—F-F-V—C—C-P

Q

(2)Ligase(V) /' — %)
Glutamine synthetase signatures

FEHE, LICBET B BERE
W—-P—G—S~—S

(3 )Cytokeins and growth facters (%4 b7 4 >, HEHRT)

Interleukin 7 signature

ok, REICHT A1
C—F-L—K—R-L-L

{(4)Signature (§5 ¥ » /37
Proliferating cell nuclear antigen signature |
Proliferating cell nuclear antigen signature2
Ubiquitin signature

TR, ERUSICH S AEE

(5) Active peptides (if P~ 7' F 1)
Gastrin
Tachykinin family signature

B FE[13, 14]

PDEizBwT, F9aMmTRELoRET TV
DY AT LEEETSH 5 HCT - IFH R,
BRMEOMBEFROMFE L AT LETIVHH
OV AT AERICEMDEOEWES % T AR T
ElE#MASE s T, HORGIHSEE ML
FREETHMAL L2 T Tlok~, Th
&, METEESICL B EaOBEEELH 2 <
IHETLRHETHY, EHALIZHEN R Y AT L8
WThrI ErEEL,

AELTIE, S 6T X 24 EE(H R
TN COI EBHCIY AR L BEMETEEICH &
O B &, SRR DAY - JERIC X B3
LR ORMEE RO FE AT LTIV E
RET D, bivbid, 28U & ATZHEIZNT
NI X uw#E L REE Y 27 Lo#{LET
N DML, HREEEIA TR AT Lz, bR
2ODENMRHD T O A FEHOETFT N DK
F—LEBDTTHRS,

3. BEY AT LIBENDEETEF—TDBA

(MEF—T7BADEE
BEOAXF—LIZLzD >, BV AT L EH#
B LR CIRACIER A LY AAAEMAL, TTER
LSS 21558 T, WRSFE S X7 A% O
ISR e 2 4 - R L T CEfE, i
FEBAF LMGEEHNT VT AL EEBHAT AL
TIRFET T 5,

ZITIE, MRFEE AT AIBUTAHCY AT
LECH OB IS & 5H 3 5 728, BHIPICARAE
T B RO ERIFHIEG L LT, BREME S L
B DEHI Y — % RT T I/ REFITH 5 E
F—7EH15] %@ T 5,

AR AT LHERFICRTTR T, EEEEOR VG
W& BRI T 5T F — TEME, FOFEEET
ABREZALEF 0 L T2AL - ST (L, HERE
FEg L e WG N TR IR S N AL BN D
b BEERHISRE BN 2SS kY AT AU,
HO Y AT LAERFOLEREEICINZ, S5EHD
HRh R x A - IS Uikt 2 L T8
b, HOYVATLODNABEFINIZL Y% 08k
FOEF—TEHIING — VP EBIEEE N TS
EEZOND, ERISHEETERT — 7 ~—2[16
~ 18] DRSS TR LTWD,

ZZTIE, DR AEYICWED SRS 7 T
) — TAE TN ORREME R RS A

(1)VHILRINC B OF F ] ek & #ihes

(2)%%%E LR R ZERERORE S
(3 ) B TBH(mES), BORFE BB

(4)IREMREN IRBOREESA~ OB
(5)IRNIBIREE FEYOFER, Bah, BEk
LR SREEICHID S, EFICLEEOEWIEIC
SHEEh T — - OEF—TEFICEY, HOYV
AT 24D DNA BEHIOFEREMEIC S &0 CREEITE
rEERLTAH(ERT ), SHEEOETTF — TEFIDEK
&, SFEOREES T T — % H© 5 EF— TR
BolThg Lz, AU TIE, EEFERT—5






@UFER T IR LIEHLEE(2) 183
0.01 0.01
(A) ©
_ 0.001 _ 0.001
© [V
2 2
2 . 2
0.0001 ﬁ\m 0.0001
0.00001 0.00001
0.001 0.01 0.1 1 0.001 0.01 0.1 1
frequency frequency
0.01 0.01
(B) 0)
_ 0.001 . 0.001
[53 [
2 E
S A g %
0.0001 0.0001
K3 FBMEIIOTURMEE T OHERME
#H ko DNA ®HIE(A)2,835bp, (B) cxoooog001 " p ; 0.00001 — e . ;
3,528bp, (C)3,600bp, (D)2,367bp, ’ “frequency ’ “frequency
ZIT, 2. THENTRERL AT LETNT

BRI D F, WEREAE L RTHIE 7
A= (X, Y, P)REEOLEHS KORELEMHT
TIEHCTOMY AR ET 2, F—OWMARGI2 5
fifi e DTLEM: % FFO R DRHINE AR - 5 L7
400 time step FF D A~D 4 D® DNA 2hl = BD B
DEfE A% L, SRS TR AT 572,
A - B S # MR L 2 0SS BV IR TR
L, C- D IS 2l S SR ILEE TR
MELZHCY AT ARITSH Y, Wi MBI
TR TWA(E3),

B b 2 KD DNA BV OEE OB E T~
¥ LNEATEELH) o LTl ELs) & A E.ZE
WLESL, 2KDOH L DNA BEF &5 5,
DL\ 2HKD DNA T DNA ol & L, BH
DD DNA FLH % ME D3 0808 LW Eg (B
T EFT B, 72720, BADHED DNA BEFEITB
DBOEL L0, ZILHTIENGTE D 51758
AT 10T H, 72720, KEFLTIE, BX
MEIILT O 2 BEO—BRADFETIT R -7
(B4),

TABOTFOHEC Y AT LEHIREEDEME & 7
DHEMEDZELE, A~D 4 D OEMEK(FRF)) DHLA
EhETYIalb—tL7A, 7L, 204200/
g, SEEEHAEY 7 b = 7 GENETYX-WIN
(Ver 2.0) T Lipman-Pearson #:12 X % FL4I O [F 14
W [24) DGR, BLHIFE OIELLE1345~55% DIE %
AL, THLEREFEOILEERL,

-
[,

a : b
EP m—

X4

— R X 4L

()X I 2 L= 3 ilB T HEHMED
i

9, WECTHERZE4QORELIZ LD BOBD
A~D B & & [F UBSH & 28 L (FEZCHES) 2177 9 (K
5-1)0 KIZ, A~D BOBOEL BEFHIRTO,
OB F O (RFEZE ) %477% 9 (®5-2, 5-
3) BEIZELTIE, A~D BOBODEFID(H
RIFICBIT B HMEORLE, ZZAFIBITLID
BHEE OB B L7z, FORINIZEIZ LN 4
CARFDE2ild 5, $72, ZADIERELT
FOEFIOAHMMEZFHI L 72,

B 532N ENODZELHEI LB A OFEFELE,
ODOZEIZEL B A L CORERE, QOREEC



184 Japanese Journal of Computer Science Vol.4, No.2, 1997
1.9 1.9 1.9
w 185 (1) w 185} (2a) w 1851(328)
2 18 2 18 > 1.8
= 1.75 (@@ 0 5 1.75 P 1.75
Q [ Q y
Q17 G 17} ©Deposmo T 17| ©Vegpeomo
E 165|F1 = E  165|F1 = € 1e5}F1 =
© 16 TF2 = ©  qe{F2 e °©  qg(T2 =
1.55 1.55 1.55
0 100 200 300 400 0 100 200 300 400 0 100 200 300 400
timestep timestep timestep
0.01 0.01 0.01
(1-b) (2-b) (3p)
5 0.001 5 0.001 5 0.001
2 2 2
Q o Q
Q- 0.0001 Q- 0.0001 X 2 0.0001
F1 — F1 — Fl —
0.00001 0.00001 0.00001
0.001 0.0t 0.1 1 0.001 0.01 041 1 0.001 0.01 0.1 1
frequency frequency frequency
0.01 0.01 0.01
(1-0) (2-c) (3-0)
5 0.001 5 0.001 5 0.001
= 2 3
[@] o] o]
£ 0.0001 ©- 0.0001 9 0.0001
F2 — F2 - F2 —
0.00001 0.00001 0.00001
0.001 0.01 0.1 0.001 0.01 0.1 1 0.001 0.01 0.1 1
frequency frequency frequency
5 TIPS & SEMEHR CAEE

€ afO@OIE, fiEEMEATEDMREI L BIY AAIE L2 EERT, &EED DNA EFIE(1-b)1476bp,
(1-¢)4,194bp, (2-b)2,002bp, (2-c)4,505bp, (3-b)3.409bp, (3-c)3,108bpo

IB AL COBRBREICBITA, HOBIMRREIZE
LM S OILE, FO 2 OORFI O E DAL
DL, FNFNOFOEFOHMEELZRL T
% ‘

O L a2 EfERE, ©, O &5 RERR, Wi
NOBE S EHEL, TTOBROMAKRETIIT 7 &y
MO HEE) A TIFACHAE Y AALEE SO
MmEORLE LY, — ORI TEME D
S IEDSTTRE TH b, 12721, ODRIAETIE
HOFGIE I TR 128V ECF E (50~900%i 4
DRIk aEahdy), S0k &, HEED
AR B By SOBAE, —H OERICESOKER
GEREL, HOROBERD HES ZXEOmMICL
NRELCEELTEY, HRE LTY AT L el
LBEAETHI LN LV, —HPEMESTHEAS
&, MFPEHEL IS ERE(koThE
HIERFLES A — 2%, MlRNED X ) 2kk
RIS EDEIEST B, WEOEHFEIIBITARIAT
E%l, 72, B REEIFSLEZVWOTIO
F— 7 P BIEERNT 5B,

M, AR - 2EB0BOORZL TN
BEER L. T3, QORLIEIC L HRFLMT
X, WHOFOEF & AR EERLI T
Bl iy, &EBIChIzo THB . A X2 HG
7% L, BT > Tzl Lz k- Tw
b, BREZE T, OORXXETIIEEHICB VT
R, BET ADPHOENOMBEIZ LTIV
BICZe o Tnb, &I, OB OMESICEFENY
RSN, EEEREBOEEOMUNEE ko T
Whe KIZQOEIFE L HEERETIE, Fhb
BRI OMBIZEE 2 Y, & CEEEEET
E S A I, L L, (REES T OB
1358 <, BIEHAHMEIEL THhD I b5, L
7ohSo T, ERTIRHMENTET 525, BHORF|D
ISR THWHEIIC 2 AERZ R L7,

D EoiER» S, 28MEEIC & 0 BY DO &
FE XL LDPTRTHLIEDIFHLNE R o
720 F77, EREARETIIHEEESMETL, KECH
CEFMEE S, FHUCH LT, BEEFIBRR
T, @, QUTIhORITHEFRMIEORE L



@R SRR (2) 185

TV &R AN % 550 2{EMN DD 5
7, ECHEEDO L WRE R ERELY KEIEA L
Wb b dHENEZRT, Lz 7T, HED
PN OIEERT A OME LML, BV AT
LELTDOY AT LERZ R IRET, Ik
D HEMES NS RS A I, BRERCSIFEZE IS
BULBEIINRETHILEEZLNS,

5. BEH7ILTUILICHEDL
RS E s X 57 LOEL

4. TRURPIZ L) HOORYIREEL LD,
ML 202 LIS A W REME DS B & & DS S 7
HWiEF OISR TEEAB OB LY,
B EHRE LB L TER ST T T L
TS O IIHMIL LRI T 5, 22C, L
LA MRERAICAT 2 ) & CHIMHML E, FAUCEED B
FETF — 7 EYVESIC L A Eie bR &, i
{ZHY T N T X 0D THET 5,

(1)BET7ILTYXLICH E D BEEE DX
T LDEKRZF — L

2. Tilk_7z, BEMULZETAMIRAEE AT 4
EFNMIZH & O HE DNA B % —Efk e L, i
BTN T) XL %#MHT A, LLTD 9 DOREE
Va—VIZEABBETHREINEET NV ERET
be LTO70tAlBWT, HEY AT AEH D
B & 2 OO RL, BEBROZE), it
F— 7 OWMED T 2 F L0 EA 2 B2l
ET A6 (23] X h IR,

QW B TR A AL
[F—{EARECH 2 SR L, Tl ER0DH 5ES)
WA L7228 LT, oAk Lz msic kY
—E £ D H T DNA BFEETEz AT 5, KEME
WEREEFEOMROGHE T A -4 X, Y, P
%, EROREEREEE L UMM EHEOEL
Y LIEZ A,

@HET - JEE CEY R L
ZRHEK(1~9)CTRSNAREGEED) BEXH
CHEORNEZEAL, FOERMMICBVWT—ED
EEOBHIE DN — <y F v i fThbd b,
G E TEHI DOBEM, B AHLIE

2. THBRAETFLITYALIZH ETE, HREFN

B 48

| OwwECEs LR |

v <

— | QO CHEE ML |

v

— @IFETOHE, B Aanm |

v

| DEE Y 27 L DWIEEFFHLE |

v

| ®mEc & 2 mitum |

v

[ ®mripic & 5 s |

v

[[@aC > 27 2Bz |

v

| @B Y A7 LEHEEROMIEE L |

* —\_.
(DR TR e
R

B6 MEETBIRFLADGAEHEIF—LA

AN & BB EEANED 2 FHEH OB L L, @0
THEAIBWTIEHTZ HOEMPNIED AAE
FIRIEMET 2, 2N OEEIIQOMIE,
HORyEEE, iR s s, —EHEb LIRS
FLHIHL Y AR & AT 72 o 72k D BTE—M % v,
B PR SN B, IRE OB DM & Hil
T 5, BN AL WTEF — 7TIREEA IR
ENb,

DOHECT Y AT L ORICE FFHALEE

Ao B C DNA EFl & £iEtkaE €5 — 7 BH18
y—rEOMEMICD &0&, HC DNA BLHIHE
BOEROBICE 2 76T 5, EF— 7EF) & #EID
EOFEMEICOWTIE, 3. THRRZHFELE),
OWIBE - & 5 kL
BEAOMICESKITTERBIRE Z TAE
DI ENTERV, F2T, EFEENOBELE DK
W—EEIE O E BEND SR - HIRT 5, 20
FFERIE IR LIS A MG OE 6T BIREL T 5,



186 Japanese Journal of Computer Science Vol.4, No.2, 1997

@WITEE 2 & 2 BEREMLER

BN OMICEATE T UL, BREICEE - R L
TTRERMRICEELES, 22T, ki
£ OWICHEOBEVER L F L E R 25T 5 £
N2, EMEOEISEEZ F] L 7B % BRI
mEEs,

DEC VAT AR OZR T

BSEE A EARIE—E ORI () — MRIFER)
TLY— he LTI, RIUEEITRDT, K
HRICHEEICH CUBETC DNA BV 2% s 5, =
) — MDA OEGEE RS, —EDEE (RXH)T
EED 2 EEZ 2 LBEORY & LT 1 S E4T
%Yo ZITIE4. THRARI-QDIRELIFEERTE D
RHFNET VT LIRS, 2721, HiEtF— 7R
D3y — v % ~THrT 528 L sl IE R v, £72,

%£2 EEMTVINIUXLEBRLABEBZEED X T LA
EFINOFEIST A —4

BENICHEETEETY 7y MR 1,000
WO BB (EE) 2 MRT A0 7wy ML 100
B OESIOEY AARE AR 7y MY 300
—RTOET - B CRBLEORITHY 400
VB 20
BEFARRERY 100
EF— TEFITH D LT L3R 0.6

120

@
o 100 (1-a) 2 10l . /-4-.(2 a)
g 80 /4 g w0 /
g 60 '—_g 60
32 40 2 40
g 20 =) EOL_;_“_
ob— 0 *
c 2 4 6 8 10 0 2 4 8 8 10
generation generation
1.8 8 1.8 8
©“ (1-b) © (2-b)
- 1.75 Py 8 - 1.75 'L/‘%,,a~a-a-»a 6
% 5 g % A7 2
L 17 4%'  complexity -e— | 4 © D 1.7 [ é 4
e fitness ~o— £ g Y i £
£ . = g ] =
g 16517 |™e . 2 8 1.65 complexity e— | 2
© fitness -a--~
1.6 -0 1.8 - 0
0O 2 4 8 8 10 0 2 4 6 8 10
generation generation
frequency ' frequency ’
150 (1-0)
100
50
[0}
10
04
23 3 4
motif 573 ¢ 2generation

7 EZRRET COGAELT 2 MEFE S

XA, TORFNNICED LEHEOLWBHEOR
EERERE AT XA -5 X, Y, P%, VAT L
HrRTEEEBRE LTRITHIE 5,

®B T Y AT AMEREEOE)ICE ML

BRI & D E LT ORIOBICEZETHET 5,
iz, 1) — bEFE FNDAOBEWEREE 5
AT &0 & U7 FOEEECH 2 G U - EEEEDS,
REFHARKAKEREY A% 5, #ICE EAEE
DI RORMEAEE TR LB T, E#nll
T OB EMERITREDG SPERT 5,
OFT HlE L

—E BRI T b &, b LI
BENICEERITFEL R oAy I a b —
varEEEThs, JOEGEHITET, RO
~@DBBE Y ET,

(2)BHEOHE CHBEET F— 7 EBBRE
RKyIal—2arzbBLTR2IRLAHIE
NI A= EI—FHEET S, £F, RRAE, H#IR
L - MRFEREETRNT0S5E L, BEOLERS
K#3, 5, 7, 9&&fbks3¥TyIalb—vav
1% 272, BOBOIOHAA T TOREMEE, Mic
B, WHMEE, BICERKEROEORETT -7 0

o

2(®7), 2L T, K=9 TOXMATOHILIE,

120 —— 120
8 100} e (3-a) & 100 :
g 80 / \ / \ é’ 80} /
s 60 = 60
g / 3 40
a 201 / ot g 20 (4-a)
0 0

0 2 4 6 8 10 0 2 4 8 8 10
generation

generation

1.8

(3-b)
L bmbnd ot

17400

1.75

complexity §
fitness
complexity §

1.65 complexity -e—
fitness -o-—

complexity -e—
fitness -

(=] n N o @
(=] n N o [s+3
fitness

1.6

S ]
¢ 2 4 6 8 10 0 2 4 8 8 10

generation generation

frequency frequency

(3-¢)

Py 4
motif 575 2generation

2T LR

(D EHEEEE O)BOEE, MISEOEL (o HERFINOET - 7RI OREE

ZERE, BEREE, 1) - MRFE L BI205

(1)K=3, (2)K=5, (3)K=7, (4)K=9,



O R (2) 187

0.01 0.01
0.001 S ; 0.001
] 3 5
2 : ‘%’ -
o Q
Q. o
0.0001 (ﬁ 0.0001
generation =0 - generation = 0 -~
generation=1 —— generation = 1 ——
0.00001 0.00001
0.001 .01 0.1 1 0.00t 0.01 0.1 1
frequency frequency
0.01 0.01
8 (®)
0.001 0.001
Wiy | 2
: w : %
Q. Q.
0.0001 0.0001
generation = 6 generalion = 4
0.00001 0.00001
0. 0.01f 01 1 0.001 0.01 0.1 1
requency frequency
s A £ =]
8 B TOHEICE - HBHMERAEMKES]
DOEEIM 0.01 0.01
© ()

SR, R, 1) = MEEERE 1205,

K=9 (A)~(C) #@ILERAMEME @)~ 0.001

(o) : ML RAMIE. %MIko DNARAIE &

(A) generation= 0, 900bp, generation= 1, ® 00001

2,007bp, (B)2,313bp, (C)3,546bp, (a)

generation= 0, 900bp, generation=1, 0.00001
0,

2,007bp, (b)1.899bp, (c)2,313bpo

72 & UNTHEME e RABRECH O A B ME 2 0R L 72 (]
8o

FOFER, BARE LTOWREE AT LET IV
EFFRICBEBEOSHMEN B VILLE, Y AT ALK
MM EA L, RV B W TlEE LR TE
B D IR b —EMICIOE L Tw <, F72, X
FEROREEATE ST A -5, K=3, 5,
9TIE(X, Y, P)=(0.0015, 5, 0.1), F/K=7
TIE(X, Y, P)=(00010, 5, 0.1) DEAAEREEN
TEHR T HO, WTINOBE D TR ZEIIEE & %
5. WHROEHACTEICE, $MEL D ICHER
iz & 27, BRI ARARUE LEINE
AYEERBEIC D &R OB ICITE L,
BB FHEEFEOMIZIET %,

T 72, SMACOBICERKAERDOESIPIEE S
N7 EAEREE T — 7RSI O & D ERO5A OIS
BxRA L, WHEEORDEBWET — 7EHINEN
DA D EF— 7 RHI DY AR OEHE THESINT
Who ZL DE, WHEOEWET — 7 HMREHEFE
BIZBWTRHIIERL, hoTF— 7055 T
MmE$5 2L CHEICEZ EIFTwh, HEOEED
EBF =T REOEND, B—DEF—T7DATKE
WKHEO I D bBVEIETELES LE L, L2do

generation = 10

power

iy

generation = 6

oy 1

0.00001
0.001 0.01 0.1 1
frequency

0.01 0.1
frequency

T, FPEGHEFICLHEOBIETES L T oo
BREZ I SADIE, Y AT Ll LoDk
Befb LSS LA, S Omdr Y AT A DI
LB & L7z, FF— 780N & A HkRE
R - JER AR RE TR L TWb, 72720, 35
DERIENREL D L, RbUHEOE VTS —
7 OEIMOZBEENIHR % S D72 Th AN 2 1H
MABA, FNLIOEF — 7 I ZVHEEONEIZ 138
2T, T0ELTEFETH A,
FHACOBITE, B A OERSIEEOH
BIPEL, BRI BW O EE /£ XEEOH
BB T S, LL, 4. ORLEIZE
I ARERECR LA LIS, - EREEEOH
BEDSE< 2 ), RO LH 2 YAR /4
ZNZWHES B, BREIZRIC BV T HES 2 4
DIET,

xKica » 7 Ay =) ORI BIT 21
b, HIEROEFH BT S, Lo L, FREO
SRREE, AR, ERE, 1) — MREFEOLED
HMAEDLETORITT, REBOGEHMLL, %
FEMESIC & B EID MR ZER L7225, JEEC 08
FILY AAT, 78RR LAL D IC10URTER L
PMERDIEAE LIS o7z PR TIED B, B



188 Japanese Journal of Computer Science Vol.4, No.2, 1997

120 120 120
8 100} e (1-a) & 100 (2-a) & 100
g 80 g 80 g 80
RV
—— = e o [ =
2 o ff elimuts 2 oy 2
8. 20 ¢ % .'. d .\P % 8. 20 ¢ L‘ eeoe 8 20¢ (3-a)
o s 8 0 66 Bed0 0 _
0 5 101520253035 40 0 510152025303540 0 5101520253035 40
: generation generation generation
1.8 1.8 8 1.8 8
& © (2-b) ) (3-b)
- 1.75 ff -, 1.78 W 6 ” . 175 ) 6 o
= o [ B = <
x 0 X [ § %]
[} . 2 1. o 9 17 ]
3 ] g s 7f 42 s ¢f> 42
§ 1.65 complexity e— | 2 g 165 complexity e— 2 g 1.65 M complexity —e— | 2
© fitness ~a-— fitness ~aw- : fitness ~&-
1.6 0 1.6 0 1.6 0
0 510152025303540 0 5 10152025303540 0 5 101520253035 40
generation generation generation
frequency frequency ' frequency '
150 (t-e) 150 (3-¢)
100 100} =
=
| | -
% - N 50 ~
0 - g 0 ==
P 40 = 40
01 = 30 0 > 30
23 20 3 13 3 20
‘motif 45 1 , i 48 1 . i 45 1 .
moti 6750 Seneration motif 8750 $eneration motif 6750 Seneration

9 GAE(LY 2MRFEE S X7 LOBEEL

() EERZED (o) BHE, HEEEOZEAL
=0315, =Y~ MREFEHE =025 K=9

(1)%AFE=05, #

(c) HCEFIN D€ F — 7 BF ORTHE

=0.5, ¥ =03, I — MEFEER=05 K=9

(3)KH =05, it

TRy — VAR EERL, AR % kb S 018
BGEhd b, 1 DFEBEOLREHI KD B K=
YDHF/ETHY, b —FHik, BEOLHE I
ALY — MREFE - BREZEOLLHATH S
(®9),

9, K=9DgE, FHALREE L L T3@EE
B ORI KIR 2 28 (IREY) 2 53546 (K 9 -
1) ERIBLEROYE, MPLRBEREERE)RTHE
(F9-2)0%% 5%, KiBHEAEBESZHEDEL T
5 RILBICE D IRAVER R, WA REBIICR
BEBINE, HHELLIIUET 5, WThoBs
bEMEIIMEREINSLD, £ CICR9-2DBE, A
T T RHEHE - MICES LR L TwE, 2
NIZEDLETHEREEEF— 7L KL LR~ IZHRD
ICEA RS ETERIELIORTI L T 5, MR
BT EISRE, M & b SRR R — TR
BEEF— 7 OB R {, WIS DEICEE S
TRREIC 2 o Cnb, Lzdso T, &Y EME I
X, HEEEBICRI L CHCERERSES S

=08, LU — MEFE=05 K=3

EXHIILTWwAEEZLNL, 2L XA
DRBEERHE T 2 -5, RFEDH (X, Y, P)
=(0.0015, 5, 0.) &Y NERAEIHRELRL T
Wb,

RIZ, BEOSHEEIIK=3 L{EWVD, =) — |
AR, BIRESH VA (R 9-3)1213, Efddis
—¥i 5 HACEH TR T 528, T CleiREdREEC
M L 2D MRS 5, BIDE, BMRE, fhet
F—=T78EBITS MR TRE BT 5, BILHE
5 MACH £ CRIEMICE KT 275, FhDAER K
DOWIEFEMADSF N E TOFYRIGE R EICE B
Fr, EROWEICE DO T A1 A TRV E IR
Th, BHEEE, SHMAE FCEHARICHA TS
7, FORBRL—EMEINOET 5, TOREEOR
BEEAMEH NZ 2 — 513 (X, Y, P)=(0.0015, 5,
0.) &%, RAEFIBKEEZRL TS, HiET
F—7 % 5 HLH F TEHLEERRDEF— 702
BICHERLTWLD, FRUBRETOMEEIZH S
B, MOFERTIER LN o HERVETIEIZ—%



@IFER L IR LRI (2) 189

0.01 0.01 @
a
0.001 L AL 0.001 Y f? . .
5 o q 5 A KO F iRy
k3 NS el
g | g 5Wﬁ
0.0001 0.0001 HTHIRG
generation=0 -~ generation=0 - CF
generation = 4 —— generation=6 —— i
0.00001 0.00001
0.001 0.01 0.1 1 0.001 0.01 0.1 1
frequency frequency
0.01 0.01
8) (b)
0.001 ey | 0.001
8 : B
il | B il
0.0001 ’lw gl 0.0001 J { el
generation = 8 generation =7 !
T S aom NV . 0.00001 0.00001
10 BHATOFICE - EHESAERE 0.001 001 0.1 1 0.001 001 01 1
uenc
§U0)*E F%ﬁ't{t requency reqi Yy
(A)~(C) T ISR ()~ (o) 1 ¥ 0.01 0.01
Mg R R RZE 3 =05, #INE=0315, © ©

T )~ MEESE=0.25, K=9, &#HHED 0.001 \/\/ 0.001

DNA %1 (A) generation= 0, 900bp, g \r/\ﬁ ]11 : Eg;’ ll

generation= 4, 3,465bp( B)1.620bp, (C) ® 5.0001 &jﬁ#” ! * 0000t QM‘M& !

1,935bp, (a)generation= 0, 900bp, ’ ’

generation: 6, 1,620bp, b) I,620bp, (C) 0.00001 generation = 34 [ i 0.00001 generation = 10

1,602bp. 0.001 0.01 0.1 1 0.001 0.01 0.1 1
frequency frequency

b, TOZ L, BERREERMICL > T
HERERE R IDE AR E CIRBEIC A L, EERY
BABEFFHETHIEZRLTEBY, SEXFh
MR, BICE, W E o WS EAET A3
EOERBRIZZOLDO THEUL-ZBETH D,
FRAVEE, WHIOEINI A THEIGE, M
KOBJFOBRTHRT 575, FDH%OEESET
(AR E AR S T A R 2 TR, s R AR
TIRAETHEOMESL#DEL, BBHhAMG /A
AR, ST NME»EET S (E10),

6. BT

RECHERE & OMBEMERZIT2 )R E LT
DY AT LFFHEE 5 2 72 REE L A5 013, BA
HORRIZ L BIEHTHTIY AATHE Y A7 4
efHEL, IEMETERTLIZLTHE Y AT A
TRF LD D, BH LT A LR TH L,
7z, BREVAT AMICAEE L B IEHESHEIC LY,
BEZHERLCRETEC Y AT 2 0B 2 L
XEED I EATRIEE NI,

BRI TN T X L&A L7 RsEE > A7 A
T, BCAHRFFICB W CEHIOMBMEIZEEE 528

HHAL, SO TTRECTH o 72, SRELEBIET T
SREARRDAE L, BIRBEICH A L 2z B o fak
DOWMERE, WEISE, TF — 705 SIS
EEME LT, BRI EIT2 5, S
XY ERRE LA T A L &, HO OB S &
FEL, BREEIIE U EAWICE YIS % B Ot
HEHEOWR) LooEF — 7EH 2 H5F, HOE
kG EMRT 5, EOEYIC X b THEHUEOS
Wil IDEILEETH L, LEDXHIiC, KREFIL
(&, BEHEMEEIMIIC X LIEETIY AAD 2D
DELHEIET, HHL L BB LEER L 720
AR L OB T, BT T — TESIRTF ORISR
LD ESRM, LA L AIEE T IASSEE DR
TL, EHOZELGEE TR O AT 254
bo T2, BF — TEHIEE D HEAHEICE A E HIR
RRIET S &, BENOEKROZHEDL BT 57
B, BRI L BEFVEALH A U TR R By Sk
BHFTELRV, LoT, ZHOBIETF — 7HEE
L7: DNA BEFIZH O Y A 7 LA BFH OELASE A
L, HOCOESIEELZ T 5, Thbb, BEE
oD EE B LR E LTOHT Y A 7 ABFHEE
AEEENICIRTF SN, HO - FHCEEEEORES X
PRL, T —MENTEFE LT ETHEY AT AR






ORI IRAHIELIF LI (2) 191

FLET, KMEO—EIIEE S OET 5 K&k
DYFIFGA IRV Fy—YIHRA - FTKF M) —
[SVBL] (MMt aENFZERISE 7O Y 2 & Mmpajw)
TTirebil, T2, FHEO—AN(ERK) L, BAR
AR BT R R R A HE T (JSPS -RFTF
96100102) 7 6 DHIEA ZIT T b,

X ®

(1 DREE : ATEGOD, 7L EY a 343, 50010),
1455 - 1462, 1996.

[2 IREBREE | AT RO ERRHMG L BUR, PIXEL
(No149), 138 - 143, 1995.

[3KEHE, B 2, AL | Rz iEm
H(1), RENHD - FHOCRERY AT AIZLLHE
WML, 3 Yoy —H ALV A, 7, 165-175,
1997.

[4 1Al | RGP L 2 0EE), 74 7914
A, HH, 1983,

[ 5)Burnet, S. M. : The Clonal Selection Theory of Acquired
Immunity, Cambridge University Press, Nashville, 1959.

[ 6]Burnet, S. M. : SRIZREGG | 45 6 3 RERAENE L 20
PG, HUIE, HEL 83-99,1963.

[ 7 INagano, S., Iwasaki, Y. & Yonezawa, Y. | Immuno
Fluctuate Model as Defense System included Complexity
Process, Proc IEEE Inter Symp, MHS 96, 257 - 263, 1996.

[ 8 JClaude, E.S. & Warren, E.W. | The Mathematical
Theory of Communication, The University of Illinois
Press, Urbana, 1964.

[ 9 1Ohno, S. : Evolution by Gene Duplication, Springer-
Verlag, New York, 1970.

(101 K% &2 EmofE Ll FEAEMES, 3
55 -98, 1988.

[11]Li, W, Marr. G .T. & Kaneko, K. . Understanding
Long-range correlation in DNA sequences, Physica D,
75,392 - 416, 1994.

[12]Shenken P. S., Erwan, B. & Bastrandera, L. D. :

Information-Theory Entropy as a measure of Sequence
Variability, PROTEINS; Structure Function and Genetics,
11,297 - 313, 1971.

[13]Margulis, L. & Sagan, D. : tED#E, F4:, HE,
1996.

QalE N A Sk &afel, BEREE, B 1993,

[15]Dayhoff, M. O.(Ed)

Structure, National Biomedical Research Foundation

. Atlas of Protein Sequence and

Georgetown University Medical Center, Washington DC,
5,9 -25,1978.

[16] ZHEA (R) | BEF QI OPE, IR,
HH, 1994,

(17l&n &' #HEC, MESEEZ, Hpitl | mE
LB L v b AETE, NLHREFREE, 6, 630 -
639, 1991.

[18]Biroch, A. : PROSITE Data Base, Nucleic Acid Res,
20,2013 - 2018, 1992.

[19]Biroch, A. : PROSITE Data Base, Nucleic Acid Res,
16, 179 - 192, 1988.

[20]Sankoff, D. & Kruskal, J. B.(eds.) . Time Warps, String
Edits, and Macromolecular -The Theory and Practice of
Sequence Analysis- Chap 7 : Recognition of Patterns in
Genetic Sequences, Erickson, B. W. and Sellers, P. H.,
51 - 91, Addison-Wesley, 1983.

[21]Shaffer, J. D.(ed.) . Genetic Algorithms, Morgan
Kaufman, Proceedings of the Third International
Conference on Genetic Algorithms (ICGA-(87)), 1987.

[22)dbBF20 © JZM 7 LT XA, NTHRESEEA, 7
(1),26-37,1992.

(23] RELRHE BRI T LT X L
B, HEL, 1993

[24]Lipman, D. . & Pearson, W. R. Rapid and sensltive
protein similarity searohes, Science, Vol.227, pp1435 -
1441, 1985.

[25]Cavalier-Smith, T.(ed) :The evolution of genome size,
Wiley, New York, 1985.

LD, B



192 Japanese Journal of Computer Science Vol.4, No.2, 1997

Increasing complexity and generative function based on genetic algorithm
with immunotic self-nonself recognition system

Shinobu Nagano Y, Yuishi Iwasaki ¥, Yasuo Yonezawa Y
1) Division of System Engineering and Information System Science,

Graduate School of Science and Engineering, Ibaraki University

Abstract

In previous research, we proposed a thymus learning system for information processing of generative
complexity based on an immunotic self-nonself recognition mechanism. In order to elucidate the mechanisms of
biotic complexity, we examined the promotion of generative complexity in a thymus learning system based on this
immunotic self-nonself recognition mechanism and used a genetic algorithm that is an evolutionary computation.
Furthermore, we investigated generative and acquired function as system properties derived from complexity
improvement of a self system that was advanced by the genetic algorithm. We observed that the effects on the
complexity are generated by crossover processing in a system structure so complicated was generated with an
immunotic self-nonself recognition mechanism, and we evaluated the efficacy of generative and acquired function
with self system structure modeled on motif sequences patterns. The results of this research, demonstrate use of

genetic algorithms with our thymus learning system model to be effective.

Keywords: Immunotic self-nonself recognition, complexity processing, genetic algorithm, gene duplication,

acquired function, symbiotic evolution
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Structure informational properties of protein sequence data

Yasuo Yonezawa ", Takayuki Kamei
1) Division of Systems Engineering and Information System Science,

Graduate School of Science and Engineering, Ibaraki University

Abstract

In recent years, information regarding DNA sequence has been collected, and also the volume of stored
information on Protein sequence has been increasing. However, the correlation of structure to examine protein
function depends on a three-dimensional structure that presents difficulty in analysis.It is important, therefore, to
sample useful information for the examination of structural correlation from protein sequence data. To understand
the structural description of the protein function, we estimated the correlation of information in the protein
sequence. Initially, in the analysis of amino acid residues that are constituents of proteins, no correlation pattern was
observed. When we converted amino acid sequences into Shannon Entropy, however, clear differences between
enzymes and membranes at the average level were observed. In their DFT analysis, moreover, we observed
correlation patterns in the high frequency region, and we recognized the existence of different patterns between
enzymes and membranes. Furthermore, we also observed similar patterns in DFT analysis of an enzyme that has an

identification function and lower homology in amino acid sequences.

Keywords: Protein sequence data, correlation pattern, Shannon entropy, complexity, structure information
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