JAMB Newsletter No. 29

M EOE FEREWMFEDLKTIA
#2958

1999%9A

Japanese Association
for
Mathematical Biology



F90 BEEMEIVRIOL B

HIE: 199985108148 (K) —168 (1)
1% | RRARAKZREIER B ARRAEE

108148 (K)
e —fEEE (10:00—12:30)
T A—HFr1XRtvY3IaA1
ruoscaEetsl (13:30—16:30)
158UEEE  Dmitrii O. Logofet (16 : 40—17 :40)
s> (17 :50—18:20)

108158 (&)
a1 —RReEEB (9 00—12:30
R —AEE (13:30—15:0
MY — (15 . 00—17:0
RIS (18 :00—)

108168 ()
el —AREEE (9 :00—12:15)
% A—-HF1XrtyvYy3ave
(hAREEH] (13:30—16:30)

HEERFMERHR
HAE IR —! —

. ==t [

. , 1 |\__—_/ e
TR SR O * v
i 5 AT B

* HRRPEIE T v /N 2D IUTDOIR—LNR—=IICEH >TUNET ;
http://www.adm.u-tokyo.ac.jp/soumu/soumu/outline/039.html



%o EHIEAMELURSY L BeBE
| B 2B EERE N

]
1. 24 2R (JAMB) ESMB (7 AU A HL)  ESMTB (33— /31, u)&@lﬁ"/\
TRz DT,
(1)20014E7H JAMB & SMB 4 TNUATELH
(2)20014E, 77 Ridi@oT-b B AR L HEE TR FEES
(3) 20024, ESMTB &% (A ZV T, :—7/) JAMB & SMB 23 4:f DT
TE&IMT 2,
CEBF(FE)RMBRICESEEHT,
—a— AL H— %ﬁﬂ?ﬂ%}%@%nuo
RAREREZEDRMRITONT,
SEMADRZ,
BEERBOHR,
Z DA,

.\’.@P‘PP’N

ETF DA

1. 7 LATNA MBI HEBRSEICSINTHH T, JAMB A /3 —23Mthhod
BRESLIEAR LB REL TEELL, POLELEE RN O
BHTLEIDS, orgamzmg committee & scientific committee &4
ENIBESZEIZRDLEWET, BAIIFSTHEHTHZLEEZTY
Et A, BAMICTEARBTT, Sl E T 3%, i TaE
TADOLRULDWDE FHTVITADTIIRWMNENIEL TEZHNT
WET, KO REDEIZ200 1EIINTAIZHEA . 20024130 B
WZBRE T 2DV WD T2V EE ARNZIZE XL TWET, ANTUAX
ERNERICEWHLE ST T, JAMB 1% ESMTB L& B3 %\ T,

2. FHEIIRTHETT N, RARE TEFE205 HEHERL TWDDT, 24
MT208 a2 RKRARE RIS ThIE, BE1075 HBHOMIESHESE T
EEHTY, EOBMBIXFZEDHENIHDDOT, £FEII1THTHTHVLWD

TRV EB-TNETS,



148 10:00—12:30 —f&eE=E

1. 10:00—-10:20 /NBAKE EBHESEE MEREGEHKX)
MEOZHEEMOBCENLY I L—-Ya Yy

2. 10:20—10:40 LA CGEXR), BEHRE FERLFR), DEEZ GRKEBE)
MW EEREIZBIT S 248K E TRI 7 b 3REEDILIETEE

3. 10:40—-11:10 HEHEK—H, WHAIB CGERERFLS—)
RAADTV =7 =2 BWT, HHTE 2 ERT 5 LMK E & FF g

11:10—-11:20 1k
4. 11:20-11:50 EOBSHE BEKEGEBEKFRN), FHE— CUNEEKX),

EEMET GRRZXTK)
N b LB ORI (2B Y 5 BORRYRT 7

5. 11:50—12:10 S%AEE FHEHEK

FEPENDOBIBICEZARBIIETAY I aL— 3 VT
6. 12:10—12:30 HMHIAZE BERMFEKERK), PEIEHE (EXERK)
FER LR F I CEIET 5 7 AR ORI E

148 13:30—16:30 F—AHF1XKtyI 31
[LOskELEE ] F—HFAH—  REH
(1) ZHER(LBR)
WA IR RERROEAGITHIZONT
(2) HRHBA FEAK)
MRIRE A S N — 2 FMREjA
(3) M= GHEEKR)
RGO EITRBOEEIED I I ICLTHRE IO .,

14H 16:40—17:40 4%5EE
Dmitrii O. Logofet (IFARAN, Russia)
Markov chains as models for succession: classic paradigm and new developments

14H 17:50—18:20 i&fiiﬁw%;&nkrwuﬁ

15H 9:00—12:30 —fiRs&&H

7.9:00—9:15 KiFdtd FRER (PRKX)
HHROWREX v v TOEMBH LA Y v I HEE]

8. 9:15—-9:35 JREMEE&ERK)
BERIEICBIT 2 BEKFOLERIIONVT

9. 9:35—-9:55 /EMBET, BAERF (JLK), Stephen Hubbell (Univ. Georgia)
BAEFEEIAR (BCI) 50ha”" 0 v b OBEZERIAKTEBIAE O 24T

-0.



10. 9155—-101:25 KEFRF BAREGEBELTFKR), NGEES (FELKL),
HEBEET (ZRLTK) ,
BEFRDERELEEADIIR-—-T 28— P AV b - TFWI L BHIRHRIZE

10:25-10:35 f{k&#

11. 10:35-11:05 ARET SEXE ECHEF EBLTFA
 BBRCBY AR LHEOESICET AT a4 I al—Sa Y

12. 11:06-11:35 @WARECREERK), BHMR L), HbE EEERK)
MRICFETUCRE AV AR BT 5 = EHEEAROE

13. 11:35~11:55 FFIES (BKEKETLEHIH
BENIIEATICRE R &0 & 5 1CHESET B

14. 11:55-12:10 4B S @GR
BEDBAL Z2BEE-FEEROHEEDOEAL

15. 12:10—-12:30 MHEHE BEE L
REOEMELUIEO®FIIRITTE

15H 13:30—15:00 —fxEE

16. 13:30-13:50 WHEBAEGHER), KEEE BHHFHEERELFL
MR EERICH S 2R OMKE L L7

17. 13:50—-14:20 FHEFE®K
3 fELotka-Volterrak 2 B 1T A KIBHZEI O O /N A FEIZDWT

18. 14:20—-14:40 T, BZEE LK
TEYTTA47 - <3xT A b MBI A 728 )T 55

19. 14:40-15:00 ®HRFZEEK), BRME, #hE— #HELX)
HRERIIB L IZTHEBMBIEDOZE

-

5H 15:00—17:00 KXEZ—tvya>
P 1 @ KW, FEER (PRK)
TE )Ny Y OMERDET IV
P 2 [ HEHE, EBET (ERLFKR)
Galton-Watson @ 2 12 & A IE DT 5 HE € 7 VIR . BAROHOFELMYE
P 3 HHBE LX) T
WMRERVENRT AHEEREICB T 2 EEMETHOBEEER
P 4  {EiE—F FRREK), IRHEEZ CRKIEED)
4 B OBEIC X B EWES O RD
P5 ! tEHLE HEE—, WTER, EAGFF, KEE P82 (BEHREZDD, )ImE— GEK)
AEYGIHERERRICB T A EAEGEOREAT~OLEEEE TV
P 6 : #778 FH, FrAEE EREKX)
BEh % £ 9 Lotka-Volterra® 7V DK EM BT
P 7 I FEHEE, WNEZ RALHREHEHEMFEE Y 5 —)
BETHOLTEML DM
P 8 : HRHE, RhE— FEREKX)
w VS S/ WA= R VR IV A= 3 S o g N ) <
P9 ! H{pE— FHAKX)
WADT Vv r=s— 00X 5 BKEEBAE



'

- e

P10 #EZJILEKX)
HWATABRE OB E TNV - MR- LET VI EZETHEY» ? —
P11 :/H3E LK), AEAK (EHEKX)
INEREGIC BT A MEIERIERDE 7V
P12 . &KHHE, &FHZ RKX
BIZES REC~OHEERNT 70 —F

15H 18:00— BH=

16H 9:00—12:15 —fREH

20. 9:00—9:20 PRAFFIE (FEK)

; DI BT BINY — VTR

21. 9:20-9:40 HEHELGEEKN
FAZVARIE L - 2GR E R T A~y TTERICBT 2 B OXE

22. 9:40-10:00 %®EM BHEEEE HEREEEN
ARRETZELERICED CERAOYERO FEHER O vkt

23.10:00—-10:20 EBESEE #EREEEKR
PHERADREBEITENIC BT 5 P TORREIFROFK SN

10:20—-10:30 fk&

24. 10:30—-10:50 HMEREEEK
FIERICBITAEBEERENK —HET IV

25. 10:50—11:20 AH—8K&XK), nHEW JLK)
DFHEALDEE HALHEE & B DS EIEK
— AR E WL O OEBRBEFATREET T VOB —

26. 11:20—-11:40 HLE KBEZE BREEE #HERE(EEK)

M EEIKE LRV, e ayE) OEMMEBRE=2 -5 VA =X 2L

27.11:40—11:55 REEME BTHEL REF LK
FEMHME Y A7 AT AHEETF L

28. 11:55—12:15 JIOBE&E, h4KHEJLK)
BRUEbHEIA TORFETRE~T VI A VA~

? .

16H 13:30—16:30 F—HF1XFKtEyIz>2 |
[+ EER] Lok H A R
(1) SFE% EREK)
H A AREESROEBIZOWVT (AL
(2) REERE (LK) ’
TIHB L UCBFERO—FRAEEERROEE~Y Yy 7ET IV
(3) AF—% (EX)
H ok AREETR & B
(4) &FFE EK)
W I AFEE T b MR AR



MEOBJEHMEOMITENL Y I 2L =Y 3 Y :
NEAE, BESEE, #ERKE
B RORIE RFERFEBIERIAT LR BE Bk b7-7F I kojima@nerve.pc.uec.ac.jp

MRS 2 %117’:5%13%&:}5\»“(\ S ONERR T EREARIGT ALY,
SVECDEFHREETAHIOIL, Wk HEIEY VT A0, B0 MGG ICH
STHEVEETH S,

REITE LTI ESELENLTWCREDO S L T, FHOEHN, EZEOIIHG L LML
HBAODORDDOERATEBRERSES TG LTV BED, Xk LT, KEFLT
. UTOEIKEBLT, YIab—va vk,

KETNVTHRRIREFBELCMBERABLUTIERFEY#ETALOOEORIK (XX
HMEOHEEL W TERCROESE) . BEOFHHOEENTR®EIIL TV L oIS
LEBBREYEDLHICES LT, 2V ) Bl(tMEIC B Y0 L) I LTELFH
LTWah, )2 EThbH,

[ETIVOBE] ~ BOETNVELTE, HIKRT LI a— b=y bELT
v A% AV, 20MEEICL > TEORIKEEDT.,

(1) &1 Tx—%
F e EHHEDHEOAELE 2O L TRIGETAIIHR
FoTwh, ZIFILREDOLETRAEZOMN
TWwh, ZOFHEEAANTERESICLEY & 5.
(I) BEiFEFOL— I
OXERIZEVEL AT Y T E0EE (ES)
3. REMASEDEEICY 5 FHEITHH L TR
Shb,
OXK. I AT NEDMOLIENCEET S EE (L
7)) 3. REAHFEOREREL> LTINS N5,
(M) %, &E. REOHRERL—IV »

BEDRES SNIKEF L IEFOHEAT, TALEFHAVTHEELTI .

BEEE. REBRFLEGHICRE > TRANT, E0L) BRI B, EIC
EDXOBRSICLoTRE 5,

(V) ESBESDL—I

EREII, HEEE THEEA ST VR L GG SNA L) ICEFDUTPID bk
Tho Tubb, BEFSENWL LB oTLHE, HEREAOES L L. TS
W% (i tud, BEICES LT,

(V) f&. B~ BFEESD

FEL AN OFRIEHAITREZT TR ELROREROE LS X, AEHERLC

LoTHhRE-TL 5,




HEMBEERBIC 2 2B ETRI I b 3BHEOLIFAIEEMNE
Orbil A * (HRAERE KRS E M)
W% (5 B FREREBEA MR,
BB (ARSI FER)

1 BU®HIC

WY ORI EEERE B %) 2 fEEDMIcE
BEFETRE: 3 DV TFET 5o SBEETAIZ b
IS AEDTICHET 2 AR L, RGO REE
5t b FEHE VBT F DRI Z AT D & 7 BEGERE K
b0, 7RIV MIREE 2 BESEI L VLK
REREL., 2BEEEREITTETH D EHERIC
LOREPD LN TV S, RBIFETIX, Bk 5%k
A% b O RE R B T LB IO T
HENEREL RS Do

2 HIBEFN

— @ % FE R D —FEEFEY O RABAERIIOWT,
2fetk b 3B EFNEFNDOBEEEIA T I X%
SNSRI L o THEET) ¥ V|70 7, fHfk
ONF I L TEHOEEIEEE T, LENTIR
random mating %179 b DL ¥ 5, 3EEDIEH
2 2fEROD LRUCH 25 EHEE r T2EKDOET
NTE, HER1—r TIEEOEFITES LIRE
T2, 2 EHRBAEBEE 2, £ 7RI7 POEKK
FEy DEFTAFTIZ AT, RDEHIZH5ZH
ns .

azTs rby;
T = F . S| —m———T + ] ——
t+1 1 {91 la_xc+byc t T g1 1axt bye
(1 = )by,
= Fy- So~———"——1x; + g38 .
Yi+1 2 {92 2 az; + bus t T 9383yt

a, b FNEN2MEGETRI 7 F—EkdHi) D
HEIBEET B, 51, 5o, s3 (TFNEN 2 54,
HefE, 3EAROEEBTHRE L. TOREFEL g,
g, gz b ¥ b, Tl Bit+1 A E ORFEFH
STETREEM E CAEETAMELY I, P, £ T4,
Top1 DAL {} NOE L FIZEEIC L o THEES L
ARFBFHERE. £2HI7KRI 7 FE2MEEKD
RMETEESNAREFBTIHEEEZR T g1 @
ER{MELIEITRIZ PRI L -T2
fEEBEET AT RIZ PORFETHEE. F2
FIXT7HRIZ MO EETLIREFBTHREETDH 5,

.

Fi b B2k 7RI bOBEOREKL S
%, BEADFEFEFHERELE 2, 13KD L 128
2o

Ty + 7b 1-7)b
aZly ytm +g292( )byt

. Ty +9g3s
lamt-i-byt t a,a;t-f—byt t T 9353

Zt = 1S

HFANORFEFEESENT 2 I ONEFHES
IR HEBICRATAEREL, kDL HIZE
z7

Fi(z) = €ie™”* (<g), (1=1,2)

F2tily 85 X =% p, BEENROHE S 2 RYH
HTHb,

3 #@EXR

21ER L AT RIZ 26 HREAERAI%R
FETHAIHEIIRD 4 2DHE  (a) 215 E 3£
HHHIET S, (b) 2 EAROE—EH. (c) 3EHT
B4, d) WPEEICKFELT, £boh—%
DHHP O HE—EFII LS, KTFOTREMENDH S
BAIE, 2MEE L 3EAm A OREFETFHAIERL
INEWEETH D, (b). (c) DHE. ENETHOE
—EARRFBETFHIREVEERETEDON D,
(d) PHE. DPBEEREEDORE WEFIFEHIE -
"WEE R B,

ay/bB

(@) (d)

(b)

PR

aa/bB




Yt-

g

w0y S ok oWt

o~
o

|

B

mAwyvyvf—Amﬁwf;%bﬁﬁ%%ﬁT%
ELRNI K E e S H R

AR WA GRERKSFAE RN e v & —)

FHLATB DML E FHH T2 ET VOV E2L LT, WADY Ly w7 —Lh' &k
CHVwHND, BRIEDHI DT — L OERDHIIIRE S N5 mER T oA
Y3ialb—Yar0ER Pavlov BN ERT LG L LTER STV S,
LA LG ok4s DBUENMT DR, Pavloy DAL 59, foEATIEIO 7 — L4
DFERD INRIE S ARG TIE . T I 09 2 %n& ik L CEALIIZ L E IS
) 2 G WHEATREE S 7z, Paviov (&, TIEIOEENSBINILRICFE 2L L,

HIFEE)FLUT, LWIOHIRTH LA, TDL ) LiTINIISF ST LT
MIIBWTELRONBLDTH Y, WLFE LT Tn5, #2 T4
. SRIEFEEET) LAY —F BARIICHEEL, FORLIFVEFS, &
TLAY =ik, RERIREDOEEIIE LT, HH5VIEEYY 2T L AT 5,

ETLAY - EhFhHBEEEZ L, O ETIROY -4 T
BRIV, EBIRAEZ Z L& 5, ¥ I ab— 3 a v DR, HIlr i
WX o THI L T LAY = F)THEOT LAY —DHFEET LTI Dbh o7,
FBEOFENT ISV (MEOERIHLETL0E0) OBEE., ks
LAY — 3 F)ThW T LAY —IlL o TEAEIN. LY LEEDOFENT
FOs (WROLVNWHSERN) OEEE, M E TV A Y —I3ERIN T
LAY —DERICBAL, LM NKELERLL, SolIobhhik 7
LAY —Ho%b8EMiZ, All-C. All-D, TFT. Pavlov % & 0 Hiifi 7 g D2
MM LTRHRETH o7, INHDEERIE, LAY —DHAMLFERENS X,
FoTwiud, MEGIHPLEIZERENI LI LERLTVA,

Digital Learner (R&EBIKEE h  JIWTA#E i s AIM DS — L DFER L)
[ (x>0)
Ah = sgn(f —s)-sgn(h) sgn(x) =
1-1(x<0)

Analog Learner
Ah = (f —5)-sgn(h)



NU bSO YRR B 5 BT

OB (Z ok - ARISAL) B (Rak - B
IkRG - JUNIEIRK - RED) TAEMZET- (JElok - B

"B HAROHMHE M L TWANL LD T AhNT Yy :JCi\
20D o 1IN M & FFo TWb, IGL L7 AIZBWT
TTOMEATEH PEGN % 47 9 A, m<o#@nvAﬁlVLaw%%
Eid, EINOME L TIFA I LIZE D bEER L Y bR RET S D
RIS TV A GEIMERATT)) o

WAL LTl TRHEDS T 2 & 5 KOMEAERE R % 47 k12
% (TRHEMEIR) o BHENL AT INL ADHEDSELCT B L, Fko
T2HEDR oDV L fEELRKELNLV LT IEINT 5, L?’)‘L)’K3<S oy
INL LTI, ZECHEDS N L 2D fig KIMELZ 3} L THES TG 2 15
K&wtbﬁ\%kWiWWWLTW&‘U\MVAuleOKﬁ
EEINDE (VL LOrEIVENAR) o —fRIZ. N L LSBT B Mo E
SHMEDEAE I B DT, MHITEIER 247D 7212, S F & F Lkl &
té:tﬁﬂ%ﬁfw%o%®W?%\%ﬁAVAKﬁH%WWW*
TTE)E, FEIID AN F— %2 )L GIIRETAH T LI2L» T, LWL
LDOMEIZHE U TEMISYEIRR 179 720D 72 Z 2 b d,
Zﬁﬁ}fjufli ij‘[‘,,p—};‘/\l/A BT 518 1_[1“?[&0)3: n 9 ZD’L(H)L7L
TIWAL L, RO @G 4 KD 7z, S5 IZHEDME 2 Ko THd L
T2 EALMER T OMEILI IS e e BEIR IR RE % sked 72,

WhriERe T eobr e, (1) Gl EINEE L, M%@%wa
WAQMEIIRAIEETA B, (2) INLVLANOMEANEZ 5138, &
ﬁ%WﬁFuT#%o(3)&WW%# INL L EIPELiE, £ LT
PEGIIEE DS K DB e o 720k E WV 2 B B i %, XF X —

—GWTLT&MWhmHT%:kﬁfééoOiU‘7ﬁh??v

Tid, DL # #m<\ALAw@Mﬁﬁ%wiﬁammﬁum%
’l:!‘!i\fﬁi AT o TWBUEVEDS g S 7s,



HENEOBBICEA DHEIET S I 01— a VI

wAk B

HH M

BEHBRF KRERAMEBRERTR

reiji@info.human.nagoya-u.ac.jp

1. (IUBIC }
HEILEEEOHBEERICHT2EERRNEY 712,

Baldwin /&M% 2. ZOBERIL, T I I KEE

BORGOHHAMNELS TH, EFHICB T 2EEDOEY

MWEMASEDOEIZAMEE2E5 X, #ILDAY—-KE2E

HETHLENIBDTHD, —RITIILUTD 2 DOBM %

BTEYICLOBEINTOARENKRSICEESN

FEANEELL TS HDEIN TS,
1B FEICLVEFLERR AL MELHE

o ENRMRIZES FRERT.

% 2 B TS < OfGNEE LERIREEEY
ICE DAL EETIE, £EIChh3a
ALDEEDEDOHEEE/NICHEL T
WBREEINKRMRICELS FRERT.

ZNE T, Baldwin Z1RICHT D HE(LERIC L BB

{3 Hinton & Nowlan iIZ & 2K ER[1] 2D EL

T, BEBPEEINEZHOMNIEAETHD. BN

REICBWT Baldwin RN ED L S IT@< MIKR

HTH-o7. UL, BEHERICBWTIE, ¥FE30L

AR BEICBVNTEDICH EEASNSDED., B

HBREICBT5&LEZHOHEERAEHLONIZT

BLLEBEETHDHEFEA S,

2. BRAMOTPIEERALLESYEBLAADI L/
Y — AORBOR{EET I
ZOWFETHE., BRERNRE ST, EEEoMEER

DHEEBUBHREL LT, <DBELEADZ L >

IT—LDEERERD LT, RADBRTIASY -

NTOT7HFEEBICEAT DI ETHNRBEICBT

DL EFEOHBEERIIDOWTRIT 5, #ELEE

FIIRDEBD TH S,
<HVEBLEADZ L =7 =L, HEKERICED

BV URREBES CTIVICHBILLEETIVTHS

M, ZOMETRUTOFETIERANS,

%£1: WADZL >4 — LOFIHBITH

HEDFE(—) tham w0
BHYDE(L) (C) (D)

il (C) (3. 3) (0. 5)

B0 (D) (5. 0) 1.1)

(HAOEN HFEFOHEN :
HEHFOEBEEROEOIL ORT —LAKBIT IR
i, BERRBEFH GS LEERETFHIGL D 2 DORK
FHOMTEERAIND., BRBETIIIBRBICEKEL T
KEDOFERET M EEHT 5. THEE m O
IBEPDEO0. HWE1ELTUTOLS 4 2 EXRTE

Ih=BEL, 28D,
hm = (am-lr Ty ags 30)2 (1)
ZITa,l3HEIOHFOF, a, I ZRTEIDEHDDF, a,
T4 BOHFOFE -T2, HhIBE K ITHELTK
BT REFE A, LT3, EBEE m ORI,
GS=[Ay, A, ALl (n=2") (2)
ERTIENTES, THEBBRETIET S,
TSI B A KRLTEORRY (Bl E/2i3HmY)
n) MNaEEEONEINE L, (0: 8K ERLR
W, 1 AR ERD) LT, FEREFIE
GL = [L(lv Llr T Ln-l] (3)
EEHET D,

ari@info.human.nagoya-u.ac.jp
B EFORBRRIT., MBFICTORRME AN
HRIIELT, A% - XT7O07%Y55 (£2) cf£T
WTRBREZEE (%Y) 75,
£2: A NTOTERTH

MFEDE(—) C D
BEHDF)
C C D
D D C

UED LD EODEMICIOVT, /T XHHD
SOHBLEADZL >H — DY DEETWN, £
DEHEBIESEBEOHCEE LIZ)V—L v MERIC
K DRMROLEHEEDHTEEELS DEL, £EF %21
b3, TOER, REFO—HEREREZMAT S,
3. REMKRE =R

e 2 (FIHIEEIS >/ L) OfAICBWT, /8
TA—HELUTERERR0.001. EE$ 1000, /1 X
R 2% FKKFH 0.99. AR 2000 ZHNTHELERE
1o/, TORKR. BIF0K 5% TR 1 D& S iziEm %
BRI N, b, HET % 5D D EIREIEK
I3, BRSO EREFICHET 2BMBETFE x
CEBERMAFTBBRAGTHATEEDTRERALTHS
(e.g. GS=[1000], GL=[1001]—[x00x]) .

it R B/ O FTB A
v, ‘u’.‘ P W '_" w

Py o, MY Y MA L Av,.A
(P BER. BEoTEE : 2k 2000
M1 R 2 TORBER

TCHDK 60 AR TIE, BYIDHTBEEMNERF %
G, BHEEAMET LR, T0%, SHAOTEE (%
YREFARICEDZ"1"OE Y FOHEIE) DInE LD
ICEEERIEERL. 8 120 HRETICH W EEBRE
MR DI EAN LUz, U, TN
HY MBS BANBER~OY 7 MCERIK
HRANE@W=Z %R, Baldwin IR0 1 Bir&
EAo5N5,

%@&.Emmﬁ@ﬁéﬁﬁbtii‘imwﬂﬂﬁ
ERBICETLH50%DE ZATEEL . EFDKESS
%x00x)BOBEENEDI/ER L. Zhid, +45
AR ESEMNEFICBW T, /1 XIK&>TH
NI ZA RELTHL =0, EHE#FTI-DICR
BREAERAEHOANERIN - EE2RLTED,
Baldwin Z1RDE 2 Bk L E A NS,

BEIX. A& /8707 [x00x] RUEREEDMRIT[2]. LK
EBREEARZEEL WA —T T Rt ER
REETHO-TNS,

B33 30 ,
[1] G.E. Hinton and S.J. Nowlan(1987). How Learning Can

Guide Evolution, Complex Systems. Vol.1. pp.495-502.
(2] #vK HE. HE Kih(1999): AF - NTO 7 E{LEFEE

& ABEZEAHRGTIEAD T L > s, H RO

SR 99-GI-1. pp.15-22.




STOCHASTIC DYNAMICS OF MOLECULAR MACHINE (FeERIiLEFE CEBIET 35
Al R DG R)

HIROYUKI. Métsuura, MASAHIRO. Nakano 2’
1)National Graduate Institute for Policy Studies;
2)University of Occupational and Environmental Health , JAPAN;

A new model of actin myosin system named Stochastic [nclined Rods Model (SIRM), which is based on stochastic
resonance and stochastic dynamics, has been proposed by us”. SIRM has a simple structure, which is composed of
an inclined spring, a myosin head and bundle of rods.  In SIRM, the energy of motion is supplied from random noise(or
therial noise) of water molecules generated through heat energy of ATP hydrolysis. The Langevin equations on
myosin head of SIRM are expressed as

mi=-0.(U,+Us)+F,(t)—ayx )
mj ==0,(U, +Us)+ F, (1) = By @)
For myosin bundle of SIRM, we set a similar equation:
MX =-8,U, + F (t)-nX | 3)

Fluctuation force F'(¢) follows fluctuation-dissipative relations. G-actin forms a potential of spherical shape, which

means intermolecular force between G-actin and myosin head, as shown in

U, =¥, v{{Ja=x )+ =5 -R) 4)

The potential of myosin rods is approximately expressed as follows
=Ae'<p(— —r,)‘+(y -») +L) (5)

+4 exp(- S +-y) - L)+ K(6-6,)})2

In open 'd"issipat‘ive system, the myosin head works as resonator of random noise, which accepts the energy through
a stochastic resonance (SR)*™. It is shown that the inclined rods and spherical shape of G-actin are very important
elements for a purpose of breaking a symmetry in the vibration of SR and of generating the one direction. When the
myosin head interacts with the spherlcal potential of G-actin, the trigonometric wave of stochastic resonance is distorted
by the collision between the head of SIRM (or myosin head) and G-actin, and after all it obliquely kicks the actin fiber
by using the spring. It is thus shown that the inclined rod and  the shape of G-actin makes SIRM moves to one

-n+l

direction, even if the potentials between the myosin head and G-actin is perfectly symmetric(Fig.2). Various physical
quantities and values, which are nearly equal to tfrlany experimental measurements of actin myosin interactions, i.e.
sliding velocity of myosin =10°m/s, the generating force power=3.3~10pN, mechanical efficiency = 10°. Thus, an
excellent prototype of nanomachine is truly bio-mimic-system if SR and stochastic dynamics are utilized as an energy
conversion systems for nano- machine. i *,

Our model SIRM is similar to supersonic motor of Langevin type, and our theoretical standpoints are based on
Nyquist theory of electrons in an electronic resistor. Our nanosystern exists.in open dissipative system and is
accompanied with three thermal sources. We showed in our nanosystem that bias and constraint of are equivalent to the
thermal energy or thermal sources. Therefore, it is obvious that SIRM does not break the second law of
thermodynamics, since SIRM work as a kind of Feynman'’s thermal ratchets with bias and constraint.

(Reference) '

1. H. Matsuura, M. Nakanno: Theoretical Approach To Actin-Myosin System as an Example of Complex system,
Biomedical Fuzzy and Human Science, Jr.of Biomedical Fuzzy Systems Association, 3(1),47-52, 1997

2. H. Matsuura, M. Nakanno and N Noda: Theoretical Actin Myosin Systems Based on the Stochastic Resonance,
Biomedical Fuzzy and Human Science, Jr. of Biomedical Fuzzy Systems Association, 4(1), 23-31, 1998

3. H. Matsuura, M. Nakanno, et al : Physics of Small Systems : Micromachine, Jr. Of Micromachine Society, 7(1), 54-
126, 1994

4. H. Matsuura, M. Nakanno: Movement of Actin Myosin System Induced by Random Niose: A Model of based on
Stochastic Resonance, Mathematical Topics in Biology, (now printing, 1999)
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Be-BAFEXROESFFIFRICDOVNT

= 8%
(LBXF - KEREAHFM)

(HRETFEH : %@ B (BRmA)  FEERT (RX) )

Volterra - Lotka 2D FA- I A BRIE. HBEERZOA LS5 T HEOHRIIEWLWTERIG
#mﬁﬁf¥® Bl LTRKAIONTWRRTH S, TOEBHIE, 2HRAERRETIRIES
XTAT&U&ﬂb\E#ﬁfﬁ#&b49%\¥ﬂﬁ€%tﬂﬁ&ﬁﬁ&ﬁorm%:tﬁ
5., CNETRRUTELEBRICL >TROMENDN LD FMIIBIRTEZINSTHS 5, D
BERE.MOMEEBDLFEALHLNIBR2ZEE>TEINTHE S, HICRKRRVDE, &
ERZMIE—BLEHROBFEEL L UEFEENBEERICED L S (TIRET 2N L VWS ER(EZ
MZEEZDOEDER>THEN . BEHAFERXDNSOBLEL(IRBRIRNENSOHRTH S, 7
6ntﬁ%ﬁ2%%@#8@&5&%$%ﬁf&hd\#Tﬂ%ﬁ&maiﬁiﬂﬁﬁuﬁﬁﬂ
WTREEESZTW3, BIZ. IRENMNE—R. D0, MBI, BEXR. REELEH M.
[ZHET 258 . TOE—MENRICEDL I LEREEZDZIDNENSETELETL TN S,

UIOBRDERE LT, MOIJIBEBHOMENH S, &l TDOLHIC TEHAFTER
E EHRENIBRERENERINATNS, BERANEARALVEWBE. 2TEBRHIZZ2MAE
BADITERNEBT 2 ENFEINZIN. COBRA D FTEROBEELLEEMBZHIC. £
hERRTI2RBHAEREZIHE LLS ETHFENEHRDIBRETH D, TNET 2 DODEIR
(LARREN T D, —DlE. BABOIEEA+IIS VEETH ). ZOBE. EHFTE
RELRTIHFERETFHHBABRRATRINIDOTH D, £ 5—2lk. BREBRAXOHNIER
[ZXEWZATHD . ZOLEL K—KOREEDRTZ2RT7 7 > BHRRERBETE RS h
203D THD, CHOHDEROEKEVAIL, 2RABDEHD T L WS EREFHREA
RZ2DFTHIMIPRAFPTFZOURTRBINTELBREANDZENTE, HILLK
ANSORMNMAZFTEZ L NS ZETH D, v

SELULDBARIZDVWTESITHEIh, BBLHAS. ThETHFANSTZLALBRT
N%ﬁ%ﬁ&énfu@mo%mﬂmw\2&%&@12&(%&0\$§mK>ZfAtE
N, 2EENSOEBTEIFRTEZAVFLLWERKIBNZZHTH D, RE. 2O &(FILE
FERAREBRT2ETH R, BEHREER LEVWERD FEARCH LTI TIZHSES L
T3,

FEBETL. 2EBAROSLMELRE LTINRAEREE IS, FRTIRRIHENH
LWBEEEEET. M T2EMITEIRROBOEMIMENTL2(IhbN>TW3IH5E%(R
EL. ZXIHBIREBATEILIZLS T, IHAROMIZEDL S BIEARRF/IF — 2 h
HRLUBE2ONEEELLS,
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MR ET DRI

ut=dyAu + (r1 -ajiu- afav - aiawju

vt =dyAV + (2 -agiu- agov - agaw)v

wt = dwAw + (r3 - ag1u - agav - agzaw)w

£ 3. RUDRE

RE!1 ZR—KTTIE WTFhh 1EOHRMNEEIEZIECEMBRS (aj) H
BAGRE (aj) D50, DEH. SHEET. mEFBERNAD LD,

THd, ZORAEEMIFEXRTEIZ L. HENEECBRWL, ARAESIE HEFES
57 . 3&%‘%@%#&%@&&‘6(1&“73\6?&%0 LhlL., SCTEZDBAX. ZOL5 %
HHRRRADE LT, ERABITILEHREZALLLE, SEOEA P FREILDOL S @/
F=CEEBDTHIINENIZETH D, RIELT. FhEFBTEILS REHREDT
H33M .

ENERFANDZHIZ, BITROREESH < ¢

RE2 BEOHHEITIIEEIZ/NIUL (0<dy, dyv, dw<<1)o

(COREF. ERFNEBN S TEERL ., FAPTEREHPIIRRTI VWS HENERT
53) . BEONCPETEZZL(E. HEEREEIIRABIIL>THE I N, ThELOEH
FFRENHERT B THZ (ERIZE. ABEBENRN., THhITL-o T, BENFEITHh
320TH3) . o THFEELLDD(E

REFEDES ISR E DL S L IHENLE L. EFEREL LY
ATEBRRICH N TEDL S B/~ HHBTEDTH3 507

EWSZETHD, CORBIIKENLIERESZ 50, & 2BETOLEE TOREDA

BRI NE, 2B 1RTEITROERE. £ U TEADTERORAPOERTH S, &

RIZUATORXTHRET N TS,

S.-I. Ei, M. Mimura and R. lkota; Segregating partition problem in competition-diffusion systems,
J. Interfaces and Free Boundaries, 1, 57-80 (1999)
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MR IREN A 5 /3 — A M REI

HEEAN (REERFHIFE)

JEMIIRE) I, THEOBRBBET IV, WHEOKA RIRBBEROE TNV, {bFKX
JGDETIV, EY) ZALDETFNE, LA LSHTHLDOMENRE Lo TEL, I
£, FEININOBEREER, BRICBIIAEYKFEORBICIGENZE XN/
FHTHAHN, EBREOBFICEDL S L)% o BOOHFENIERIRG OMIETH -
7. ZOEEEN TREDERIOIBLVIEE E S RKERENIH L TEEOE LR L
vy, )

FEWoAERNO—#iwmE LT, ERBRGOEBIRKELELICERL T A, B
BRETVIIONWT LS L, HFEMIERTE 5 LIXHERZET IV ERVTIEEIC
ROENTWAS, SZTiE, MEFAF I ADON—X MREIEF VR HF, 205
FRELTOBEIIOWTHIHL V., MEDORNEE /Y- X FEE) (bursting) T
BB, KIELZIRELEYELEKRT ZREFEHMICBIAETHZV). 0k
) BRBBEEETMELICEWMS HERRIIOVWTER 5.

BHIFLD/NN— 2 MREIOE T IV T, BRIZL-T, V2 F - FRIFERELED ) —
DOEKEHy T T LIBICEEZEELZ LML TV S ([1]) -

{ i+ F(u)u+ G(u,c) = —eH(u,c)

¢ =e€H(u,c)

ZIT, eldNESHERT, F,G,H IEHREOMBTHE. N—A MEBIO»PL D %
HO2IZT 572010, TOETUHLLELNIBEOEEAZTERLT, LHEMTE
R E LT, F,GE3RME, Huc)idulilonwTlkoReLTE 25,
B&H%T77Y TT7 - R— VAR THEIN LR IRE) (relaxation oscillation) @
L9, WA MREIS 2O00BEHELIBMAr —VTHE I LIZL > TH &R
NAHABRFTH LI EDVBEMICHBATE S,

Tz, BAZAMLBREBAR Z-005K ([2]), S— A FEET L) LHEET
VEHESLIESELDTAF 37 ADEBIZOWT bz ([3]).

3CHK

[1] M. Peranrowski, Fast subsystem bifurcations in a slowly varying Lienard system
exhbiting bursting, SIAM J. Appl. Math., 54, 1994, 814-832.

[2] D. Terman, Chaotic spikes arising from a model of bursting in excitable menbranes,
SIAM J. Appl. Math., 51, 1991, 1418-1450.

[3] A. Sherman, Anti-phase, asymmetric and aperiodic oscillations in excitable cells-1I.
Coupled bursters, Bulletin of Mathematical Biology, 56, 811-835.
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BOSIEH A IR DT IR DEEIZ E D LD LU TR ED DM
MNP ME= (GREREE K2 T 55ER)
¥EEYZOMRTIE, BEEEFDOETIVTH S Fisher O HERY
(1) u=ku,, +fw, fw=mu(l-u), xeR (>0

(ZZT, uldEMEBETFOREZEL kE mIBZEEHTHD) IHEDITHHEHTD
D, FIUTHT B HFN B R S, Kolmogoroff » ¥ Ik > TRILLEITE 51
TWd, Mo, uy, =0 (RLTEWM & u =1 (LREFEWuMR) ZHRN (5) Ot
TISHEFTHMRDY c = c* =2Vkm AT ETD T/ WLTEETHZ EE2RL. #4l]
A PEB BB DS S1Z (5) Dfipht t — +oo & UJz & ER/INEEE o DHEFT I MR IR
T3 (Thabb, ME cx THIABEETFMEINIITENNDS) JEZMHLE. O
RIS S BTN T 2R O IA R FIRERTH D, 2 k7 BA L DL
IRRICBNWTHERBRZUMRT /20D E72> TN D,

e Z0E XA MYLI3474EMN S 1350 E DI I — O v NELIZE U 72k OB
MERIH 2T S = DI W S 1= Kermack-McKendrick 51 Y

(2) u=du,+puv-yw, v=d,v,-puv,

EEZAD, JIT, us vRENTIBRFEFEBRREOEETHD . KL 1R
B, YIIECETH D, ZOETIVICHT DHETIE OB Z BB HIETROTHL D,
HEITHDENTIE, u~0,v~v, THENSE, (6) OF 1

u=du,, + Bv,-pPu

ERB, TZT (1) REURZE U~O0FELS P OHEZMET HE cx=2
Jd, (Bre—p NESNDB, LIENoT, Byy-y>0bd c=cx dLTD ciz/zn
U CHEITEMSEET D Z &0 E NS, TE, TOIEIIMEICHEAT S I ENT
X, BONDAETHEMIT (6) ITHIST D H%# R DOARLEE R (u,v) =0,vy) EREF
iR (u,v) =0,v) (v.<y/B) ZfESMERSDY . UEOZ NS, REEFTITEBAL
TWLEFEOHEEIZ, ZOXDRFERNBR TTFUTESD TRV N EWD HIFFZ
FEOMIRAIEA ST SRONZY. EOT LbED T, 2MHPH E 2 R BT
SRR ZWO L TEITUROBED ED LD 1T L TRE DN EMRET 5.

SER
1) J. D. Murray, "Mathematical Biology", Springer-Verlag(1989).
2) R. A.Fisher, Ann. Eugenics 7 (1937) 353-369.
3) A. Kolomogoroff, 1. Petrovsky and N. Piscounoff, Moscow Unlv. Bull. Math. 1 (1937) 1-25.
4) Y.Hosono andB. Ilyas, Math. Models and Methods in Appl. Scl. 7 (1995) 935-966.

5) VHHEREC. FEAUMRE 1 CRugimBRKFEORMN) |« AREE, 1999.
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Markov chains as models for succession:
classic paradigm and new developments

by Dmitrii O. Logofet,
Laboratory of Mathematical Ecology, IFARAN, Pyzhevsky Per. 3, Moscow,

109017, Russia <danilal @postman.ru>
Temporary visiting: NIES, Onogawa 16-2, Tsukuba, Ibaraki 305, Japan

Markov chains have long been known as a tool to model phenomenology of
plant successions, the traditional, time-homogeneous chains serving an excellent
didactic means since their inherent mathematical property of convergence to a
stable limit distribution conforms the classical paradigm of succession theory,
namely, a regular movement from pioneer stages to the (poly)climax one. But they
have not become a tool for reliable ecological predictions as the constant matrix of
transition probabilities implies actually the invariance hypothesis for the
environment, which can hardly be adopted in a long-term study.

A move towards causation is made in a new generation of Markov-chain
models, i.e. inhomogeneous chains where transition probabilities are designed as
functions of key environmental factors that control the course of succession.
Having lost the algebraic elegance of their homogeneous prototypes, these chains
now gain sensitivity to the environmental, in particular, climatic, variables.
Technique for constructing this kind of Markov-chain models has been developed
in a number of case studies including the recent one on overgrowing of spoil-banks
formed by an open ore-minery in the forest-steppe zone (Kursk Magnetic Anomaly,
Russia).

A new project on successions in a coniferous-broad-leafed forest has accepted
a scheme of successional changes in which the climax state is considered to be
unattainable under the current general decrease in biodiversity. A simple
modification of the chain model, now a non-Markov one, is shown capable of
reproducing the unattainability effect even without drawing upon any special terms
of inhomogeneity.
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HZIROMREF vy 7O/ TmE AT v 7R
TR T Y3 R, HFHRE

BHROAEIIBNT, 5m x 5mOEHMIZHEES (FIZIL15m) L BNEENDH S
L&, FOITHERBY AL, ZTVREZEREF v T AP, ZORES A FDZE
B A XM, B2 KE2FH OV A POKEROLDOT, B2 Lt x DO #E
LBRL AR EETH B (1]

AKEYOAR GRILK) 513, KEF vy 7 OBBMBREL BT 2EF EOMETT L
(KIF £7)V) 24RFEL 72 2 [ ]. ﬁirﬁk[ | T, ZOKIF EFVIZBW TS L IRET 5
ECKIFETFVOEEREDL, RATEINLIHUHEEDETVTHEA T VT :ETJI/OD:FQ‘;I
R (¥ 7 245%) TH 2 Bh% ERENTZ (3]

1
P(o)=—exp |K 3 o(@)oy) +h) a(z) (1)
z,y:lz—y|=1 *

FCRE%R) Th 5.

Ihzlis 2, AITIHEY A b % up spin, HKEF ¥ 7 4 F % down spin & R L,
WRDAYV VT —FTAGHICLY)WEY vy T OLBES ML BT S, SEIZ/ SF <D
1983 N, xmauF F & (BCI) , 1975 205 1991 F F TO HARD/NIFEMKEERX (OFR)
DEMADT — 5 [4] A BT 5. TOKR, BFULETHIREF v 741 L OBWEL
REEX v 7Y A M3 OBEETEIMEEE ) LHIINRT A= FROTELNFT X
"?ﬁ 3, AREDOHFMOMES vy 7OEMO AL BRTE 5 2L 27T (TRER)[E]. 20

MR FTAPATRBTE-HRIFEEHRETH LI EERLTWVES,

(1]H. Tanaka and T. Nakashizuka: Ecology 78, 612 (1997).

[2]T. Kubo, Y. Iwasa and N. Furumoto: J. theor. Biol. 180, 229 (1996).

[3]M. Katori, S. Kizaki, Y. Terui and T. Kubo: Fractals 6, 81 (1998).

(4] B (**%%\W), HERER (MRERFENR LY 5 —) LD EHTFT -5 2THN L.
[5]S. Kizaki and M. Katori: J. Phys. Soc. Jpn. 68 (1999) No.8 (in press).

Canopy Gap Site s

OFR86 —
Ising model - - -

1 10 100 1000

(/£E) : 1986 £ 0/ IZRMIEER (OFR) DARTEF vv 7 0EHESH.  (GH) : 1986 £ OFR

WKBIFAREF vy 708 A X5M (ER) &, BoNiAV vy - F7ASMICBT 5 down spin
DY A X5H (HAR). Bl SNz _RTOH A X\HCBNT, A V07 - FT2AG5HIEHED S
HrxBHRL TS
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BEGBBECHTIEEKEFOSERICONT

fgh TR (RRKRPEPBBFHE)

1 FEO LM AREEIRE D BEARERE T /L SMPD(Stochastic Model of Population Dynam-
o) & LTKODA N =X BEARED S -

(1) BEACIEZE OB (RTHAR) 20T, filikk (RIHEAR) 230 T, F5 (KHEAR) 2302,
(2) n RO BEERERE THZ ENTEDFHRDEEE () ZMIREELEETH 5,

B (KRS EEENRE DO L £ 7 /L SMDPD(Stochastic Model of Density—dependent
Population Dynamics) & LT (1),(2) £ (3),(4) ZIRET S :

(3) FERZE €0 DHEED AL n RO EMEEE Z, DRE SITEKFT D,

(4) BBEWEH K, WERT, i =2, > K, DEE ) DEAFHE m(i) 1220 T m(z) < 1
WALV LD,

EDEAET L SMPD L EMIEGEE (Galton-Watson i8f2) Téh-T, FEIE TMalthus
Wi B REERUR ) 2RIk 5, BEKFET /L SMDPD it MMEFFEOHHD Malthus FIEK
B L EMIIDIZA EFHMBREOKOMBICE 2 TORBR] 2R+ 5 (1) 25R),

T 2T, BRI RSB R TERO B (R REEN AR DT E T /L SMDDPD(Stochastic Model
of Delayed Density-dependent Population Dynamics) & LT, (1) 235 (4) I TR DR
ExETD

(5) n HERICK T DRENE S K, 28 D ERAETE COMRBEE{Z,-1, Zn-s, ..., Zo_p} 1K
FLTE#HY D, ’

= DfEFEF L SMDDPD % &M E 8T 5 (8 (B EhiE 4 STk 5 EF A L L THRB
7= (TREASN, ERBMOOHF), ZOEEOMBIRRLREE SN EET Y ¥ F X X3
DH 30 EB OB DIERIIT — & DRTCH B (Bl [2)).

250 50 T T T T T
45
200 40
35
150 30
25
100 20
15
50 10
n

0 0 | 1 ] 1 1

0 10 20 30 40 50 60 0 10 20 30 40 50 60
: CGieneration (Gzeneration

[1] T.Fujimagari: Controlled branching processes as a stochastic model of population growth.
pp-31-38. In Stochastic Processes and their Applications, Narosa Publ., New Delhi, 1999
[2] T.Saitoh, N.C".Stenseth and O.N.Bjornstad : The population dynamics of the vole Clethri-
onomys rufocanus in Hokkaido, Japan. Res. Popul. Ecol. 40, pp.61-76, 1998
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PEEEM (BCI) 50ha” 00y b ORZEREMTEENEDEAT
O B F - ik B (K - B - £%)) - Stephen Hubbell (Univ. Georgia)

SADPEETIHEMTE, KBICEODNHKEKEIED. ULHLEKRGEEICIYMKEDR
BUEBAER ¥y v 7] E&iEN, RFREPRIFITHS. Fr v T2EOEEBENIRDD
DICE > THMOBHEMCIEDOESHMUNRES. TOLOHEMERSETHE, FrvT0E
BN EEY A X T DR RIZEL DR, Ehiy [CEAMSENAN TV S,
XFOAA3085 KBS0hafFAEK (BC) TIE, 1983Fm 5 REAB N DKIREZHK
BERERAENITON TS, ABXIEH20000DSmBEFERX (A ~) ICXTS5NTLVAS.
FRETE, REULCOEIHKBET—7Z2FAL, HKES20mKBEDOY A FEF v v
F(0) B4 b, FRLUNERTE(+) YA FEEET DI EICE>TF v v TORERBEE
2REDHBFETIVERVTERLZ.

[1] 1E90BET—F LY, +94 +DOD0Y A FADEL (Fv v THRK) EBET
3084 FOEO)ICIZEDAEBLSH S Z ENHLMSB(Kubo et al. 1996,JTB) . SHEH, 11545
DTF—F DRMERE LT, BCATEHFEDOREEE, 004 bS5+ FADE( (v
v FEE) bELBIETS+H A4 FOB(HEEDIEBEEH DI EMPLSMIHEo /. YA
FE(EASHEARE S BRMBIBICIEKGTET S &2 RT.

(2] BBHERIESLICKELEHL, SOERIFIOERL Y b REKEENIMEL,
FUEBKDFY v TERELUFr vy TEEBELCTWS. ZhiE, 1FE2HX5SRVERM
%bjﬁu—mwﬁﬁﬁgymmaoﬁvviﬁ%:%%Téﬂ%ﬁéﬁ@?é.

[8] KITHARTOBEMBENSA—F T4 v T4 T RICIEEERSHS. EXTHINAOY
Tal—2arvEFVEFry v THA MORBREELEBREREEHBELLLCS, BAEE
O#TEEEFHVEEKRBICTEY, F+v 794 bOERITHEBENGFEHLAE. TN, 1
FOPFTHHDIGAICF v v TR (b ULLIIBE) BECDETNDEEDRR - B8
EET(SHEDHTHS.

[4] ZOMBESERRT D012, H4 TEGEBET IV SEEERICY T LE
RRT, BEAMEICHEDWNENRIA=FI T4 T4 VT REERTS.
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BEROLSHEME L EEOXE
eI VR —=PMRAV P EFTNVICE BB

OKERT GERIK - AHXUL) | ®EKE (RRIOK - BEH) |
ke (REHAK - THFE) - EEMAT (RELK - HEFEEH)

ERRRRREO LRI CHATIC R R e Ro TRAFT A L3R L
WE W) BESHHMO RSB L, LAl HEOERBRIZIISZHESHELE
MIDFEFTIICETE L TV AEEN SV, ZOZELS, BREIIBWTIZ
B EBRRARLETNVTIIHBPT LI LDOTELR Y, HFLEHET LM
MDA ZXLDFIEL TV LRI NS, Fl213, BHEOREILZEH
ISR —TH Y, FEFRMAY., ZRMICEBL TS, 29 LcLED
EYOEFIZED L) B e RIFLTWADIES )

A7 TIE, FHMNEHFERIZH S 0 @D 2 KTEFIRIZOHT 5 meta
population €7V #ME L7, FHEIITZ 7 ffirahTsh), F/-KED
N BRI IR & ERILEEEN OMIZIE P L — A 7895 bDE T 5,
ZLT, —ERHEERI EIHEEDEZ 2RO T T, HELOMHE L EL
R, RUMEPREDEVIZ L o THFEFOERB LS ED L H 12T
B0 iz,

StEfE Y23 =Y a itk UToOKEEE,

1) HEMBAE A, MR BT T4 LA E W g
bFH LR T 25, HELHEAY R 225 CILFEEN ORRIEEN T
%o

2) MW EBELDS W& ZIHN L EEOFEIRED, HELZ2ITH 2 &
W& D ZEEICEIIICNT VAR R TS AEEaErHs Il L, 72
2 ) LAY =57 O FEIRREIL IR IKTFE L, £8EET 5,

3) PFREOHE THOLHEMELIKELTVAZI LD, ZHEEL &
B9 % & Connell DFHFMMEEFIIHBTEIISLWVIGELH 5,

X512, EYBOMEER S LEE, S FTREN—F 2 T RIS
RERSEHIERIZH ZEWEIOVT S FAEDORNEEEL . %17 -
720 ZFDFER % Tilman @ metapopulation € 7L 2 LB L, M7 L OME
VLB R vy — v 2 WG DIT T T A
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PASRICBITAMILHEOESE ICHT S

o IV ACIE A N R I

OAREF (FREK - ABXL) &SHEKE (FxK - H)
BEEMRT (KK - H)

#ﬁ&%@%ﬁ%ﬁfi%%%%@@ﬁ?é%mu\W%fﬁ&%
HEOT V22T 2UETLLENH S, BARTIIKFOT v E=
TISHERRE IS X o THERRICIRIL I, BICHEBERIIMEEREICEL -
TEHDD LR OIHRIZERIEENEE2 L, RHEED 1 DL LT, Wit
MEICL A0 BIENEE SR Twb, Lo L, —#RICEILEE 2
BEDONT 7)) THE &N THEEEEI RO TR S, &z
EELTREFETANA L T4 VY — 2Bl T 5F0%, MAEEMTT ~
EoTHRAEEIT)BOEEREL o TWA,

AFFETIE, FHMBERZHI BB SN T L KEEYHAETEED

INAFTANE —IZE@THT— 5 IET&, ROBEHELBRILARD X

I

NZALeERLIBHBETVEAALTL, £LT, MILEOWHIL
B, MBEREE. 74 LY — EOEEEORBGELEEEIEAT
L. BALEWATT ¥ E = 7 ORIMEICEE L T EORICELT 50 %
BT, X ERLAEFRIET 2 2 MO BOAHIE DY (BER
DRI 120V TR L, RODEQRVEREEST YV EZT S

FRALEEIE (7 = 7 DRINE) (20w THRE L7
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HRIFERICRE AW ERFEICIBIT 5
=FMHEEHARDHZ

AR (1), mHAUR (2), B (1)
(1) REEHERKE BIERBMEFT EHIERFE
(2) mEBKE RFMAR HINBRRFE I EBITWMAREEE

AMEIIBEMRNFEDERENOLALRAL D TH L, EBRFTOEYMMBELE
AIEINIT, MLiias, MEZLXRHLw) TR -—Ebns] Mk (BET52
REBMAAEEMR) MEB SN TE, FICx LERFRZOEKRS L. £HHENILE
BIa3az=b—var, BURALEYWOHEERIEE L THIARLTTO., MY -—HEE
E-WREEL VI 3OMERLAFKERK (ZEFR) 0T, Y LHEEL ORMIZEE
BIRABEERAYH A Ly ERENOFEERTHSOMIZL T/ (B -BUEER-F
HE=ER, Y- HEUNY AR 7)Y ==ZFF), COFRTIE, f#EHiIvo7:
AEBHOREERAMLA:FITHE, EHE, H5VEEHROBHENZOVYECEEL
TH+NERNORBTHLIBEMRR, ¥o2FFI+ 45, ZHid, W, KBEOEHTH
WERLGE, BWERBEOMIZEBHANZHEERAIRITSEERLONS,

FARERDERHERL 71—V F7— 7 TORBREL LI, »hbR0EKRN 7 EIEE
oM T b omMRICFERER (Abstract Rewriting system on MultiSets, ARMS) %
AOWTHEEFLEHEEL:,

ARMS TOREIRREBRMIZIMLFBHATOERCD L) 25 DICHLT 5, Z20E
HOPTIHEFEEL TWEHFABEVIIERCRIZESOCTHEER T2 ). IhH
DRIGIZ & B ERDIKEE LA ARMS O EBRIZHILT 5, ARMS T EFHIZIE<L
FESGLTOENEEMZIZL>TERRASIN S,

o ltEMBEEERE [LEREK] a2 L, BEEROMH*RIGRE, E0@
T, BUHEOELR L [8F] LE S TEFNMLEITR->, FLT, ZOETF
LERAOT, GUENHR, WEE, HEED/K7+—<F ADEVIIL-TEZERD
MENTILERBTHI LA TEL, $/2, BRIV THETEBEITRZZH T
ANTUELZVHLEDLATELA, SHERERTBEL THV TR T ABENEII L 25
ENHLIExBRL,
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FHPIFEE (BMOKES KETEHFRR THERBRTEVIAE)

EDSOMNTIE VFY (E2E) OMTREN K
<ReN3, fFEEZKEETEZI/OHRLED VE
ROMNGEELZEDZZEMASNTNS, REHM (B
), 1 DOBNN 100 FROF—F —£Dixd< 1
T 0N, HIEVWHRK (ZEAR) 2L THKT
(MEAMCL T), =R E@RESEEET S5, RTH
NEDERIZED &, EITAMIC 1sm BE, $AM
IZ 100-150m BEDOBEENAEN b - &b E<EHE
INTVS (AMEAKCI2AETIEEESI
4m BE). IOU R KEERAREN., BICHIE <
DI EEE DL D ICHRL THWEDONEX S,

EBEO AR R TIEBE R E A REATIZIT ER
DL TS, BEHEHEZBENOETIVE. S
HARENNRTREINZNRREEZ, ZOT 5
D EEBERRTE S VAN HERTERIN S,
ARoFEIZ I, FEZRAOFEEEIC
BAOEKEEE &t 32 EFERENFT b
% [Niwa, J. theor. Biol. 171, 123 (1994), ibid.
181, 47 (1996)], £ i 3 EAREEE s DEWEAIC DR
7 [€Qi={j:|xj—xi| < s} OFEIHREHMIED
SEL. TOERIET I LRI AX nERITS,
ZONF-E—ZXEETIIFHRICH E B2,
2ONHEEE, BNOBEIAMEBEICRYME —
FEDH A TELEBTEIEH>TERIND,
bodkd, AHIVIBOEENTIX, 20X D4
HiUIC, FETREEZERL TV,

ZOEIEHEHEROBNOAITIE., H51HE
() KEEL =& X . ZOE D OEKOR BIE—H
T < T, REEEEDONSHA 0 DLIL, A
DEFT R (BH) S Elo T, B3 cosh(Bsing) IZ X
CUTIHES (BIREMBO/NT A—F), TOHTE
RETHE. NEELDABZHENOETHMICEER
BENE R~ B'N THEASNS (1<v<2), T
DT AMTHF o B EEA S NERIN DY
AFIZRABEDOEIRDBOEZ SN, A E2—
F—Ialb—varitkds TE-ESHEAETS
HENVIBES N EEOWERERETERT D] &I
o T, BRELZEAHERZ DISND I EMhh o
Feo DED, BRI, BREETDEEK  DWDTMA

£ CHEPKAM V; D By - V5| > c THIHE, jD
Bk hFmEEELIZW., Tabb, EXROEBFIER
OBERIE, Q=N {j:|fy Vi <c} T
BEfzond, EEONITA—=F c (< 1) IIBR
TREFHSEOMEE5X, c~ B~ EFEIN
5, YIal—ailLdE

o cHVNSBBHEMY RIBRELSRSD
o JAXMRELBLDLMY RIBIKRESED

EWSEERNFGO N,

fBOHEENIZ, BONOEAD STNTNRETE
D, KKEHEID Ot EKHT2 I LK THES
N5, fd, AEE K @EOME (FR) B IO
kABE, REBLIVNI OKKEOENDORRBRIC
Lo TRHEL . IHL THNIMFEN S, Thi
BAL T, ADBNEENE TR F—ITRI>TW
B5END Ttk IFEREEN S B [Weihs, Nature 241,
290 (1973)]. T DK, B & MREEREMN, Bk
CBL THEFETHRE LS THENH 5. T
bt BT EEROERR S XA T,
MBI TZOEE, AnETRL ) &HERL. —4, A
BREL IRETARL ) SERT2HRENHS. B
UT-BENEZRRT 2 HEEEFORICHL T, #t5%k
FT2ROBUINOTSEATHRNTNEHAEEX
i, ZOXSRRENEMRTES. LRUET
WieE - S5 TEEANE. 2oL E-AEEOXE
UTAREEMETILOTHD I ENHREND.,
EDIEa—HR—3 32— 3T Vicsek
DETFIVE AW [Viesek et al., Phys. Rev. Lett.
75, 1226 (1995)], Zhid., LD P aNCFHE
R KRILOBE) %, BIWREIERAREEZ JELT
EE, JAt = 1 DEBTHEZERLIEDDOTH S,
ZOEFIVIE, EREE v — 0 ORR (RUIENT)
TAE D XY EFIICEMT S, —H. v = o©
OREFETHNIRMZT v T At ORICTERITES
L. EF VRO TSRS OIS
T2, P Ial—¥akoNTd WebR—2
http://www.nrife.affrc.go.jp/ “hirosato/ bER I
iy,
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BEDRAIZ L HIEE-FHEBRDHEEDEAL
4 FEBh, AT R
HEASEAZRE TR A7 ABEER

kon-r@sec.eng.shizuoka.ac.jp

EHETREEOBARBEL . BE-FEZROEE L REROELICOVWTE

A,
BE-FEZERE LT, kDX 9 7% Nicholson-Bailey D EF IV HW5,
ulnyr = rulyexpl—aivn) exp[—p (uly + u?y)]
Untl1 = E?:l biuin(1 - exp[—a,-v,,])
u’ni1 = rou’y, exp(—agun]exp[—pa(uly + u?y)]

CIT, i BEE () ORBBREMR, b ZEREEERFICETE/T A5,
a lZFEE (v) OBRFRED. bIX 1 COFESNLBEPLEINSFLEEOHTD
%, 2HEOBERILBORIFE RO THFMRIZH Y, o' THEREDOEE, o 2K
AEDTEEET o

ZHDLE, BE W DBRAFFIIROKXDL ) IZHFELN S,

o)< B ZRull) e ERe6)
. P2 m p2 m

ZZT, (ul(i),v(),E =1,2,...,m) RERDEGKEHEOFHHNETH L, 20D
RAGRGLWLICLE, BECRBERDORICBATETH D, TITERDORILEH
EEVHFELLVE (v=10). EORAFHEIRD L ) LERDADY 1+ I 7 Al

L HRWRAEMSL RS (Gatto [1])o

ﬂ@hJﬂz_Eﬁ>0
H2 K1

CDLERDZ LN bh o7z,
o ERDRIHFEEVFEL RV, FEZLAFLRLTVEEIEEIIRALS

(NG
o RELTHE-FEERIRERALENT HBEEIRAINRL TV,

ZEXR

(1] GATTO,M. 1993. The Evolutionary Optimality of Oscillatory and Chaotic Dy-
namics in Simple Population Models, Theoretical Population Biology 43, 310-

336
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RIRDEREZHMUNEORFICRIITHE
B OBEE - BEW UK - R - )

DR LEE A TIZBRRY > 05, A U DR L WEEE LT — 7Lk
S OANEET R, ERMORENS CHEORERMEICEZZLEERDBEHIC. O
YIU—EFINEEZ D, THENDEBMC(ZEROY A FAHY . BEICLY &
HENTNG, BESMOBRGIIEEMEEEEL. MEERLICREZYRN—D0
T EDL D, BRENTEET B ETENEYA Mo, WET—IHEF L AIC
BENEEOMENBET B,

— B BOEBMNH S EE, EBM ICHITBIE 1 OREOBEEIEE x, . 4
H DEEEIARE L OBRIZE (L

x,.(t +1) = (1— 6,,-) X; +{61,-x,. +dy; (1 —x,.)}—LI——, i =12,...n,

L +L,
L = Zﬂuxn L,= 2/321'(1‘)‘:' )

CCT. 6, [FERBM I (CHTDIEs DFHICUDIRELE, g, (IWEDET - BFD
BEIEEOEERERT.
[1] F@ERKEL —HADOEISETOEEMEIRED HIKEE (single-species equilibrium)
(AT, ZIEHSHEFTDIKE (coexistence equilibrium) H5n - 1 BFET 5,
[2] HEFHS X (0<k, <1) (TROBENSKDHD ZENERD,
S 1 . .
¢U)Ezyhx+0—yV@1§f"%ﬂ=o’
yl3, L

[ — )2,': y Y =77 ~oe
cCT Y/‘Sli+(1_y)/52i L +L,

ELETFHSDOREE. dg/dy <0 THETE S, .
[3] HEFHSMSFETSHLHICE. :E@?Et'}iﬂ)ttbfigi&itllﬁfié &
DUETHD, BSEBHICEWVTTROMEEERNSLBIS (X, HEFEFEHI(IM—
DHEEL. ThIEKERZRETH 5,
BEQOEMRENEICIE LSS, BMEDECEDE N E T EOLFEE S, 4
EEBEEFRAFICHEEEIA, Chii. BEOBMTHEEZILOYS Y —EF
JU (Chesson and Warner 1981) &R EE o7, TDOEAE LT, ETE,
IWESEREOREZTENHRFCRIZTEEE soft selection & hard selection DEIS
DHERT D
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BIREERBARICH D 2 MARDER L 77
FRAD (IMEAYETYE) KBER RAKTKEELE)
WEFBE (REKTRERERAMULHHAER)

B RBAIRICH D AN OITEE HEICE L Tit, 72 & 21 Lotka-Volterra &)
CERAVT, BH<hSERINTNS, bhvbhid, T Loka-Volterra ETVIZBIT S
BAREN, BRMIZEBIETIHAIIOVWTOMRT 2T /2. TOETFITIR, H5
Bl o, OMIIZERIC—FE DRI DOBEENDHD, TOHE v, DMIIFESE I, &
SICEDBRD T, OMIBUEEAH S, LS EEANNICRVET DL LE,
I THRONHBITHBERIROKI B BDTH S,

(1) MERBOREEEZ2<a>,<b> T 5L, <a>, <b> ZRPHRBET S5 HMAH
73 Lotka-Voltera EF )V EEH 2/ B, TANLETHNI. MRMLHSER
i3, Parmanent TH 5, (EDREZFBEELTIMRII. FTHORVRH ORITIE,
ZODEYBOBGREEIHZEDEIDBEIIKRELRS, )

(2) <a>, <b> ZEEHREET B EHIMIL Lotka-Volterra )V ASEEEE H &2 F -7 o

2. HAVRKEEEREBARLERSAITIT, MRKZHESRIT, Pamanent
L3R5 T, —HOEMERT 2 EFIREA L@ D PHRENEET 2.

3) LDOQ2) DBETH, HHLRHLETTIE. ZHEINMGERYE TICHEINXEET 2 7R
EOSHEET S, ZOXIRMGERELFEOREIX. HHRMK Lotka-Voltera E 7L T
3 BZOZX oI ETH S,

(4 LD 2) OB AT, HE OEHIEMN D DD < & M7 Lotka-Volterra £5 )V T
DOREEHRENEFEELLZBETS., MRNZHERITED L EOFRELN S
HELTH, WAEOBNED EHRENEHINISGED 2 &255 5,

(5) ABERRMNRE, BAARE-ATRCEER 2EE, L0 (2 DHAICD
WT, ARBEARBEMEBELDBELD /NS NEE, KERNHERKRL., CowRE
DEHRLTH, EBH6M—HEINRZEERENEHFLTIEOL,

' ZO& >, Pamanence DEAN S THE, HARKOMMKRTHESE, Z/EHO
B OME EEA BT L HIEKA Lotka-Voltera £5)L DA L Uk BN,
LML, Parmanence M7= SN TV W& Ei2id. i 72 Lotka-Volterra 7)1 T,
FEMEIT R LTI E RRIR I S 8 25 20 5 - DI U, BREZHS T
i3, HEMOBEERHE B RRINERI B EED T &AW I,
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3 #& Lotka-Volterra &2 BT 2 KBZEEH O TN A FMEIZDOWT
%ﬁ%i %E ﬁ%k%&@%ﬁnﬂ

3RILHU b 7J-r7 + VT TR (%) & = vz (1 + ‘z aijz;) 1=1,2,3.
7=1

DIFPED RS = {z € R3|z >0} IZBIF2KREMSEE T VE 4> 0,05 <
0(i=1,2,3) LVI)EHDLETERS. £t aip1: < -1 < a1 ((’"—‘J’—iiB
REET D) DB ET, S ERORIIZATF O 7Y =y 788 & P THR SN
ATy =y g AT TTEL’CV\ . ZOIRRD S & T, Hofbauer (&
Sigmund) {2 &V, TIRTEHED i) O, RiI/S—< 4K v A ii) DR, N7 T
2=y A TNVET I I 75 —ThHIILAREINT, TON—T KV
thﬁ%A(ﬂﬁ)Vﬂ’%5:)N7F%%KﬁﬁELTJRQ°W#%
DIRIFVFTH KHICE T A L) i3, whid (EREZ &) EHROR3 Of
BETOBHEICETALDTHY), ULTHEREZ L LIZHDERTEELERE b
O, TRTOMBPESIZOVTIIHE R L L2 &NV, EE wW{o0D¥
AT DOBMREEERKT A LENTESL. L2L—AT,m=72=7 &)
DD B, R IR E A RETE LI LD TVWEDT, ZDHE
MEERLTECILIZLD, DERIBHETHI LTS S.

-THEOREM
HITHNER € > 0 PHEELT, |y — 'y]| <e (i,j=1,2,3) TdhbHH,

)detA<0ﬁ‘O H(l—i—a, 1z)> H( 1—a1+1,)7§?':) I-kjiK:Ffﬁ]‘ljjmﬁi
kﬁm %ﬁﬁ%t&%
u)Hﬂ+%1J<H(1—mHJ&%fﬂﬁﬂ7U:/7~#47wm

(R3) Vﬂﬁ)%@bi&hk?”\f@ﬂﬂ@ w- R E 2B -
TITi) BT IFEAETRTOME I, 2*D 1 RTLRELHEEE (R3)°
BB S DR L ) BIRTH B

B (x) DRD & BIEE), @ = (1 + z aye; +eidi(z)) i=1,2,3.5 .

(&i+ﬁ¢¢ww@774/ﬁﬁ)®6kf*b6&wﬁ #O/8R b
LURLIFRET D E, 31 =7 = 3 OHEORORMEER T SA b 21t

BDObDOTHAZLEFEHIIEKRLTNS

T, HABREMEDEL D vyi,v2,73 | ﬂ LT, ROLIHILRIEAEE R LE
&1,

T2 T3
I == {(B E R IC’n]ln > 1 + - + - S Cma.x}
St 728

REZBLBIENTE, BRESIZDESNIIHFET AL LRNE. T2 TH,
Chnin, Cmax (2T, FEINEFHER IZANCVAS, THUE, S(z) = 2422422
EWSEADBBELE S) =a1+ a2z +izAz =0 &5 2 RHME LD
MEBRICLIVEET LI ENOMBI LN TES.
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THITTATIRCAV
RBURAICESHULT B H
OWTF {=. Mk W (k= -4

REDBBROHZIBABICH U TRESBMERI D L%, HWHEOWR, E=¥
V2V, BERYAFTIOAREICRICORELS>TRRE LRSS
We FTTF4TIRPAVITIE, COEIBRETIHMOTHRNYE (CRH4L
THEH. (NERICLVBOSNIRLSTHIHRICSONVTOME, &(2)KMAK
DR, DRAEBRBLUIBEREEMNICT>TVL,

SET. EFXLICHENZ/ A XOMDAEL S nEGRICH L TEFRESN
THIUREERD, BEROGEEW TRAMTU-REREDKHM & EHED D
ArOMNZEBNMET DBRBEEE. Y4 FIvoTAYSIVVERNVTRD .,
Fe. BRODROBEY, /A XDFMENSIERERIZ/NS A—S DTN
EHLU, REBROMEYHERRAECRANE CELIFTEREBEMAICLY
FEL. ChSDNSA—=FICDODVWTONEERILOREMSEERL -,

(;)§§$N®/4X®ﬁ$®ﬁuﬂ¢ﬁﬁwtét.l!@ﬁﬁﬁﬁ#ﬁ
I< o
(2) /A ZXDGHORAE N EBBBID L ~IVEIMLS 2D, /4 XD
SRR ENE 2 PBBOUBRMPNENEXITIIHESHDIMMHRES,
(3) BRENSA-SHEREICHTIRBREOEESBKICADIODEL. @
BBOREYPREDEETHD, Chid. RLOEMMII- &Y LIZWE
MCERARIRETHDHLERKRT D,

xexp(§,) !
T¥Falb—Tay iﬁ;ﬁﬁ%%
xexp(R)
;
\_ /

</

GK?%—9®#ENEHUTMMEHK%E?ﬁiﬁﬁ@f?w
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I\

HERIZBLIZFTEEMRIEDEE
FIRE e CRIGAK - BT - FEMIKS X T LRE)
HEME - ZRHE— (BEK - I SRXATLIF)

C

FAREVWSKIZE 2T, ANBRZERRICHLEBLALBEEEEZI TS, &H
TH. EEHORBIIEMOERDRERE U TIRENRD REQRGFEBEHR LT
W3, KBEIL. SRANEEBDRIEEZ(TER. EOLO>REEERITS
MEESTEIZIDVWT, BERETFTLERVWTEZTHB ZEIZLE,

ERRE LT, BXELBRBYDREOEYODELET 2EFREEZ RS :

X+Y > 2Y (1a)
X+ 0 - 2X (1b)
Y—=> 0 (1c)

CZT O [XEEHTHS, HHEIEA (1a) | SEXIHBREBYIZL>TERDS
N EFNIZE>TYDIEIET S, (1b) (L BEX DTS MCIEETEZ I &ERL
TWd, (1) FYDRTETOERATHZABEER (1a) &(1b) (LifiET 3

2DDEFH A4 NOREITREDEDE TS, EEHMOIEDFEEARDS D
(2. RDESBNS—TL—23>T0OtREEZS  FETZ2DD8FY A
NORIIZAR Y K (MRIEH) 218K p TS UV LICEL , £EHMBIEORREL/N
A=Y p ZLo2TREIND, KBETIEX. ZIBEOEHDS> B XEIFH &
BIREDFELA R (TE2EDET D, DENDRY NKOBMBAIOWKRFT A4 NOBET
(FMEEER (Ib)MEEAVETEH. (1a)¥ (1c)lFh> RDELEE Fo7=<
ZlFRrWNWET B,

ETEMS 2L -2 3> OERIT. EEMNESHEORZEDERL (p D&
PUNE ) &2 AT, ERMIBIBE SMAERARBR VLT OREY MERT 5 & L
SHERET LU, — A XDOESEEIXIEML 2, BHICLZHECE DD
53 XIIBMULIZDOTHD. FHEHBEMTIEZIDLS B Y DR X DM
FRTERN, B, p DEIKECARBZE, CALEXEERLE, £8
WMERIETZE VWS Z (X, ERRIBOREAZ(T 2 X (I L TEMAREE
EGZBREFTRS, ZORBOERT 2IBFAFTOMOEMIEIZIT U EIRLI A &
BERILTLZDOTIERVWHLERDNS,
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g clt ¢+ O

Uy

A\

TY Ny FDEEEDETIVAL
mAETYE  ABEd, FEUEE

74 15y 4 (locust) 1F, BRENTKRREEE T HA5, TR Sy FEAHFRI THE
% (phase transformation) & WV ) BHRPEHRL TV H I Wb oTwE. HERLIE,
Ny Y DEBTBENE B ENy Y EAOHEERBICE D, VBN TEET 50U
. #H (solitary phase) & MHIN BAHD /Ny ¥ 4%, REH % FOMHEM (gregarious phase) & I
ENABMHDNY F~NERTLHRTH S, BEMHONNy ¥ ITEEHICLI Y RELZEATE
L, $BEMONy S ERMENVEL 2570 KREFATRERBHL, FRSKE
HLLTEHRAINS.

COEHNIT I YNy FIZIHMETIERITS W, BEHTEEIVSH ) L o2 D04
RUEBEERH->TWnbE. COWELS, DSy 13RI RF, HEMD/N Y

FIEFI WL FEARED. BAIHEEREL, KFE ) LOERET 08T H % HHIE
AL ERIAVEKFLS, 5I8E CHFANETAHRELTELR BT LICT
% (1.
CAEOFEETIE, EROV—NVIZHE) KN - 5100 R FEHIEFLETED L HITHRS
BT REEHEY I 2L - a L DIAND. BRI, WML L TIURMEOR T
*HAFBETHETLECRBELL &, REABRRRICEEMONFVRNL G2 F5.
COER WMFOMPABEERKELL TV L, BAEHOKFOBEEN 026 IEIC 7% 5 R
T pfe BHEET A LD bh ol MAGHEREZHEBRARLL TLELRA LI L 2R
xT5. '

F 1o, BRFOMETHFRANENITELoTWEDE AL IR T DEEDFY
Va B LD . ZD|va| IHIEETTOTH A, HATE pPr 2B HEEILHE B I DS
bbb, Thbb, BEH pmer L /NS Ve ek L TITERBITRI o T, 20
TEEFBZ L LITETHSRI A Db, Y32l —Yavilih, ptr =001 &
REY o 7.

P EDREREBRMES 212k, TOLIRMEEEBLENTE EETNEZOE
HFEHE e < p< pm HAEI L THA. T TREEMEDNNY FIZHENL TV L, £
& L TATH#4TE) (marching) 32 o T vy, TOFHL VAHOEBIEMIZ RSO0 > Tw
% 2] ITETH~OEBEE o7 i, TRBEMNCEVWTEELZEII 2L LEDND. _'

Gregarious locusts

. . Gregarious locusts
without marching. 9

with marching.

gre mar
Pe Pe
3 ]

[ om— T

density 0 0.002 0.01

Solitary locusts. I

IVa|=O

—|va>07"

[1]S.Kizaki and M.Katori : Physica A 266 (1999) 339-342.
(2] The Desert Locust Guidelines (Food and Agriculture Organization of the United Nations,
Rome, 1994)
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Galton-Watson 9F0EF2(C £ 2D TFFEMICEI T 2 BIE 7 LARAT ©
HARDOHDOIFHME

Mathematical Considerations on Persistence of Family Names with

Galton-Watson Branching Process: In Case of Japanese Family Names

HEFHE * ! (Hiromi SENO) - {£HETF ' (Yoko SATO)
*RRLTA - B AMSCERFERL, P RRLTA - B - EREFEEK

Personal name generally consists of family and given names. The former is hereditary
from parent to children in most countries around world. The latter is given to children by
parent and in general not hereditary. Family members usually have the common family
name. We consider in this work how the number of people in a family line with the
same family name increases or decreases by chance from a probabilistic viewpoint: The
number of children born from a couple could be regarded as stochastic event. Theoretical
arguments about this problem were first given by H-W. Watson and followed by F.
Galton in the end of the last century [1, 2]. With the stochastic process today called the
Galton- Watson branching process, Galton and Watson considered the probability for the
extinction of family lines or family names [1, 2].

In this work, we construct and analyze a mathematical model with the 2-type Galton-
Watson branching process (for instance, see [3]). We assume that the successor inherits
the considered family name with sex-dependent succession rates. The probability distri-
bution of the number of subsequent successors is assumed to depend on the birth rate of
children per couple, the sex ratio of newborns and the succession rate of family name,
which further depends on the sex of the present successor and that of the subsequent
successor, if both sexes of child could become the successor of family name.

To give some perspectives with respect to the persistence of t:he present Japanese
family names, we estimate the probability of extinction of family name, making use of
some statistical data and the theoretical results by our mathematical modéfling with
branching process. As a result, the probability of extinctien of family name in Japan
is almost 1, so that the diversity of Japanese family names is decreasing. Further, we
try to discuss the effect of sex ratio and unmarried rate of the present successors on the

probability for the ultimate extinction of family name.
REFERENCES

[1] H.W. Watson and F. Galton, On the probability of the extinction of families, J. Anthropol.
Inst., Great Britain and Ireland 4: 138-144, 1874.

[2] F. Galton, Hereditary Genius, Second American Edition, John Wiley and Sons, New York,
1891.

[3] S. Karlin, A First Course in Stochastic Processes, Academic Press, New York, 1966.

1The author who will present this work at the symposium. Phone & fax
+81-(0)742-203442, senoQics.nara-wu.ac.jp
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F%ﬁ%?ﬁﬁkTéﬁEW%MKBHé%ﬁﬁﬁﬁbﬁﬁiﬁJ
W RERFERZRM R M EFER SHEBEZ

hF CoOMEFR., HEWFENUZIE, FICRERICE T A EKIRE
@%%ti%%ﬁ@ﬁﬁwﬁﬁ%%%#uLfétoL#L:hiﬁwm%
BERE LTOBREEREFERE L COILARFOSHULE F 8k L TE
720 FZTABETIE, ﬂﬁ”ﬁ%ﬂﬂ%&—kamfméﬁ%%TA%ﬁE
w4+ HZ ExHE L, £DHITERILD Lotka-Volterra F XL HWT, I
y%i;yW@ﬁMTéﬁﬁ%&ﬁEﬁmMQ%%L\%@%@%@%%ﬁ\
oL 7,

AIFFETIE, BOBEELERTIOEOEEI L2 AEY % 2 (HDIEDRK
ﬁUmﬁwm@) FHEEHO LR T 20IEL 25 (QEDHKE, @&
@ﬁﬁ)%f@%&%*f%éﬁk%xtom@ﬁ#k%mtﬁ%#%ﬂﬁ
5L @PREVEMFIHEELZ G 2R TV, TRODEHEFAML T,
ﬁﬁ%ﬁﬂ%?ﬁ?%%h@ﬁﬁﬁﬁ%#étwﬁﬁfﬁﬁﬁ%%%ﬁ%é
72 10AT v THIRHND 1R TV FLIRY, ZO—HEHiEL LT
SEES . FIES THE/ERITH OB 2 &0 8B s EbT 52 &
o THREZY#LEE -, TTRHROETHIE., ERSAEErHWTH
TDEPOEEE AT EICL o THRET 5, ERSMAEIOTFEY X0, FKE
REFREICEZ-C)VEERICHFA L EE BV RITEWI00EN SR ¥ —
F&E, (VR FEEEEZ, = v FEEZEDRWVWD O HMEEH
LW (fiB@(l)?b‘ﬁA@(l)k <, BADQ)DHIFAANIZH N ITTEA ITFEB
POHFEEFRT L, ﬁmmm#ﬁmmmkﬁ< TEBD(4)D&EEFIAIZ H L
ﬁmﬁQM®W$%%H?Tw)aLmeﬁmﬁ%%%éﬁto

CDRDEREIRAMBEN20EREE I TR L%, 1 HFAT v 73 L
T CROBRRE L THIMY 5, TDRIOFAT v 7E Tl 5 &, BWEHEk
WErREIROHE L, HHMONICEBM R EEEORD (i) 2RIT
BENH o, MBERI L-ROMEERITH AL L, MR IIEES
MK, Ba RIEDQ) O EFHFOEMFHIFL Tz’ REFICLT, &
TORBPEEICHEEAL (BEENEL) . FOELHEAEETHD .,
éfﬁﬁﬁ?%&énéibk&ofbb FNHEETE@DEI/NE W
(FHF I W5%51L<W)%wfbotoitmm0@#¢éw%®ﬁﬁ
ELTOFEGEHEPEVD OBEZNWI L, il REX 5 if@ﬂfrFﬁci(S)tﬁ
BLAENS L&D FEEICH S ko 7,

INLDRER LD, uTwio&/+Uﬁ#%z6néoﬁ@&&u%/
FEEREASE T IR AIE YD LT b MEI- 55705, MEIHES S 2
&wﬁiaﬁmLﬁﬁtwﬁ@m%%ﬁH% EDNTEXBHDT, BEEIBER
THZEDRHER, 2 EADHEMEDF v AIZET h, %@7M4ﬂ#ﬁ
%“%wuwwﬁ@%ﬁﬁtfE&&t@ﬁfﬁﬂ%&m/bv 7 5
SELZ LI B, FORKRE, WHETHO—KREEETAZ tkiof—
ﬁﬁﬁmtﬁmﬁU:tmlb\%wﬁﬁﬁuﬁ%ﬁ®WK—ﬁKﬁ&Té
:amaéo:nﬁ$M%Tﬁ%ntﬁmmﬁwf%50it\%w%ﬁﬁ
TEEIMR o TR, ROMEBDERMEDRADEIZ, EEEIVNE L,
($lbé@@ﬁ#ﬁ§&%®#§<£§ﬁofw% ENbhot, 2D,
FHFICEKZEZPITALDEREHSIIRES L 2V ROS KT B RO L
) HFICKRE LT Vb0, L LTYH, Rifts L THRELMA
giaikﬁ?éaﬁ\%n%MﬁW®ﬁmk&b\%®%ﬁﬁ%ﬁ¢é&

DTH5hH,

-31-



AR ORI & L EYRES RO D

fEpE—%& (BERKRFEY AT L2 TEER
M2 R RFEEENTZERT)

FISSEE (72 21 X2005 FEMAHE) 12X A& BHOBHERL, £ B
WOSWALEF I ERITEBROBRICL T, EWHFECHENT L4
WL LD XD LR EERL A D, T, BEBEETHREDEYE
PEELTWABRFAZHRETAEE L, BEIATEIZ0EYII VW
PEETADIZELTWAEMEZMELTLE ) BELTIE, ZO&
MIFEDEREIC RITTHEBILIEL SR EWVES I P,

ZOTEOMIR) A7 #FHHET 512H 2o TiL, BEHEKREEZITTO
FReHMBEZER BT TREIATSTH S, BETHIZL > THWIZ
HEZRIZTLHo TS, WOPDRFFHEERENLLE) Lo T
AV ARBEERTDOTALF I ARRARNLLENSHL, ZOLE, W
BEICiE, REZLIDODREBICELEVTVWLDTIELR LT, FFFH
&ﬁ*abf@%ﬁﬁﬁﬁénfbb ZefiEgIcit, ¥ TLREL &

3 RIREEDLE DS o TWABDTIE R L T, AEYERIREPRIZLTWS
TEh, BELFMTHALILEZOLNS.

2T, Levins ¥ 4 7D X ZEKEEE T IV (RIS %F
L=EFI) REFETFTN (CRHEELrHODICEALLETIV) 12
DLEREF VI o THELONIRREBNT 5. ANBWEELD, B
L 5B & TR VWFEDFERE L MBS 2 A BT, RALTEDX
HRBENDHHDN. EREERTAIEYEOBIKE L E, ©
DL BRI T HHEND o LD REVON,, ZHHLHEEDHE
B EOREDEWERS 2D, 72821, 20X ZHEITT S
AN X A AR

-32.-



e EERAERE R BT A AT RO RER M OILEF € TV

TR, REIE—, HTER, BAEF. REH &#. PGS (gt
WEFHR SR - REBSRELEMN R 7V — 7)
g (GRS - EREENEL 5 —)

1. BB L FE

EYLREL OMENLRMHEEEHICL > TER - RELXHRVETHD
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*xvialb—TarlLi,

2. HREEE

JE A &)%) (Tetrahymena thermophila B, Euglena gracilis Z) X, & b ily
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BREVEKET DHEETH 5,
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WCEDWT, AFWELZT— Y ORELHELZET VD [FELE] 1ZD
WTHEET S, '
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GIZDBBIDENRF 72T T C ERBOEHIRFZOFEE D BRTET WD, (3) TIRE L 7ZEHH
LOBVEDTHERELZ-OEIBRFZRZED . BVEDTRHREML L -METHRREIE-T
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“', 1) T.Sekimura,P.K.Maini,J.B.Nardi, M. Zhu, and J.D.Murray(1998).

Pattern formation in lepidopteran wings, Comments on
Theoretical Biology, Vol.5,No.2-4, pp.69-87.

2) T.Sekimura,M.Zhu, J.Cook, P.K.Maini, and J.D.Murray(1999).
Pattern formation of scale cells in lepidoptera by aifferential
origin-dependent cell adhesion. Bull. Math. Biol., Vol.61,No.4
(to appear).
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BEBERERER BB AT LEEE BHRAy P — 7 %HK
e-mail : yoshi@glia.pc.uec.ac.jp
1.0
A, FRIRLE e & DEMIFRARM S DEENIC OV T, Ty AV oA BN FTEENRERDERIITebn TS, O
B REMEICHL GRIRIICKRIGT 5 Place cell B RSN, £ DA AL BFEPEIN 2205, £7220) Place cell (I3 & 3B
WA Y AR " 1T B A B (b 4 BTG E 5 Place cell 23 RENTV B, LasL, (LB EITENCBIRT DI HEE
BLEBA=y 70, FOIIHELNEIEL TV B0, FOMEEBKIZEL I Do Ty, 4 L ZORBERRT B0, 7
HEAHY77 Place Cell DR THB" FAILBITARR T AMA =y 7OR Y RETF VOB RET o1, FOEXFNLEREREX T, 17
BB A1 H” 23—+ Place cell DHARITH L, “Place cell BTN OB LY, Y AZKFORRDTE AR E T DICIBE
RO EVHRHE LT, FHISHE, RRICHDBIRIK Gy 7%, LM~y 7 THaT A+ Iy 7 EAGTERL., Ths
Place cell DA E{EA CHENERF X BL)72, YAV EIFENRTBATEAILE LV Lal— L a IR, £, YAV EFE< s 7ICo0 T
i RO LA B O MHE I A1 T2 LA SO TICE > T, ¥ AZICKTELI LB REFE A EE T DLV AT LR REBT 5,
2. REIARDIHZ R
A EAAUTHL, B ICTRTEIRKEKRK B I AT 2 52 1o, T, FAIMDEETRDON-ERT7— LVFICAND, ETEN
Fhaz=—sh@BNBONTEY, BENFREFEETERLICAL-> T D, ELTE LEATICEL N SPL, SP2(Special Place)id, £
NENBICRAROVAA T D3P, RXINEZEMMYIBLEE LLETFTOCupl, Cup2L BN THBEIALKD Aoy 7 RHR TS,
FRAIFLUT OEHEITT D,
(1) XXIZERT—NFAICOR, Fo¥ ACKEITDIETERR 7 — VNI IEASE D,
(2) FEBRT4—IILRIZDVTOD Place cell map-23LE NS,
(3) AXIZMEEL T, LIEODMAZ & X720 TH<,
(4) ZZTVI—RELTK, RFIATF4—ELTERVav I8 AVD, FXIFFBUVT—NVRIZRET, FXINSPIEL L SP2 IR EE(C,
Cupl&2D@H DFATICH vy 7 BB & B, SP1 % Cupl, SP2 %5 Cup2 (217K &, YT —RFEL T Cup ALK X b3, Ll
SP1 MEXIT Cup2 (2, Ef2iE SP2DEEIZ Cup ISR AINTEAEKLILTBEER Y av /G abnd, TLTRICKERLIET
BEHCIE, | DRNCIRLIZ Ay F iR A2 B,
UEnFatRckY XX3L SPI—=Cupl—SP2—Cup2 ~EBHANMITEIEZFER 5, ZDFRI% I, Place cell DR THA"BRE
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K1 KEkDHRYRY B2 Task dependent map (ZABEE S5 pattern IEH X

- 42 -



-

o =

e

am ot T T WL

V]

o BF

=r -

ﬁﬁmvﬁﬂLtﬁﬁkﬁo<%5ﬁﬁ@%¢@ﬁﬁ&ﬂ@ﬂﬁﬁm
LB SEE, MR A
RSGER AP AED zﬁﬁP%M%ﬁ T T K

E-mail:minagawa@glia.pc.uec.ac.jp

EEAAIE. EOLBAER] L) AETERMOTTASOME L Ms - LATED, BANRELIERES
SEFHOMKIE > CERE I, FNEEROBREHETE LS, 2084 Rk O IEER TILET 22 & 12
50 GECOMBERRL, HEERY  HEOHLEITE by L L. WEOBKRCHEORIEE V) 1515

TR, IOk AV RBEREET-METHEME AW S ORATTGE L E 2 bfl’C &7:. B, G.von der Emde 5@

FBRIZLY, GERLBOETN I WA RIKET - DR G > TE I BESNABRN MG LA+ & Bk
ﬁﬁ@&kﬂ&kmiﬁ'®k%ﬁ)T’<®ﬁ%%W0%%%¢MkmeAé:%ﬁT*nf

AFRTIE, BRBOREOHEEY BRI HLBERAEELEFEDOL LB LT, FREFES>TEON? FLT,
%m¢mmftwi7&%ﬂ%LT%WGE%&&HLTwZ@#%%TU/ O ORAT AL EENET

‘ﬁ%ﬁﬁu\ﬁﬁmﬁaﬁﬁﬁeim@m% L. TDES (EOD) OFEA ¥ REMICE AL ELATELF TR LI
b BEASEL W OPEHV S LV EREMICEELREERLT HDL LT A-receptor &£ B-receptor 7'
%, A-receptor 13 EI1Z EOD DOHIFARIEND LGS L. B-receptor FHEHRIZIZMA T EOD DEKNEAIIIEE
FTAHENERTRIN TS, THMIIE, XHMARTHALN, 3 2D/ FyFr A EFoT0E, 2
5, BEEEOANPALEBBIFESBL, A 4+ v Fv 2V RN, Caiz@BaomME~, KiiMosp~
Bitlld, ORI R OHUMHMEIIN—ZA AN 72 EL SRS, EOD EFEDORIELEROERL, TD/N— X
FAIRA T DFRDANRL 7 HFKTHETORMBNRE, N—A A4 7D0BICE>Ta—FEns, KEED
LH DL TN D LYY O F T ARIEHKTE (F1 -f) 2AHL. FREFNOBRSTEERINET HIEHRY &
Iab—va v AERER 1-(@)~@IWKRT, TNTROERTBHICAN SN HRBGEE Vstim (2. Vstim=
Vmax*cos & LTWh, Y Iab—2a VERERTAL L, FEIMEE Vstim BKEVWEZ A, 20 YKL E
ARBHROEMITGNLE AT, ANATHIMEDO L I HIHNRELRY, $720 RODRISAL 7D HD ETOK
MEALEL LI LD bDE, SN, FADFHEHRTI Y I— FEXA EOD OEACHIGT AEMEN L
AL T BOEBRY EROMBRML TUEINE,

BT TOEMEL EDL ) ITEAL TV HE2IZDOWT, Guvon der Emde Hid., BA* B BREMLEHET
Bl EoTC, FOKREKALOFHOZRKAE L RARIBOL I YWEROEHEREFFELTVAIEEFRELTW
Bo COWIE. MEOME - - KESIIIMEBRL ., BHOMMKET L, R4DEMIE, REF T a—-F &
NI —=AFANL 7 DBEMENRE AL 78, S, CORYHELTYWROERES 72— FtA208&ELry b7 —2
EFNVEELIELTH A,

T, BRAREERALENT A2y VI - EFNEELL, SHABTREHRDHWIC LT, DL D) /5—Z b
AN TP B, TIT, FHE AVRKIRBEALST., bo bt b AL /7 RAET TORMENIE L, ftho 2z N
4780, FIREINE, LB ITHE, A—XFXA47#6 RHNDAINRA T DRI ET H=a—0rHdh b,
%0))&7311\4 i3, H2MICRENA LI REry b T—2ICA 5,

T, RAIREERACHTAANA 2T, DRy b= D=—a—0ry BIIEMICHEET S, SH=21—0
/Bu FORDBIZH L THRE / MEHANYEZADOT, —2a—0 Y COENYDOADIIEERE, ZDX I,
B4 DRHNAINA 2 BRTH . RELFESICL > T, CLUHIRALZY, C LEEISHEIAN 25T 55" Na*
/K'® active channel * =2 —0 VY EFVEAVIL, FOMEADICE > TRAEFIMIOND I LIV,

BRAMOBRKAE L RET 51213, BNV A FEHOE 1 284 7 OBERME % Jeffress BB IHET V% v
FU*/'C‘&'}‘{]TZM

ﬁ&k\ﬁiﬁ%twtﬁﬁkf@?%%ﬁ@”k@”@ﬁ%%ﬁﬂf%%/kv 212k, 2 oORKZ 21—
O OEMEFET S, Cb, WETITOEMOREL 25,

WHRE TCOBEMERIZ. AL 75 L4IVTDOEPICANSA 7BIIDETATVSE, A5 78t ER L 380

LTRAMENTVBLEEXOND, AL 7 BOBRMEFVE F 43 /7Fﬁt®ﬁAmmLowruﬁE%m%f
VEERSTH 5, @

AMN—— ! -
/{/AM/&/A/ﬂ\ - 4////////1 RHAH
= 1L

: TR I

( 1: ;E;E: = i ’{é* %) —'> . %’ET?E “““ »: F{lﬁlﬂi
_ (M2 2y T7=2FFN)

REKERSA Y

-43 -



'SEAROBERBITEICE 2 PR TOARIIRROELS B
% SEE (P), HE RE (MAHEAY BF - WKIFH) o mailkashi@norve.pe.uec.acjp

FADBER BT, HEMESOWEY. S5ES
DOPRNDEBIIH>TEDLE ) LIS TRES 2 -
ERE T NROEMCHIGT 2685 D . $ 7+,
ENOEED LI AT FHI TV 2D, BEEL
FZBTH D, TEECEDLOMERYGTIE, KBLER
KRB S h, FIEICEONL N, Fhohobnt )y
BIET, ARGHEBREEN LTV B2D0, T F0
BRQ. B4 ZNBREOEIHLTEDL S Ll
HebO2DLEAGH, COMBI., —KROLBRERTH
ARE. BERTHAGAR OB ER T DM A H M
o, FRICbhoTwiwn,

CITH, FRREN S OTAKE RO REEBITH -
FELIOMMEEX L, +OBRAE. s onm
POALDBRERICHSTHET, /20 $COERY L
T—7ETVWT, HBOTNN, BBEHIZHL
INTVAENLTHL, BABERINELBRERTH
BN, WHRABOBEIL., —KORE, MELrotES
bEu,
FRAAL, BHCREET4 65, 50BN 1253w
BEERILTVS, TOFEAEFALT. Bh ok
DRHAET>TVE, Wi, 2EDAN, EFCE, B
BVEEBRFECDOT, DSy —vit "Shh” 4
HELTLEIV, 20w, AROKE*ELABTS
Gl%bh, CDEE, ORI, BIBOWHKEANS 48
FLASORABBEOHT *RATHELT, 850F
BHE, MFLOENKECRB LI TILT, &
ERELEBT. 20 TOTH+ RIEQBITRHE NS 1),
COITREATI 120, BEOEH DR LA OHSR
A BADOJ 4 DML TRBEN, S612 LU THS
SN HFLAZORBEMEIHS L RET S,
CITH, RIELAUHERADHKSBIEOVTE L2,
NEWGOIRE L THLTAOHRIZ, Theh, P
B THMORERTIYI— FEN, 215 0OMHEIL,
TNth, BRREMMRE (Electrosensory Lateral-line
Lobe;ELL) & ¥ M B2 (Torus Semicircularis;TS) i 3%
H5Nb, ELL 2, REOHEICH L THET 2 = 2
—OrMbh, —K, TS, REs4E@oMELsn
BN, EAIHELTRET S =2a—0rith s, e
o LENC, PR T MEBFSBOEFLVY, LELL.
TSOXY FI =0 FFNEBRLEY,

HEODLEOZEER”SG, ELLETSEEBTRON
LREEALMNHEROER L LD L5 1cllaLbET,
BRESEHFLORBBENTFE+*RH LTV
HID, COTLER|RB 20, RAGEINE S 1o,
AEEOGEREIC, P, T WEFHBLLZLX, /.
COBE. BRDEDOFLHG (r, §)DEL BB/,
CNEE KRADEEN i EI2HE Si 2. HFE
LHOORBOZTHELY 0, - T5 L,

Si(t)= Sysin(2 r £,t)+S,cos §; sin(2 r ft+ 1)
THExHND, (S, Safy) . Th¥h, gH LA
FOMZOMS LBHEHTH S,

CORIR, FELRETLLE, BS0AENE Y H
CEELT, thiB8REts bRy, 2Fh, 5
GOERNY - DE DL, BFDEROKBLHEFED

T LABICHROTVREOTH S,

TNTR, YOL) 2 BETEREToTWE DS
VB NI, REOZERNET 4 LRIED

(a)

NY - WHICT ARG L HERASHELS LT, 1y
EHETALPLETHL, ML, 1 C. BbKA
AU BNEREYITLON, #5 ODSERTHY. T
STH., #5Ta—FanfIiteiit. #1—2#9 %
TODMAAIERE &N D, 22T, (THE (B
) PBEOREVE TSZ2-O0 DRAELEZ W+
EZIIE #O5L. 200BENEFTTAR 1 Log
DESNKEV, #] PRI EEFE, BADEOD#
DYDTHA, $/1:. ELL=a2-0 it RELHH
RECLHIIE, RRENKECLLOT, #5. # 4.
#OoDREEHRY. LLFES5TE, 0L, £5F
HTE LSRG - (HKH RN T 59T, BHDE
ODLSDTIMNIHETESL,

YL, CoLIRTE2HHER, BEEICFSTE
LTELHNSRBOEATV S, 52 ) ERHDI[G
Br(#1.#2. #8. #9) O, BEREDH
FILMHLTELVIREES 22, LAL, F0LH %
BROREEAIIFZVAZD, FERECKEALTS T
Lahv, REEROPCE, FLAZWHRLS TN
AN RBIHBEBSDE L L TN DES IS, 4
HRELTELWVESHEIEONS,
CDEIHEYTVT, P/THEEHEFV, ELL,
TSA7 F7—2F7LEAVT, FOKRIELHEIEH
% "AND-gating” 8928 & T % leaky-integrator € 7l
YEN . TOLELANL, 0L LK BIBEL, —
RURILAZ AN, 2E0BOHMEENED>TY .
ELWVFRAIGON D, T/, (4E5 psec X9
BOCHELbDERMT IO, S OMEBIENE
BoRFIx R LT 58 hNns,

(v)

B 1 () MHFRITINE, ERIIHEFOEOD, B#
BHEFOEOD OMEEHFOAKE L0

BEIR '

1) W. Heiligenber, “Neural Nets in Electric Fish”
Cambridge, MIT press,1991.

2) YKashimori et al., Biophys. dJ. 70,pp.2513-2526
1996.

3) Y. Kashimori and T.Kambara, [CONIP96

Proceedings, Springer-Verlag, pp. 888-893 1996.

R0 FmAA. BEER RELHE. CEARZEM. A Rin

-44 -




An immune system model for generation of self tolerance

and memory.

»Yoshihiro Ochi, Yoshiki Kashimori, and Takeshi Kambara

Dept. of Applied Phys. and Chem., Univ. of Electro-Communications,

It has been found by the recent experimental
works that, T-cell counts the number of
peripheral antigens with which the T cell

_ interacts, and starts to respond to the

antigens when the number of antigens exceeds a
certain threshold. It has also shown that,
intracellular Ca concentartion of B cell
changes depending on whether the antigens to
which the B cell responds is acute antigen or
chronic antigen, and different Ca oscillation
induces to different immuno response to Bcell.

We consider based on these experimental
results that a key factor determining response
behavior of immune system is the frequency of
contact of immuno cell with antigen. Inorder
to explain systematically various response

. behaviors of immune system, such as immune

memory and tolerance, based on a simple model,
we introduced the quantity " chronicity” inour
model of immune system, which represents
quantitatively the frequency of interaction
between immuno cell and antigens. .

We adopt the cellular automata model composed
of 100 x 100 elementary areas. One immune cell,
antigen, positive and negative cytokines can
exist in the same cell, simultaneously.
Whether the antigens are foreign or self is
determined depending on their chronicity: when
the magnitude of chronicity of an immune cell
is too high or too low, the cell makes no
response to antigens. The cell may attack
antigens, only when the magnitude of its
chronicity is within a certain range. The
immune system model based on this simple rule
makes it possible to understand the mechanism
of the tolerance and memory, by using the single
variable, chronicity. Because the immune cell

which is able to respond to self antigen possess

usually high chronicity, the cell is adopt to
stay in the inactive state. On the other hand,
the immune cell specific to harmful foreign

Chofu, Tokyo, 182-8585 Japan e-mail:kashi@nerve.pc.uec.ac. jp

antigens interacts at a moderate frequency with
antigen and keeps middle chronicity, because
foreign antigens are less than self antigen and
they don't exist persistently. Therefore,
immune cells attack properly the antigens.
When the number of foreign antigens decreases
due to the attack, the chronicity of immune cell
decreases and the attack is weakened. Then,
the increase of antigen by proliferation of
antigen is in equilibrium with the decrease by
the attack of immune cell. This corresponds to
the memory state in which immune cell and
antigens coexist and the value of chronicity
remains constant.

Although the chronicity is a very simple
conception, the chronicity can give a unified
perspective of immune system, and our model
based on the chronicity can reproduce several
important characteristics of immune system.

We also obtained the following two
interesting results:

1. As the number of antigens is increased, the
system has the critical transition between
immune and memory states.

2. The memory state has self-organized
criticality. »
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I will review nonlinear spatio-temporal dynamics of a system of coupled chaotic neuron
maps [1, 2] as a model of brain dynamics.
The dynamics of the i-th chaotic neuron integrated in a synchronous chaotic neural network
with M external inputs and N constituent neurons is generally described as follows :

¢
i(t+1) [ZU’JZI‘SAJt d+sz]Zkf:LJ t—d) aZk gi{zi(t—d)}—0;1, (1)
Jj=1 j=1

where for the i-th neuron, z;(¢ + 1) is the output with a continuous value between 0 and
1 at discrete time ¢ + 1; ¢ shows the discrete time steps (t = 0,1,2,--+); fi is the output
function which is usually assumed to be the logistic function of f;(y) = 1/{1 + exp(—y/ei)}
with the steepness parameter ¢;, although the following- formulation is also valid even if f;
is non-monotonic, non-differentiable or temporally varying; A;(t — d) is the strength of the
J-th external input at discrete time ¢ — d; v;; and w;; are synaptic weights from the j-th
external input and from the j-th constituent neuron, respectively;ke, k; and k, are the decay
factors taking values between 0 and 1 for the external inputs, the feedback inputs and the
refractoriness, respectively; g; is the refractory function usually assumed to be g;(2) = z for
the sake of simplicity; o and ©; are the refractory scaling parameter and the resting threshold,
respectively.

Equation(1) can be transformed into the following simplified and simultaneous equations
under the assumption of the exponential temporal decay of input effects and refractory effects
in the form of k¢, kj‘f and k¢ in eq.(1) :

External Input & (t+1) = Z;W:l vij A (t) + ke&i(t), (2
Mutual Interaction n;(t +1) = Z;.V:l wij i (t) + keni(t), (3
Refractoriness (;(t+1) = —agi{zi(t)} + k-G (t) — 6, (4

— M —
where €1(t + 1) (: Zj:l 'Ujj Zit:o kgAJ(t - d))v nl(t + l) (: Z;'V:I 'LUij ZZ:O k}in(t - d)
and (;(t 4+ 1) (2 —a Yy, klgi{zi(t — d)} — ©;) are internal state variables for, the external

)
)
)
)

inputs, the feedback inputs from the constituent neurons in the network and the refractoriness,
respectively and 8; = ©;(1 — k). The output z;(¢t + 1) of the i-th neuron is calculated by
transformation from the internal state to the output value through the output function f;,
namely zi(t + 1) = fif€(t + 1)+ m(t + 1) + G(t + 1)},
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| 15:00-17:00 Oral Contributions: Education

/Metapopulation dynamics/ Vessels & channels/ Medlcal
physiology models/Whole heart modeling/Biofilms &
health diseases

17:15-18:15 Okubo Lecture (M.A.Nowak)
18:15~ Welcome reception

1. June 30 Wednesday -------- R R H - * oo

i

| 9:00 -10:30 Plenaly Talks: Epidemiology (K. Dietz, V.Andreasen)

Molecular structure(M.Waterman, P.Higgs)

10:30-11:00 Coffee & Tea Break
11:00-12:00 Oral Contributions: Epidemiology/Molecular structure
12:00-13:30 Lunch Break
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13:30-15:00

15:00-16:30
‘16;30-18:00

July 1 Thursday

9:00 -10:30

10:30-11:00
11:00-12:00
12:00-13:30
13:30-15:00

15:00-16:30
16:30-18:15
18:15§ ‘

July 2 Friday - *

9:00 -10:30

10:30-11:00
11:00-12:00
12:00-13:30
13:30-15:00

15:00-16:30
16:30-1%:15

July 3 Saturday

9:00 -10:30

10:30-11:00
11:00-11:45
it :45_— 12:00

Oral Contributions: Epidemiology/Individual-based
population dynamics/ Cellular signaling/Pattern
formation/Molecular structure/Non-linear
systems/Miscellaneous

Poster Viewing Time

Oral Contributions

Plenaly Talks: Immunology (L.Segel, T.B.Kepler)
Evolution (H.Metz, P.Hammerstein)

Coffee & Tea Break

Oral Contributions:Immunology/Evolution

Lunch Break

Oral Contributions: Epidemiology/Individual-based

population dynamics/ Cellular signaling/Pattern formation/

Evolution/Immunology/Classification methodology

Poster Viewing Time |

Oral contributions

Conference Dinner

Plenaly Talks: Neurosciences (I.Segev, D.Willshaw)
Non-linear systems (D.Rand, H.Smith)

Coffee & Tea Break

Oral Contributions:Neurosciences/Non-linear systems

Lunch Break

Oral Contributions: Neurosciences/Particle-based

modeling/Wildlife diseases/Gene networks/

Evolution/Non-linear systems/Metabolic control networks

Poster Viewing Time '

Oral contributions

Plenaly Lectures: (K.Sigmound, E.Ben-Jacob, B.Levin,
B.Novak)

Coftee & Tea Break

Closing Lecture (L.Kari)

CLOSING
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HEELOE L2, RICKERIZ A 2 M4y TRELE CIBE L Twit
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MZEZZEZNE, EHEHOAZS TRHHZOBKE L THEEREN RO NS, S5 A
125 ENKEFIL, MOIRE) & DR THENMIENE RV HEERERIIELS 25,

HDHF s WHBTDREREZF LY > T D TREMTDOORE (I &3t
) ICEEEEL . ZREORRINCERT S, ZOBZDOREDHBHEEILIZIE 05 K%L
W, ZODHFT s, r ORI THRERMIZE 1 2R THEBRE Ml 13,

MI(s,t;r,t+t)=H(s,t)+H(r,t+1t)-H(s,t;r,t+71),
H(s,t)=—2% P(s,t)log, P(s,1t),

H(r,t+1)==X P(s,t+7)log, P(s, t+1),

H(s, t;rt+1)==-E% Py(s, tir,t+1)log Py(s, t5rt+1),

ZZT P(s,t)1d B s TORE | OERERTDHD. Py(s, t;rt+1) & HArs DIREE
i EIRAT r OREE j EOMRIE 1 ZRTRAMERERRTH D, BT s 2EEL. BT r &
ZH—RTBHSED &L, —RTEHEHMEORKE L THEFRENELON D, EME
HMOZDOOWMTIEZRD . TOLICHEKREZRRILIEHRTEREE, HEERE
< Tk S, .

X 3 3. HHIBHLU T2 EREOHERREY Y 7 THS, L TEEICENE
ERL. QIR THHRECHEE b TRHLTLSESDN S, LALANS, HLL
EWEZ EBBEEOEMMNEEL TWD, HMOBFFILNS VY ARDS ENKE NIRE 2R
THND 2,

6.2. 53 A HD |

IE ) ZLARABIRE ORI IAENTHET 2 E WS HEZFFD., FIALBRI
ERBIRG FICIIEBICRSNLIMETH S, EREOIHEY XLITFHAHITH U TAERRER
HEZERT, 3.5 1. EHIEEH T TONME Y LR (¥— 7 BkR) DORIIZR
LT3, IPOERIIMEOEMERT, XU, Y AT 86 BONFIRENTFH L T
WBAY, 20 ENEEREILZ#IC, BRIEFERALTWS, €I T, SHREOEMZ 103 I
ZXBEEVRMTALIICAAS. R, BREH, BRHPEVWSHEENHDDLE, ZOXD
BESOBMTRAZL. LIFLIERRa N3,
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K3 PHRUXALADORMELHEFREY Y . a) WY XADREEDHEAR. b) 22
B — R TRINEY XADREZES). REVKEZNEE S ERIC"BEELTREAT
RY. C)MbDF—F L UKDLBEFRE Y Y 7. HAMIREE ¢, BMESSEHRr
ZRYT (FXER) . HEERBOTAICETLTWS. HFORHIE, BHELLEHER

fir s #;R79.

-70 -



ok darki periodic irradiation
g 100 :" i o * o*o L
; g .o..: . 0o ® 103 sec
3 80T i A 86 sec
& 60—
0 10 20 30

NO. of oscillations

3.5 AMMARHTTONRY XLAGMAM(E—SMEM). RBITER
HOMEOERMAKM. RAKBEONRKRIM AL, * FNILHHORKERE R 1
BABEAELS TR, EOCKENLIE, RBEHEABERHHOSBEERL
T, $=ZAHTHBRMEEET I L, BURMT B LS(1CAS.

BREE. EWOEEEREEADERLKB L, EOROHRAMEE A NLH B
EORMICKHT BEETH D, IMSEHEEIEE LS I TN, UEOELD, ZHE
DEBIE. ENFMLES & T B R /D —FT. EHRTEEREN S HENIZANT
WS HEEEDE WA S, JIORAETIE. HOEMHOSEAED HTHEERDE N B,

LHARDRBO 5 £ DIHE % B KSR THIET 2 DIREELES 7, 2HEb,
RISTHBRDNY — L. Fa—l YIRS —VIceRE N5 &S M (e
RREEMIKET B) WEBY 1 ZEHD, —F4. ZRHEOHEY XA, FIAILREEY X5D
ZERNY — VI ERAEOEEN 3 mm THAIEDHS0mm THAD EH, RUTHEETH S,
B EE LTAT LT B EBAER LT WD TH S, DEDOMHT, MR K I HAED
FiklL o % RS 3.,

7. MEEONY — BRI T B KR TE 8 T T )
B OREN /Y — CERIIKT SRR
THRAONE TIIERENML S FERBL TWS., FERERDIIIEY R EMOEY
BTHRONIBERTH DD, HOWBREMEOFT THELEREN -BENVRHERFDEED
NTW3, AIOEDICFARICEIENZDON? TNUIHTE—DDEIARENTNS, &
BAEDO —DOHAMORERERE ZNENSENEZNTTIED TS E, TRETHREFALTY
D DEADWHE) XADNER LI 25, TROBINMEY) XL ORFIIIEBERENLS
ETHD, BEREREE LD TREFANNNE, @EOMERGRIEUVEUVIIRMAEICRS.,
RALFRIREES, BRAR L E BRI E T 20O AT — %, iR L TN
TAHLERERERNWEEL ST 2R L CZDOOHMITO DT ERICBRENS, N5 DR
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L

3. BRAEOZDOEMA THRB-EOIKMA+2IiThwWkEFEZ 5, FEERICE->T
FANORRRFMNEIEZN TS EEZL5N, BRAUSHOEGARTF. THIMLEHEN BN
L., BEWRESRHENROMBENZ N, WTFhicLA, hEROFETE., KRBT
OIEEER (e Z2HEOIDBDOTHS.
EREIMENTEDEIIRBESOH o TNADESIN? FREANLEELE
BERND, BHAEOETHLIEAOA—Y T V- 2ELHADEL 2D (RUAHE) &
EBHICHIEE TR DRLEREESES, ToNDELRES LN ZABAIIHER RO #

TR E BRAREAE AR ERDAS, EAREDETTA EAR 5 EREINRET

2%, TOEFEZEBETHRETSEL, BUAEELWROBERNHE ZETHRATHWSON
BX%, CORBIHEESLELEREE IS DVERS T, HOERBOEREDO—HIcOE S (fl
ZIRBOERAEEER lmm OREICYI D> TERE 3cm DB OEBEHEDIHITDOREB),

ZODEBEITECHICHMEL T—DDREIT/RZM, BAOERED I BIICHE
EOERNEELUDRENTES ROV ONIFBNREBERRNS TN ERBHTES,
BELRTWHER ZRBY, TORNOEMMZEMET TEmINE, BERENE ZATKN SN
bhd, ZOXSREROBREFR CHREMANSEEY A I 2T (REEREOR EHMNRK
ANSHHEAREZET B I 25 T) MEN DETE, EREORSDESORMIEZRY
NSl y % (R

FLOMAIRICHES B ERAE (K 1a, 2a) TiX, Z< BEAEROERILH HAE ORI ZERAE
NEFITLLITEEDS, T72b5. HHRLMMLOEREIIHMBLEITEESIDTH D, &
DZEML, MAHTIIEICHEZENSEHRENELE > T Z2LEHTE S, EREADOEE
ML, ol 1 BOFEERGOMICOETORYEFEREERBRLTNS, XRTBFEEY
BIINZODEBIEADN, 2TOHSNLETOHMA ERBEERHBL TS,

—h. EREORENEHAELETRISTIZ. RELRTI2HEHD. EREDE
%%ﬁ@*vb?—ﬁ%%ﬁﬂ1@d@i5t%kbkﬁ?%%9:@ﬁ\W%UXAN§—
N FRALENY — TR, AN\ —22RE% (K 2b, ¢). EHEOMILES D
BRTFNENT 2 EHITNHE ) XN =BT D, Z0LDIT, ERERMSEHDY XA
DY — U HRICEERBRERLC TN D,
7.2. > = it

ERAEDIGE ) XLNEY — VBRET IV EFESHNITRATAELD (K 5, 6). INXT
RIGILH R OB ANERN TH DT, EEMIZIZENEA WS, B UDIT, RETFIEMH
EEHRT D, REBTHET. ECXHhrnzEROSNNE, EHEAKCFEBERE DR R DI
DIAANEBRITGERNDED 5N D,

LERE), AN DAL F VBERENGE) XL ERML TRETSZ &
BT, HERBIMEZ T2 TH, IRBRKUILITOLS ITEHNS,

(1) ERENRIBICE o THIRIZIR - 2, BERWIRENIIFRT 2. 205, HIRH

REIDFEIEICHHD 5T, (LFERREANDBIRETE 5.

—r
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(2) ZEFAEZ NTH uplé?’iEGiTt T DERIKE S DIRIE i%‘]i l"‘ﬂ][lT%’DfJ\ 7T/
T UZEN) VEERKEA T D ORBIRIEIIZEL LN,

Q) FEFMHELERFHLEZRE :X’f‘y?bfiﬁ\b'ﬁ'ﬁﬁ’&?ﬂ'ﬁﬁbfﬁ\ B DAL FE

BEND, TIDE. TOXDIBHENBRRECE > TEE I N WREHEENEE

T2,

(4 JINVoTbAF I ARET, NHERNEZF/L D bRVWHNIREF THIEE S,
2N DEBILCFED NN ENREAREBR ST ICR T ARENNS D EERT,
{LFEMEIE, WA ZFGTE DN, TOHETETIERWN, o T, BENL/NY— 2 E2FR
T ORRIMMEFIRE ZERT DI ENBETH 5.

5 W 3ZHAAOEEE 2 EATRYT, NRANCIZRE L TWSE (EN: endoplasm) %
HO. TOARDOKRERE (EC: ectoplasm) REEETICEEL TS, KEEEREEMNERE
B, EWICEHLE->THY, BEEXNICEFRKOERLENS TETWS, NHESZRIL
TWDIINIE, T IAY HEBKAEERICHFET 20 TRAGKEEERE THE
T 5, HoT, WHEBIREEEEOLERBFICHGT IND. EBRIC, NEREE DR
LUEEBEOERIRBENEEZRT., Lo TREBEEOIFERI FITONWTERT 5,

REEEROLFMET. CFEBICIVKREBEEEEZBHL. X—HFTERED
IW-TNERBRETHERGBICBET 5, NEREBICBEL/(LEYMEIX. ERERE
ko TERN. OB TREBERBICES. ZOL3ICL T, {LFRBTFIIRPERE %
WU THOIREFEMEERZT 5. (LELHDREBWES & BEFREF O EREEER
EHS, ZIT. ERERHICK S EHEEERIMEEVEORENETH S LRKET 5.

HH—DDAEHIIRENENREEEATH S, LHLL., ZE£51F. ASHEEIC K
LU ) X LADERMEE,. NEREBEICKIEEZREATS LK > T, EHHBMAZICEDS
RWZ EERLE, TORIEE. BENENRAZEATONERBEOLFEMEZAITL
B, ORI KEBREREORLZ o REAMICIE S S ENRRDNKRMILIELTITESR
TEHTEERLTOD, BRHEOIEHFRARRD S DRSS, (LEMHIC X
DR ENBEENNNY —IIHTBED 2 L—F ELTHERAT 2 L3 ICBDbN S,

Z < O{LEMENNEEREBORAEZNICEELTVWS, LMALRBNS, IV oLAF >
MEBRBHETFO—DTHS I &M, SB<EBELL, HILT Y ARHOMIL, HE
FOMDEMTETILINTNS, &LidWx, (EFEREOEFRZTZRZICHSNMNIT S I &EF
REETH . THNT. LFRBOEEWNIEE (EAREEDOY I v M A ZIVRED) IZHE
B9 %, £{CERIE. FIEHIV I LFENI D LK (CICR: Ca**-induced Ca* release)
HAZT 47 ARERERISEN A X T 4 7 AR 5NSHRIC, HWE CMEERE & BWERFBE
PO OMERHTHE ZENLIELIETH S, TOXIREEOREMABRETIVEL T,
Schnackenberg D=RFRIGH A RT 4 7 AZRAND,

INKE N EF RS EME EOBRFIX. LRIV YV EA REFRICRED N, ThZE
BTIHEEIT B, stretch activation EFEIENDH D —DDFRMN, HOHRHICEHASGL TS, L
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KUKHIBERER. MAESVHSHSZ VZEHAEFERTEL. MWL, BRFr
LBNEM t 2ENTNRT. LR TOROBERHs (L, 3, 10, 17THD. BRAIAD
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MU, BHLODIcE D BATTNEEIT 5, BER ST TSNS — S HEATSH 5
EERBLENSTH D,
7.3. N Ty D
LRDBLRICEDUTOX D BREERKOKIGILHBE R A28 & T 5 (Nakagaki &
Yamada 1999) : |
dZ/dt=fZ, Y)+D,AZ+E(Z,Z"),
dY/dt=g(Z Y)+D,AY+E'(Y,2"),
Az’ /dt+w-grad Z’=D,AZ' + E(Z’,Z)+ E'(Z', Y).
CIZT.E2¥ z Y, 23 ThEN=Z2D0RBoAVNN—M A NOILEMEBETH D,
Z A= bMAVMIFREEEBONMEBEEMEEATESN, ¥ ANX—FAMNITE
BN, INL Z & YT, Uy MAI2IIVREF (RIBEIL F & g) 2EKRT 5. 22 3
NN—HF A NI NERBBICEEL. BERARMCLORNS. w-gadZ’ 3BRETH Y.
w N7 MUIHEOREFRFTEICHES5 Y RETH S, D, D, D, 3ILHER. E E &
NEREEEREEEE EDmEERT,

CZTREELT, NEREREREKTHZ L, EREDODEHOEHNITEZES
RHLUTHFI RSN EEEBL, 22 OREIX. NEEROREEENEOLEMEDOREE X
DEMDB, w DEREZEZB10IZ, LA JIVABONENNEEDHL2EDOHZED K
SITHNDEZMEZTHD, KEABOEKIZ., MNOEHITHL TEWRRE., TROERNITE
BICEEIC R BRI A RETHE, B w=Egad Z E525N3, 22T REHOKS
W TIREKRLELDI Z ITHHlT 2, ERNEDOKEEERERE O HEMICEEL e
Thd. -
Schnackenberg D= FRIBA A RTA 7 AET I ERMBDIE E 13,

RZ,Y)=a-Z+2'Y, g(Z, Y)=b-2"Y,
E(Z,2)=v(Z-2Z)=-Vv(2-2')=-E(Z"Z),
E(Y,Z)=v(Z-Y)==-V(Y-2)=-E(Z,Y),
TH5, a b TTK v,v FANEEREEOMOILENERBIIETIERTH S, L. ¥
2= b A MIHAXR ZVICERENTVWERELT, 22 A2N—hAY NEEEY
BXHTERNWEEZEZT v =0 EEL. ZOXIICEFMICEZETLUAEET I TREEFEIC
£o T, TEOHEZFRDIENTE S,

s, MEORBILHBERET NG, EFEOEEZ I S5ITMKLDD, ROKDR

K0 —&AYI2ICE L T ENVT E B (Yamada & Nakagaki 1999) :

dh/dt+div(hw)=0,

dug, / dt =Fy( h, u) +div ( Dy, grad uy, ),

dug, /dt+w - grad ug = F( h,u) + (1/ h) div ( Dy, h grad ug, ).
2T, h BNERDHBOEAS, w ZNEREBEOIRE. N ROINT MV u i3 (U, u) =
(u'y o ™) T2, uy & uy ZREEERE ENERBEOCEMEIRE. XJ M Fy & Fy
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VR & BRI D33, Dy Dy I EGEME OUHMRIE S tTéﬁﬁﬁ%T&é I BT,
w:wgmpkb\MMWEﬁfﬂéu@%&T%xﬂdﬂm%béquﬁm%&T%éa
R, IR UZZERKISILBBHRARERITRS WY P(u ) DBEO—RKEKE L.
/o, REBBORAOHNEOERT S & RILEBRGERT
du/dt+Mgradu-gradu=F(u)+D Au
LEFS. M BBREEOT>VINTHS.

FERERZEMELZETIVIE, ELEFEREEEINZ2HMNOEMBREEZTLRT 5
EF)IVEFELIL TV B(Keller & Segel 1970, 1971), E{bMHRBRIT, HEH EMAaEEEOES
BHEEPHE IO —O/NY — AR EMEEAESHOETIIE L TIREEINE, ELLEE
FIZBT M. MANARICEETS2MEORENRZKCTBEHT S5, RIEME T,
AN OBECECT (BRETDIENARICED) MBRENEHT S, MREOER (Ex)
MEEE TV ICBT HMRKEECHET 5, MREEHOYS Xk s 8Es B RES
AN mANE, RNEWMBIRETHEMEFERELS, 512, MBONADRIZE
RIGHEHE TRE TS Z EBHHEETdH B(cf. Hoefer & Maini 1997), ZDXSRETIEIZK D,
HIEFEH S AT LEREME AT LAORAFICALSNZEER (FLARSCEER/NNSY —>
DKL) IZxt L. HE LB OEENREI NS,

_Wﬁwﬁm#%%mﬁﬂfwﬁﬁﬁﬁﬁ%%%ﬁ?% BUDICEESEDO T IV T
URLEGEERND, BREFIT ) A &6, ILHEIZRMAE. SREIIREES 2F—
LT TEE LU, &Fﬁ4*740l Iy M1 UIVRENZRIEBICRELD. K
JBXTAY a, b BENEN 0.1,05 EFRELE, TOMDERIZ. v=0.1, v’ =0.0, D, = 0.0001,
D, = 0.0001, D, = 0.0, £ = 0.00 (F&fi72L) , 0.04,0.08 &£9%, ZEMDO—KILT. FMALKEITIT
ZTOFETR—DHLEE Y b2ANnS,
R 413, B Z TRbENEEROREY —> L0 RS EHEERET Y T ThH
% (HEBEHREDORDF L RGOS E” OHESH) ., BIRODHBH (b, c) 1L, 720 (a) &
iz, HEBRENMENWEIANASNS, ULMrDZOEBIIHRN., ZOKTid. HEOWN
MU XLNERDIMEFHREST Y TEFRUTH 2. BRE. ZOLIRBEHENHSDONZD/E
B39 |
TOBRF T, 2R Z, TRbENERBBORENES £2IMELZoTNVWS, &
OHNERBBORBWRBEL KEEEEDOU I M1 27NV EEIRD, REIOHAIES
EDTND, BEDEREKIIENTS, HEBFRENKTTSEBIIBNWT, H2LEHE (7
TI)UEZN B NEMERREEEZEDEVNWIERDH D, ULEED, BHODS X3,

BRAKICHK T IHDEEZI NS,
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ZLTW3, EWE> TWBEFFE. FIZIEHEARONAEE T, EEOTIIEFD, B ES,
X LES, BEOMBMEN., ZOIVRMEEDHEKRR, BERERIHRRED
EONEMICAVHATNDS, EREDOHEL. ZOXDBREMIRREESEDL S,

B 1e 1d. EWEINSZEH CEmE) ARSI ZROMEOREEZRT, TRET. #H2
T eNg ERMEHITENLN, PHTHRIIRT KD ICEHMOBICHEE LIt KWVEEZ BT
b5, COEDHAREREBICKE> T, AL, FEREEZHMENTHRIKESTEREEEL
TOEELEVEMEHETES, TROERVEOHODEMADHEEET. EHENHDEOHES
fToleRENZ S,

EHAEOZDOEREBEDRENINZDELS, REOLIREMBEETHERVEEZLI 2R
LY. & 1f 13, BFRRICEMN=A— T L —27 (B) 2BAN¥EOFEEZRT, fHH
DRI, FEAERKNWEDAER S TNDS, ZOEDEEIX. DIWERETINE OEIC
FOMLEDIZHENEN, EOXDIHDOHLBHERINEVNDIBBIIHL T, FEAEE
¥ HBEOHPNSEYIRfEERD TNDDE, ERAEDE I INEHNS,

EDEBREBIZDONTEALD. HERZDODOEAINIHEESS CHRICAET 5., RIS
BIE DI ZEE D HFEMEFA TRWEREENER I N D ERRITIHEA U T, NHERENDT,
ZODWMHMTRAMAMIZ/ARS, £z, FEFAL TIHET 2HEEIN—HFIF AT, ZDDH
ST (W ZRL T) 7T 5 &, DEEES N2 DO IIRAABIZZD ., FNITEHENT
MNREIICENEREIND, INH5HED, ZDDEH TRAMMEDIRENIRENGE LS, /bbb
EOFRENHRNRIRENERFEIND EEDHMICH > TERRKR I NS, ETFEINS,

COFBIIROLI ITREEE N D, WD X LES GRS (RERE) K5AEND
DT, ZOUHEZFALTHEOZ DD ITRAIFNIIMHEERZIEOHT, T5EMEDOHE
WIS TERENERT D, TTICRNZED I, EREREORKTHD., BEFREDORHIT
IEIREI T OMEEREZHE > TWS, 2T, WY XLDNY — U HkIT. REERE %K
FICU CTERECHEERLTVS, ZOXIICRIMEHIRK EBHRESKN A Y TV LIzNY —
RO, BEREICRONIBEEEVHLTVWEEEX SRS (K6).

WEARAEOITEHRRZ NS — D BROBRENS R TE ., 48, RIGIEHGR LW
DB OF THEMBOMEICER LN OHAZEDD ZLRENTHLLIITELNS.
FRISHE SR DA 2 REUTIE AR5, ECETHEOTEREBEEEICEN DI N, BEICE
Bk DHEERA D, RIBILHRORMEATEARIENHRD DN, TORFISHED S 7R
W, U AIEEOIHFEBIRN S TIUILRIRFREEZEE T IIN S NARNES D, HD I,
bl., BLIRBIEHROPMATITEFE L LT, £ TRBHD THERNEER DI
ST L WA DNE DN D Z EiZia D,

-77 -



1-3 i o
FHEEE - PEE2(1996) HETE OB ML —Phase Locking & &l — TEHCHA
AL — VT RS EMS R SFRAIE - EHFR - M ITRE, pp. 86-102, HIEE
JE R
EEES - PEEZAINMALICIEDH 20 - MIATEOLHEAERZDORA  ThE DN
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HUECDER % 6H< 5% S HIERRE
£ F 1 il
FaAhE |

BTHEZ<<OMEETE, RE BEO=ZHEZHL. FOMICTESD
HEBLHHIDMN, HIZRRKELFEAHL, EABMETHLHSRICHEY
D25DM, ZDEDICEHSI NS HHAHAYEBLOEARNLZBMBET. REIC
[FoZ2Y LBV ENNBNBREENTINS, #HIZIE. DFEOBIAHILHE
EHEEDEOICHATH BN, FNLELICH, EHEIEITNEAYEGY
HSRIZIHEBEARD D, TIVY—5(3EEREOBIEEKICDWVTOFTERE
BT, BHENOHGBOBFEEETBLEN, HoERXZEVRTORSE (I
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