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1. INTRODUCTION
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The 11™ Annual Conference of the
JAEE (Kyoto University)

o HERA TERAF2AT —LIZEIT5EHERE
B EDREEFDEIL]
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OUR CONTRIBUTIONS
o ¥&F(lattice) EIZWWBFEERNT —LZEITHoTLY
éo
SETNZFIZE- T, ERAEZFIToT=,
M1 DX 1=,

o rPhase Transition(fB2x%%) 1Z2FIFALT=. BHff
D ER EDHFEDIT
In detail, #t5t HF THRBBEEGIsingET /L
(nearest neighborhood). SKET JL(random
matching)Zz AW T. ¥ —LDERIELT=. =6
ICIFENIFIEL. ZEHEDFREZ T LT,

BRI ZF>TERFEOET —LEmE—FL.
LG WS ENTFEE, 575




MOVITATION

| BABIHAVBET L =BREREMTLEL]

SLAL. BT . B AEBREWMYKRSCEFEE,
ZEMHIZE->TIE. Routh-Hurwitz®d EIEM 544 LL
J:t?&é& SN ZZLLY,

DHEHETRANT. ERTRE=DTI S

— Statistical mechanics

SETEDEIIZL TR ARG T ANNDT —LEDHT
LTEf-Dh 7

LEHOAREER . ERTEN.

Regllcatorjﬁz‘tli ERIGEDHEBEIER . TDRINT,

H_hfél_;ﬁ%mfé:b\mb\ﬂ}i( IR M2 DDIZEE T
HHOTH BRI ENH D TIELGZLNVM?
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2. RELATED LITERATURES
and REVIEW
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RELATED LITERATURES

¢ Diederich and Opper(PRA,1989). Tokita and
Yasutomi (PRE,1999): #1t4 — L IBERIZ#E 5t
NFEE AL

— Spin Glass TEHONTULNSSKET ILEEEIG
FAL. ERX{EZ1To71=

— TDEH. PEBEZDREHNRSNTEY., F&E
TlEEhvh 2 F=BEOE/mED R LA R ANL |
YIS0, $IZTokita and Yasutomi (1999) T
[XEuler;ZZ{E > T, EfxFFfal A R0 o B sl B fE
ERANEERLTIND, ERLETHblog DAL
oo ZLDADRDEFEZZRANTULGL, 1272
L%\:Ll/—/zlzﬁ‘*%liiliﬂili ZVBDELHT
LY
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RANDOM INTERACTION (SK MODEL)
Diederich and Opper(1989)

+ Replicator Eq.:

d—szxv(fv—?), for v=1,---,N.
dt

1
o Fitness Function;  f'=—H :EZXVCWXﬂ,
77

¢ _of -
where, 1, = &, C,.=C, (1L #V) Thisisaelement of
the Random Matrix , It 1S Gauss Distribution, Average is 0,
Variance is 1/N.
LUEDEZREDT T 20D MERAT-,
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We obtain the following Equations with Replica method under
Quenched System.

yov=L
G

1
(U=v)* =——
N2
1.0+
Competitive !
0.8

Tl

0.6

[

dze 2 2(z + A),

. ~2%12 2 _ .
j_Adze (z+A)?,where A=.[q(u—2v)

0.4+

0.27

0.0

Parameter u

0.

I 1 I 1 1 1
0 0.5 1.0 1.9 2.0 2.5 3.0
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H ndb ok

ELREF RN T D ﬁ{bffi,g;

e BHE—EIEOY LY —LN2S| l\/hjya
. p281-285.

dx. (t N |
() (Zau ] Zau Jxkj’ &; = —4a;

* EXAMPLE) ) Bajzmﬂmi@— Ol —A, i)
EHOKK TS, i) £EFIZEVLT, IHE - IEH
BEZ. iv) EHECFFICHITHETCTFETH.

o LD FIITHHZFTIZIGAM Theory (Gardner and

_Ashby(Nature, 1970) May(Nature ,1972) ) [CfaF I TH
Hnt-.

¢ dx/dt = A X where A:Random Matrix, X: vector. 15

=



MATHEAMTICAL BIOLOGY

o MET NEOBFETINEZFE > I-EHBEED
ETILIZLIEINOESINTLNS,

%)

+ Matsuda,et al.(1992), Harada and Iwasa(1994),
Namakaru, et al. (1997) .....

SEMEORERINE. THAE, ET 12 H 905
IQU}iEo

HRITEBOEIEDAHIZTER., BWEIFED L
SNZEHTULNADH ., MinimalZt 0,
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EconoPhysics DETJILELTE

¢ Cont — Boucaud Model:

“"Herd Behavior and Aggregate Fluctuations in
Financial Markets,” Macroeconomics Dynamics,

\Vol.4 (2000), pp.315-323.

Hni%ﬂlliﬁl%ﬂj{%gﬁ%% B R AT2007 5 EE 4 1A
To EEMER (LB ARENEES R,

FLUFH, EAREHR. FF

'I'I'

[FEI A E T IRR ST | - 85T (SuperStatics,

Beck and Cohen 2003 Physica A)#%|
E |$0)’\:h\‘/\¥ﬁ§—’a= 0.

'I'I'

1LVT ., HE-

S>INLREFEVEZIN ICBITOHMEAA
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RRDEHLET, &3

WHAT IS "GAME™" ?

HERBZRIZHB2ADEK(Player 1, Player 2)hXV (LT B,

Player 10\EkE&1Z& &Y . Player 2 ANEkRE1Z EoT-E=I2F5
N5 Player 1 ‘ payoff is a, Player2’s payoff b. ZMD &%

EREE D RITEEEZE EHD I ?

—F DR = A Nash Equilibrium.
(F=L2DT —LIF—ERYTHEHET D, )

playerl

Player 2
a,b,c,d DF=FIZ
S1 32 KO TT—LDiE
FEHRESD,
s1 |ab (0,0 ’
S2 00 |c,d 1y




John Forbes Nash

Nash equilibrium

He shared the 1994 Nobel Prize in Economics with
two other game theorists, Reinhard Selten and
John Harsanyi.

His most famous work in pure mathematics was the
Nash embedding theorem, which showed that
any abstract Riemannian manifold can be
Isometrically realized as a submanifold of
Euclidean space. He also made contributions to
the theory of nonlinear parabolic partial A Beautiful Mind
differential equations.
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Nash Equilibrium : Definition, Existence

« DEF.. BT n A7 — 46 =(N,Q ., {F )
IZEWT, TLAVY—D# o =(q,---.q) A
Nashi THAHEIF, TRTDTL AV —i
(=1,...n) IZxfL CTEEE O; BT A —
DEREDH Q" (ST I2RBHE THHES
2z ().

¢ THEO.: ¥ —LG*IZHEWT, iBEEE IR D&
T EH1DNash HWEHADTFEET S,

PROOF. Kakutani’s fixed point theory® {4
aml=d CEEE ALK

16/75



Interpretation of Nash Equilibrium
(J.F.Nash’s Ph D. Thesis)

o 1. “Rationality” === the players are perceived as rational
and they have complete information about the structure of
the game, including all of the players’ preferences
regarding possible outcomes, where this information about
cach other’s strategic alternatives and preferences, they
can also compute each other’s optimal choice of strategy
for each set of expectations. If all of the players expect the
same Nash equilibrium, then there are no incentives for
anyone to change his strategy.

o 2. “Statistical Populations” === is useful in so-called
evolutionary games. This type of game has also been
developed in biology in order to understand how the
principles of natural selection operate in strategic

interaction within among species.(— Mass Action)
(FROM Press Release — The Royal Swedish Academy of Sciences, 11 October 1994)

— N
A
e B 2\
£ o\
3 L
a = e
R
' T

L

i T

Nash has
received a
grant from
the National
Science
Foundation
to develop a
Rew
“evolutiona
ry” solution
concept for
cooperative
games.(Fro
m the
essential
John Nash)
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WHAT IS * EVOLUTIONARY
GAME THOERY™” ? iy

In 1973 Maynard Smith formalized a central concept M
in game theory called the evolutionary stable strategy | I§li L&
(ESS), based on a verbal argument by G.R.Price. 3
This area of research culminated in his 1982 book
Evolution and the Theory of Games. The Hawk- Evolunon
Dove game is arguably his single most influential and the

game theoretical model. Theory of

Games
‘POINT I ¥l #F(payoffh)— & i (fitness) ‘

REGEEICENTHRRAGTLAV—DIXITIY
FLICEGBL. TNTNOEBICEDE, REAICE

DERZIRBTHANREY, SSITREAIZHEL
LD TOERNERICEYRTIRTRZLD,
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REVIEW: Symmetric and Asymmetic

Games

o XIR2NT —LEFERFF2ANT —LDEL
—SFRIRNEGDH(EEEHN2DODEE)

RALT?2 BRAT?
S1 | S2 S1 S2
212051 |A®|cB | #171s1 |AP |CG
S2 |B,C |D,D S2 B,F |D,H
Symmetric Two Person Game Asymmetric Two Person Game
Replicator Equation: 17 27K

SRR : -
Symmetric :B—214FI2&5 éﬂsxmr??tpc e FE
H— BUVFRE, o

/75



REVIEW: Replicator Equation

REPLICATOR EQ. X: — X, ((Ax), — x- Ax),i=1,---,n.

HOHES | ZEOI=EEDE T DFFNEHFFTLYHLKRSL
BRIICE, TOBEBZENRAERASED(FE RN, F1=
JT—LzLTWBEYDEENTDERIBZIOERNFUNEE
ZDEMBELEGEDGEEDFE), ELVOZEZRLTNS.
FEHENETNIE TOEEZEEDANZ U EWSIRTE FIL
SOHEFEN) ZHRET nIE EBRIA(FZVADN—ETEHS

_;héo (GXFE) Potential
’F#Lﬁﬁﬁh\Z’DO).t% Function TEZT
e X=XA=X){b—(a+b)x} () i — ?
ESRA BEEK | BRER2

() FEDLTE:a >0.b<0,ESS:1D

I BEADSLUT a <0.b>0,ESS:1D L f?mﬁl 8,8 0,0

() A—F 4 R—3>F: a>0,b>0, ESS 2D Hlg2 | 0,0 b,b

(IV)3h=s\F&: a<0,b < 0, ESS 1D(E & EREK) FEER 20/75



REVIEW: Ising Model, Spin Glass

¢ Ising model - - -HHELRE (RGEHHEANELH) B T SR BB HEL
€7,

o ERICHGIOHIEZN T, HEHERFE (CurieBE) A DL,
MR &35,

o BFLIZHAHA(REVD)IRRE S j : {-1, +1},j=1,...,N

o NEAREEMT+1 or -11 IZF X THio71=5cooperative]. -1, +1]
D #7515 (LT competitive | «

o Hamiltonian (Ener
(Energy) _Yss,

« Spin Glass - - - HBEEAD B SIS —ETIEERENSSY
AMERFEZF->TLVS,

f5]) CuMn==-SR(ERIETERIZESEUNIZTHMED YA (IR F)
FETEOETCEETEHAE Y VHVDEFIFFHOIERIEF

P COIUFLGMEZ LD TTADHEEICUERAEVKFEZETR

9 D T. Spin Glass EFEIEN B,
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APPLICATION of Ising Model to
Economics

o Follmer (JME, 1974): ¥ &K 3Z#ET )L,
IsingET JLEE R, State:+1(FFrH),-1(%:L)

¢ Blume, L.E. (GEB, 1993, 1995): #&F _EIZL>
BEKRDY — L HFCTaA—T 45— —
A(ﬁﬁﬂﬂd);ﬂh‘é’) n{B D5 E )% 747

S HEMB(2002) IsingET IILERFRICHIT

%)Tm: IR R ElncentiveDEIREDETIILEL T
mYk->TLV5,

BREZHHY. BAFTLAIEET /L,

22175



REVIEW: PERCOLATION

[dZJT Percolation]

dRITILAEFZ/2(d=2) [ZH T, &bondlXZFNZ ik
JIZpTHE, #EE1-pTHALTWS. WX ERIZKZEZECE
=, FELVzbondDHZFBE->TKIEF/NDEDET L. CDE
E, EDFOLGPDIEIZH L TR EMNSERICOUSHKEED

HIE g Hh.
ammimm ym N - R e - e R
£ TRTETE]  EEECHE : ‘ o
L . 1 - | — -t - Lﬂ[
3 z -1 B8 8 e 0 1 B S W =7 T .
- <E> - :-14 }71- Lj“ V-.J ¥ 4,-”_ b 1
CLARIEDET pHTHER
anmanns ‘h“““_‘:*'J Sammemt E{"Ei;. u -
R I F-}J».trt;;ﬂ ;L‘....‘."i'*; g
=a . il Cr et Sl T = A Lt ot
p=0.2 p=0.59 p=0.8

HERFICHETSRIE p c DES
p<p_c imMoinE CEFFELI=ITX
A—MFEET . ITRXTDISTRE—
DREZFIERTHS,

p=p_c LADIHMNSIHET
ERELI-V TR 3—DFH’
EESR
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3. BASIC MODEL

24/75



MODEL:

Game: 2 types Strategy, 2 types Agent

¢ ZHDADEY. 23(4TDE

AN 1I1ITHELY, 2D D E
RERAWNT. Y —L%ZT S,

¢ In Sec.2, playeri and | play a
Game with Nearest Neighbor

Interaction.

¢ In Sec.3, player 1 and | play a

Game with Random Matching

LATTICE

/75



EXAMPLE
S1(1) |S2(2) S1(-1) |S2(+1)
s1(1) |AA |00 S1(-1) |AA  |0,0
S2(2) (0,0 BB S2(+1) 10,0 B,B

26/75



ASSUMPTION , PROPOSITON

ASSU.: FERFRITIESWFIF - EILEZFAI_ETEATLS.
PROP.: (REDHLETEARXD HAHEES [Si},i=1,... NFHUY.
DAEFBIEBDHEVNSHT —LDKRTIZERBRO S L

PASH =Z "exp(yf)

E1ib s 1=1=L (Si} (R OELER, v(TZEZ (FIA L IEDIE
). FIXHDEEE (SilZEo=L=DHEF-FEILE., ZIZR
BILESHEZRLTLAS,

1 INTERPRETATION: :fIEHNSHINIE. TDEEZTES

EENEVPRESEM)
o/ DISTINCTIVE:STATICS, Non- Externality

2175



TRADITONAL
EVOLUTIONARY GAME

e ASSU.: &=
A TLVS.

ERIEE D F - E

EX

+ Under this assumption, we obtain the unique
solution: Selection Dy.—Replicator Eq. Replicator

X =% (fi=F)i=t. N

EqQ.

INTERPRETATION: %425 B O #E R (T F 1 F 15 - &

FYBLBTNIL, TDEEEZ HES

Kt

21 TEIRT 5,

DISTINCTIVE: DYNAMICS, EXTERNALITY

28/75



PROBABILITY SPACE

¢ Probability Space (€2, F, P)
72 —_ R
_f BIRDFAFICL->TIF. —1]—
Q= { 1, +1} [+2] ELTEARE[FEDLLEL.
uocexplyH(S)|dS e F &=

UIEZEN EDIERBET, dSIZQLD—#DeET
5. WERFBAIIZIXAS (EFEL/2 DBernoulli 2% &
%‘b\%bd)7535%5

[HERRELTOT —LER LT E4EHFR
BEFMRZIOMERNBTZEZSHINT=LY,

29/75



DEFINITION

DEF.: BkBE AN —FE D Fk

FaiF->TLNSIMNEIME
YW H=Z T/ \TA—43 (order parameter) &

LWOBEZRDEIICEAT S,

(2.2)

:<Si>:%28i EiZSiP({Si})

where { ) stands for the average.

30/75



EXAMPLE

o EIFEDEXAMPLETEZ D, CDEE,

B AR 12 TEERITEDEE . m=1/2,
B AR 2ATEZR 1 TEAEE . . m=1,

EYAR1E2F T LIZEDIEES . m=23/4.
—m DEIE.1/2 =m = 1OBITom=1/2I<:8 1T
(X, BRER1ZEA AN Z LN ERY . m=1ITik T h

(X, EE&2ZENH A D Z LN,
S1(1) [S2(2)
s1(1) [AA 0,0
S2(2) |00 |BB

17D



¢ EXAMPLE : Ising model

¢ SiI={-1,1} > m=-1,0(random),1 G :BEO L TvIR
MELZBHETEH, 20
m 1 FIRSIEAE B,

1

HEORMIEELDL BRER D (S
m—7 % WA 32/75



MONTE CARLO SIMULATION

FIFEDHZHIF IEFRTRLHE. RDLIGEHATHS,
=Strategy 1. INDIGO=Strategy 2

ORDERED TYPE 1 NO ORDERED ORDERED TYPE 2
m" >0 m" =0 m* <0
(s1,s1) s1&s2 (s2,52)

HRandom|Z:EIR
3375



BRFENTA=FERHERN T DIRED
ESE

o YIDNKREZMFHNIX . m=+1lor-1(Z |
D, IEDNFEHREN 2L, F
SERZITNIX, EBoh D o
FE IR Z U975,

o W2y REIFNIE, m =0 [Z | :
T DL, EDFHENDGL,  b—— )
FENDIZTIL, ERED—

BMHFE YD,

-0.5

34/75



ORDERED PARAMETER IN
REPLICATOR SYSTEM

m L BB 2 DD T2 AT — L
; 1280V T, REPLICATOR A=
+1

x={(a+b)x—b}x(1-x),0<x<1
%ﬁq@f (Nashi’J%I) (ZJ:

X" = O 1,0 <
= a+b

ORDERED PARAMETER
has three points (corner
point(-1,+1), interior point) In
-1 @ RE. SYS.

35/75



EVOLUTIONARY STABLE
STRATEGY (ESS)

DEF.: Weibull(1995): X & /A isan evolutionary
stable strategy (ESS) if for every strategy Y # X
there exists some g_y (0,1 such that the
following inequality holds forall & € (0, &,)

ulx,ey+@-e)x]>uly,ey+(1—¢)x].

INTERPRETATION: ED KOG EAERE R ZIRALT-
ELTH. BEFEHEBOANTIANSLY,

(ESS : (Mthe solution of the Replicator equation + @
asymptotic stable.) 36/75



PROPOSITION

PRO.(Bishop and Cannings (1978)):

(2.4) u(y,X)<u(x,x), WYy,
u(y, X) = u(x, x)

(2.5) VY # X,

= u(y, y) <u(x,y),

XeA is
evolutionary stable strategy if and only If it meets
these first-order and second-order best-reply :

-

Nash Eq

T

LAsymptotic Stable

Conditon

31175




PROPOSITION

PRO.: it h=E%

EAERICR E LS & (X RD 14:%,%7“_3’;&&

FHETdH .

IV =BT — L

(2.4) u(y, x) <u(x,Xx),

(2.6)

where, m* stands for the index of the

strategy

I:

VY,

mICHBNT,

» | Lyapunov Stable
Condition

38/75



¢ EXAMPLE: Ising model

¢ SiI={-1,1} - m=-1,0(random),1
m 1
1

~

BEOAMFELD MDA
m—7 VH L 5



~ ASYMMETRICTWOPERSON

o Bk

GAME
FINTGA—F%E51DFZEL. ESSIZDUNT

—

i\

5

FEDPRO. DR.6)DEHEERDKIITIZIE

ThiE BYB,
|m — My

<&,

40/75



PERCOLATION

o 22RFTISingETILIZHE LT, 1HERFE EPercolationd
D EE %k

THE. (Coniglio, et al.(1976)) 2% JTlsingET JLIZHLY
T, i s={+— | EEHEIBITEE)FE-ERREL
LT, ROEFZRMKRYILD,

i) 7>7. DES

L 70 ( C,|= oo) >0, 70 (‘CO_‘ = oo) > 0
(ii) Gibbs D EIR G (7,h) DEEDimRpul=*TL

B 0 S e

(i) > HH/N\TA—F—FEEIZHE T, BI&1LERE2 DClusterhFET S,
(i) > HINFTA—F—MEFITHE LT, EEoMNDEEE I ClusterhDFELELY
M. A ELFELLELY, 4

/75



DEFINITION(CONNECTED)

DEF1. AcC B® vl (connected) TH B E(E, FED X, YA [ZHLT,
MNENT bbb eA

() Xeb ~> yeb,, >

() FED1<i<n-1 L L DBrA Xi HenT, b LU b,
& X, eHBIDL.D2DODFEHEmI-I ZExLD.

DEF2. AcC B’ i=xtL, CC A HA®DEE LS (connected component)
ThHHElF, RD2DODEH/Zim=g £ZITLVD.

(a) C [T THY, be A\C
(b) FEBEDL<i<n+lUzLT, CU{b} kst

DEF 3. Z2 DA ESANERTHELIE, FEIC Xy A ZLBEE A
RIZEE] X, X, X BENT, X, =X, X, = Yy EMKEE, FED
[ZxfLT

[% =) =1
craeloEs L, X=(x)eZ? L,
X = max {| x* | * |}

EHL. 42/75



G

AIDABENFI—2  FTRABE/NZ—2
o PercolationH 2 Z > TU VR L\ (FlF R BE 0D 15

BHIRLN)EE, ED ST DEE H L B
B INA—2 N ?

G = VAY S FIRBE/NFI—2
SHREEIMYEA ., T-ZTNETF —STFDN=FEYVEFON-FUNE
DEYBE A, == &ELVD/NE— LVEWZ, BB T 5/ \3—
BIR7% * EFER 7 DIFTE ERH A X * BT DEHE

43175



¢ EXAMPLE: Ising model

¢ SiI={-1,1} - m=-1,0(random),1
m 1
1

EIRDSMmIEEEL B DML
hN—27A 2SN 44175



R *x V2RI —DFE

TH. (ﬁﬁ

Pe

(1995)) ¥ >0 h*l-l-ﬁa\ll\’é, h A

v'h'<=log —-4y',  yh<=log -4y ZEFIZE
— 2 '
ﬁfﬁ%&%s o 1ZBECTRESR 1 TR * 52
g_d)/\ﬁb§ii:éo

1- pc

PROOF. _Firstly, we prepare to prove this.

FHEAL QEOFESR)

EFRDESITED.

EusvIiZR LT, u= veld, E

EDQLEDEGEANDEEMBEL f IZHLT
jQ f(@)u(dw) < jﬂ f(@)v(do)




THEAL (FKG-HolleyD A ER) ACZ ZAEE
&ELT, Q, LO2ODHERAEL v, EED

0,,0, EQAI ¥TL T
U oy nop)v(oy v 0y) 2 (o )v(o,)
Zmf=9 7ol (Q, EOERAEZELLT) p=vTH
5. 1=1=L (0'1/\0'2)(X) mln{o-l(x) O'Z(X)}
£G1 VG?X_) — max{m@ 07(_)} &9 B.
ZAL A% Z DERBAESETS. COEZLITOD
CEMRRILT D
()@, €Q m o=y &E-FHLE, gy <7
(i) f.g % F LA B SR mpase T 2 EEDm € ()
2L T j fgdqy Zj fdqgy e j gdqy.
i) th=r'h'—4]y =" 05512, gE0@ €O
(oL T qA( oy, h)>qA( oy, h) 4675




¢ OL

TLINE OF THE PROOF.

s Ste

0 1. RAL. - K/IERERIT=OHDSE

Hze=d.

o Step 2. +EkR& A Percolationd BHEEE(p c)&
— B B& H¥Percolation 3 HFEZE(1-p_c)Z3K D

%.

1-p c<p<pcTHY, TNLZRFFIZA

YIIDEHEROHE FE2OFXGZEHET
HEMTES. (E #2)

4

IR * VORI —DEENFHE

¢

o >CDEZHBOAMIEFIREBO/NNF—

SN



EX. :SPATIAL PRISONER’'S DILEMMA

L
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BB Moore neighborhood(8 neighbors)

F e L
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A
I4ﬁ}n‘
ﬂﬁHH

o
™
1™

T
S~
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d

e

.
e
Lele

Starting with a single defector in
a world of cooperators, there is
an amazing sequence of ever-
growing “Persian carpets”.

e
_r4"L1

fors e I

oL
] =

i

o
21

Lyl
ok F

_ For more detail information,
PERCOLATION [F7FELELVAY,  see Nowak,M.A. (2006)

x MBS RA—IFFHET S, Evolutionary Dynamics, 48/75




S
SK MODEL

+ Random Matching

o Payoff, Fitness

H({95})= 23,88,

i#j

4975



%aled System| - FKRIXHLSEEBHICT —LZxT HHF
ESNCEMTED,
o Expected Utility(Free energy), %3 % B8 £k O B {i

i’ﬂ-: ylog(Z) Probability of Matching
(2)= L[ TT80,P {3, jexpH {3, )
(s (i) “——— Fitness

-

N\

4

=Zexp Z Q/JOSiSj+(7/;) (SiSj)2
{Si}

@) | y

Solved I\/ImaX F

F %2{7%(2802+%(ya)2(zsi)4—yJostf—%(m)mzsfﬂ

[Si]
50/75



o M=<SI>LEEET. mIZDOWVTHa T 5L,

a—F:ZQ/ZJONZm 27°J°N*m°® =0
om
m=0 or + _302

_ \ 7J°N

AsN —oo, m=0.
Ising Type Cldtanh DOEEETHoT=H1. i

P

215

ReplicatorRERIFRICE . T2% L(0). ﬁkﬁﬁd),ﬁi%(+

E—)DIETHAHIIEN T M oT=, SHIE

[Tk - i’]ﬁﬂiﬁﬁb&b\_tb\“b\oto

ERADT —LT

s



QUENCHIED SYSTEM
o H¥)(Nature) o BBEERADEA . sBESHNRELT
VD,
Expected Utility(Free Energy) F = 7/<|0g Z>

| —u n )
Replica Method <|09 Z> — Iﬂ'gg ({Z >_1) : _

2 2
a 1 - X
Hubbard-Stranovich Trans. exp| — |=—| exp| ax —— |dX
2 N2 T a 2 i
+ saddle point method + r pllca symmetry
1 o
Sl mzﬁj_wexp( jtanh (yJ fz+7J n)d

q

N|" NlHCD

qzﬁfwexp 2jtanh (7/J Jaz+x, n)dz
= ‘ Ising Type &EL_EQJ 52/75
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4. EXTENSION
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DYNAMICS

J Mater Equation

aP(sl,-.-,sN;t):—ZWJ.(SJ.)P(Sl,.--,SN;t)

J
+ > W, (=S;)P(S;, -, =S;,---, Sy;t)
o Local Detail Balance Condition (Sufficient Condition)
W, (S;) _ exp(—yE;S;)
Wi (=S;) B exp(yE;S;) ,

where E. =>J.S.
)

+ Dynamics of the Ordered parameter

r%<m>t = (tanh yE;) —m,

+ Dynamics of the Correlated function

Ti<gi5j >t _ _2<sisj >t +<Si tanh yE. >t <S,- tanh y E; >t

dt 54/75



TAP EQUATION
o I DEBEASEYZRSESUNEXTERNALITY)

H({9;})=2.3,5S;+2.h;S,

) |

Annealed System
—Solved h, =2ym(1—-N)(J, +J°m?)

HREZEHMNBRAGLOUIN TEREE DK IERIEF
FELZELY,

Quenched System m, = 1 hi
T-J,
SEABRE2IDLEE . KFEBHNTERELD.

— Multiple Equilibria

/75



S
MULTIPLE EQUIRIBRIA

Externality, Random
Matching. Quenched
System

HAELN

BRAGHEOEFEE=L\AL\A BRI — DL,
IR D B ETEY 55, Random %75



S
¢ EXAMPLE : Ising model

¢ SiI={-1,1} - m=-1,0(random),1
m 1

1 Non-Externality, Nearest
Neighbor Interaction

HEDSmIEELL BEODMmIES
hN—7h 2N 57/75



5. APPLICATION(Simulation)
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Simulation : REPLICATOR EQ.
I Repl|cator77'$z‘t0)S|mulat|on

Ea N X =X({1-x){b-(a+b)x}
08| \ (i) a=2, b=-1, (ii) a=-2,b=1,

06 |7 1 M.3) iy a=2,b=1,(vi) a=-2, -1.

04 [ )

" %% | —— G

0 . ; : step

100

. %T,L"CJ:L\G)#”
o RTEM VS.HERR

e —A—AICBEBLEGEU 2 EEGHREBENHLHD
TIX?

¢ —Agent Based Simulation, Individual Based
Simulation, Mote Carlo Simulation

9/75



REVIEW: Replicator Equation

REPLICATOR EQ. X: — X, ((Ax), — x- Ax),i=1,---,n.

HOHES | ZEOI=EEDE T DFFNEHFFTLYHLKRSL
BRIICE, TOBEBZENRAERASED(FE RN, F1=
JT—LzLTWBEYDEENTDERIBZIOERNFUNEE
ZDEMBELEGEDGEEDFE), ELVOZEZRLTNS.
FEHENETNIE TOEEZEEDANZ U EWSIRTE FIL
SOHEFEN) ZHRET nIE EBRIA(FZVADN—ETEHS

_;héo (GXFE) Potential
’F#Lﬁﬁﬁh\Z’DO).t% Function TEZT
e X=XA=X){b—(a+b)x} () i — ?
ESRA BEEK | BRER2

() FEDLTE:a >0.b<0,ESS:1D

I BEADSLUT a <0.b>0,ESS:1D L f?mﬁl 8,8 0,0

() A—F 4 R—3>F: a>0,b>0, ESS 2D Hlg2 | 0,0 b,b

(IV)3h=s\F&: a<0,b < 0, ESS 1D(E & EREK) FEER 60/75



Simulation TIZRDEZEDEHA
o FACT.
LAn event A that occurs with probability p

is equivalent to - ABosR

1) Generate a random number X that distributes
uniformly between 0 and 1.

2 1T X < p, we assume the event A has occurred.
Otherwise, the event A did not occur.

s



EXAMPLE Toss of Coin

MERL2 X, a1V DI RIODEAMHER, ERICa1>
BRIFxeTOe. [RITFRIEHGELEZEENH D, LHLE
Nz ERBI#EY IR (T KEDEAI(Law of Large
Numbers)1) EM1/2JICEFS. SCTEZDBREZR
ANDTIEEL. 7FARARZRS.

X<12 » =1, X >1/2— +1£3 3. FHIF0L4HB(FT
THHH, R@J:')?ZL X t?&é

Random Walk —

J step 675

-20 : : : :
0 200 400 600 800 1000




EXAMPLE: Immigration-Emigration
dN Model

& _t — (05 —-p )a: immigration rate, 3 : emigration
s

o For all agents repeats
1) Given join to a new individual with probability aAt.
2) Emigrate this agent with proability BAt.

o> B DIBE We also that the change of the population

° | | | | 7 size within time interval At is at most £1.
This means that only one of the following
three cases occurs mutually exclusively
during At; 1) an agent joins, 2) an agent
goes out, 3) no change. This would be
satisfied if we assume the interval At is so
small that the population size changes =1.

N(t) =(a—£)t+10 63/75

3
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60

o> B DIGFE

EXAMPLE: Immigration-Emigration
n Model with Externality

¢ g AN
o For all agents repeats
1) Given join to a new individual with probability aAt.

2) Emigrate this agent with proability PAt.

| TEREA K

| E4G5
/\.

N

o w e N(t) =10exp[(a - p)t]

64/75



EXAMPLE LOGISTIC EQUATION

o OGN _ r[l_ﬁj N riEEE KIREREAN
dt K

o For all agents repeats
1) Given join to a new individual with probability join(N)ALt.
2) Emigarate this agent with proability emigrate(N)ALt.

60

50 | | I“V“VAV /J\w \
| N (1) — 10K exp|rt]
N I K +10(exp[rt]-1) 65/75
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TIX. Replicator Equation

+ Replicator Equation ZAgent Based Simulationz 9 5& & 57%%
HDM?

—Replicator Eq D BER(XEFRZL 2 THY. Population DZE1E
Z 03B Agent Based Simulation [ FDFEFIL @A TEL
LY

—Z ZT. XD EHE (Lotka-VolterraFFE = EReplicator FFE XK
DER)ZFES&IzL>TReplicator Eq. & A5 N TE
VP So] b A3

(HR)SETIEAFECDREDEEEE A DHE (.
[Frequency Moran Process JZFWLNTa#HTLTLVS,

(Nowak;, et al.Nature, 2004, Taylor, et. al., 2004, Traulsen, et. al.
PRL, 2005, PRE 2006, Fudenberg, et. al., Theoretical

Population Biology, 2006, Hashimoto and Aihara, Mimeo,
2008.)

66/75



Replicator dynamics and
the Lotka-Volterra equation

THEOREM (Hofbauer and Sigmund, 1998, etc.)
There exists a differentiable, invertible map from

S {X €S, X, > 0} onto Rf‘l mapping the orbits
of the replicator equation

Xi = X ((Ax), — x- Ax),i =1,---,n.
onto the orbits of the Lotka-Volterra equation
° n-1
Y, = yi(ri +> a’; yj), i=1...,n-1
j=
where . =a. —a. and a' =a;—a,

67/75



+ *x*
| + X
06~
A

04

e L i)
0 R / step 0

0 20 40 60 80 100 0 10 20 30 40 50 60

l: ——_—__.-"'l
l/ ""_.-"—
;l .."'—"
L
1 . 04}
L 0°
| (v
XX
X \
02t 5L\
o \
\

R 7E & 0D Replicator Eq. Agent Based Simulation

EE AR EGE (VSYhY (D)L, B9 E) (TEENE
B9 50, BERELYEDENE LR Ek.

o LM LPopulation Size(M7EYD#DIHE)ZK->TIE
Switching ZZEFRR S EMNFERSN TS,

S NIFIEERIGEHDECATHEINTLNS—EDHTE L

S;EE(EIZIK’CIJ: 2ECAERKRKBEXE. EFHE S, Bk
)

-_—l

*

=

=
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wft £ 8971 2 D Simulation Method
o TTRCODMAEIFIT0FERILFERIGR TIREST=,

e Stochastic Simulation &= - - — S BI7E D FFREXD N
B LA, BRIEH DL ABAIZR Y)Y . 2D
AMEC EIZRIEHNEC Y T=hE2 D FIFET HAE

s Gillespie DFZE " TEFRI ORE

SE

MEa ID, FRD

HE[ZEH>TOAZEA
(DDirect Method* - :ZBR N RE T HF CO B R

NE#E S I

€.

(@First Reaction Method* D+ &w/NDBERDHH

=]

2 _>7=¢&9 5. (—=JSMB Newsletter, No.54 522 KES

A DFEEREES

XD FHE)

@ Next Reaction Method- Q%1 EZ =K E.

o EURIAEE
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6. Summary

T



SUMMARY

ZHE—DEOLFIGNS TNIL, FEERITEMT
5ED%,. HAERIZKHELE:). EHIKADTEF

EzZxrLT=,

o Sec. 2: Ising Model ZRANT., FifE &S — LE1T
SETILDERIEL .. ESSEFFEHDI(H7=,

¢ Sec. 3: SK ModelZFAL T, I3 LI yFo oL,
T—LZ{TOETILDOERILEIT o=,

HZOOD:ET)LE:E)W?&' £OT, IR LIZIEEED
E2DDHF - HENEFEET HENSEERLE,
F-EE AR ECIIBEITIFEELEZL,

o Sec.d: FIFICL, N ERENTFET S, Quenched
System’Cl;t" EREDFE->ZHRIFINEZECA ?

¢ Sec.5: Agent Based Simulation ZE{ & 7=. 7275




SPATIALITY, REGIONALITY

¢ Sec.2: Ising Model ... Nearest negihbourhood

ZTREHY. RFEE/NTA—F—yEDBEZR(T tanh
DRI

¢ Sec.3: SK Model ... Random Matching

""’F'HE]'I‘?..&L(Annealed Sys.) — fHAEEE M S A LI

RR AR BEBO—BIILS5T TUF LIS

""’FHEJTEEU(QuenChed Sys.) — tanh D EA%kIC

¢ Sec.4: Extension: Externality

SK(Quenched Sys.)+Externality — Multiple Equilibria

—ZSIRGTHEDFHE,

(FRRR) EFNTDDFZ T LIFIGFRICEF NS +
J%_J“Ulg\{f;%*% E)J’éi'&&bé — M IS AR 7 1 1

Fl n73/75



MAJOR REFERENCE

Bishop, D. T. and Cannings, C.: "Models of animal conflict,” Advances in
Applied Probability, Vol. 8 (1976), No. 4, pp. 616-621.

Coniglio,A. N., Chiara R., Peruggi, F. and Russo, L.: "Percolation and
phase transitions in the Ising model,” Communications in Mathematical
Physics, Vol. 51, Number 3(October, 1976), pp. 315-323.

Cont, R. and Bouchaud, J-P.: “Herd Behaivor and Aggregate Fluctuations
In Financial Markets,” Macroeconomic Dynamics, 4 (2000), pp. 170-196.

Diederich, S. and Opper, M.: "Replicators with random interactions: A
solvable model “ Physical Review A, Vol.39, Number 8 (1989), pp.4333-
4336.

Glauber, R. J.:"Time-dependent statistics of the Ising model,"” Journal of
Mathematical Physics, Vol. 4 (1963), pp. 294-307.

BORER: [AS VT ETILD/SA—alb— 3] #%E, Vol. 47 (1995),
pp.111-124.,

S et hFEZE RV EE T — LB R | TREBKEHIEFERTIAZR
FTEE 2% 8% 20084, ENfFI .

Mezard, M., Parisi, G. and Virasoro, M. A.: Spin Glass Theory and Beyond,
World Scientific, 1987.

Weibull, J.W.: Evolutionary Game Theory, MIT Press,1995.

Wilson,W, Simulating Ecological and Evolutionary Systems in C,
Cambridge University Press, 2000. 475



COWERNAIL 2007FEE EEHES I(BAHE

Acknowledgements

FIRRXFEEFHR

et GREV KR

Y
[ # 4

COE),[REBYT — L E
REL=EDE. NE-
Ei%(i;mbd)ﬁﬁ

)‘/Fbﬁll/%&é:rvi('ﬁ*_tkm n%t“.zf'l.zcs

%<MD=

|IIJ (REAPKFEHE

BEEFUMRE=I(dLE
ST — 3w J200811=T

2),15E4E EMHFEDHE
ﬂﬂ%ﬁﬁn%ﬂr?ﬁ

ikyp

EﬁnFﬁ) (554
HRKFHF

nTIELT_:BU)'CﬁJé

2008F3A Tl o

75



