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1. INTRODUCTION



OUR CONTRIBUTION
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MOVITATION
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LOTKA-VOLTERRA SYSTEM
dx/dt = A x

where A:Random Matrix, x: vector.

—GAM Theory (Gardner and Ashby(Nature,
1970),May(Nature ,1972) ) o

These Papers examine the relation between
“COMPLEXITY” and “STABILITY™.

(Background :Ecological Systems are
stable, but they become unstable with
mathematics )

TlX. Replicator SystemTIXESKIIZER
MNTEHDMN? FEamlEEICH ? :




MATHEAMTICAL BIOLOGY
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 Matsuda,et al.(1992), Harada and
lwasa(1994), Namakaru, et al. (1997) .....
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2. Precedent Papers and
Review



PRECEDENT PAPERS

 Diederich and Opper(PRA,1989). Tokita
and Yasutomi (PRE,1999): #1b45 — LB
ISHET NFEEALT,
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RANDOM INTERACTION (SK
MODEL)
Dlederlch and Opper(1989)

* Replicator EQ.:

dx, =X, (f — f), for v=1,--- N.
dt 1
e Fitness Function: f =—H = ZZXVCW "
Vi
¢ of
where, V_('?XV’ C, —CW(,U;&V) This is a element of

the Random Matrix , It IS Gauss Distribution, Average is 0,

Variance i1s 1/N.
LEDHEEDT T 2ODHEIEONHERRT-,
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We obtain the following Equations with Replica method under
Quenched System.

VI _72/9
u—-v=———| dze Z+A),
N2 J‘A ( )

(U—Vv)° :%jidzezz’z(HA)z,where A =g (u-2v)
gl B

Competitive
0.8+
Td.o11
- 0.6
0.5 =T
Cooperative | 021
| Parameter u
rr.old e o5 16 15 20 25 30
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REVIEW: Symmetric and

Asymmetic Games
o XMI2ANT —LEFERI2AT —LDEL
—FFRNDEGTLH(EEN2DODIHER)

2172 B2
S1 |S2 S1 |S2
2171s1 [A® [cB | #171s1 |AD |cG
S2 |B,C |D,D S2 |B,F D,H
Symmetric Two Person Game Asymmetric Two Person Game
Replicator Equation: 17 2K

THTRR:
Symmetric :#E$RLV. Asymmetric :Prey-Predator % &,



REVIEW: Ising Model

Ising model - - -fHE:%2 (B A5~ H) Zidb g
HELEHEIGTET I,
ERIZHIEHHIEZENT., HHERFE (Curie’d
B)ZxHZ6E HALIES,
HBFLEIZHASA(REVD)IREE S j: {-1, +1},
i=1,...N

N{ERBEM+1 or -1 [ZF RN THi>1=5
[cooperative]. -1, 1] ®#B45 X competitive ] .

Hamiltonian H :_stisj
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3. BASIC MODEL
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MODEL.:
Game: 2 types Strategy, 2 types
Agent

¢« BROALEY. 284FOF — T T T T
AL I THRELY, 2D DE T T T T
fEZRALNT. T —LZxT %, 1

» In Sec.2, playeri and | R e
play a Game with Nearest B N N +
Neighbor Interaction. # I I

* |In Sec.3, playeri and | play I
a Game with Random | ] # # +

Matching Lattice Model
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EXAMPLE 2.1, 2.2

S1(-1)

S2(+1)

S1(-1)

AA

0,0

S1(1) |S2(2)
S1(1) |AA |0,0
S2(2) 10,0 |B,B

S2(+1)

0,0

B,B

where A,.B >0

Ising Model (Very Simple)
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ASSUMPTION 2.3,
PROPOSITON 2.4

e ASSU.: FFRKIEFFVHIHF-BLEZFTLI_LETELEATL

%

¢ PROP.: REDNHLETEARXDHHEEL{SI},i=1

NZEx

Y. HEFF/E/HENIT—LDKRTICEED T

P{S}) =Z"exp(yf)

E15%. =L {Si} IR DS, v ITEH(BIZIL, ED
5ER) . f [ETDDHEES (S} ZH IS DRIGE-EILE. Z(F

RBIEERERLTLS,

ESATAS

. INTERPRETATION: :F|EMNETNIE. ZTDERREES

*  DISTINCTIVE: STATICS, Non- Externality
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TRADITONAL
EVOLUTIONARY GAME

« ASSU.:EEREFEVHIGEF-EICEZRFLILST

ZATLS.

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

xi:xi(fi—?),izl---,N.

INTERPRETATION: &% 4125 H DB BE (X F A FI 1S - 2 iy
FYELFITNIX., TOEBEERIT:EIRT S,

Xt

DISTINCTIVE: DYNAMICS, EXTERNALITY
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DEFINITION 2.5

* DEF. EXEEMN—EDKFEZHF TSN EI D
=9 2= H,F/\5A—%(order
parameter) ELVOIERZERD LIITEAT 5,

Tm=(s)=a ¥s =TsP(s )

where { ) stands for the average.
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EXAMPLE 2.6

o EXA2.1%ZH|IZED, CDEE.
HIR1ZERITESEES . m=1/2,
B IR 2AER1ITEDEES . m=1,

ERR1E2FTF LIZEDRIEE . m=3/4.
—m DIEIZ.1/2 =m = 1OBET. m=1/2[Z&1TH
(X, EiRR1ZEH AN Z N EMY  m=1I23kT

NIE. ERRR2ZFEH AN ZLY,
S1(1) [S2(2)
S1(1) |AA 0,0
S2(2) 10,0  |B,Bux




« EXAMPLE 2.2: Ising model
 Si={-1,1} —» m=-1,0(random),1

m A
1
O ,
Yc 14
-1 B ) IEDEHR=E
c 40 A

HESFELLMN—7A HESILTUF L
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SIMULATION
TIFED DI

y

. BF

y

TRAE.RD KIS

=Strategy 1. BLUE=Strategy 2

ORDERED TYPE 1

m >0

(s1,s1)

y

THod,

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

ARandom|ZER
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EVOLUTIONARY STABLE
STRATEGY (ESS)

DEF.: Weibull(1995): X € A s an
evolutionary stable strategy (ESS) if for every
strategy Yy # X there exists some g_ye(o,l)
such that the following inequality holds for

all ¢ e (O,gy) -

ufx,ey+1—e)x]>uly,ey+(Q1-¢g)x].

INTERPRETATION: ED KOG ERET BB IR A AL
-ELTH ., BRFEEOALNTANSLY,

(ESS is the solution of the Replicator equation.) 23



PROPOSITION 2.8

PRO.: Weibull(1995): XA is evolutionary
stable strategy if and only if it meets these first-
order and second-order best-reply :

(2.4) u(y,x)<SU(X,X), Vy.— Nt

(2.5) u(y, x) =u(x,x) vy % X,

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

\\Asymptotic Stable

Conditon
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PROPOSITION 2.9

PRO.: #ist hZEZ Rty — LBEGICHE LN T,
HEILWIC R ELEREIRDEHE M- &E
R{ETHS.

(2.4) u(y,x)<u(x,x), Wy,
Q6)|m—mj<g ,

T Lyapunov Stable

Condition

Where, m* [XZ#H ¥y N KEEOMDIEZX
LTS, 25



« EXAMPLE 2.2: Ising model
 Si={-1,1} —» m=-1,0(random),1

m A
1
O ,
Yc 14
-1 B ) IEDEHR=E
c 40 A

HESFELLMN—7A HESILTUF L
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ASYMMETRIC TWO PERSON
GAME

e MFE/INTA—AEZES1DFEZEZEL . ESSIZDLVT
[X. PRO. 2.8MDR2.6)DEHZERDELIITIEIET
niL. 2vs,

(2.9) |m'1—m*1|<g1 ,

m',—m’
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SK MODEL

« Random Matching
o Payoff, Fitness

H({9,})= 23,88,

I;tj

1

where P (Jij ) = NCPSE

Jo : Average , J2 : Variance

exp< —

(‘Jij - Jo)z \>

2J°




Anealed System — EKIEIHAHEEBHRIZT —LZTT HEF
TR R DEE L F15.

TIESCENTES,
 Free energy, 7

F=ylog(Z),

Probability of Matching

2)- 3] TP {3 oo {3,))

{Si} (1))

= 2P| )

1Si} ()

Solved ™
#

[Si]

N\

-

\

“——— Fitness

() \
73,5,S, +-L N CENE

;

F =7{Z{wo(zsi)2+;(yJ)2<Zsi)4—yJostf—;(yJ)Zst;H



e M=<SI>¢EEE. MIZDOWWTHS T 5L,

oF

om

m

=0 or =+

=27°J,N°m+27°J°N*m’ =0

!

_‘JO

— \

rJ°N?

ASN —oc0 m=0.

%Z’Eﬁtﬂﬁl_s BRFEERIIODIGEZE+E—DIEZEFD,

=ib(ZE

ERADT —LTIE

X

ﬁj\h\ofzo

R BE (IFEELGLEN
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QUENCHIED SYSTEM

o L (Nature) M SHEE{E.
LV,
Free Energy F = 7/<Iog Z>

AN BSHRFEST

Replica Method  (log Z ) =1 rrg( >—1]
2 B 2]
Hubbard-Stranovich Trans. exp 4 :—L exp ax—X— dx
- 2 — 272- T - 2 —

+ saddle point method + replica symmetry

Solved

—_— M= %jiexp(—%zzjtanh(yj\/az +7/:]von)dz
q= %j:exp(—%zzjtanhz (;/3\/62 +7/:]von)dz .



4. EXTENSION

DYNAMICS
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DYNAMICS
- Mater Equatlon

P(S,,- t)= - ZW (S)P(Sy,-+,Sy;t)
+ Y W (-S, )P(s =S, Syt

. Local Detail Balance Condition (Sufficient Condition)
Wi (SI) _ eXp(_j/EiSi) | Where E Z‘J
Wi (=S;))  exp(yES;)

> )

 Dynamics of the Ordered parameter
d
Z'E<m>t = <tanh vE. >t —

« Dynamics of the Correlated function

T%<Si3j>t _ _2<Sisj>t +(S, tanh ij>t (S, tanh yE >t "



TAP EQUATION
¢« hiDEA—-EYUZRH5ESUNEXTERNALITY)

({ }) 2358, J+Zhjsj

Annealed System‘ ') 1#]

—Solved  h, =2ym(1—N)(J, +J°m?)

KREFEHBMNE Eﬂfou%d)u% PEHREGDEIGERITTHE
FELZELY,

Quenched System m,

J

T-J,
SRAXBEBE2IDLEE RFE-NTEREL D,
—Multiple Equilibria

A

34



MULTIPLE EQUIRIBRIA

m
Externality, Random
Matching. Quenched
System

O weeeeee .

= Yc Y
20s ) EDEH=E AFELN
FRRIGBEDFE=LA5 HBRIC—BUEEL, o

IR EETY 55, Random



« EXAMPLE 2.2: Ising model
Si={-1,1} — m=-1,0(random),1

m t
1 Non-Externality, Nearest
Neighbor Interaction
O R
vec r
-1 ) EDFEHRE
0 B

HESFELLMN—7A

AR IX S L 36




5. Conclude and Future Work
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SUMMARY

T HF—DEO L(%IJ NEITnIL., ERL1THENY
HELD%Hx. HAHAEHEIC otétu:)ﬁﬁ%ﬁmkiﬂwﬁ
EZ L=,

» Sec. 2: |sing Model ZRWT, RiilEES— L%
TFSETFILDERIEL . ESSEHEM D +1-.

e Sec. 3: SK ModelZFAWL\T. A LIZRYFY
L. A —LETSETILDERALEToT=,

—2DDETIVELEHICEST, FUF LICIEHED
E2DDME - HEARET HENSEER LT,
F-EE AN FEFTIEBIEIIFELLL,

. Sec4§)J%l L, SAEBIEAFFET S . Quenched
System Tl 2 RO EHE— B HLIKEEER 00 7

FUTURE WORKS: S A BHZH0AEEZ S #
FHICTHEPAEEL,

Fen



NOTICE: THIS PRESENTATION

ZDIHERNRIL2007F EREAEFRKER
BFEMEESFEOIEEMELSIITTHREL
tN%E. ME-STELE-LDTHS. BEARW
l I EF DR RIBIZHZEL. 4/I~
R H - EFFEDRINTRATEY
»rﬁrs ) 7 $IE -'#%%mﬁﬁnmu.m@&d;ot
HIZEFTEL BEFZEDEEILEEZNE
STDI7AIVESHEBODI L,

2007F10A TSI s

39




	統計力学を用いた進化ゲーム理論�Evolutionary Game with Statistical Mechanics
	CONTENTS
	１．INTRODUCTION
	OUR CONTRIBUTION
	MOVITATION
	LOTKA-VOLTERRA SYSTEM
	MATHEAMTICAL BIOLOGY
	２． Precedent Papers and Review
	PRECEDENT PAPERS
	RANDOM INTERACTION (SK MODEL)�Diederich and Opper(1989)
	REVIEW: Symmetric and Asymmetic Games
	REVIEW: Ising Model
	３．BASIC MODEL
	MODEL：�Game: 2 types Strategy, 2 types　Agent
	EXAMPLE 2.1, 2.2
	ASSUMPTION 2.3、PROPOSITON 2.4
	TRADITONAL EVOLUTIONARY GAME
	DEFINITION 2.5
	EXAMPLE 2.6
	EVOLUTIONARY STABLE STRATEGY （ESS)
	PROPOSITION 2.8
	PROPOSITION 2.9
	ASYMMETRIC TWO PERSON GAME
	SK MODEL
	QUENCHIED SYSTEM
	４．EXTENSION
	DYNAMICS
	TAP EQUATION 
	MULTIPLE EQUIRIBRIA
	５．Conclude and Future Work
	SUMMARY
	NOTICE：THIS PRESENTATION

