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1. INTRODUCTION




OUR CONTRIBUTION
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MY THOUGHT about ECONO
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2. Precedent Papers and Review




PRECEDENT PAPERS

e Diederich and Opper(PRA,1989). Tokita and
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RANDOM INTERACTION (SK
MODEL)
Diederich and Opper(1989)

e Replicator Eq.:

ddxtv =x (f —f), for v=1---N.
1
e Fitness Function: f =—-H =EZXVCWXW
viL
¢ of B o
where, T, —&, CW —CW (,Ll?fl/) This is a glémentef

the Random Matrix , It IS Gauss Distribution, Average is 0,
Variance is 1/N.
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We obtain the following Equations with Replica method under
Quenched System.
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REVIEW: Symmetric and Asymmetic

Games
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REVIEW: Replicator Equation
REPLICATOR EQ. ).(i =X ((AX)I —X- AX) ,i =1,° -+, 1.
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REVIEW: Ising Model, Spin Glass

e Ising model - - - 1REEFZ (B LD~ bbb 9 S b EHL
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REVIEW: PERCOLATION

[d2ZJT Percolation]
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3. BASIC MODEL




MODEL:
Game: 2 types Strategy, 2 types Agent

o BHDANBY. 284TDE — 1T 1T 11T T
EALRITHELY, 2D DE; T T T T T
g AT, T —LZT D, AT

e In Sec.2, playeri and | play a R L EE S
Game with Nearest Neighbor 4 4
Interaction. # SEEER TN

e In Sec.3, player i1 and | play a 1
Game with Random Matching

LATTICE
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EXAMPLE

S1(-1)

S2(+1)

S1(-1)

AA

0,0

S1(1) |S2(2)
s1(1) |AA 0,0
s2(2) |00 |B,B

S2(+1)

0,0

B,B

where A,.B >0

Ising Model (Very Sit




ASSUMPTION , PROPOSITON

ASSU.: BEMXREFEVAGF - BEISEZFLI_EEZEZATLS.

PROP.: (RENDNHLETEARXDHBHEEL {Si},i=1,... NZEY .
HAEMBFEETDHENST —LDKRTIZERD Sl

P({S:3) =2 "exp(rf)

LB, T=1ZL{Si} [XTERI DERRE, v IXEHHIAIX. ED
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EEMNEL,
o DISTINCTIVE:STATICS, Non- Externality
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TRADITONAL
EVOLUTIONARY GAME

o ASSU.. FEERIIEWFIF-EICEZFILTE
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e Under this assumption, we obtain the unigue
solution: Selection Dy.—Replicator Eg. Replicator
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DEFINITION

DEF.: BN —TE DMKFZFH o TL\OMEI N ZE

¥l 9 =22 /N5 A—3 (order parameter) &

LWOBEZRDEIOICEAT D,
(2.2)

:<Si>:NZSi EZSiP({Si})

where { ) stands for the average.
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EXAMPLE
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e EXAMPLE : Ising model
e SI={-1,1} — m=-1,0(random),1

m ¢
1
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SIMULATION
FTIFE DI

y

. F

y

= Strategy 1.

ORDERED TYPE 1

m° >0

(s1,s1)

TRAE. RD K%
= Strategy 2

y

ThHod,

NO ORDERED ORDERED TXPE 2
m* =0 m" <0
s1&S2 (s2,52)

HRandom|Z:EIR
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ORDERED PARAMETER IN
REPLICATOR SYSTEM
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EVOLUTIONARY STABLE
STRATEGY (ESS)

DEF.: Weibull(1995): X € /A is an evolutionary
stable strategy (ESS) if for every strategy Y # X
there exists some ¢ < (0,1) such that the
following inequality holds for all £ € (0, &)

ufx,ey+@1—e)x]>uly,ey+(Q1-e)x].

INTERPRETATION: ED KOG ZEALT EE IR ZIRZHL
=ELTH, BEfREER DAL TIAINFLY,

(ESS : the solution of the Replicator equation + @
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PROPOSITION

PRO.(Bishop and Cannings (1978)): X€A is
evolutionary stable strategy if and only If it meets
these first-order and second-order best-reply :

(2.4) u(y,x)<u(x,x), Vy, . NashEg

(2.5) u(Y, %) =u(x.x) vy # X,

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

\\Asymptotic Stable

Conditon
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PROPOSITION

PRO.: #ist hEZ ALV EIEy — LERIZHLT,

EIERIICR ETHESEFXROEHZTmI-I &L
FHETH 5.

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

(2.6) |m — m*| <& , |Lyapunov Stable

Condition

where, m?¥* stands for the index of the
strategy
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e EXAMPLE: Ising model
e SI={-1,1} — m=-1,0(random),1
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ASYMMETRIC TWO PERSON
GAME
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PERCOLATION
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e EXAMPLE: Ising model
e SI={-1,1} — m=-1,0(random),1
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SPATIAL PRISONER’S DILEMMA
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SK MODEL

e Random Matching
e Payoff, Fitness

H({9,})= 29,88

I;tj

1

where P (Jij ) = NCPRE

Jo : Average , J*2 : Variance

eXpq —

(‘]ij - Jo)z \>
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Anealed System — F{RIEHAHEEBHRIZT —LZTT HEF

FENRCEMTES,

e Free energy, 72

F:7I0g<Z>,

ZLOHdJ P l fexp(yH {J; }),

{Si} (ij)

Z<

| (1)

1 EAZ D EC L

EZj;/g
i I

Probability of Matching

-

“———— Fitness

\

J
73,S.S, +(72) (sisj) >
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e M=<SI>,EEBEZE. . MIZDONNTHS T 5E.

a—'::zyZJO|\|2m+2y~°’JZN4m3=o
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_ \ »J°N
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QUENCHIED SYSTEM

e L) (Nature)mM™>48E 1E)

LD,
Free Energy F = 7/<Iog Z>

Replica Method <Iog Z> = ng(
a2

Hubbard-Stranovich Trans. exp

2

)

[0

+ saddle point method + re_plica symmetry

q

IDET . BSHRFEDT

ax —— |dx

1 = 1 ~ —
Solved M= EL" eXp(—E zzjtanh (7/3 ﬁz + VJon)dz

0= %jiexp(—%zzjtanhz (75\/az +7JNOn)dz

—> | Ising Type LE#EIZ. |
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4. EXTENSION

DYNAMICS




DYNAMICS
c? Mater Equatlon

P(S,,- t)= - ZW (S)P (S, ,Sy:t)
+Zw (-S. )P(S =S, Syt

e Local Detail Balance Condition (Sufficient Condition)
Wi (SI) _ exp(_j/EiSi) | Where E Z\]
Wi (=S;)  exp(yES;)

=)

e Dynamics of the Ordered parameter
d
Ta<m>t = <tanh vE. >t —

e Dynamics of the Correlated function

T%<Si5j>t _ _2<SiSj>t +(S,; tanh 7Ei>t (S, tanh yE >t “



TAP EQUATION
e hiDEA-FYUZr RH5ESLNEXTERNALITY)

H({35f)=2.3;88;+2.h;S,

Annealed System ) i

—Solved N, =2ymd—N)(J, +J ‘m°)

REZHNBHALGELO LS TEHREGDHISITRIEF
FELZELY,

1
Quenched System m, = h,
T-J,
—RAEFE2IDLE . KFEHBD T ERLET Do

—Multiple Equilibria
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MULTIPLE EQUIRIBRIA

m Externality. Random
Matching. Quenched
System
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e EXAMPLE : Ising model
e SI={-1,1} — m=-1,0(random),1

m 1
1 Non-Externality, Nearest
Neighbor Interaction
O >
Yc r
-1 5l ) IEDIFERE
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5. APPLICATION

Cont-Bouchaud’ s Model




Cont-Bouchaud @ Percolation g+

wa1”

e Herd behavior phenomena
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The Interaction and communication among agents.

@ Percolation Cluster < trading groups
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e A stock market with N AGENTS

e Trading a SIGNLE asset

@ The demand for stock of agent i is represented by a
random variable @i(t)( € {-1,0,1})

Di(t)>0 : BUY stock, <0 : SELL stock, 0: not trade
o MEXZENDEFH

X(t) = x(t+1) — x(t) = %

CLUSTER %Y

The number of

clusters (coalitions)

\

K

The size

/of cluster

X(t) == ZW¢a)

A - Market Depth

It measure the sensitivity of price
to fluctuations in excess demang

Aggregate Excess
Demand
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RULE
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& Parameter ¢ (p=c/N) DE A

'C’ represents the willings of agents to align thei
actions. (hereafter ” coordination parameterz
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RELATION TO OUR MODEL

@ —‘ri'/zd)%T)l/O)Ismg Typeld. Cont-Bouchaud 0

A £

RATITEGEDED, LT — LI R &

hiE &

L’Cb\éd)’c Noise Trader D FEZLRH TS,
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o EUHR:
e ZTEAKD

[BIEAVRET Do BRF/NTA—2 (I EEEEL

:coordination parameter D & £
HAg2D{5Ed. ED}. TOHIEZE

TE.

" /||"r
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e FDIFEHMENZ ULV —ClusterDNEFNDOT L H>

Mg NZE
o THERTZ HVF

e ClusterMEFENTULVEKES ., * EEITRA—
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C_5HE, N RIBEIZ_EA S or RN Ds
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Cont-BouchaudZ 5 3E

e Spin Glass D IE i

— B ERADRIN—F TITALY,

e AnnealedR—& R B SHIEMERNFRE
EICY AN ICITEI CTERFERII S
(sing Ieton)L Replicatork & @] £k 12) i i (& £ A
%) Th\é ZiEHE9,

uenchedZz—& F KX H O SHIEHER L F
:I:L FNIZB5|ET 5 B— Ising TypeLEICHE R
12, E5 B A HDIBES— Quenched??:’(('ct" £
BN R,

o Clusterd)ﬂ"fxlj:/‘("T—')/O BlDFEE
8 BOAELIDDDETILERBELTHLE., BRiBEYE
FTCHESNTULAED (TEELE D TIEAEL,
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6. Summary and Future Work




SUMMARY

L a— ’Ji'%"kbl,(*ll FHOBITIL, FERLITEMY
YLD BAEMZKDHELE), EHTIRIADF

EZERLI=,

@ Sec. 2: Ising MOde|7E_L\—Csﬁ_L?§&/T — L% 1T
SETILDERIEL ., ESSEFH D=,

@ Sec. 3: SK ModelZRAWLNT ., U2 LTy FoTL.
B— LETSETILDER L EFToT=,

—2DDETILELERIZEL ST, U7 LIZIESED
E2DDHF-HENFET HELDETRLIE
F-EBEAZBZTIEIHEIIFEEZLELY,

e Sec.4: EIR(ZL, S ERENTFEET S, Quenched

SystemTlE %

E

ERDEE—SHAKEL M2

E

e Sec.5: ZiFW
FUTURE WORK
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