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ABSTRACT: J=2<`}@r}WOXrQ$Fj0=rTC?. qN*KOGa\NMHN_, is@`K^CAs09ku7r}WOXGGb1cJ Ising
bGk, SK bGkr2MKj0=7?. =3GQU (o,NlW) H$&50Oj>\rxQ7F8.9kH7?. =NkL"kQia<?Ng-5KhCF,A
}*JJ=2<`}@HlW9klgH7J$lg,"k3H,,+C?. ^?5BMN2<`GOQU (o,NlW) O8_7J$3H,,+C?. ^?QU,
8.7F$J$Qia<?NhGO Percolation rQ$F, hj\7/o,N,[KD$FM!7?. 5iK0t- (~UN2<`KFA) rM87?bNr3P
7, Quenched OK*$F?EQU,88F$k3Hr(7?.
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MOTIVATION
1%M9JgN (heterogenutiy) ,$kbGkr,O7?$.
2%Nash QU: (i) ,O*}@(prescriptive theory)'Vg}*JT0WNkL�
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(ii) -R*}@(descriptive theory)'Vg?tNT0 (mass action)WNkL.

3%{8NJ=2<`}@GOrOTD=K.
4%uV*K,[7F$kgN,lFK2<`rT$,INxYo,,lW7F$k
N+raxQia<?rQ$F, 2<`N-R → }WOX(statistical mechanics).
RESULT
1%QtKhCF{8NJ=2<`}@HlW9k, 7J$lg,8_9k. qN
*KOx@,b1lP, N( 1 G"ko,r*r9kH$&bNr, QtHNQ K
hCF, "ko,r*r9kN(,h^kH7?.
2%3NbGkOB3PQXd(<8'sH Y<9I 7_el<7gsN}@H
7FLVE1k3H,G-k.
RELATED LITERATURES

Blume [2](Ising model), Diederich and Opper [4] (SK model).

MODEL

p\=$&Ga\j_nQ (Ising Model)�
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	_j soK?/NgN,*j, =NFgNO^ 1(8) Nh&KJReK*j,

Ga\Njj, is@`^CAs07, 2 DNo,G2<`rT&.�� ��>j 1. FgNOb$x@&,~Yr@k3Hr>sG$k.�
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?j 1. >j 1NbHGNgN xN"ko, {Si}, i = 1, · · · , N rhj, "kx@
f r@kH$&2<`Nu7<Ko, {Si} NN(,[O!Nh&KJk.
(2.1) P ({Si}) = Z−1 exp(γf).
?@7 {Si} OgN i No,, γ OQt, f O"ko, {Si} rhC?H-Nx@&
,QY, Z O,J=jtr=7F$k.�
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jA 1. o,,ljNaxr}CF$k+I&+r=G9kLraxQia<?(order
parameter) H$&50r!Nh&K3~9k.

(2.2) m =
D

Si
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EXAMPLE

1 @ 2 o, 1(+1) o, 2(+2)
o, 1(+1) a,a 0,0
o, 2(+2) 0,0 b,b

1 @ 2 o, 1(−1) o, 2(+1)
o, 1(−1) a,a 0,0
o, 2(+1) 0,0 b,b

x@= 1 x@= 2
o,N:(z, {1, 2}({−1, +1}) Nlg: o, 1 rN( 1 GNQ9klg,m = 1(−1),
o, 2 rN( 1 GNQ9klg,m = 2(+1), o, 1 Ho, 2 ris@`KNQ9kl
g,m = 3
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m = tanh(�f)
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^ 1 : (8) 2 !55}JRHGa\JR@Nc. WG (x, y) OgNr=7F$k. (f)

c: Ising bGkK*1kQt γ HaxQia<? m HNX8, (&) axQia<? m

HQtHx@NQ γf HNX8.�
�

�
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jA 2. x ∈ ∆ ,J=*KBjJo,(Evolutionary Stable Strategy: ESS) G
"kHO, INh&Jo, y 6= x KP7Fb, "k ǭy ∈ (0, 1) ,8_7, 9YFN
ε ∈ (0, ǭy) KD$F!NTy0,.j)D3Hr$&.
(2.3) u

ˆ

x, εy + (1 − ε)x
˜

> u
ˆ

y, εy + (1 − ε)x
˜
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?j 3. }WOXrQ$?J=2<`}@K*1kJ=*KBjJo,HO!Nr
or~?9.
(2.4) u(y, x) ≤ u(x, x), ∀y, (Equilibrium Condition)
(2.6) |m − m∗| < ε. (Stability Condition)
?@7 m∗ Oo,N:(zr(7F$k.

o,,lW7J$lg�
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j} 1. (Coniglio, et al. [3]) 2 !5 Ising bGkK*$F, µs, s = {+,−} r?
UK*1k (s) TQN(,YH7F, !NX8,.j)D.
(i) γ > γc NH-

µ+

γ,0({|C+

0
| = ∞}) > 0, µ−

γ,0({|C−

0
| = ∞}) > 0.

(ii) Gibbs ,[N4N G(γ, h) N$UN<@ µ KP7F
µ(|C+

0
| = ∞)µ(|C−

0
| = ∞) = 0.�
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j} 2. (u} [5]) γ > 0 ,=,.G, h , γ′h′ <

1

2
log

pc

1 − pc

− 4γ′, γh >

1

2
log

1 − pc

pc

+ 4γ r1~K.)5;kH-, µγ,h KX7FN( 1G5B ∗/i9

?<N&8,/3k.

Random Matching (Spin Glass)�
�
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?j 4. o,, 2 D}CF$kgN,is@`^CA7, JRer+3K01kH
$& Annealed O K*$F, |Tx@rGgK9kh&JaxQia<?O@G=
5lk. CKgNNt,5BNlgGOaxQia<?O 0 HJkH$&3H,,
+C?.�
�

�


?j 5. o,, 2D}CF$kgN,is@`^CA7,JRer+3K01J$H
$& Quenched O K*$F, |Tx@rGgK9kh&JaxQia<?O tanh

NXtG=5lk.�
�

�


?j 6. FgNO~jr+k3H,G-, ~jNFAKhCFbx@,Q=7
(0lN8_), Quenched ONlgKaxQia<? m Ns"3JQ=, ,t,/
j, ?Err}D (^ 2(&)).��
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^ 2 : (8) 14_Q?<s, (f) A'9WQ?<s, (&) axQia<?N,tH?Er'
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SUMMARY
1%GbJ1JGa\NMHN_NlgOQUO 3D"j, o,N:(z, {−1, 1}

Nlg (x@= 2), axQia<?O tanh NXtHJC?.
2%Percolation,8_7F$J$lgOo,N,[O14_Q?<s+, A'9

WQ?<s,M(il,CK γ ,=,.5$lg5B ∗/i9?<N&8,8_7
F$k3H,,+C? (j} 2).
3%FgN,+3K\09k3H,G-k Annealed ONlg Replicator OH

1MKQUO 3 D"j, axQia<?O@G=5l, 5BMPQNlgaxQi
a<?Ois@`Jlg7+8_7J$3H,,+C? (?j 4).
4%j_nQ,vi+ih^CF*j, FgN,+3K\09k3H,G-J$

Quenched ONlgO Ising type NbGkH1MKaxQia<?O tanh NX
tHJC? (?j 5).
5%0t-,8_9klg, Ising Type d Annealed OGO0t-,8_7J$

lgHQoiJ$,, Quenched OK*$F?EQU,88F$k3H,,+C?
(?j 6).
FUTURE WORKS
1%}WOXN}DuV-Ke\9k. s Ergodic -Ke\7, Network A.N

D@X.
2%EWJQt γ Nb8= (* 6}W (superstatistics)[1], 5hOs?UONb

GkGHQ).
3%Dk=!* Gillespie N}! (%6-Ke\)
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