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1. INTRODUCTION




OUR CONTRIBUTIONS
e }&F(lattice) LICW\SEEXRNT —LZEITHOTLY
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MOVITATION

o AL EEBNBET L =B RTREAHLILN,
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2. Precedent Papers and Review




PRECEDENT PAPERS

e Diederich and Opper(PRA,1989). Tokita and
Yasutomi (PRE,1999): #{t4 — LIBERIZ#E 5T

NEZEALT=,
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RANDOM INTERACTION (SK MODEL)
Diederich and Opper(1989)

e Replicator Eq.:

dx, =x,(f —f), for v=1--,N.
dt

1
e Fitness Function: f =-H :EZXVCW 0
7%

¢ o
where, T, = GXV : C = Cuv (,u 7 V) This is a glémentef
the Random Matrix , It IS Gauss Distribution, Average is 0,
Variance is 1/N.

LEDEFEDTT.220HBED N THERT=,



We obtain the following Equations with Replica method under
Quenched System.

\/q *© 7272
u—-v=———|\| dze Z+A\),
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¢ Cont — Boucaud Model:

“Herd Behavior and Aggregate Fluctuations in
Financial Markets,” Macroeconomics Dynamics,
Vol.4 (2000), pp.315-323.
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WHAT IS GAME ?
HERERIZHD2ADE A (Player 1, Player 2)HLV5E3 5,

Player 15385 R& 1%
f1% Player 1 ‘ pay
KiRDEET, &3

&Y. Player 2 HNEER1ZE-1=EZIZHEL
off is a, Player2’s payoff b. M K&>5%:

—>Z DEEEZHN

(f=FL2DT —LIF—ERYTHEHET S, )

EIREED R ITEEEZEEHDH ?

ash Equilibrium.

Player 2
S1 S2
olayert [S1|ab |00
S2 0,0 |c,d




WHAT IS * EVOLUTIONARY
GAME THOERY”? ¥

In 1973 Maynard Smith formalized a central concept In
game theory called the evolutionary stable strategy
(ESS), based on a verbal argument by G.R.Price. This
area of research culminated in his 1982 book Evolution

and the Theory of Games. The Hawk-Dove game Is Emlmm

arguably his single most influential game theoretical and the
Theory of

Games

model.




REVIEW: Symmetric and Asymmetic

Games

o XII2ANT —LEFERFF2ANT —LDEL
—FJIRVEGTDH(EEEN2DDIEE)

RAT 2 BRAT?
S1 |S2 Sl S2
2170s1 [a®[cB | #171s1 |AB |CG
S2 |B,C |[D,D S2 B,F |D,H
Symmetric Two Person Game Asymmetric Two Persor
Replicator Equation: 17 2K

SR
Symmetric :E—247(2&%
r— A\

Asymmetric :5cY)F
BULVFGE,



REVIEW: Replicator Equation
REPLICATOR EQ. Xj = X; ((A)()I —X- AX) ,i =1-.--n.

HHOHES | EMOI=ESDBE T DFENFEHFFIYBLKE
WBRIZIE, TDEEZIMAERNSGY, F=7—LZEL
TLRRAYDERAZTDEBRERMSEEATNIEZDE
MELESEHNEEDEFTE), LS EZRLTNS.
FMEHNE TN, EDEEEEEDADZENSRTE

(FIFD BRI 2 RETNIE BRI FIVANE—ET
BHIND,

F BB A2 DD &

X=X{1-x){b—-(a+b)x} ---(+) 2

EA Wl | B
() FESL<E:a >0.b<0,ESS:1D
(I EADSLYUT:a <0.b>0,ESS 17D L fml a,8 0,0
() a—F 11— 3>F: a>0,b>0, ESS 2D HE%2 | 0,0 b,b

(IV)B2H=7\FE: a<0,b < 0, ESS 1D (B & HiER) Rlgx



REVIEW: Ising Model, Spin Glass

e Ising model - - - 1REEFZ (B LD~ bbb 9 S b EHL
ET )L,

e ERICHGEHOHIEZEZN T, HIHERFE (CurilBE) ZHBAD L.
MR LTS,

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

e N{EIREMT+1or-1] IZTF X THi>7=5lcooperative]. -1, 1]
D #BAE 5 X competitive ] .

e Hamiltonian (Ener
(Energy) 0 =—JZSiSj

e Spin Glass - - #HEEADH SIS —E TIIAENEWNSIS
ARG EZRF->TLS,

f5l) CuMn- - - SRR ERIZE SV ITHMED T 1 (BEIEIRF)
FETAEHOETCEETESE. YU HVDREFIFFHDERET

RCOIUFLGENEZEOH . ASADEEIZU AL AR ER

3 DT, Spin Glass EFE(EN 3B, 15




REVIEW: PERCOLATION

[d2ZJT Percolation]

dRITILFEFZ2/2(d=2) IZTHET, ZbondlZFNZF i
M IZpTHE, BE1L-pTRHALTWS. WX, [RAIZKEZECE
=, fALVzbondDHZEBEH>TKIFFENDEDETS. ZDE
&, EQOFOGPDEICHLTIRANSEREIZOUVSHKEMN
IR 5h.
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p=0.2 n=0.59 =08

BRI FICHITSEIE p c DES=
p<p_c imMoinE CTELFELI=ITX
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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
(EHR) . f IXHLEEE [SiI}ZE-T=LEDRNEF-EIHE. ZIX
HERILLEHEZRLTLA,

EEMNEL,
o DISTINCTIVE:STATICS, Non- Externality

T INTERPRETATION: :%IH%#‘%‘HW&%O)‘L‘%%&?

20



TRADITONAL
EVOLUTIONARY GAME

o ASSU.. FEERIIEWFIF-EICEZFILTE
A TULND.

e Under this assumption, we obtain the unigue
solution: Selection Dy.—Replicator Eg. Replicator

Eq. )Zi:Xi(fi_?),i:]_---,N.

X}

INTERPRETATION : &% 4125 H OB B& (& 3 14 F 15 - 1@ty
FYUEEITNIL, TOEBEERIT:EIRT S,

DISTINCTIVE: DYNAMICS, EXTERNALITY
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Probability Space

e Probability Space (@, F, P)

72 o = ey
_ D RAFICE-TIE. T—11—
€)= { 1’ +1} [+2] ELTEAREIIZEH AL,

11 oc exp[yH (S)]dS @)

UIFFNEDERBAET, dSIEQ LD —FkH0 M
95, FEERAIIZ(EAS (FZFEL/2 DBernoulli 777
EESREDTHS,
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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

e FLIFEDEXAMPLETE 25, CDEE.
HERIZHERITESEES. m=1/2,

EY R 2AEZRI1ITESE S . m=1,

i ER1E2F SR LZERTEE . m=3/4.

—m NDEIX.1/2 =m = 1OEIT. m=12[Z38+h
(£, BRER1ZH A ADNZ LN ER DY m=1IZ3k 177

. BEER2ZERH AN SN,
S1(1) ¢
S1(1) |AA
S2(2) 0,0




e EXAMPLE : Ising model
e SI={-1,1} — m=-1,0(random),1

m ¢
1
O =
Y c 14
-1 ) ED(EHR=
ZL DIFL

HRR (I EBLMN—A B (XS4 Ls



MONTE CARLO SIMULATION

EIFEDHTIEHIE, BMFRITRAE. RD K%

y

=Strategy 1. INDIGO=Strategy 2

ThHod,

ORDERED TYPE1 NO ORDERED ORDERED TXPE 2

m" >0 m*“ =0 m" <0

(s1,s1) s1&s2 (s2,52)

HRandom[Z&E IR
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ORDERED PARAMETER IN
REPLICATOR SYSTEM

m ELEMTERR N2 DD N2 AT — L
; [ZB LV T. REPLICATOR Az (%
+1 :

x={(a+b)x—b}x1-x), 0<x<1
M(Nashiﬁ]%i)li\
X" =0,1,0< <1
. a+b

# a2 hiE e LT ORDERED PARAMETER
LD P, has three points (corner

point(-1,+1), interior point) in

1 ‘ - RE. SYS.
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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 + @

. 28
asymptotic stable.)



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

29



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

30




e EXAMPLE: Ising model
e SI={-1,1} — m=-1,0(random),1

m ¢
1
O =
Y c 14
-1 ) ED(EHR=
ZL DIFL

HRR (I EBLMN—A B (XS4 Ls



ASYMMETRIC TWO PERSON
GAME

e BKF/N\TA—3%+t51DF & L. ESSIZDLVT
SIFEDPRO. DR2.O)DEHERDLIITIEIE
INnIE. BYs,

hﬁ—mi

.

m',—m

<& <&,
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PERCOLATION

o 22RJTISingET ILIZH LT, 1HERFS &Percolationé
D%

-’

THE. (Conlgllo et al.(1976)) 2R JtisingET JLIZHL
T, f5,5={+— | EFEHICBTHE)FEEEEL
LT, ROBEFRARYILD,

() ¥>7, D&

ro(|Cs=2)>0,  po(|Co|=20)>0
(ii) Gibbs DR G (v, h) DEEDImR 1 [ZH

] =)o =)0

(i) = HHNFA—F—MEIFHITH LT, ERE1EERE2 DClusterDFETD,
(i) = HBINTA—F—FEEIZE T, EBE5HDELRR (X ClusterM7ETELLELY 33
M. WA EHFEELLELY,




DEFINITION(CONNECTED)

DEF1. Ac B? HYEEE (connected) TH D EL, (FED cA 1zmLT,
inT b heh ) %Y

() Xeb m> YyeDh,, :

b) £20 1<ISN-1 it ZoHsda Xi AehT, b LU by,
£ X, ERETS.020DEMERT EELS.

DEF 2. AcB’ i=xtL, CCA HAYAD EHKE R 53 (connected component)
THdElE, RD2DODEHZmT=9 EZITLVD.

(8) C [TE#ETHY, be A\C
(b) EEML<i<n+lzxLt, CU{b} m@sorm.

DEF 3. Z'DMHESANERETHDEL, FEI X,g/eA aEBHEE A
Fﬂ%tﬁ_?l XpXor s XDV T, Xy = X, X, = Y EWKESE, FEDR
X

% =% =1
EBEEITES. =1L, x=(X,X)€Z’ IZHLT,
[ = max {1 1,1 |

34
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RIDARIZENE— FT REE/ N A—
>
e PercolationM 2> TLVELVEE . ED KOTE
BRI DB E N BB RIZNF—2 I ?

LN =AY s FIREE/NFI—
—HaeBNRYEH. F-ZTNZETF —>TFRON-FYETDM-FUDE
DNERYEHA, - ELVDNE—Y LVWEWZ, BEAT 5\ F—2

BIR7% * EiE D DFHE BERY A X * EFER ST DFE =



e EXAMPLE: Ising model
e SI={-1,1} — m=-1,0(random),1

m ¢
1
O =
Y c 14
-1 ) ED(EHR=
ZL DIFL

HRR (I EBLMN—A B (XS4 Ls



HER *x VA FI—DEFHE

TH. (#{E

Pe

(1995)) v >0 75“1-I-§:\/J\’C-, h A

1- pc

v'h'<—log - —4y", yh<Elog -4y  HEIRFIZE
wEERER. 1, 12ECTRYE TRE * 552
g_o)z\ﬁh§i£:éo

PROOF.  Firstly, we prepare to prove this.

EFEAL QLEDHEERA

LB EZTITED.

EulvITHLT, u = vald,
FEED Q0@ DE NI f I8 LT
jﬂ f (@) u(dw) < jﬂ f(@)v(dw)
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- EIEAL (FKG-HolleyDAZFR) A 72 e AMBRE
&eLT, Q EO2ODHEERAE Y, v, EE
®» 0,0, EQA 2%t LT

(A1) (o, A oy)v(oy v o,) 2 u(o)v(o,)
-9 hnlE, (Q, EFOBRAELLT) uSv
Tohd. =1L (51/\02)()() mm{UJL(X) Gz(x)}
(o, vo,)(X) = maX{Jl(X) o, (X)} L3

RAL NZZ2 DERSDESETH. COESLUT
DIEMRILT B.

a,neQ n Q=n £E-dHoE, Ay <Ay

(ii) f.g & F, rLAIG B ERIEME S E T & EENT € O)

XL T fgdqy j fdqy j gdqgy .

(|||)7/h 4 h 4‘7/ 7/A|>@Lbl "FEom e

i, 92 (47:0)2d% (o1y ). .




e OU

e Ste

TLINE OF THE PROOF.
1 RAL = RKPDEARERTZHDE

Hzesd.

e Step 2. +ERE& H¥Percolationd BHEZE(p )&
— ExRE H¥Percolation 9 HFEZFE(1-p_c)Z& K&

B.

1-pc<p<p_cTHY, ThoZzREFIZK

UL DEHERDE, EEH2OFHZEHY

HEMTES. (R #R)

a—)

EIR * VSR I—DHEENFHE

e > DESHBDORMIEFREBD /2=




EX. :SPATIAL PRISONER'S DILEMMA
GAME, Nowak and May(Nature, 1992)

PERCOLATION [ZFEFELAELVAY,

* 4

l1q

1]
1C]
e
M1

7

7]

o

o
uod

<=M

[y
ot

A pr
s,
R

£30

CiC
CIC

(R o R W |
E%r-
O
.
L
DﬁD

L
£2
-j|

T
il Uigtt

t

‘ {&@h

REISRAA—THFET B

. & & :C(cooperate). 77D (defect)

$& C

il followingaD

M \Moore neighborhood(8 neighbors)

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

For more detail information,
see Nowak,M.A. (2006) 4
Evolutionary Dynamigs,



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 \>

2J°




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) >

42



e M=<SI>,EEBEZE. . MIZDONNTHS T 5E.

a—'::zyZJO|\|2m+2y~°’JZN4m3=o
om
m=0 or = _302

_ \ »J°N

ASN —oc0o m=0.

Ising Type Tldtanh DA TH-1=H'. KF L #

ReplicatorRERRIZR ., TUF L, +E—DETHS-E
MR Motz SOICERADT —LTIHRF - EEFE
LW &M o=,




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. |

44



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 4



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

47



MULTIPLE EQUIRIBRIA

m Externality. Random
Matching. Quenched
System
O I  ssmEms >
= C Y
20n f5]:) IEDIFER=E P e
PRRIGHBDFE=LALS o] bk e A

KRN EELY S5, Random



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
42 DGl

HiRIXELLMN—A BRER (1S4 Ls



5. APPLICATION(Simulation)

Individual Based Model
Agent Based Model
Monte Carlo Simulation




Simulation : REPLICATOR EQ.

e Replicator77#2zL 0 Simulation

08 | | ' (i) a=2, b=-1, (ii) a=-2,b=1,
06 | O30 iy a=2,b=1,(vi) a=-2, -1.

04 'X>< ......llllllll

02} xxg&

e RI-LTLL\OHI?

e JRTEIR VS.FEZRR

e — A— ANICEBLIZGEEIEELLIRENHOD
TIlE?

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




Simulation TIZRDEZEDFEA
e FACT.
LAn event A that occurs with probability p

-
is equivalent to - ABoER

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

2y If X <p, we assume the event A has occurted.
Otherwise, the event A did not occur.

52




EXAMPLE Toss of Coin

MERLZ X, aMDIRIODELHER, ZIR T4
BIFEITH E TRITR IEHMIGELH S, LML
Nz TR K#EY R (I RKED;EHI(Law of Large
Numbers) ) ET 12 1IZEFS. SCTIEEDERZR
HNDTIFEL. TEERER 5.

X<1/2 = —1, X>1/2 = +1¢E9 5. F5(F0E45515T
THAID, RDELITEHEGTS.

Random Walk —




30

25 |

20 |

15 |

10

EXAMPLE: Immigration-Emigration

dN Model
o g — (05 _ﬂ) @ . immigration rate, 8 : emigration
rate.

e For all agents repeats
1) Given join to a new individual with probability a At.
2) Emigrate this agent with proability 5 At.

a> B DES We also that the change of the population
| | | ' 1 size within time interval At is at most #1.
This means that only one of the followihg
three cases occurs mutually exclusively
during At; 1) an agent joins, 2) an agent
goes out, 3) no change. This weuld be
satisfied if we assume the interval:At S So

\ small that the population size changes = 1.
54
N(t) =(a—-p)t+10

0 200 400 600 800 1000



EXAMPLE: Immigration-Emigration
d Model with Externality
N

* ot = (05 _,3) N
@ For all agents repeats
1) Given join to a new individual with probability a At.

2) Emigrate this agent with proability 5 At.

a> B DizE

-

00 2(I)O 4CI)0 6(I)0 8(I)O 10I00 N (t) — 10 exp[(g — ﬂ)t]
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EXAMPLE LOGISTIC EQUATION

o ON _ r(l_ﬁj N MEER KIRREIET
dt K

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

I MW\
| 10K exp| rt
m W N

K +10(exp[rt]-1) .




TIX. Replicator Equation

e Replicator Equation ZAgent Based Simulation
ETHEESLBHDH?

—Replicator Eq. D ERIFHEXRZHMTHY.
Population M % {bZ 5018 9 HAgent Based

Simulation [(XF D F

~ d

~‘j:1-|%4

NG (AW

—Z_T. XD FEHE (Lotka-Volterra A 2 &
Replicator AR DER)ZEFO2TEICE- T
Replicator Eq.Z2Z A 5N TES LIRS,

S7



Replicator dynamics and
the Lotka-Volterra equation

THEOREM (Houbauer and Sigmund, 1998 etc.)

There exists a differentiable, invertible map from

S, = {X €S, : X, >0} onto R""mapping the orbits
of the replicator equation

Xi =X ((AX); —x- AX),i=1---,n

onto the orbits of the Lotka-Volterra equation

3;i:yi riJrZ:a'ij y; [, 1=L...,n-1
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R E i D Replicator Eq. Agent Based Simulati

o USUMFAOILIFEE DA, BAMLEE ERE
e LALPopulation Size(h7EYDHDIZFE)ZLoZ
[ESwitching IZER_HEMNFERISNTLNVS
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w8975 2 D Simulation Method
e TTRCOAEIFI70FERIEFERIGRTIREST=,

e Stochastic Simulation j&- - - — &I D AIEX D EL
EffEEREBRIC. BEZHLHZIAMEAUZRYY, ZD
ZNABEZ RGBS T=-MNEINEIET B A

e Gillespie DA %"+

HEICEH>TOHAEIL

M)Direct Method - -
MBI fIZHED.

@First Reaction Method- -

. EB

BEZRIDRE]

RRDFE

E]xa |%\ E%d)

=9 HF TORBEFFE

D+ w=/PD “3%0)5'%75\

FZHof-&9 3. (—ISMB Newsletter, No.54 & 78 KiBS
ADEREREEE (I D AE)

@ Next Reaction Method - -

o TR E

o ERDFEDHRE

Q7 R EMISHE.
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TlIX. EEWNZEMENADI LT
T —LEITHEEIGTLHDM?

» Future Work . grpz7ui.
& Gillespie ®A%
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6. Summary




SUMMARY

ZHE—DOEOLFISHE TN, ERITEMNT
BEDHE. HAEHI_KBHELR:). EHTIKRDTE
EETELE-

e Sec. 2: Ising Model ZFAUNT., g LT —LZF1T
SETILDERIEL., ESSEHFEDIT1=,

e Sec. 3: SK ModelZFALNT., SR LIZIYFUTL.
T—LZETOETILOERIEZITo1=,

—2DMDETIVEDERIZELS>T,. SUFLITIEDELD
E2DDHF -IENTFET HELOTET R U
F-HBEAZFTIEIHEEIFELELY,

e Sec.d: EjE(CL, S ERIEMTFETET S . Quenchied
SystemTIX L EREDFHE— SHRTINREZT DL ?

e Sec.5: Agent Based Simulation Z&&f=. <Fin
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