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Method
* Stepl) This game is a Martingale or not.

— Yes

* Step 2) Apply Optimal Stopping

Theorem (Stopping time is finite)

® Step 3) Derive Wald ‘s equation

® Step 4) Derive a Nash Equilibrium.
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g Martingale 1IZB89 % ZE{g

6efiniti0n. A sequence X={Xn;n=0} isa martingale Witm
respect to the sequence F={Fn; n= 0} if, for all n = 0,

(i) E(|Xn])<o0
(ii) {Fn} is filtration, {Xn} is adapted for {Fn}.
\(i}) E(Xn+1 | Fa) = Xnas. Vn=0

we call the pair {Xn, Fn ; n=0!}
a supermartingale, and “ =7 we call the pair {Xn, Fn ; n=0} a

In (iii), if “=“ can be replaced “=”,

submartingale.

{Proposition. Markov Chain is a Martingale.}
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Definition. A random variable n taking values in {0,1,2,...} U {oo} is

called a stopping time, or Markov times with respect to the
__ filtration{ Fn | n=0} if {® | N(®)=n}€F., Vn=0.
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Yk(o) = XTko)(®), k=1,2,...
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Then E (YT)=E(Y0) it the following holds:
a) P(T<00) =1, E(T) < o

b) there exists a constant c such that

E(|Yn+1-Yn| | Fa) = ¢, forall Vn<T.

;- Theorem. Let (Y,F) be a martingale, and letT be a stopping time\.

/

/’ Wald’s equation Let X1,X2, ... be independent identically \

distributed random variables with fintie mean [l , and let
. We obtain the follows.
E(ST) = L E (T).

Kfor any stopping time T.
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Markov Chain

‘[ Markov Chain = game in extensive form }

® Behavioral strategy (but we don’t analyze the relation between

a mixed strategy and behavioral strategy )

o (QFP) ZHERZHLEL QI3ZEM, FAXIZEZHQORSESE
Dk, PI Q. LOMERLE L, BEETHRIIBEROES
¥ 3,

e BBALS — A : T'=(K,Pp,Uh)

e KT —ALDKR P. TVAY—D2E, p: BARAFBOMHERK
SHhETH Y HELEE . TR, L FIEEK

e ZDLE meUun=o0liLsd.
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[ REeRBRICET =L

(k10

P(Xn=j | Xn-1=i) = P®jj, P® =(P™ ) n=1,2,..., N

P B ATy Tl BT BHEBERBFTINLEN) . Lo
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(Nowak[18] 2 & )
(1) [rr’|<1 DR, MarkoviBTE X BN, IEAMNTH - T, EH
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Model Setting

ﬁ' EX" X)) 1A =3 ﬁ(von Neumann—Morgenstern’s
utility function) 2525,

* Expected Utility at ¢ period :

BB DOBB2DODIGE
E[Xt]:Pt X Pt X A+Pt X (1 'Pt) X B_l_(l 'Pt) X Pt XC
+ (1-p) X (1-p) XD.

cZZTHOZIHS DR B DI
Martingale or NOT ?
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Method
* Stepl) This game is a Martingale or not.

— Yes

* Step 2) Apply Optimal Stopping

Theorem (Stopping time is finite)

'[Step 3) Derive Wald ‘s equation}

® Step 4) Derive a Nash Equilibrium.




a Main Theorem ™
(R BHT 3 WlI0HRR) X, BREEBKET S 15

E(T)<oo% il 7z T & IR, pid XD FETH D, HROE
ThdLEZE,
E(X1 X ... X X1) = pFD

/ﬁﬁs EWEDOINF UV TF—NVICHT3ABTOEH) X1,Xon

EIEAMUTERERIT 20 EHll1Thd LT 5.
Mi=1EERLU,neNIZF LT Mu=XiX2.. Xn &7 3.
cotEd MIRIEANFUVHF—NTHD , Moo: = lim Mn
Mas ICHEETS. ZELTEUTDG)-(v) IIAETH S .

i) E(Mw) =1, (i) L'DBBT Mn — Mo,

di) (M) I &—BRRIBA U, v) [Tan>0, 7272 L 0<am:=

EXTDn)=1, (v) Z(1-an)<oo

bLLEDDDENDI DD Iz E ZTIZIE,

o

P(Mo=0)=1Tdh B . //




4 Outline of the Proof':

o X1,X2,.. BHNMBHAMWPBERDOIN, Exy=p, Vk &L
Mo=p, Fo={p, Q! & U T, Mn=XiX2...Xn, Fa=0 (X1,X2, ...,
Xn) ,Yn=Mn— " EBEL .

[Step 1) Yn ‘iMaltingale THAIDEID? ]

Mo: RIVF VT =N >Yu:?IVFVF—Ib.

e n=1Z¥ LT,

E(Mn | Fn-1)=E(Mn-1Xn | fn-1) = Mn-1 E(Xn|Fn—]):Mn—1E(Xn)
— U Mn-1

Zas. DEKRTHRS . LoTu=10LEINFVHF—IThHS

tXoMd% p» TEBE, E(Ma/ p° | Fa-1) = Mn-1/ p~!

M/ BRIV FU TN THS.

Step2) MOTNFVHF—NICRTIABOEHD D

, E(|Yn+1-Yn| | Fn) = E(Mn (1-Xn) )< o

Step 3 EROBILEROLEEHLTH ?)

—Yes. E(YT)=E(YO)=p, VT &K b, Thd5H
E(Yn) = E(Mn— pT) = (X1 = =0. & 2T E(Mn — pu1)=0,

@ E(X1X X Xn) = uFM, (FE #%)
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Method

[’ Stepl) This game is a Martingale or notj

— Yes

* Step 2) Apply Optimal Stopping

Theorem (Stopping time is finite)

° Ste:

b 3) Derive Wald ‘s equation

° Ste:

b 4) Derive a Nash Equilibrium.
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P(Xn=snt+& | X0=s0, ... , Xn-1=sn-1)

@Bc THEH0THS LS HEHEO ) 4 X8 b BEeE

BRBBFT—ALICBITA3HFEROAEICETAHFED
M= Fr5—NTh), FEloTHT W& ) THED

H25/) A XN BEIREEBYRHET —ALIZBVTEVIV
\FYIT-NTREZWV, .
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Method

* Stepl) This game is a Martingale or not.

— Yes

* Step 2) Apply Optimal Stopping

Theorem (Stopping time is finite)

® Step 3) Derive Wald ‘s equation
{' Step 4) Derive a Nash Equilibrium}




Example
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(- y




FUTURE WORKS

o R¥FIX. BIFOHERNLILST — LB
(Kandori, et al. (1993),Young (1993) %& &) & HiiR U 7= 5

REDBLEZANS,

o FCIBHAR o A

1JAEThD . BRI D2ER—F o7, EhZEN
R DIF A £ E X B (Sabourian 1998),
—ZCOMBIIBRIVELNADI VY HF—ALICH
WTIRATEHORER Y I 2L—Yavizkdn
mickoTHI ATV,

©




Thank you for your attention.

Mitsuru KIKKAWA (mitsurukikkawa(@hotmail.co. ip)

This File is available at

http://kikkawa.cyber-ninja.jp/

(- 1)



http://kikkawa.cyber-ninja.jp/index.htm
http://kikkawa.cyber-ninja.jp/index.htm
http://kikkawa.cyber-ninja.jp/index.htm

Modeling

MITSURU KIKKAWA

e http:/ /kikkawa.cyber-ninja.jp/index.htm Fiak _. %
: i T F0—/YVCOE70 Y5 X
RBBILOTUERE



http://kikkawa.cyber-ninja.jp/index.htm
http://kikkawa.cyber-ninja.jp/index.htm
http://kikkawa.cyber-ninja.jp/index.htm
http://gcoe.mims.meiji.ac.jp/

AN

7]~

]:III|I
=S

The Application of the method to the Repeated Game
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BB COF—ARELEASRAAECEY, FRO
B4 MENERopBE~INVF VT —NVTHDB, T
ERBOBAE~YNF VT —NTHB. y
Outline of the Proof :
S, =uU,+8, +---+3"U, +---

S =3 (67, — ) p=6""E,)

E(S'n | |:n—l) — E(Sln—1| |:n—l) T E(ﬁn_lun _lul |:n—l) — SIn—l
—>Sw IV F UV HTF—ITH 5B,

S WL FUTF—NTHI3=DDLEEEN,
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Wald D G B O H
EEMHERERA VWS L,
E(S'N) = E(u1 — )
2B308, chidolcEL Vv, 22T n=Sn—np I2F
BTaL, RoRPRAX2835.

E(i&luij = E(N)s.

CORRADL 5. FROEFEILRR F TORNF/MIEES

DEFILRZ EMHFAROFHLORTEL S0 T,
%*‘Jﬁ@j{% TS NashGEDNEF 5,
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PR ELI M I NAR I ES (EVOLUTIONARY GAME THEORY)




e

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, Ey)

ufx,ey+@1—e)x]>uly,ey+(1—&)x].

INTERPRETATION : incumbent payoff (fitness) is higher
than that of the post-entry strategy

(ESS : (Dthe solution of the Replicator equation + (2

@ asymptotic stable.)




PROPOSITION

PRO.(Bishop and Cannings (1978)): X € A s evolutionary
stable strategy if and only if it meets these first-order and

second-order best—reply :

(24) U(y,)<u(xx), VY, -~ Nane

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

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

\\Asymptotic Stable

Conditon




" REVIEW: Replicator Equation

‘(EPLICATOR B X =X ((/A\X)I — X AX), | = 1,---,n.

If the player's payoft from the outcome i is greater than the expected utility x Ax,

the probability of the action i is higher than before. And this equation shows that
the probability of the action i chosen by another players is also higher than before
(externality). Furthermore, the equation is derived uniquely by the
monotonic (that is if one type has increased its share in the population then all
types with higher profit should also have increased their shares).

Two Strategies

. {xzx(l—x){b—(a+b)x}}... ,
Classification &
(I) Non-dilemma:a > 0.b <0, ESS: one S 1 )

(I1) Prisoner’s dilemma :a < 0.b > 0, ESS :one
(III) Coordination : a>0,b>0, ESS two

) Hawk-Dove : a<0,b < 0, ESS one (mixed strategy) S2 0.0 b,b

@ Payoff Matrix /

1 S1 a,a 0,0




- GAME WITH PERFECT RECALL A

EX1s BRES —ATHRLRBS —LTH 3 LiE, TR
TOTVA¥Y—iG=1,.. nDTRTOEHRES v, ve Ui
LT, b LV@$§5$§}I DudDbBcIizk->THIE
NREELIE vOITRTOFEIRUB cIZLoTudbH
K@J%ﬂﬁﬁ?ﬁé ZLThB. )

e BLREBF— LTI IRTODI VA VY—I3&FHICH
WwT,

MHBEDHADFRTOTRTOER LU
2) BEODHADFHETHHNETH > 2T XTOHFH

el TV 3. E2FWMS — L1 BeEBS—L0R
MTBETHS.
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