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gooo vooooboooobooogoobobobboo,o0gobooobbobUoo. o
uboooboobbooboooooobuobbooboboon.

ob:00000004000000000000000DO000ODOODODOOODO
g,00b0boooobbobobboooobogoboo.bbboobobobobboon
00000000000 (coordination game) 0000000000, 00000000

( )
O 1 '

ooooog ¢c=00,b=000,00000000,0000000DDOOOO
gogogogo,boobooogooooboobooboboooooboboboooo, o
ggbobooooboobob,bguobooboooboobooboboobobo.bo,2000
ggobooob,bo0ooboboboob,0oboo0ooobooooboboobobobo
gooboooood.
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¢4. J0ooooooo—boog—

gobo,0b0oooooboooooobobooob. obbooobobobboooaon
gboboooboooboggoooooogoob 1bobogooobo. 1000000
g, 0ogabooboboboboogboobobo,obooboboobgb,booo,ogooaao
gogboboboooboooooobooooooooobobo, 00, oo0boooooog
00000000000 (Cooooob0oUODUooDOoOoDOoDOoboOo,0DoDO00O...)
gogoboobooboooboo. bbobobooooboooobooo,oboooo
goo,bo0o0goboboooboboobooooobooboo,bobobooooboobbon, b
ogooooooobooo. goo,boboobbobboboboooooooooooo
. booobobbooooboobo, oo oooooooobogo. oo
gogbobobooooboo,bgobogb,goobobobobobboobooobooboooon,
00o00bo00ooo0o0oo0o0oOOo0O0o0DOOoO00bO0O0D (bobooooooo),
ggobodgdoogbooboobb.booo,buobboboobobboo,ooobbob
gbobooobooobooo,bbooboobooobooo,onoboboooooboobon
oobooboboooooobo.0ogboboobooobb 1b0b0ogooboobooon
ugboboooboog,bobooo,oboobobobobbobobooboooobooboaoon
goo.gobbo,0booooobooboobbobooboboboooooooonbo. bobo
gboobobobooobouooboobboobouoobboooobobobbo.obooon
ogboooboos8sgoooooooog.

gobobooboobooobboooooouooboobo. bobobob,0000boo
0000000000000 00O0O00O000O000O,000000000O (Doo
HooooOoo.00,0000000000000000000DOO0DOO0O,0000
000000 (CoooOoOoO,00000o0OoOoOon).

n00000000000 NOOO. N={1,2,...,n}000.00000 000
00 §; 0000 10000 (0000)000.00000ieNOD0OD0O s;€8;0
O000000,0000000000 §=(s1,...,8,)€S™MW=8x---x8,0000
0.000,5 000000 :0000000000000000,000000000
0000000000 (0000000)0000000000,00000000000
000000.000,00000000000000000,000000000000
000000000000, 00000000.

OO0 4.1, v, 5;000000000000.

0000, S™O0000000000000000000000. 0000000, O
OO0oO00ooOOooOO0OOoU00oOOoDbO.0bo0oooOooboboboOgo s;o0oboo0ooDoOo
000000000,0000000000 S;=[0,400)000000000ODOO,00
gooooOoodobooooooooooobooooogoboOoboooog. s; o0
0000000 (D00 20000000000)0000U00ODOOUDDOOODOOO
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ooooo, s, 0000000,0000000000000 (DODODO0DoOoooo0)o
ooooo.

oooobooOooooOoboOoo,0o0ob0dgb0 sobooo,0b000b0 ceNOQO
00 (payoff function) v;(5) 00O O00OO0O0OO0OOOOOOOOO. D0OO,000000
gboodgbobobooogobo,gobobuooboobuooouobobobobooooa,
00000,0000 000000000 $S™WOo0o0000000000o0. o0,
goboooooooo.

ob 4.2, Vi, o, 000000000OO.

00000 0000000000000 §,0000000000000 X;0000
00.000,X;00000000000,000,3s€S;, Prob(X;=s)=10000
00000,0000 s000,000.00000000000000010000.0
0000000 100000,000000000000000000000000000
0000000.000,000000000 S™WO0O00000000 X =(Xy,...,Xs)
000000. 000000000 4+00000000 «(X)000.00000,00
01000000000000000000000000D000000O0. 000000
00000000000

Elus(X)] = /S(n) (st sn)d (51, -y 5m)
0D00.000 w0 XO0ODOODODOOOOOOO0O00O000,000000000000
0D X00OOODOO (0ooooooooooo XW, k=1,2,...00 X®oooo X
0000000 (i.1i. d., independent identically distributed random variables ) , 0 T O
0000000000 (0000)0 700000000000,000

T
Jm 3 wi(X () = Blu(X)]
g, 00bgogoooggobboobo1obboo, bbb bobo. oob,00n
000o0oOo000000oOo0ooOoOoOooooOoOoOC0O00D (booo)oooooo
ggoogb.bod, o0 1gobobooobuooboo, oo bobooon
gooboooooob. 100000 bboooob0booobooooo,boo
ggobob.oboooobobbob 1o bbdobobbooooooboobon.
00,X000000000 Xy,...,X,000000000000000. Nash ([208))
DDDDDDDDDDDXDDDDDDDDDXLWQQDDDDDDDDDDDDD
gdddd.jboogbgbd oo bboo,0UoUg
gboboooboobooooboogooboooboo. bobooobooob,oo0b 70
gooooobuogoooooob b ouuo . oo, bbbobobooboobo
gooobooo0o,j000booooobobbobbbobbbobb,00booo
oooooo0,000000 (bODooO0OoOooO)0OoO0,000DO0oL0U0UDODOODO

17



ubooooog,bobobobbooooooooobooboog,obobooooobon

gb.0bobooboboooooboboobooooooooooobon.
gboobooboobooooooboobobobbooobooobobooobgoobog,boooo

gooooboobobobobobooboooooooooooo.ooo,oboobbooo.

P(S;)=5; 000000 (OO0)ooO, PS™ =s™pooooooooon

gogog,gooab «0oboobooo

—

Elui(X)] = /SW Ui (81, vy 8n) dp(S1, .-, 8n)

0Doo00. 000, Xy,...,X, 00000 X, 0000 peP(S,) 0000,

Elu; (X)) = /S(n) wils1s s 5n) dpa(s1) - n(sn)

goo.gooo,ooobb x4,..., X, 00000booobobobo.obo, o
ooogo

Po(SM) = {ﬁ:Hui, (u;i=1,..n00000)0 DD}:HP(SZ-),
=1 ;

oooooooooo.

00, P, P(S™) 00000 4.1.0000000000000 (Prokhorov) 0 O
0000000,00000000000000000000 (00000 30,44-G).0
0, Py(S™)y0 P(S™ynDoooooooo.

000, 4, m 000000 X, YOOoOoooo.

P(S™) 5 fip, iy 00D O,

fo = ajiy + (1 —a)fip, 0<a<1

O0000000 f,eP(S™MDOD0ODO0OO PSM™)0O0OoOO.

Ooooooob 200000 5,S0000o0o000,s, 000000 mO0OO
0,0000000000000¢00000 u(j,k);s5€S,t,eS20 (5,k) 000
b mxme OODOO0OO0O,000000000D0000000O000ODOOODO
00000 (bO0O0OU00O000OU0DoODOODO0OOUUDOOODDOOoOooOooO).

00 4.1.
2

Vi=1,2,...,m1, Vk=1,2,...,ma, > ui(j, k) =0
i=1

ooooobob,b0o0oo0 20b0oooobooog.

00 4.2. §1=58=5000

Vj,k € S7 ul(ja k) = ’ng(k',j),

18



ooooooo,000000 200000O0O0O0OD. ShOoOoOoOooOoOooboDboo
goo.

gbooooo,ggbo0 1gobbouobbooboboboboboboo 200000

gbbobooobobbobbouoboouobbboboodb mxmg O Ogn
U,m00000000000000000.

19



¢h. oo ooon

D000000000000,000,8" 0000000000000000000
gooo.

§=(81,...,80) 2t =(t1,...,t,) if and only if Vi, ui(s1,...,5,) = wi(t1,...,tn).

00 2000000000000000000000000. 000000000000
00,00000000000000000000000000000. 0000000
00000000000000000 SV 000 (000000000). 000000
000D00000000000000000,0000000000000000000
0o.

00,s™ 0000000000000000000000

S=1(81,...,8n) < t= (t1,...,t,) if and only if Vi, ui(s1,...,sn) < ui(ty,..., tn).
n)

ooooooo sMooooooooo.
00 5.1. S 00000 00000000 (Pareto optimum) 00 0.

000000000000000,0000000000,0000000000000
00000000000000000000000,00000000.00,00000
0000000000,000000000000000000000000000. 0
0000 (00000000)0,0000000000000000000000000
000000000000,0000000000,00000000000

s 0oOoD00000000,000000000,000000000000000
0000000000000000000.000,0000000000000,000
00000000000,00000000000000000000000,0000
000000000000000000 (000,300 (7)0000000 Part II) .

0000000000000, 000000000000000000000,000
00000000.00,0000 Yo s®Woooooooooooooooooo,
0000000000000 S™WOooOo,000000000000.

DD,PO(S(TL))EQZ(MM7/~Ln)DDDD

—

Elu(X)] = /S(n)ui(sl,...,sn)dul(sl)...un(sn),
goob.do0, bbb bobboo0, 000 «00oobooo,booon

ugbbobboobbooooboboooboobooooooobooobo,bbo0obon
googoooooooooon.

(/j—i; Vi) - (Mh ey Hi—1,Viy i1y - - 'aun)v
wi(fi—is Vi) = Wil1s - o s i1, Viy B 1s - - -5 fn)-

20



gbooooobooobooboobobooboobobobobooboo.

£(S) = S000000000 X;000 (i=1,2,...,n),
£(s™y = sWpopooooooo X =(Xy,...,X,) 000,
Lo(S™) = {X=(X1,....X,)eL(S™;X,,...,X, 0000000 },
(X_i;Y) = (X1,.... Xi—1, Y, Xig1-.., Xn)

0000000000 PS™) 0 Py(S™)DDOOD0OO0DOD, 000000 w(d);i =
1,...,n00000000000000000D0O00OO0,00000000000,0
000000000000 0000000000. 00000000000000000
00000000,000000000000000000000000000. 000,
00000,000,000 (0000000000000 D)000000000000O.

ggbboooboobooooooooboobboooboobooboooooobooboD
gboooabo,bboboboog. gooagooboboobooboboobobooooooon
0 (00000000)o000b0000ooULoO00o0D0oooOU0DoOOoOooooOooUoOD
googboogouoto. gboobooogoo,ooobobboouooaooaa,
gbooboouooooooobooobooboooboooooboboooobo,o0d
000000000.00000000 U000 (Nash)OOOOOOO. OOO,

00 5.2. i=(u,...,u,) 00000000000000,
\V/’i, Yy; € 'P(SZ), uz(ﬁ) > ’U,i(ﬁ_i; Vi)

0Do0OoO00o0ooao.
0000000000000, X eLy(S™)0000000ooooooo,

Vi, VY; € £(S;) such that (X_;, ;) € Lo(S™), Elui(X)] > Elui(X_i; Y;)]

gboogbooboboo.

ooooooo0oo s, 0000000000 (DOOoO0DOoOoobooo)ooooo,
(0000000 D000O0O)0000D00O0O0. 000000000 OO0 ODOoOoOoOOO
gooobooooboooooobbob,0ooboobbbooboooboobon
gbobobogbgbobooooooooooooooobob,obooobobobon
gboopooboboboobooobobooobbobbbbbboboboooobooon
00 (0000000 PartlI0D0). OOODODOOODOOOOOOOOODOODODOO,
goooooooboooboobo,booboboooboboboboobbobobbooon
gbooooooobobooooobobo.bob,0boobooooobobooooboon
uoo.ogdgobooobobooboooooboooo. boobooboobaono
ggooboooooobbooooogoooooouoobbobboobbbooo,ogoo
gooo.
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go,g0gooobooboobooo,obobooboobbooobooooooobogooon
0.

0o 5.1. ji=(um,....,u,) 0000000000000000000000,
Vi, AU (u;) (P(S;) D000 p; O e-00), such that w;(@) > ui(ii—; vi), Yv; € Ue(pi)

goboboooboo.

0. oboboooboooooobo,bobbboobbboo.ooobo,bo
OO0o000.g00O0000O0ooOOoOooOOoOO0O0OoO0.ogoo

i, Jv; € P(S;), such that w;(i) < u;(fi—;; vi)

goooo.oog,
Via=1—a)pu+avy;, 0<a<l,

0000,P(S) 000000000 limgo vie=p00,0<YVa<10000,

—

ui (1) < (1 — o)ui(f) + owi(fizi s vi) = i(fii; Vi)
goooo. oo, ogug e>otggooon
wi(fl) > ui(fi—i; vi), Vv € Us(s)

gbooo,0oooboooa.

gogobogbooobbooooabo.

gooboboboooooooooooooboooboo,bobbob0o 4. 000D
gbogogoboooobobooooboog.

00 5.1. v, ; 0000000000000, (00000000000000,00
ooo).

ooooooo (S,F),(000,vseSOOO0OOO sOO0OODOOOO)OOOO,
seSoopooooo é 000,

O0000 Vi, S;00000000000000000. seS;, g€ Py(SM™) 00
00

&i,s (i) = max{0, u;(fi_i; 6s) —wi(@)}, &(@) = > & s(d)

SES;

O00.max 0000 S;00000000 0<¢&(i@)<+0000000000O0.
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o Mt Yes, Gis(B)ds * * (n)
P 5 —: ) - sy Mp € P Sn )
I T+ &) = (1 tiy) € Po(S'™)

0000, Py(S™) 00 Py(S™W)oooo

(5.1) p(f) = "

0D0000. P(S™)000000000000000000000000.00000
0000000000000000. 400000000000000000 0000
(M) =0000000000000. 00, supplw]>Vs0000, () >00000
O000D00000, F*=deV, VseS;, &()=0000. 000,

00 5.2, SWOoOO0DO00,Z0000000000000000000O0O000
(i) = i

ooooobobo.bob,boboboooboooobog poboboboooob.
00 5.3. SWOOO0DO00OD,000000000000000000000.
O00. 0000 s, 0000000 n,0000,000 w eP(S;)0

ng ng

j= j=1
DDD,(SJ'DD SjESZ'DDDDDDDDDDDDDDDD,'P(S%)D n, DO O0O0O0O0O0
Oodoooooooooon

n;
{(pl,---,pm); dopi=1 Vi p2 0}
j=1

000000.000,Py(S™)0000000000000,000000000000
(Brower) 000000 ([35]) 0000 P, 000000 ¢0000000000.00,
0000000000000000000000000000000000000000
00000000000000000000000,0000000000000000
0 Nash([208]) 0000000,

00,000 S™WOo000,0051000,7FePy(S™)0oDo,

mi(fi) = Sup wi(fii; 6s) — ui(f)
s€S;

000.00000000000000 me(f)>0000.00000510000000
0w 000000 supd max0 00000000000, 000, ui(fiei; ds,)—ui() =
mi(f) 0000000 s;=s(F) €5,00000.
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O0,0000,z000000000000000,Vi, m()=000000000
DDD.DDD,DDDDDDDDDDDD.

00 5.4. w;€P(S;)0000,0000 (support) supplp;] O, wi(F)=100000
oooboo FOOODDODO. OO,
Mi(2) = {s € S5 wilfii; 05) = supua(fii; 00)}
tesS;
goobo.oos10000 ﬁEPo(S(n))DDDDDDDDDDDDDDDDDDDD

ad
Vi, M;(fi) D supp|ui]

gboobooboogag.

gbbooobuoobobooboobo,obooobbobboobooouobbooogaa
O00. 0000000000000 0oOooooooO, (p3),142000000000
gooooobob.obooboboboooooobooogoboboboobboooobooo
gogoooobooo.og,gbooooooon.

00 51 00510000 m(Z)0 Po(S™)000000000000000000
oo.

ugbo. Dooooooooo

mi(fl) = wi(fi—i; O, (z)) — wi(f1)
DDDDD./_j,ﬁDDDD,mi(ﬁ)—mi(ﬁ)ZODDDDD (DDDDDDDDDDDDD
o,o00ooo ﬁD ﬁDDDDDDDDDDDDDD).
mi(ﬁ)DDDDD
VtGSi mz(ﬁ)Zul(ﬁ_l,&g)—uz(ﬁ)

000, t=s(@) 0000,

0 < my(F) —m;(V)
< (wi(fi—i5 sy0m) — wi(iD)) — (wi(V=i5 ds,(2)) — wi(V))
< wifizis Os,0) — wilP—i; Og,0m) + |ui(fE) — ( 7))

0000000000, w(ji-i;ds) 0 Pe(S™)x S, 000000000,000000
000000000. 000,0000 4 70000000000000000000
e>0000000. (@0 g0000000000000000.
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ob s.5. OUDO42000 51 000000000000 0000OODOODOO.

o0. 058 0000000000,k=1,2,..00000000 AjiCMhpC---CS;
00000 A = U2 A, 0 S; 0 dense subset 000000000, Ay, 0000
000000 P(Ay) D000, P(A;,) 00000 P(S) 00000000, 000
U2 P(Aix) O P(S;) O densesubset 00O . A, =5, 0000,0054000000,

Vi, i € PO(Al,k X oo X An,k) such that m27k(ﬁk) =0
gooo. DDD,ﬁE’P()(ALkX”-XAn’k)DDDD,

m; (i) = Sup ui(fii; ds;) — ui(ff)
S$i€EN; K

= wilfi-is 65, (@) — wilfD)

D0000. s =s(Z) 00000000000 g00000000 g00O00O0.
00O, P(S™W) D00oooooog, P(S™) 00000000000 {jig; k =
1,2,...,} 0000 {fiy,;j=1,2,....,}0000000,

lim i, = 7 € Po(S™)

j—o0
000, w(fii;*) 0 w(@) 0 P(S™) 000000000, 00,my, 00000,
Vs € Nig, (b <kj), 0=myp; (i) > wi((fix;)—i; 6s) — ui(fi;)
ooo,
Vi, Vs € Ay = U2 A, 02> ]li)rgo wi((fig;)—i; 0s) — wilfiy;) = ui(V—i; ds;) — wi(V).
O000,A;0 S0 densesubset 000000 », 000000,
Vs €S, 0> wui(V_;; ds) — ui(V)

goo.
gbooboood,

Vi, m;(V) = sup ui(V_;; 0s) — ui(¥) =0
SES;

ooo,/70000000O0O0DOOCOOOOOO.

00 5.6. 00 55 0000000000. 200000000000,00000
fi=(up), peP($)000000000000000000O0

O0. D00ooOoooo0O0, wi(py)=w(vp) 0O0D0DODO0OOO0DOO0OOOOOOOO,
00000 g=(u,p) 0000000000000 O0OOOOOOO0O

Vv e P(S)v ul(/‘?”) > ul(Vv H)
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gboboooboooo.

m(s, p) = max{0, u1(ds, p) — ur(p, p)}

goboo,0oo0bogs3dgbossbbubboobpboooonboboon.

gobooooboooboooooobobooboboboobo. ood,w 0oooboooboo
gooooboobooboooooobobooo,00ooobooooboboobobboooDbo

000000, 000,20000000000 S:[0,+oo)DDD,U1(fc,y)=%
T +y

0000, pePS) 0000, up(A) =pu(A+h), (h>0000000 w 0000
oo,

wmr) = | /[ ety 11 () )

1
- 1 // L du()d
[0,400)x[0,400) 1 + 2 +y w) dv(y)
1
<] L
[0,400)x[0,400) 1 + 2 +h+y ) dv(y)

1
= 1—// ——dup(x)dv(y) =u U
SRR praprpy pun () dv(y) = u(pn, v)

oooooo,0o00000b0o00 (wy)DODODOOODDOOODOOODO.

goooooogaoo:

2020000000000DO00C0OOODODOO.
2000000 A=(ay;) 000000 ADOD +0,00000 BOOO 0000
O0,00000 AOQOODODOO.ooooOoo

i = p101 + p2d2

000o,é (i=1,2)00000 +000000,000000000000 200000
00 = (p1,p2), pr4+p2=1, pl,p>000000000.000000000000
0%OOO0O0,%000[0,1]000000000000.A,BO0O0O0O0O,00 5,47
000000 A,BODODO wa,up0 200000 (,)0000

2
ua(B, Q) = Y ai;pig; = (5, AQ),
ij=1

uB(p, q) = ua(q, p)-

O00,A0 BOOOOOO (p,q)D0000000OOODOOO,000000000
gooo.

(i) Vi€ Va, ua(p, q) > ua(7,q),
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(ii) V7 € Va, ua(q,p) > ua(7, D).

oooooo,
(1) Vit e V27 (ﬁ_ ’Fv A@ > 07

(i) vire Vo, (§—7,A4p) = 0

ooo.boo,p—-7 ¢—rO0000D0O00O0 OOODODOOODOOODODOO ADOO
oodbooooooodooodooooooooooooooodon, ap=a21=0
uooboboooobooboooobo. o000 1200000000o0o00o00.

(1)000000O
-1 0
1= 1)
0o 1
gooogoooono (ﬁ@DDDDDDD.DDDDDDDDD,
i) 0<Vr <1, (—p1+ri)an + (—p1 +71)(1 —q1) >0,

({@o<vr <1, (—qn+r)p1 + (=1 + 1)1 —p1) >0,
go0o0.00oo0ooogooood

o<V <1, m>p1 = p1 =0,

o<V <1, m>2q = ¢ =0

0O00.000,(D,D)(00000)000000000000000000000
00000 (2)00 (12)0000000000.

)
0 ago
0DO00,00000 (), () 0000
(i) 0 <Vr <1, (p1 —r1)((a11 + a2)q1 — aze) >0,
(i) 0 < vr <1, (g1 — r1)((@11 + az2)p1 — aze) >0,
ggo.

(2)000000

a1 = —1, ag = -1

(i) (p1 —7r1)(1=2q1) >0, (i) (@1 —71)(1 —2p1) > 0.
()00

(a) g =1/2 ,0r (b) g >1/2and py =0, 0r (¢) g1 < 1/2 and p; =1
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0000, () D000
(@)pr=1/2,0r (') py >1/2and ¢ =0, 0r () py <1/2and ¢ = 1

oo00o0oD. ()0 (oo0o0Oo0000 )b 3000000 (\o3puo9ooo
gboobduodg,booooobobbooood,

(pl = 1/25(]1 = 1/2)7 (pl :07q1 = 1)7 (pl = 17q1 :O)

0300000.00030000000000000000000000000000
00O00000000o0ooooog.

000,0000000000000000000000.0,p>1/2, ¢<1/20
000000000,A00000,00000000 p,0 10000,B0 @000
00000000000000000.000,p1<1/2, ¢ >1/2000000000,
ADOOODO 0O 00000,BO0 ¢ 0 1000000000000000. OO,
p>1/2, ¢ >1/2000,p<1/2, g <1/200000,0000000 1/2000
000000. 0000000000,00000000,0000000000000
0000000000000000000.000000,0000000000000,
0000000000000.0000000000000000000000000C
000,0000000000000000,00000000000,00000000
ooooooooo.

(3)000000

a1y = —2, agp = —2

00000,000000000 (2)00000O0D0OC0DOOODOO,

P =1/2,¢1=1/2), (;m=0,¢1 =1), (;1 =1,¢1 =0).

(400000
an =—1, ap = -3
goooo,ogood (Z)DDDDDD.DDD,
(p1=3/4,q1=3/4), (m=0,q1=1), (p1=1,q1 =0).

(5)

a1 =1, axp = -3

0o,
(i) (p1 —7r1)(3—=2q1) >0, (ii) (@1 —71)(3 —2p1) > 0.
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(3-2¢)>000 p,>n 0000 n00000000000000,m=1000.
000 =100000.000000000000,

(p1:17 Q1:1)

goooao.

a1 = 2, agy = —2

goog (1)DDDDDDDDDDDDDDDDDDDDD,DDDDDDDDD
(plzlv ql:]')
goooo.
(7)ODOOOOD D Part IT
ajr =1, apps =1
goog (Q)DDDDDDDDDDDDDDDDDDDD.DDD,

(a) g1 =1/2,0r (b) s >1/2and py =1, 0r (¢) g1 <1/2and p; =0

(d)ypr=1/2,0or V) p1>1/2and g =1,0r () p1 <1/2and ¢ =0

goo.ooo,oobobooobooobooobon,

(1 =1/2,1=1/2), (;m =11 =1), (11 =0,q1 =0)

g3b00booboooooooob. ooboooo3boobooooooooooon
gooo.

(8)

ayy = 2, agzy =2

o000 (myoooooooooo,

(pl = 1/27(11 = 1/2)7 (pl = 17Q1 = 1)7 (pl :07Q1 :O)

g3f0oboooobbooooooo.
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ajp =3, ax =1

(7),(8) 000000, 0000D0O0D0DOO0O0DODOUODODOODD.
(p1:1/47q1:1/4>7 (PIZLQI:l)a (plzovqlzo)
O0300000000000o0oan.
(10)

ayr =3, azg = —1
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¢7. 0000000 OOO0OOOOOOO ¢
—gooboobooooooon—

oooooooooooooooo U(-, -)0

H D
H (V-C)2 V
D 0 V/2

oo0oo00.v>COOOU H(OO)Ooooooooooo,oo (boooo)ooo
oooo.o00,v<CcoOOo,00b0000D00D00D00DO0ODOO0OO0O0O0ODOOnOg
0,000000000 p=V/COOOOUOUODODODO (DODODO). DODDOODO
00o00o0O0oO0D000O00O000o0oo0obO0o00oD0o0ooOoOooDoOo. 30000
ooogd,v>Ccoooobooboob,vs<Cocooobooobboooboooo.

O00, 0000000000000 D0D000000, 0000, 00000000
p: (1—p) 000000000000, 0000O0000ODCODOOODODO pOODOO
ooooog.

0000,00 (bOo000)b00o0o0oooooo0ooooooUDOooooOO.ooo
O00000oo0o0o00ooOoOo,0p0oo0oooooo0DO000ooogooooon.
0000000000000 (000)000000D00oODOOUO0ODOOODODOODOO
OoDoO0oO0O,00000000.0000,00000000000000000000
O,0000000D00000000000.

000000000000000 Aumann 00000000000 ([115], p.68).

In describing these phenomena, it is best to view a randomized strategy as a random
variable with values in the pure strategy space than as a distribution over pure strategies.

O00O0bOO000oOogoo,bbobbobboobobbObOOobO0OoOogoooOogn, Savage
000000 (216)0 000000000000, DODOOOO0DODODOOODOOOOO
000o000DooOO00000o000ooO00oDooOO0oOoO, 000000000 oO0Oo0oo
Oo0.

goo.

gbo,0b000booobobg p:1l—-pboooobobOobOO0O0OobObOOOOOg.
00000 (DO0D00)0000000D0 Xy, X, OO0, 20000000 (X1, X9)
gobooooboobbooon.

o0 7i0000b00ooooobooooboogob.ogooboobo,

Prob(X; = H) = Prob(Xy = H) = p.

‘0340000000 (20029.15-16, 0000000) 000000000000 00O
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oooboooooooboouooD, x; U0 Xx;0doobobooog,oogoogoo
goobob. oobo,oboo0ogoboboobbobbobobboobbooOoboooon
gooooobooooobogo,booboboobooobooboo. bboo 2000000
0 (X;,Xo)0OUOOOO 71000000000. 000000000 0OOODOOOOO
gooooan.

gbobooooogoooo,ooboboobbooboooooooo,oobbooooon
gboooooooooobog,0bodbooboooboobobooobobobbD
ugbooobog.ooobo,boobobbobdoboooboooobooo.ooo,oboon
goo,bboboobooboobboboobboboboobL,0oobboobngoon
gbobooooogooooooobgoooob.oob,boboboobooobd ad
gO0000000O00.O000,00000C0O00DO000DOOO0O0O0O0O0O00OO0OOOOg.
gogb,gboguoboooooobodd.

(i) Prob(Xs = H/X, = D)= (1 - a)p,

(ii) Prob(X, = H/X; = H) = (1+ B)p.

000, Prob(A/B) 000 BOOOODOOODDOOOD ADDODOOOOOO. OO0,
Prob(B) =00000 Prob(A/B)=000000. 0000000000000, 00
00 10000000000.000,00000 0000 —(1-p)/p<a<100
0.000,000000«>00000000000000 p000000000O00
DOo0oO00OoDood.

O0O00,00 710 000 (), () 04d,

Prob(Xo =H) = p
= Prob(Xe = H/X; = H)Prob(X; = H)
+ Prob(Xe = H/ X1 = D) Prob(X; = D)
= 1+/p*+ (1 -a)pl-p).
000,e0 40000
fp = a(l —p)

gogooobooo.oooogooooo,
0000 X530 X000 <—=a=06=0

ood. a>000000,0000000000000000O0000000000.
ao=100000,000000000000,0000000000DDOODODOD
goo.

00,000000,000000000,00000000 WH)ODODODODODOOO
O wWO)oOoooo.oooooooooooooooooooooo.
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W(H) = E[U(X:, X2)/X1 = H]
— U(H, H)Prob(Xy = H/X, = H) + U(H, D) Prob(X, = D/X, = H)

= Vzc(p+ﬁp)+V(1—p—ﬁp)
1%

= Y@-p-all-p) - Sp+all-p).

W(D) = E[U(X1, X3)/X, = D]
— U(D, H)Prob(Xy = H/X, = D) + U(D, D) Prob(X, = D/X, = D)

v
= 5(1—174—04?) :

000,0000000 W(H)>W(D)OOoOoooooao,

Vv o
< — —
P=0c

l—«o

oo0.0oooooog,v>Ccooo,0000oooooooooooooooo
00 «a>0000000000,000000000. 0000000 a>((V-0)/V
000 p<1000,0000000000000O000C0O0DO0.0O00OO,00 H)O
00 (b)ooooooooooo

V. a
p_C 1 -«

000000o0o,00000,00000000000 o> (V=C)/V)Oouoooooo
00,0000000 (0000)000,000000000.00,p<V/C—a/(1-a)0
00,0000000 W(H)>W((D)OOO,pOOOOODODODOOODOOOOODO. OO
O0o00o0oOooooooOoooooUo0.0oo,000000000 Aumann([115],
[117]) OO O correlated equilibrivum OO0 O0O00. O0O00O0O00OO0O0O0O0O00OO0O0OOO
000000000, 00000g v/o>10000,00000000 a>0000
0o000doodo. o< 000000000000 DOO0DO0O00O0O0OO00OOO0OO0OO
ggoobooooooooouoo, oo oo o. booooooooo
dooodbooooooooouo, oo oooooooooooga
gogoobbobooobuooouobooooooo.

Aumann 0 0 0O correlated equilibriuvm OO0 0000000000000 O00O00O0OO0O
ooooooo. ([115], [117], 19010 0)

N={1,2,...,n} 000000000 (n>2),S;, ic NOODOOOD i00000O
00 (0000),S=8;x--x8y, 8= (s, s—i) €S, ui(s) =ui(s;, s—;) 000 OO0 ¢
O pay off functions 000 . X; 0 S; 000000000, (X4,...,X,) 0 SO00O0O
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oboooooog.

oo 7.1 (Xy,...,X,) (0000000000000 0OO0 nODODOOO,000000
0) O correlated equilibrium 00000, Vi € N, Vs, Vt € 5; 0000,

E[UZ(XZ, X—Z)/Xz = S] > E[ui(t, X_z)/XZ = 8]

0000000000.000,E[X/Y =5 000 {Y=s}000 X0000000
00.000,Prob(X;=5)=0000,000000000000000.

0. n=2000000 (00OD0O0OODODO)OO0ODOOO (Xh,Xe)ODOODODDOOO
000000 (000000000000 oo)0ooooooooog

(i) E[U(H, X»)/X1 = H]| > E[U(D, Xs]/X1 = H],

(i) BU(D, X2)/X1 = D] = E[U(H, X2)/X, = D]

0000000000.00,0<p<10000 correlated equilibrium 000 O. (i) O
gooono

(U(H, H) — U(D, H))Prob(X, = H/X, = H)
> (U(D, D) — U(H, D))Prob(X, = D/X; = H).

()00o0000

(U(D, H) — U(H, H)) Prob(X, = H/X; = D)
> (U(H, D) — U(D, D)) Prob(X, = D/X; = D).

noo,

Prob(Xo=H/X1=H) = a+(1—a)p, Prob(Xo=D/X1=H)=(1-a)(1—p),
Prob(Xo=H/X;=D) = (1—a)p, Prob(Xo=D/X;=D)=1—(1—a)p

0oO0o0o0oo0o0o0oo, ()0
t-a>(-a)
c a > a)p.
(i) O
;
1-— > —
(I-ap= 5

000.00000,00 (), () 000000000 «<000000000.a<00
00,(e00000000 —1-p)/p<a<1000)V,C,al

v

(1—04)C<1
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00000000, (00 V/C>100000) correlated equilibrium 0 o 0000 OO0
oboboboboboobo. bobobbb,e<00b0O0b0OO0O0OODODOODOD
ggboooooboobb,od0booboooboooboboooboboobooooon
goooooogd.

49



. 00D ODDO0ODOD (D0D0DDOoOooOoooooO)?®

gboobooooooboo,0ogoboo20b00oooooobo,ooboooooaog
goo.

googoII

Cc D
oooooIr € RS
D T P

0000000,000000 7T>R>P>S02R>T+S00000 2R>T+S
00000000000). 002000000 (000000000000000000
000000000000)0000,00000 1000 C(ooperate) 0,00000 11
000000 CO000000000000010 (000000000000 11000)
000 wC,C)=R,000001000 C,00000 11000 D(efect) 0000
0000000010000 wC, D)=5,(000,000000000000000
w(D,C)=T),...00000000000.20000000,00000000000
00,00000000000 (00000,00000000000000)0000,0
00000000000000000

00000000000000000000000¢00,00000000000 (C
00 D)0000000000O00000000000000000I000000 ¢O
00 DOO0OOO0,000000 (Q,F,Prob) 0000000000000

X = (X1, Xo,...)
00000000000.00000 00000000
Y =1, Ys,...)

ooo.

ogoood:

Fo(X): Xq,...,X,, 0000000 sub o-algebra.
Fo(X,Y): X1, Y1,...,X,,Y, 0000000 sub o-algebra.
000001000 (00)00 w

u(C, C) =R, u(D,C)=T, u(C, D)=S, u(D, D)= P.

(:0bo0oO00000bo00b0 o0oooooob ¢boboooooob,0o0ogoo.

gobo,0obobboooboobog.

00000000000 D0000DOOD (2002.129-12)0: 00000000000 000O0

20



00000100000 (000 Ccoou0,bo000)0o0oon X= (X, X,,...)
00000.00000 00000000 Y=MW,Y,..)000.000,0000
uboo,b0boboobd nO00oooooboon

(X1(w), Yi(w))y ..., (Xn(w), Yn(w)); w e Q

goboooa.

0000,0000000000000D0000ODO00 (DO0OO0DOoOoobooD)oooo
oboooooooobooooooooo.

oo:
()l0o0o0o00ooo0o0D X0 y,000000.
i)(DODo0ooooOooooooooo): ve=1,2,...0000,

Prob(X, 11 =%, Y41 = *x /F(X,Y))
= Prob(X,+1 = */Fn(X,Y)) X Prob(Y,,11 = %% /F,(X,Y))

O0000.000,«x0 ««0 CO0 DOOO. OO, Prob(4/F) O sub o-algebra F’
Oo000,00 AODDOOOO.

0000000000000 0000 100000 «X,Y)OOOOoooooooo.
(0 X, YOOOOOOOOOOOOOOOOODO. COoooooooooooooo
0000000000000 00O000000ooooon)

¢
uw(X,Y) =E[) u(Xn, Ya)l.
n=1
000,000
~+o00 k
wX,Y) = ZE[Z (Xp, V) C=k
+;o +oo:
= Z Z Xn» Y ;= k]
n=1k=n
+oo
= Z E[U(Xm Yn)§ C > n]
n=1
goo.

000,¢0 (X,Y)0OO0OOOO0,000000000 G(5) (i.e. Prob(¢ = n) =
(1 5)5"171—12 )ooooooooo,

wX,Y) = ZE (Xn, Y)] Prob(¢ > n)
= ZE (X, Yy)] 0"

o1



000,0000000000000000D00000O0OOO0O0O0O0 ([163)]).

gobooboobboobooobooboo. bboboobooog,bo0oboooboo
gogoobbooobboooooboooooboooboboboobo,obooboon.

00 8.1. U000DO0OOOUOOOOOOD DOUOOOO “ll-DPO000O0O (DooO
0).00oooooooo.

00 8.2 X = (X1, Xs,...)0 “TFT"00 (Tit for Tat, 0 D000 00,00000 0
0)00000,00000000 Y=(Y;,Y,... 0000

(i) X1 =C as.,

(ii) Prob(X,41 = C/Fo (X, Y)AN{Y,=C}) =1 as,,

(iii) Prob(X,41 = D/Fp (X, Y)AN{Y, =D}) =1 as.
ooooooooO0. oooooooooo.coooo cooo,ooooooooao
0oo0o00ooO0ooOooooOooOU0O0ODOO0.00,)00o0o,co booooooo
0 (00,000 DbOOO)0O “D-TFT” OOOODO.

00,000000 “000070000000. 00000000,000 CcO0O0,
000 C(00)00000000 ¢O0)000.000,000 D(0O00)000D0
00000000000000 DOOOOOO,000000000000.00000
0000000000000000000000000,CO000 DOODOOOOOO
ooooooono.

7c(Y) = min{n>1;Y,(w) =C}
= oo if{}=0.
000 p(Y)OUOOODO.OOOOODOOOOO,000000000000000

0000 7(Y)0OO00O sub g-algebra Fp(Y);n=1,2,... 00000000000
ooooo.

000000000:

00 8.3. 000000 co000000000 70,0000 sub o-algebra Fy C Fy C
...0000 “000000700000 Van=1,2,..., {w;rlw)=n}eF 00000
ooooo.

O00O00OD0O0O000,00000000000 subog-algebra /- 00000000
goo.

Fr={A € F;V¥n, An{r=n} € F,}.
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oo 8.4. X = (X1, Xy,...) 0 “Trigger” 0000000, 00000000Y =
V1, Ys,..) 0000,

(i) X1 =C as.,

(ii) Prob(X,41 = D/Fo (X, Y)A{mp(Y)<n}) =1, n=1,2,... as.,

(iii) Prob(Xp41 = C/Fo (X, Y)A{mp(Y) >n}) =1, n=1,2,... as.
goboboooooono.

00 85 00,0000000000000000000001I0000000000
0 X, X,,...00000000000000000000000.

() 0000 X, 00000000.

() 00000 N00000000000000000 nO0000000

(X1(w), ..., Xp, 1(w), ..., Y,(w))
ggoooo n4+100000000
Prob(X,41 =*/F(X,Y));n=1,2,...

goooog.

000,000001000000000000000 (X2, Xs,...) 0000000
0 (V1,Y,..)000000000. 000,000000000000000000
0000000000000. 000,0000000000,00 (i) 000000
(X1, 11),(X2,Y3),...)0000000.

ooO,00000DbOoC0bOO0000O00OoOoOobDOoDbOD,00D00 kOO0 DOOOO
gbobooooogo

(0kX, 0xY) = (06 X)1, (0kY)1), ((0X)2, (0kY)2),...)

gooobooooog.
(i) Prob((0xX)1 = *, (0kY )1 = %) = Prob(Xj41 = *, Yiyr1 = x* /Fr(X,Y)),
({)n=1,2.. 0000,

Prob((0xX)n41 = *, (6, Jnt1 = * * [Fn(0k X, 0:Y))
= PrOb(Xk+n+1 =%, Yiynt1 = %% /fk(X, Y) V fn(QkX, QkY))

00000 ()00, (6,X):0 (4Y), 000000,000000000
(0 X)1, (0kY)1), (05 X)2, (0kY)2), .. .)

000 @)obooooooooo.

93



000,0000 subo-algebra F,(X,Y) 0000000000 r000000,00
Prob(r < +00) >0000000,

(i)
Prob((6,X)1 = *, (0;Y)1 = xx)
= Prob(X, 41 =%, Vo1 = *x /F(X,Y) A7 < +o0}),

(ii)n=1,2,...,0000,

Prob((6:X)nt1 = *, (0:Y )py1 = ** /Fn(0:-X, 60:Y))
— Prob(Xsni1 = #, Yogmir = # % (Fo(X,Y)V Fu(0: X, 0,Y))

0000000000000 (6,X,6,Y)00000000000000 (), (i) 000
000000000000000.

Remark: X 0O “Trigger” 0D0DDO0 0,1y X0 “l-D’O00000O0.
X0 “TFT” 00000 0.,y X 0O “D-TFT” 000, 0,y X O “TFT” 0000
O.

OO0 81. 00000DDOD (0000000000 DODDODOOO0ODDOODOO00
000,0000 E[¢]000000000. Prob((=n)={(,, (o =>32¢000.
oooo,

+oo
(%) Vk, (R—P) D> G2 (T—R)

n=k+1
00000000 “Trigger” 000 Nash 00000, 000, X, X' 0 “Trigger” 00
goooooog,

uw(X', X) > u(Y, X)

000000 YOOODOOOOO.00,00 (x00000000000, “Trigger” O
OO0 Nash OQOQOQOQOQO.

00, “%ll-D’ 00000 NashOOOOO.OOOOODOOOOOO,(C,C)0O000
0,000 booobooooobobuoboooboooo,bobogbbUoUoboo
OObD. D00, B-D’0 “0b0’000b0c0o0ooobo,0bobobobooo.

O.00,ny=max{n;(, >0} <+oo0000 ne00O0O0000O0O (ie. 0ODOOODO
O0000) “Trigger” 000 Nash OOOOOO. 00,00 10000,000

too
> G=0
n=ng+1

ogooo,onon
Cnp > 0
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gooo,oooooooooga.

0. 00000000 ¢00000oooo,000,¢6 =>01-8mt00oo00o,
=000 % 1 ¢=6/1-6)000.0000000006§>(T—-R)/(T—P)
00000.0000000000000000000

00 8.2. 00000000 ¢(0DD00DO0OO0ODOODOD0DODO0O0ONOO
000,00000000000000000.0000,000
6 > max{(T — R)/(T = P), (T — R)/(R - 5)}

000000000 “TFT"D0O0 NashOOGOQOO.

00 81 000. X X' 0 Trigger 00000, 0000, ¢ = 82 G,
Prob(tp(Y)=n)=1,, n=1,2,...,00,0000,¢000000,

¢
S u(X!, Xn>] — RE[C]

n=1

wX',X) = FE

+o0o
= RY E[(;m(Y)=k]+RE[(]
k=1

+o0

= R ZE[C] Tk + RE[( |7
k=1
400 +o0

= RY > G+ RE[(]7

k=1n=1
0O00.000,

+oo

n=1

+oo

= Z CnE[u(Yn, Xn); Tp(Y) > n,]

n=1
+o0o

+ Z GEu(Yn, X,); oY) =n]
n=1

+o0
+ Z CnEu(Yn, Xn); Tp(Y) <n]
n=1
= [+ I+1IL

0o0,mp(Y)>n000,Y,=X,=C00000000000,

“+oo
I = R Z Ca Prob(1p(Y) > n)
n=1
+oo 400 too k-1
— RYG( X ntm) =R Y (X &)nt RECIn
n=1 k=n-+1 k=2 ‘n=1
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oo00d. ood,pY)=n0O0O0O Y,=D00 X,=CO000,7mpY)<nO0O0O
X,=DboOoooooooooo,

T
I=T " G,

n=1
oo,

+o0o

Il < P ¢ Prob(rp(Y)<n)
n=1
+oo n—1

“+oo “+o0o
— PY Y 7 =Prob Z( 3 g)m
n=2 k=1 k=1 “n=k+1
(I = & Yn>mp(Y),Y,=D).
000.00000000
wY,X) = I+0+1

Rf(ggn>m+RE 70 + T Zg,mmup f( io gn>7k

k=2 “n=1 k=1 ‘n=k+1

IN

goobooo.odo

“+o0

u(X', X) —u(Y, X) Z( Zgn—TCk—P Z gn>

k=1 n=~k n=k+1

goooooo,bobooboobooog,0ooboooo

RZCn_TCk_P Z Cn—R P Z Cn_T_R)EkZO'

= n=k+1 n=k+1

0DO00. (00000000)

00,XOd “Trigger’d000d,

too +oo
>, G&<(T—R) Y G

k=ngp+1 k=ng

0000000 neOD0OO0OOOOOOO,0000 Prob(rp(Y)=n9)=10000
o000 Y=M,Y,,..)0000000O0OO0O0O0O0O0O,000000000000,

w(X/, X) < u(Y, X)

00000,000000000 (X, Y)Ooooooooooo. (oo g1oooooo)

o0 820000000,00000000 LemmaDODOOO.

o6



Lemma 8.1. 6000 1>d>max{(T—-R)/(T—-P),(T—-R)/(R—S)}00000O
00,n=23,...0000),

n n—1
RY §">T+P> 6 +95
k=0 k=1

gboaoo.

00. 00000,00000000000000000000000 2R>T+S00
00000000000000. 0000,00000000,0<1000000000
00000D. 00,0000000000,,=10000,000020000000

00000000000 0000DOO0.

00,0000000000 1-6000000000,
T-R T—-R
oel= {max{iT_P, 7R—S}’ )
oooo

fald) = —(T = R)+ (T — P)§ + (P - S)0" — (R—8)§"™' >0

gooboooooboboog.

T-R
“Tr_p

fa6) _ - P-S_ R-S

e = gu(6) = a+6+T_P5(1 Ff§®

goo.
R-S
CaseI:17P75520DDD,5€ID|]D,fa+(520|]|],DSDDDDDDD,

¢()>0000.00,T-RO P-SO000000000O0O00000OOOO0.
R-S
Case Il 1 — 5—=4<0000,6€10000,

pP-S R-S

gn41(8) = 9n(6) = =5 (

000,00006cl00 CaselIDDO00,0<01(0)<g(6)<---000.0000
000 60000 f,(6)>0000. (Lemma0O000O0D0)

ob 82000. bOOobOOobOOooObOoOOOobOOobooooboOooooDbbD,bO0n
uboobbooobooooooboobbobooboobobboooobobooboooo
goo.

00000 I0no “TFT700 X, X' 0000000,0000000 coOOo
g,00oo0oon

¢
uX',X) = E|[>

u(x, X))

R
= ——=U.
1-96
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0o,
A =sup u(Y, X)
Y

O00.000,supremum 000000000000000000,000000 (Y,
X), X=TFTOOOOOOO. 0000,000 «e>00000,00000 1000
Y=W,Y,..)00000,
—+00
A—5<E[Zu(Yn,Xn)6"_1

n=1

ooooo. X°=TFTDO YOOUO4Ooooooooo,oboooooooo.

oo
uX,X)—A+e > E|> (uX}), Xn) —u(Yn, X5))6" 15 Y1 = C’}
n=1
+o0
+ B (u(X),, Xn) = u(Ya, Xp))0" Y1 = D]
n=1
= Ioc+Ip.
“+oc0
Ie = E|Y (uWX}, Xn) —u(Yn, Xp))§" s V1 =C, 7p(Y) = oo]
n=1
+o0
+E[ D (u(X), Xn) —u(Yn, Xp))0" 3 Y1 =C, mp(Y) < —1—00]
n=1
p(Y)— 1
- | — Yo, X)) Yi = € mp(Y) < oc |
n=1
+o00
LBl Y (X, X)) - u(Ya, X,))6" 1 Vi = €, p(Y) < +oo}
n—TD(Y)

) X Y 71) _
— 57—13 < n+TD —1 n+1p(Y) >5n 1 : }/1 — 07 TD(Y) < +OO}
{ Z U(YnHD(y)q? Xngrp(v)—1)

_ |:5TD Z( TD(Y 1X/)n7 (9 D(y),1X)n) >5n—1 . Y1 =C, :|
((Orp(v)-1Y )ns (Orp(v)=1X)n) (YY) < 400

(GTD(Y)_lX O “TFT"O00000,000 remarkO0000O )
> (U—-AE[™YV1 vy, =0, mp(Y) < +0]

ooo.
Remark: 7p(Y)—-1000000000000,X0 “TFT’00000000 7p(Y)

00000,0000 @)Y, )1 X) 0 {Y1=C, 7p(Y) < +o0} 000000
0,0000000 (1), ()0000000. 000, 6, X0 “TFI"000000

o8



0,A(00)0000CC0O0O0OOCODOOOODOO.

0o,
“+o0o
Ip = E[ > (X, Xn) —u(Ye, Xp))6" 15 Y1 =D, 70(Y) = oo}
n=1
B[ 3w — u(¥a, X)) ¥i = D, 70(Y) < oo
n=1
R 6P
- E[l_(s (T—|—1_6>;Y1:D,7'0(Y):-|—00:|
+oo
+E| DY (u(X), Xn) —u(Yo, Xp))0" V1= D, 70(Y) = 2}
n=1
+oo
+E| D (u(X), Xn) —u(Yn, Xn))0" Vi =D, 2<7¢(Y) < —l—oo}
n=1

= Ipp+Ip2+1Ipgs.
googo,é0o0ooooaan
§(T — P) — (T — R)
1-6

Ip, = Prob(Y1 = D, 7¢(Y) = ) > 0.
oo,

Ips = (R+6R—T—05)Prob(Y1 =D, 7¢(Y) =2)
- 400

+E| Y (u(X, Xn) —u(Ya, Xn))6" 1 V1 =D, 70(Y) = 2}
-n=3
= (6(R—58)— (T — R))Prob(Y; = D, 7¢(Y) = 2)
# B[ S (X 020 — (0, @200 ]
i n:1 2 ny 2 n 2 ny 2 Tc(Y) 9
(T - R)
(6> = S)DD 6.X 0 “TFT"00000,Ic000000000)
> 62U — A)Prob(Y; = D, 7a(Y) = 2)
ooo.ooo,
e (Y)
Ips = E[ > (u(X), Xn) —u(Yy, Xp))0" Vi =D, 2<70(Y) < —1—00]
n=1
+o0o
+FE Z (w(X, X)) —u(Yy, X,))0" 5 Y1 =D, 2<70(Y) < —Foo]
TL_Tc(Y)—l-l
To(Y)—1 (Y)-2 =D
= ot — T greY P o
[ Z ( 5 + Z ) 2<T0(Y)<+00:|
n E[(sfc(Y) f(u((emmx Ins (9TC(Y)X)n) >5n 1 Y1=D, ]
1 —u((HTC(y)Y)n, (ch(y)X)n) T2< To(Y) < 400

(Lemma 1 00000,000 GTC(y)XD “TFT’O00000 I 0O00OD0OOOOOO)
> (U —-AEFeY) v =D, 2<70(Y) < 4.

29



goo.ooooooo,

E[60) =1y, = C, 7p(Y) < +o0] )

_A > - A
U +e > (U )<+E[5TC(Y);Y1=D,TC(Y)<+OO]

0000,mmp(Y)>2on{Y1=C}00 7¢(Y)>2on{Y; =D} 000
B[~y = €, mp(Y) < +o00] + E[07Y) ;¥ = D, 70(Y) < +o00] <5 < 1
O000.00000,U-A+e>6(U-A)000D0,e>0000000,00
U>A

O00. (00 82000000)
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§9 Trigger v.s. TF.T.0000000000000O¢

0Do000o0o (8)00,TFT(00000,00000)000000000000
000000000000000000,000000000000000000000
0,0000000000,00000000. 000000,00000000000
0000000,0000000, Trigger 10000 T.F.T.000000000000
000000000. 00000000,0000000000,0000000000
Trigger 0000 000000000,00000000000000000000000
000000000000000000,000000000000000

0000000000000000000000.0000000000000000,

()000000,00000000000.0000000000000000000
00000000,00000000000000000.00,00000000000
0000D0O000O00o.

(2)0000000000.

000.00, YahooOOODOD 00000000 2,600000000. (0000,00
00000000000 11,800 0000000,00000000000000000,
0000 000000000 2,750000000).

0000000,00000000000,00000 (2)0000000000,00
000000000000000. 00000000000000,000000000
0000000000000000,00000000000000000000000
00000000000000,00000000000000000000 (7). 00,
0000000000000000000000000000000000000000
000000000.00000000000,000000000000000000
000000000000000000000 (8).000,0000000000000
00000,000 YahooDOOODOODOO,0000000000000000000
0o0o00O00O0O0000000.

00000,000000000000000000000000000000000
00000000000000.000,00000000000000000,0000
00000000,000000000000000000000000,000000
00000000000O000.

goog,oboogbbooobobo,bboo0ooobobbbooboob.0googoon
000,00000000000000. 000000000000 0O0O000O0OO (0O
gooo0oO0ooooo,00000)000oooo0oooo0,Dooooooooooo,
00000 (000000000000 0000)0000000000 (). 00000

°0 350000000 (2003.3.15-16 00000. 0000 O00000000000000—Trigger
vs. TF.T.0000000000000— 000000

'DO0000000: 00000 (000)(0O0000)

$(1993) 0000000 0000 00000000000000,00000000000000 0(1993).

‘00000000: 00000 (000)(00000)0000000000000000000000
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ob,0000000000b00b0000,0b0b0o00n O TriggerDO OO ODOO
gob.bo0ooboooobob. bobobobooooboboooooobbooooon
ooobo,0bbbgoboooobo0oog,0iggeerd 000000000 DOOODLDOO
googooooo,bobbobooobboobooooobo.

gboobg,gbooobboobooboboobooboooboa,boob,obabo
gogoboboobobooooooboo,goooooogooooooooo,obboo
o000 (coopoooo)0O0ooOO0O0 OTFTOOO (DOOOO,0000000,00
000000000O00)000O00,0000000000000C0O0O0DOOOOO
gooob,0bo0boobobo.ooob,bobobb0ooo0oooooobobobo
goooooooooboobooboo.

00o000DO000ooooooo (90 (00000)0D0000000,00000
gboobuoooboooobobooboobob,oboooboooboobon
0000,0000000000000000000 (1290),0000, 00000000
0000 (00)0,0000000000000000OOO0O0,0000UOUDOOO
gogoo,boboobboooobuobobooob,0o00oooobboooooo
0000000 (1310 -1320)000000. 0000000 OOOOOOO,000
ggbboboboboooobboobbobogboubooboooooooobooao
ggooboobobooobbooboon.

gobobooooooog,obbbboob0obb0ob0o0d Trigger DODODO
uoooogoooooon.

00 HoOoOoD,000000000000000000000000000000
u.0boooboobobog,ob,ob,o0,0oooooboob. oboboo.ooo
000000, 00000000 (TFTOUOO)0O00,000000000 (Trigger 00O)
ggoboboobod. oboooouobuoooobobobo,boobooobogaon
ooooooooooboob,oboobob. oobooobooooooboboboon
obooooobobob,000bbo. 000, TFTO00000 Trigger 00000 O
uboboooooooboooooooo,oooboooboon.

00, 0000000000000 000bO0O0O000. 00 (O)boooo,000
00 (1788)0 0000000000000 OO0U0OO,s000000000OOO,
goobO,00b000bbo,o0bboobooooogo. obobboobbooboooobobo
goboogoooobobobo.0ooooboobbbboobooboboobbbon. o
gogoog,bboobuobooboboooboooooobobooobobbooooooon
gbooboooboboo. oo, 0obbooouobobbbonb Trigger DOOO
ubobooboooooa,guooooa.

gboogoooobobooboooobooooooboboooboobooobo, o
ugdbo,goguobobbobbboooboobooobo,oobooboobooo,
ubooboboboooooooooo,boboboooboooobobooobooboboob,nod

0000,000000000000000000000000,0000,000000000000000.
19(2000) 0000 00000000000000 270(2000).
'0p 0 0,000000 080 000000000000 (1992),03. 0000000 (000OD)
0,1130
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gobooooboooooooob,bogbooboobbbobooooboooooooon
obobogooboooboobooboobooooooooooobobobobob,obn
ugoo,b0booobooooobooboboobooobboooboo,bboooooboobod
goooo.

00 ([13),50)0000000,0000000000,0000000000000
00,0000000000000000000000000000000000000
0000000000000000000000. 0 (000100200000000
000000000000 (0000)400),000000000000000000
000000,1)000000000000000,2)0000000000000, 3)
000000000000000000000000000000,4) 00000000
0000000000, (00040020 2410000000000000000000
000 (0000)000000000000.00,0000000000000000
00000000000000,000000000000,000000000000
00000. 0 (02400)0000,00000000,00000000000000
000000000000,000000,000000000000000000,00
000000 (0000000,0000,0000000000000000). 000,
00000000000000000000000000000000 (0000000
0000.00000000000000000000000000000000000
oooo.)

gogboooboooon

000 (Co0O,0Db0000)00000O00C00UOOOO0DO,00bODOOOOOO
0000 QcooOoo)0ooooooooooUoUooooU0,00oD é0ODOODO
0000000000000 0O000DOOO00DO0OOOOOO ((168). DOODOOO
goboboooooboog,oboooboobboobooboooobooobooboon
obogo,00booooobooobobog. bboboooobboooooboobon
0,00000000000C00 bDOUOUODODOO,00000000 DOOUOODO (OO
000 DO0OOO0OO0OO0O0O0OOO0OOU0OO0OOD0OUODOOOOOO),000 Trigger 00O
gogb,0boooooboob.obboobboooooo,obooboooooboooon
oobob,0obooooobooboboooo,oTPTOODO0ODDODOODODOOOD
gg.bgb,gbobdooooboobobbouoboboboooo,ouooboaon
ooooo, Trigger OO0 TFTOODODOOODODOOOOOOOOO. 00,0 Triggerd
Ooogo oOTFTOD ODOOOO0OOOoOoOOO,b000b0oobObOO0OobOooDbOoDbbboDD
OO0O000oDoO0O coboooouobooDpDboo. oOo,b0ell-cobball-DObOOoOOoOoonon
goboooooon.

00, Trigger 00O TFTOODOODOOOOODOOOODOOOODOOOODOO. OO
O000,00000 (<e<1)0OO0OOOODODODODUOOOOODOOOOODOOO.O
O0,00000000000C0O00000O00O0000DO0OO00O. D00 Jall-cOO
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00000,000,00000 a-CO00000,00 (00000)DOO0O0O0
00000.000000al-DO0000000,000,00000 ak-DO0O0OOO
00 (00000)CO0000000000.000000000000000000
0,00000.000,000000000,0000000000000000 n00
0000000 Y, 00000,00000 Y =(Y,Y,,...)0iid(00000000
00000)00000000. Prob(Y, =C)=:0000,e0 10000000 all-C
0000000000,0000000 0al-DO0000O0O0OOO0O00,00000000
oo.

000000,100000000000000000000 (¢,D)000 cO000
0 wC,D)=S000.00000u(C,C)=R, uw(D,C)=T, w(D,D)=P0O00.
0000000000, T>R>P>S02R>T+S00000.000000000
0000000000000000 /000000000000. 000000000,
ooooooooo.

00000,0000010000000000 X=(X,X,,...)000000110
000000000 Y=(MW,Y,,...)0000000,000001000 UX,Y)O

+o0
UX,Y)=> E[u(X,, Y,)]6"!
n=1
ooooo.

Trigger 000 X, 0000000 YOOOOOOODODODO U(X4,Y)O TFTOOO
X, 00OOOOOO YOUOUOODODOOO UXe,Y)OODOOOOoOoO.

0000000000 boOOOO (oOoUO,00DO0OoOOO0)mpY)DODO,
000 bDOoOOOO0OO0OO0OO0O0 CcoOo0oO0 (booo)7x(yY)ooooooooooo.

p(Y) =min{n > 1;Y, = D}, 75(Y)=min{n >7pY);Y, =C}.
goodooooooooo, oo ooooooouoooooooon
ooooo.(ooooo)

- (1—¢) e(l1—¢€)d (1—¢)2%6
Tttt IR T a0 T A=)

9.1)  U(X1,Y)

(92) U(Xz, Y) _ 8(1 —1(5_—255))R+ (1 - €)§1_—5(5 +€5)S+ 6(1 : §)5T+ (11—_5352(513'
ogooooao,
— 252 L \2.52
UXs, Y) = U(X2, Y) = (1(15;))(?55)@— R) + (1(16;))(1665)@ -9)>0

oooOo0.DbO0o0,60 e00OD0DDOOOO Trigger ODOO0O TFTOOOOOO
gbooobooogogooooo.boobooobobooobooooobboobo
ugbogboooboboboboooooooboooobon.
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00,000000000(43)0000,000000000000000.00000
00000000000000000000000000000000000,0000
0000 0<a<100000, Trigger 00000000 U(Trigger) O

U(Trigger) = (1 — a)U (X1, X1) +aU(X1,Y)
00000.00000000000D0O0O0 U(DoO) ™
v0o0)=01-a)U(Y,X1)+alU(Y,Y)

goooo.

U(Trigger) — U(000) = (1—a)U(X1, Xq) - U(Y, X1))
+a(U(X1,Y)-U(Y,Y))
= U(Xy, X1) - U(Y, Xy)
+a(U(Xe, Y) + U(Y, X1) = U(X1 X1) — U(Y, Y))
= f)DO0.

00000000000,6>(T—R)/(T—P)000, Trigger 00000000000
ooooo, f0)>0000.00,

f1) = UXy,Y)-U(Y,Y)
e(l—e)(1—0—¢€d)
 (1-6)(1—¢0)

(1 —¢)%(1 -6 —¢d)
(1=9)(1—¢e9)

(T — R) — (P - S).

ooooog,
1-96
f(1)>0<:>T<s
00000.60 1000,00 ¢0 1000 (a-CO0O00)00000, f(a)DOO
D00000D0,0<a<10000000000 f(o)>0000, Trigger 00 (00
0)0o0ooo0.0000o,00000bo0o0ooOoO00OO0ODOOOOUOOoOOO
goooag.

00000000000000000 TFT00000000000,
f1)=-(1-e)(T-R)~(1-¢*(P-8) <0

00000,000 000 100000 (DODOO TFTOOODODOOODOOOOO,
fO)>00000)e00000O00ODOOO0,a0 10000,000,00000000
0000000, TFTOO00D0OO0DO0O0OO0O0DO0O00O0OOUOOOOoOOOOO. (oo
O000000oo0oooooooooon.)
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discussion

00000 (?)0000000000000000000 (primitive sanction) 0 0 0
000000. 000000000000000000000000000000000
000000000,000000000000000000000000000000
0000000000000D0000,0000000000000000000000
000000000....0000000,0000000,000000000000
0000000000000 0000,0000000000000000,00000
0000000000000000 (civilized sanction) 1 0 0 00000000, 000
00000000000 0000000000. 0000000. 00000000000
000,000000000000000000000000000000000000
ooooo.

0000 (?)000D0000000,0000000, 00 (Sitte), 00 (Konvention)
0000D0000D000000000000000000000000000. 0000
000,00000000000000000000000000. 000000000,
00000000 (Binverstéindenisse) 0 00 0000000000,000000000
00000000000000000000000. MO00,0000000000,0
0000000000000,000000000000000000000000O0. .
..000000000,0000000000000,000000000000000
00....000000000000000000000000,0000000000
000,0000000000000000000,0000000000000000
00000000000, 0000.000000000000000,000000,0
000000000000000000000000000,000000000000
0000000000000,

0000,0000000000000000000000D00000. 000000
0000,00000000000000,0000000,0000000000000
0000000000000 0000000000000.000,000000000
00000000000000000000000.0000000000000000
000000(4O000000. 00000000000000000000,0000
00000000000000,000,000000,0000000,0000000,
00000000000000000000000000000.00,00000000
000000000000000000000000000000000000.000
0000,00000000000000000000000000000000000

00000D0000000000000000000000,00000000000
000000000000000000000,000000000000000000
0D0oO0000O0O0o0o0o0oo0.

0000000000009 0000000 10000000 30 (00D0D0)0000000000
000oooOooo@9r3), 480 -490.

BooooDo00D0O00000 7, 0000 1000000020 (0000)000000000(1973), 85
o0 860.

“O0poOo,0000,0000: M 00000000000000 (1976), 55 0.
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00O00,00 (%) 0000,00000000,00000000000,00000
0 (0000000)000000000000,000000000.00000 (O, 2
0),00000000000000000000000,00000000000000
00000,0000000000000000000000000000000000
0000000000 (00000000000),0000000000000000
0,000,00000000000000000000000000000000000
ooooooog.

0(9.1)00 (9.2) DODO.
Y =(¥1,Y,,...)0000000000000000,7p(Y)00000000
Prob(rp(Y) =k) = (1 —e)e* Y, k=1,2,....

000.00,X,0 Trigger 10,YOOO0OOO0OODOOOO,

o

U(X1,Y) ::_E{§:14x%,ygw"{

n=1

p(Y)-1
= E{ ULXﬁ,Y%)5”_1]+—E[UCX}D0w>YQDOQ)5”“Y7_1]
n=1
+—E[ > u(Xﬁ,}%)én_l}
n=7p(Y)+1
= I+0I+10
ooo0.000,
1—¢
Tp (Y k=11 _
E[6 26 (1—¢e)e =1 2

DDDDD,%@@rDDDDDD7DGUDDD(DD)DD

T (Y)~1 p(Y)—1
_ 1— E[6p()-1] R 1—¢
I = E n—1 = — 1—
R { TZZ::I 0 } R 1-96 1—(5( 1—55)
_ ER
 1—ed’
1—¢
— E TD(Y)—l —
I SE[ ] 25
m = [ }: w(Xp, Yy &11] §:£7 > u(Xy, )0 ,TDQq::k]
Tp(Y)+1 n=k+1
= Z Z (eT + (1 —)P)0" 1 (1 —e)ek?
k=1n=k+1
0(1—¢)
= ——————(T+(1—-¢)P).
A=oi-e) el +1=8P)

BO00U00,0000000000 1500 (2003) 0000000000000
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O0ooO0o.oooooooo, (9.1)0

UX,Y) = I+I+1I

e(1—¢)d

(1—¢)2%

B € (1—¢)
N 1—55R+ 1—555+

ggo.

1-0)(1-20) "(1-

T+ P

3)(1 — 2d)

TFTOOO0ODODODOO0ooooooobbo.ooog,boobobbobobDOoDbo
gbooobooobobooooogoboob. obgg,bobooboboobooobooooo

000000000, 00, (Y, Ya,..

Prob(r&(Y) =n/mp(Y) =k) = (1

)0 i4d. 000,

_ E)n—k—l

00000.000,Prob(A/B)000 BOOOO,00 AODDUDOOOODOO.

ooooog,

E[éTé(Y)—l]
k=1

- 3 %

k=1n=k+1

S B0 frp(v)

= k(1 —e)ek!

n k— 1(1 €)€k_1

_ Z Z 6m+kz—1€k(1 _E)m

k=1m=1

- 1—5(525m 11_6

de(1—e¢)

(1—20)(1—6+¢0)

000O00.000,00,X,0 TFTO0,YOOOOODOOOOOO,

[e.e]

E{Z uw(X,, Yn)én‘l]

n=1

U(X27 Y) =

= [+I1I4+MI+V+V
O000O0o0ooo. TFTOO0O0O0O00 mp(Y),
uboooouoooooaoa,

eR

= "
1—¢d’

68

u( Xy, Yn)dnl]

(Y)DODO (00)00 I, I 0 Trigger

1—55
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I, VOoOOoOOoO,

Té(Y)fl
m = fﬁE[ > 5"—1}
p(Y)+1
P .
— mE[(;TD(Y) — 571
_ P ((1—5)57 e(l—¢)d >
1—-0V1—ed (1—ed)(1—0d+¢d)

(1—¢)2%§

= T i-s1e)
(1—¢)ed
1—eo)(1—0+e8)
viooooooooooooooo. Trigger 000D 000DO0D0O0O0O0OOOODOOOO
go.ooo,o0ooooo T(‘}(Y)DDDDDDDDDDDDDDDDDDDDDDDD
O00.0000000000 970000000, (OO0 OOODDOODOO)

NV =TE[§cM)] =

e(1 —¢€)6?
(1—¢ed)(1 -6+ ¢d)

= U(X27 Y)

0Doo. o000,
UXg, Y)=14+T1+M+1V+V

O0000,VO0O0O UXe,Y)OOOOO,0000000 UXe,Y)OOOOOOO
(9.2)000000.
(Y,Y)OOooOooooooooooooooooo,uY,Y)ooooooo

g2 e(l1—c¢)

U(Y,Y') = R+ T+€(1_€)S+(1_8)2

1—-90 1—-9 1—-90 1—5P

ggo.
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§10. 00 0DD0DDOO0ODOOOD (DoODOoOoOooO)

gbobooboooboboooooooao,1ooooooooooboo,onoooog
gboboooogoobobobooboboooboooooboo,booboboobooboon
gogbobobobooobo,boobbobbdoobogoo11ol1ooobbobobobooonon
gooboob,00obbobbooooooobbobobobboooo.bogbo
0,000000000000,00000000 (DOOO)ODDDUOOO,0000
ugbbobobooobooboobooboooooob,ooooobobboooobooboaon
gboobgboboboooboboobobooooooobooDoo.

gobooboooobooboobbooooobo,bbbbbobbooo. oooy,
oo, 00 ¢t>0000000000,0000

1 22

plt,2) = = expl(-3)

odoooobo. ogooobboboooo, oo+t oouooooo, td
000 DbbOO00ooooO oo oo ooooooOo,0o0o0ooo
0o0oo0oooobooooooooooo, 0000 oooooon ooonooo
ood.00,+t00000000000 000000000000 0bo,0bboo0oooo
goooooooo 10ggoooooo,0ogogoooooonogon,ooog o
O0000o0oo0o0oooOo. pt,r) DOOODODODOODOOOODOOOODOOO. OO,O
gooo, oot ooo,bogboooouoooooa
dooooo,0jboooooooo,oooobooog.

D000 {X(tw); 0<t<+oo,we Q0000 w=000000000 X(tw) O
t0000000000,sample (00O,00) 000 sample function (0000, 000
0)000,00000000000000. 000,000 tOODDOOOODOOO,001
godoooboooooooooooooooboooooboooooooooooooo
000000 (boo0o0o0obo00o0). 000, 000b0o0oOUOO0UDLoUO0O
0dooooooooooo. 0000100000000 oooooogon
O0.000,0000000,0000 (random variables)J 00O O0O0000OO. 00O
0000000000ooooooo,000000000ooo0ooo0O0 (boooo
00O0). 000D0,000000 (0000000000)Q000000 (State Space)
SOO00000 (measurable map) DO 0O. 0000000000000 OOOOOOO
0000000000d. 0oooooo,Q>wbh0ddn,S>Xw ObOoooooo.
00 Xw)DO X0O0OOOOOO,00000000 fO f(xDOOODODODOODOO
0 fO0oOoOoO0OOO, f(xODODOOOO,0 200000 (DOOO,000000O
000)000.0000 X0 X(w)OOOODODOOOO f0 f(x)000000000
gog.

gb.:0boboooobooooobogoboobboooo,0bboobbooboo
uoguoogoooboobodg. goouoooooobogobobobogn.
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oobooobooooobo,boboooboobooogooo.

00 10.1. 0000 (stochastic process)({Xy;t € Ty, 000 {X(¢);teT}00D0.)
00,000000000C TOOOOOODOOODUDOOOOOODODO (family) 0O
0.000,0¢teTO00O0DODOOD,X; 000 X¢()OOOOOOODOOoOoOoOoOOO.
U0 r'=00ooboobobob,boob0oooo. T 10ooboooo oo
(000)00000, 000 (stochastic ield) 000000 DO,

000000 (Markov Chain) 0 0000 original 000
A. A. Markov; Extension of the law of large numbers to dependent variables. (in Russian)
Izv. Fiz-Mat. Obsc. pri Kazansk. Univ. (2 Ser. )vol. 15, no. 4(1906), pp. 135-156.

— ; Investigations of general experiments connected by a Markov chain. Zap. Akad.
Nauk Fix. Mat. Otdel. VIII Ser. 25-3(1910). (in Russian) Collected Works, Izd. Akad.
Nauk SSSR, 1951, pp. 465-509.

O0: 000000 (Markov process) 0 00 0000 (Markov chain) OO0 .
(H)OODOOO30 176000000 SODOOOUODOOOOOOO Markov O OO Markov
ooooo. o
(2)J. L. Doob; Stochastic processes. Wiley series in Probability and Mathematical Statis-
tics (1953). Chapiter V. Sect. 1. Markov chains — definitions. “A Markov chain is defined
as a Markov process whose random variables can only assume values in a certain finite
or denumerably infinite set. ”

2,3000000000000000000,000D00D0O0D0O00DO0OODOOO
OC0.000000000000OoOoO000oooDoooooDoOOg.

00000000 (finite Markov chain) 00 00000000 SOOOOO0OOOO
ooOo0.000C00OC0O00OO0O0OO SOOoOoooooooooO.

52{81,82,...,8]\[}

gobo.oobobooboooboboboboooooboobooobooobooboo.gooob,bogo
gboooooboo,0obooboboobbooboobooboobobooobog.

00 10.2. OO0 pODODOOODOOO,00 AQODOCOODO

Prob(AN B)
Prob(B)

00 10.3. {X,;n=0,1,2,..}0000000000000,000 n=1,2,3,...
000 sg,...,s,, 0000,

Prob(A/B) =

Prob(X,, = sp/Xo = S0, .., Xn-1 = Sp—1) = Prob(X,, = s,)

goooooboo.
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00 10.4. {X,;n=0,1,2,..}000000000000,000 n=1,2,3,...0
00 so,...,s, 0000,

(10.1)  Prob(X,, = sn/Xo =50y, Xn-1=$n—1) = Prob(X,, = s,/ Xpn—1 = sp—1)

000000000, (10.1) 000000 (Markov property) 00 O

0O 10.5.

Prob(X, = j/Xn_1 =i) = P™, P™ =(P"), n=1,2,...

%J .7

PP 00000 n—10000000000 (transition probability matrix) 00 0. O
Ooo,P™O,0000 SO00O0OOD NODOO,NOOOOQOOOO.

00 10.1. 0000000 n=1,2,...0000000000 P™0O,0000
Prob(Xo=14) =p; i =81,...,5N

go0o0oo0oOoOoOO0O. (o000 Q000ooOO,00D0000OOO. ODoOoO, oo
00000000O0o00UoO0OOO0UO0ObD 20000000000000O.)

00: 00000000000000000 {X,;n=0,1,2,...}0000,

Prob(X, = j/ X1 =40 = B, P™ =(P") n=12,..

gooboooobobooo,oobooooboooboobooboboogoooboob.3bon
uboobooooboboboooouooboa. bgbooooooobooboo,30oaof
goobob 2000000000000 b0o0bbbOo0. boob,0bo0oobon
ubobogbil1gbboboooogd.

00 106. PO n0000000,0000000000000000. 00000
oo, 0boobooobobobboobooboobbobooboboano

00,000000000000000000000000000000.0 k000
0000000000000 Xz =(X14...,X,x) 000 (n00000000). 00
0,00000000000000000000 {X,;k=1,2,..300000,000
000000000000 0000000000. 000000000000000. O
0,0000000000000000000000000000000,000000
0D00000000000000.000,0000000000000000,0000
00000,000000000000000,0000000000000000. 00
0000000000000 0000000000000000. 0000000000
oooooo.
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00 10.2.
()00000000000000000000000000000 FeP(S™)000
(Hooo,

R "
Vi, TEIJI:OO Tui(XT) = /S(") Wi(S1y vy Sn) di(S1,. .., 8n)

000100000 (ooooo).

0000000000000,00000000000000 Tit for Tat (TFT) OO
00000000. 000000000000000000000000000. 000
0,00000000000,000000000,0000000,000000000
000000000.000,000000000000 (0000). 00000000
000000000000000000000000000O0, TFTO000000000
0000000000000000000000000 (00000000000000
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