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On normalization of extensive games

mEx - B 27 #*X  (Ikuo Sugiman)

§1 F
Kuhn[5] ic & » CERM SN BEEY — L OH KR, B OK-> 2O @ERI Y — 4~
OEH (RERY — L0ZH%l) KT 2HR0K, Xio, Y—o2BHPICHIN 308
%$b&bfﬁbhf§to%CT@H%@%(M\ﬁ@ﬁﬁﬁ%@ﬂTé%Ct&\ﬁ
WHL2ERCOLXERZETHLE2FRB54L LT, Nash oM S % ICHNIKC
I FOMEEE S OBBRCBEST S LEHNELTVWE LI ILAZ %,

IhsoBERmICEWT, dOH R HE 2E 9 BBR 212 behavior strategies TdH . %
A@ﬁ%&tf\ﬁﬁpahﬁmwﬂﬁﬁﬁﬁéﬂf%toC@ﬁﬁﬁ\fv4?~@éﬁﬁ
KT 2 —2>0&MHT. BEOEHD D L - e strategies B4 2 iERRFI LTV B
LEBHEAOLNAVTELESDTH B,

—hH. BERY -3 BOBLY -2 0BBREEESTLZIAT. ANIRBRKREFED
—DTHb, LL. FIAE. BDEL Y~ & D strategies %, FEHITH [11] 0&EHHTE
ZHLE BEOBREE. TONMREOFHICBEEINBFHRELTEEFELTVWSE LT 5
@ﬂﬁ%?%55o%lf\iCTﬁ‘C@pﬂhﬁ&%ﬂﬁ@ﬁﬁ%ﬁfbk&%ﬂﬁg
& 78 5 — % )73 mixed strategies DHEEZFAN 5,

. TBHEEY -3, ToBHEBEORRAN BT, BER - X DENTVS
DT, BENT LI LiICE->T, ZLOE@RPRDONLE] ChiR. THASFRKBLT. £
CHET 2B THs, O LR, BEMS—LD0T LAY - OMBIBOESHELESE
bleiwl &, BEREY - L 0BRESCHAT ZBENEER Y — A BEFEA LW

CEiERT B EEbN S, Ll BRHEY - 208 LTHOoNEER Y — A
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id. % O pure strategies DI DEMEY — ADBEEZATVEEEL NS, 12
HERI S — A O pure strategies DEAICZT DL I BHEEZEAT L CEPREAEY -2

i} % mixed strategies DEEZFH N2 LICAARTHBELEEZEL SN B,

§ 2 EHEY-LikoW0T

CCT/ZRIBHAMY — A icBT 2 ERMKRVEFTIE. FE LT, Selten[12] ic &k » THW
LNIEDTH b,

EFE2. 1

BEE Yy — AT 3. 6 >0EROHM (K,P,U,C,ph) THESN S, SERI. 2hz
., LUTOo®DTH 5 :

K = (V, E) ; the game (finite) tree (Z(C V) ; the set of endpoints , o ; origin)

P = (P;1 € N) ; the player partition (of X =V — 2)

(N ={0,1,---,n} ; the set of players, where 0 is the nature player)

U = (U;;1 € N) ; the information partition

C = (Cy;u € U) ; the choice partition

p = (pu(c);c € Cy,u € Up) ; the completely mixed probability assignment

h = (hi)ien ; Z — R™ ; the payoff function

COXIMBREBEY —sicBOLTIR, RT3 perfect recall B{RE & 115 D —Hf&H]
TH 5bo

EF2. 2

ERIA 7 — 4 T 2% perfect recall Th 3 &3, FED u,v €U, i €N IE2WVWT, c~ y
(i.e. y comes afterc) &% ce C, L y€v EBFATNE. FED 2z €v LDV T

c~ T BERDIIDIETH 5,
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COREOTF TR, 7L 4+ — OMBIEOES I "players’ decision tree”[4] &I N B
BEPBEATE, I &, Kuhn[5] & Selten[12] @ behavior strategies ic B4 2 #& R
ZE VTV D,

Player i (¢ N — {0}) O#i¥BE R CREHERIEZ, ROLSicF LD oN %,

T = (Mo, u € U)) ell, = Quev; Cy ; the set of pure strategies of player ¢

by = (biu;u € U,) € B, = ®Ruey,D(C,) ; the set of behavior strategies of player i

¢, = (qi(m);m € 11,) € Q, = D(I,) ; the set of mixed strategies of player 1

I 2T, D(X) ; the set of discrete probability distributions on X &3 %, 7. B, &
Q ZBVHBOEEGLL T, RDLIRBDBELZONTWV S,

s; = (s;(b;);0, € B;) € S, = {s; € D(B,);{b; € B;;s,(b;) > 0} is finite } ; the set of
behavior strategy mixtures of player :

o OEEICH LT, ROBHMERGBIEHWVWS N S,

E#2. 3

1,12(€8,) LT 2. EBD s, € ®,2.5, Lz eV icxL Tlp(a, (t},s-)) = p(z, (t2,5-))

MR D LD & &Lt ~t? (realization equivalence) & ¢ 3,

¢

T, plz,s) BTV A Y —DOEBEDM s € Quey S, BT 5 2 ~DEEHREEXL T
W3, |

FiZ. s € QienSiyz € u € Uj;p(z,8) > 0,e = (z,y) € c € C, X L T, conditional
choice probability % u(c, z,8) = p(y,s)/p(z,8) L EET %,

NS OBEO TR, ROXCHSNICEEBKD L2,

7E B (Kuhn[5),Selten[12])

BEHAEY —sicBVWT, RD (1) — (3) BEMETH 5 :

(1)  perfect recall T& %,
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(2) FEoD SiESi,iEJV KX LT, s;,~b, E10 5% biEB, BEET %,
(3) fEBD ¢ €1 €N LT, g € ®;%Q, €2WVWT, h(b;,q-,) = hlg,q-:)

(payoff equivalent) &78 % b, € B, BFEHET %,

§ 3  Realization equivalence i 2\ T

¥ 4. realization equivalence DB R = HEIC T 2 & SHEH 5o —HRIIIC. realization
equivalence i3 perfect recall HORFE LIICHVWOLNT &L, L L, BEFREY — 202
ﬁft%%i% EEDRCES, BERY - LA TBFAMEO K EBEVITRIEST S
@ realization equivalence FfZ#E(LiIC L > TA OGN B 7 — 2 DEMALEF CAICRAIRE
bDOTHBHLEEDLN S,

?}h\‘@%%fﬁ 5 . behavior strategies ‘:‘B i} % realization equivalence i3 . berfect recall ¥
EEHEOLVAVETHRLTHER LD TH L LA E D,

s, 1

bLb2 € B, icoWT bl ~ b BRODI 2D OBEFTHEHEE. TED ue U;b(u) #
bi(u) I LT c~u 22 B v)(c) =03 (v)(c) =0 &% ceCvel, BEHET S &
TH 5o

(GEBH) WMEMHEZRT. b, € Q,;%B;, % completely mixed (ie. £FE®D j € N —
{0,1},ueU,,c€C, IR LT, bylc) >0 BN ILD) T2, z€ueU,;b(u) # b2 (u)
D56, BHObD (EMELOMICEIEFOFTEERET 260 TRIEV) 2 &5 &,
biu)(c) > b2 (u)(c) £ % ce C, WHEET 3, /. it EET L. a~u TH5
v € Uiya € Cy 122 0Ty b (v)(a) = b2(v)(a) > 0 B D L0 & - Ty p(z, (b}, b,)) =
pla, (7,6=3)) > 0 &7, e = (z,9) € c £F5& p(y, (b],b-.)) > ply, (b7,6-)) £

b} Nblz KR35,
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+oH . EEO b (u)(c) # b%(u)(c) 75 ce€Cy,u€ U; %5 path; o— z B

T, p(z, (b,6-) = p(z, (03 b_))) =0 TH B L oWonTH B,

¥ 7. realization equivalence % mixed strategies > W TE L B &, 4. GE3. 1

5. BB, RO pure strategies ICBId 2 HA K S realization equivalence 251§ 511 %o

K3

%3. 2
mat el KoWToml ~v 2 BRD I DOLE+HEER. FEBEO ue Usrl, # 12

KX LTc~uboral, #cand n2 #c L7 b ce€C,,veU, WHEHET %,

C DFERD 5| realization equivalence ZHi{R & L THE S 5 & & T id | pure strategies

DELEELTN =1,/ ~ %. % 7. mixed strategies DE& & L Tid. 1) £ mixed

strategies DE& Q' =D(II%) 0B %2EZ 56D LT 5,
¥, BHRESG U, K. Y= DK K o BRBGEEFHEATE., TOEIEFICOWV

T. U, 0 2 DK (information trees ) C78 % & &3 mixed strategies ICB 3 %

B A W78 realization equivalence DHERER L LT, ROLH R DB EZL SN B,

CoVWT.wl ~ 2 BRIV ET B E. RS 2 k0, 1L #£ 72

L =S | P
n o 7ri1,7ri2 & completely mixed (ie. v A4 ¥ — j(€ N —{0,i}) OBZEAIRELEED

BHESICBW T, £ TP choice icBdd % conditional choice probability #231E & 72 3) 7%
g—i € ;2:,Q; KOPWTHEARER s cuel, BEHLET 5. ik perfect recall ¥ % RE

LTCWRWOT, BLu ORICHEAEREZSGFAELTCVWION - TH S, T
L,2) &L 7, o i OERES

A

T.uORIEEND | OMBES ETH ph = 2Rk =

bt pub=rfk=12) LEHT B, oLk,
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3. 3

%ﬂ%éU;w\E—Amxkﬁmééﬁm¥m¢@§kfé\%@i%ﬁQOf\m
WK 2hOKRIZBE ETE, nl,m? €I, iIC2WT, 7w} ~2 WD LActciiwE &, E
TER LR plp? el et U, al*(1/2) + 72 % (1/2) ~ pl *(1/2) + p2 % (1/2) HEK D
AYASRS

(W) g-i € ®;%Q; % completely mixed &4 2, EHEE U, ic. ¥—LDOK K #»
é%Aéﬂ%@%m¥m%ﬁ§EL\%@¥ﬁ$m5mf\mﬁm<om®xuﬁorm
20T, FEO u RICEHNS 1 DEHESR 2 ORICEN S, 72, ThHOERES
Tt z 248 < choice BBENTVWE DT, 7},7? Du E~DFESXHREL TH %,

IDEE . u DBICEND 2 € 7 2WTlEd. 5y ~ 2z &5z, € u 2253 &,
plen, (ul = (1/2) + 12 % (1/2),4-)) = plas, (n} = (1/2) + 72 % (1/2),q20) > p(z, 21, (ul *
(1/2) + 5 % (1/2),02) = (0, (7 % (1/2) + 72 % (1/2),02)) £ D p(s, (ul * (1/2) +
k2% (1/2),420)) = plo, (= (1/2) + 72 (1/2),g0) HRD LB M0 5 € 7 20T

B o2 plz, (% (1/2)+i%(1/2), g-1)) = plz, (mi=(1/2)+77%(1/2), g-)) DBBLD L2

COFERIE. EHOR KB HETHEREI NS pul,p? EOVWTORBRTH B, 2%
Demi,m? e oo wl # 72 ERET D& ul =7l pd =02 LB ERBBV,
pl=ndui=ml ERBLEDBH B, ThiF. FHOTTHVWA u ORICEHNS ¢ DIEH
%é&ﬂ@&%@%ﬁ%énﬁmfwhmfﬁﬁ@ﬁo&%f\c@tg@%%mﬁma
bDITIE B,

Z 1 5 @ realization equivalence D EANHREL L. RO realization equivalence D E

B oWHODPBHERICL > THERI NS,
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3. 4

@ rirte QMg ~g horl~r? 2fileE. FEO 0L p <1 RKL T,
@ xptrix(1=p)~glxp+rix(l—p) BMHIL,

Wiz, gl ~ g ol ~r? 2B glgdrlr? e @ KR LTL s s? MHB0<p <]

Xt UCo gl =rlsptslx(1—p),q? = rixp+six(1—p) Zilitc g & & s! ~s? BED LD,

RDERIC L - T, & D mixed strategies O realization equivalence i, % 3. 2 &y
B3, 3 TN 2 > DEAKKI mixed strategies @ realization equivalence 1< B#fi{L &
nNas&Bbh s,

EH3. 5 »

BHMES U, 1T, H‘—AOAM{ K»oBRAREEFBEATE, TOEEFRIC>VWT., U;
BV >HORICK 2 & &, £&D mixed strategies @ realization equivalence 1. % 3 .
2 MRS, 3AMA3. 4 ITHWTE SN % realization equivalence ® &4 R O #
Bick-TBon 5,

F(E’Eﬁﬂ) 1,92 € Q¥ W gl ~q? £F 5, q;, € ®,4Q, % completely mixed &
& &, p(z,(q,9-)) = p(2,(¢1,9=)) > 07183 2 € Z &%, p(z,(m,q-)) > 0
2 g (m) < ¢2(m) &% B m el! BEETZLERET 5. DL & p(z, (7}, q-,)) >
0, -, p(z,(mf,q=)) > 0 22 g¥(m) — g} (m) = qi(m)) + -+ ¢l (n) &5 m LRIEBk
B al, 7h el BEET 5,

CCT U, OBFIMEF I LIc - T, ple,(m,q9=,)) >0 &85 2 2&FH. o J =
{Je{l, -k} |y #7mu} # ¢ EBEEMEG v e U, KOVWT, RO XS
3. 33, 4 %M\ realization equivalence % I /% & Jﬁ‘é“% oz, (4}, q-5)) =

p(z, (1,9-5)) = 0,%,es0H () = gt(pd) + - + g}(y) o fFEBO j=1,---,] &
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SV P, (1, qu)) > O, ph = m BB b ul € IO B2 DL gl(n)) & gl(u) %
fii 2 <. ow! &’uf D u »5EAD choice TP A B, 45D realization equivalent
BEBRICEDE SN T g8 & realization equivalent 73 mixed strategy % . #ifcic. ¢ &
BLEVG ~ @ ogl(m) =q¢X(m) v, @3, 40BREZHAVC, ¢! ~ q?i)lﬁ
o(z, (¢}, 9=:)) = p(2,(¢3,g=.)) = 0782 ¢}, ¢ KMOBRZZILVBTED, CNEBVRT
&7 DFEBRMEL Y. HIRED realization equlvalent BEBRICIDBEERH LS &0

RE 5o

§ 4 BFBEAERESCOVT

pure strategies IC agreement equivalence (EEIA 7 — L1t B1F % payoff equivalence ) %
i L f A2 ¥R 7 — & ( PRNF or Reduced normal form[3] ) (S = Qe S, 7 = (m;1 € N))
B W T, Mailah et al.[6] & (FZRH#ER) BWESGZROL S ICER(LL 720

EFA. 1

X=X, 9X_,CS®(®%S,) WiecN 0E#HEATHILE. FED r,s, € X,
LTz, € Xoy Bl 7t 2) =n(ry,z-y) BWERDILB. 2, € (®,%5,)—X_, 85

. 71'(751',1}_1‘) = 71'(51',13_,') MEKOIID L EX, BEHET SHIETH %,

COEFEIT., perfect recall B2 RE SN BB Y - 20 BERESE ., IEEN Y — L0
ETELAbDTHE, COTEREMBES. 3DAPEENK T I L. 1,7 2ECHEED

(IZEERD FHWESICR L u? $EFTLTVE I EBb D, IO realization equivalence

DEEVPEREEG L LOASPLTEREEZ SN %,



216

(&% 3B

[1]

Abreu,D.,On the Theory of Infinitely Repeated Games with Discounting, Economet-

rica, 56 (1988) 383-396.

Fudenberg,D. and Maskin E. The Folk Theorem in Repeated Games with Discounting

or with Incomplete Information, Econometrica, 54 (1986) 533-554.

Kohlberg,E. and Mertens,J.F.,On the Strategic Stability of Equilibria, Econometrica,

54 (1986) 1003-1037.
Kreps,D. and Wilson,R.,Sequential Equilibria, Econometrica, 50 (1982) 863-894.

Kuhn,H.W.,Extensive Games and the Problem of Information, in Contributions to

the Theory of Games II, Annals of Mathematical Studies, 28 (1953) 193-216.

Mailath,G.J.,Samuelson,L. and Swinkels,J.M. Extensive Form Reasoning in Normal

Form Games, Econometrika, 61 (1993) 273-302.

Mailath,G‘J.,Skamuelsotn,L. and Swinkels,J.M.,Normal Form Structures in Extensive

Form Games, (preprint).

Nash,J.F. Equilibrium Points in n-Person Games, Proceedings of the National Academy

of Sciences of the USA 36 (1950) 48-49.

Nash,J.F. Non-cooperative Games, Annals of Mathematics, 54 (1951) 286-295.
Rubinstein,A. Equilibrium in Supergames with the Overtaking Criterion, Journal of
Economic Theory, 21 (1979) 1-9.

Rubinstein,A. Finite Automata Play the Repeated Prisoner’s Dilemma, Journal of
Economic Theory, 39 (1986) 83-96.

Selten,R.,Reexamination of the Perfectness Concept for Equilibrium Points in Exten-

sive Games, International Journal of Game Theory, 4 (1975) 25-55.



