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Stochastic games with constraints

FiER - HEL HIHE ( Kensuke Tanaka )
NLVE VETEA % Jk#E  ( Zhaohua Liu )

MR REEO D2 ABHERY — L2 KOKE 1 0@
EHETHEXSELT 5!

(X) Y’ Ar B’ 91, G2, T, gly 82’ B );

U, X,Y LEhEh player 1, player 2 ORBEEH, EH
XY W — L DORREZER, A,B WXENEH player 1, player 2
OITEZER, i (Cl x,a) Ik (x,a)eXA BWE X ohREXDORAE
=M X Ed Borel set C DHEH, a.(D 1 y,b) & (y,b)e¥YB ¥
Exbhit EORMEN Y Lo Borel set D ®HZE, p(Ch
(x,a),Cy,b22=0;(C 1 x,a)q2(D 1 y,b) W& ((x,a),(y,b)) e XAYB
EX3RhREXD XY L Borel set CD N =L DOHEBRHER,
CRGGa), (v, b)) WHRIE D XAYE > R T player 1 @ 1-BHE®
BEIETr i player 2 © I-BBEOEEMM, g'=(g! (x,a),
g2(x5a), + = +,8,(x,a)) WA PL{EME XA - R" T player
1 © 1-BfsD cost B, 82=(8?(y,b),85(y,b), » « - ,85(y,b))
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WA PLEBK: YB > R™ T player 2 @ 1-EifED cost BI¥,
BIEIBIAFTO< 8 <1 &9 3%. |
22T, player 1 @ strategy m=(m ,mwa,* ¢ * , e, "
CODBET my W He=He-  (AX) CHi=X ), 122, BE x5 h R
LEDALORHEIEMRTHS. B, n OLTOER n, VE
% ot WHBURWLWEE, 20O strategy WEFTEHIIH S . player
2 O stratesy S=(Si,62,* * * .01, * *) OBER Gy & =
e-1 (BY) C Hy=Y ), t22, WEX & XD B LORMHFT X6
LTH 5. stategy SEHUTHABLEEENEL >N 3.

o %, plaver | OMMALSBEAIROB T X>H 3

1 .s)
l(“ ’6) : *E\ Bt—IE“‘IQ‘Er(<xt,at>;(yt )bt)>]°
Wz, player | O @MME%3] cost KOS5 Z >h 3 °

"
G'(m)= I B¢ 'Eq [g'(xi,a00] € RO
=

IR, player 2 QML Slcost WWROHFWCE X BN B !

@)= I pEg [82(v,b)] e RO
W, (u,v) € REXRE ZHWVWT,I(n,s) & (u,v) OERE

¥ <u,Gl'(m)>+ <v,G2(s)> T perturb U ¥ —L2EEHT 3

PHORROBR2PORELHEATII LT S .



26

V*(u,v)= iT?f SQLLP [I{n,s) + < u,G'(x) > - < v,G23(5) >,
&

V=Cu,v)= sup inf [1(n,s) + < u,G'(n) > - < v,G2(s) .
Y iy

EB 1 Se M (U,v) € R} X R" OMIEHEKT perturb
URTERBY — LI BY 3 player 2 @ max-inf strategy &9 3%
X, ROEIEMKILIT S .

- G2(€e) &  ovr(m, - )W
‘t‘:

inf [V*(U,v) + < v,G2(s%) >1 = inf [I(n,s3) + < u,G'(m) >].
VeRy i

U, V@, ) V) W v TDO V' (U, +) @ subgradient D&
ERKRITHEET, 2TD ze€ V@@ XXV) WHULT F%ER

ve(u,v) - Vv*(u,v) =2 <v - v,z >
BRILUTWS.

FEM2 e M (U,v) € R X R OMREME T perturd
UhMWEY — LA WBT 3 player 2 @ mini-sup strategy &3 3
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X, ROEMBRLT S .

Gi(me) € DV (e, W
sup [V'(u,v) - <u,G'(mg) >1 = sup [I(me,®) - <V,G2(c) >]
weRr: S

RELV, CTTCERTO vy e 2V (-, WA wHULTFER
V-C(u,v) - V- (@U,v) = <u - u,y >

M UTW 5.

EZMMI3 X,y WEHFH Polish space @ Borel set, A,B
WEHEH Polish space @ compmct set, HEBHER p=qiq. %
AT S a1, g2 W (x,¥) € XY BEAXShkEE, THhTh
Ay B LGS, r X XAYB L CTHEFETHR, g & XA LTEE
THg NWEHR, 8° & VB LTHEKETILINREREKRET 5 &,
(U,V) OIEMET perturb URTERY — LIWZXFUT player 1
& player 2 OEF R strategy OIS A(no,5) &7 —LOIE:

MEFETSH. RkEU,
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VT, V)=1(m4,S8) + < u,G'(me) > - <Vv,G2(6E) >.

EH4L EHE3IOZHDDHET, ROFEDBKXLT S .

V(U,v) + < v,G3(s%) > = sup inf [I1(T,S%e)
weRh T

+ < u,G (m) >]

= inf l(n ;GTB)
Gm<o

V(U,V) - < U,G'(mg) > = inf sup [1(me,
VERY ©

- < VyG2<S> >]

= sup I(mte,5)-.

SEO TS

SHE  (ne,5) HHBEE G(x) S 0, () =
7&@3 primal game DK IMH, BB

inf 1(m,Ss) = 1(meg,83) = sup 1(nq,5),
S Fn<o

)
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9 BEE, HARBOHLETXRORN LR T player 1 @
strategy @ & u*e R" MTELET 3

1(te,8a) = ‘inf 1(n ,Sq)
GM£6

= 1(m,60) + < VNG (T) >.

7R, IROR B2 T player 2 @ strategy & & vie R* B
E9 % :

I(me,Se) = sup [(ng,¥)
SYGE I
= (e, - < VG (® >.

Fl, Y= AQERSVTROBEESRTT 3

1(ng,8) = VWSV = V(5.




30

W

% X

. Liu Zhaohua & K.Tanaka, On the closest
multistrategy to the shadow minimum of a
Markov game, LMW R &, 611,
1987.

. Liu Zhaohua & K.Tanaka, On an optimal
multistrategy and a weak optimal multi-
strategy of a Markov game, Sci. Rep.
Niigata Univ., Vol.23,1987, pp 1-11.
K.Tanaka & C.Matsuda, On a continuously
discounted vector valued Markov decision
process, J.!Information & Optimization
Science, Vol.11,No.1,1990,pp 33-48.

. K.Tanaka, On a discounted dynamic programming
with the constraints, to appear in JMAA.
K.Tanaka & K.Yokoyama, On € -equilibrium
po{nt in a noncooperative n-person gane.

to appear in JMAA.



