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Abstract

HERBIERIDS R M DO~V 2 7 REHBIZBWT, B ToTEIzk>THEL S
HERBRFE DB K > THERS LR % HEE U 72 S & 3 JG0 T Bl UK % sk ed 5 74
MDD 2. OWRILA OHEE & ol b Ex ks 2 & &, Far %
W2 HEE I X 2 BRKFEHIE D & KRR NS, TDZ LiZX-T
X[~ )L 3 7 P i 2 (controlled Markov set-chain)iZ & % itk 7 7o —F %
AT 22N TES. RIETIE, a-percentile 12320\ T X [BIHER R % #EE
3 5MDPDOHERIE & o L EE Z5T 5.

1 ELC®I
AR~ )L 3 7 P FE (Finite MDPs) %, IRD4D DIEH THK X 115,

{Sa A7 Q7 7"}

ZZT,8={1,2,...,n} IFREERZERL A = {a1,as,...,a,} | FREZEH(FTEIZ
M) Q = (g;5(a)) DEEFE g;(a) IFREITH VW TREaZ IR L 2R DIRDIADHER
REEDjTH DR E KU g(a) € P(S|Sx A) THD LD BHERKDOEE D TQEH
IZHERSHERATH LR, r =1(i,a) 12 Sx A EOFGEREKE L TERINS. VAT
LODIRFEN i € S T ae A ZBIRU 72, IRDEIDIRFENZ ¢(-|(4, @) 1THE > THER
USRI L (i, a) 705, £ ARO <)V 3 7 REEFRE (uncertain MDPs) T, #
MIER] Q = (¢;j(a) BPRATHZ5E62EET 5. REBHNIC & > TRAOHEBTESR
FHDOHESR ¢, (a) FTNTNKERE (¢ (a),7,.(a)] TND. T 2 TIRHHERBILNHEE
DEARR R X EMEDE LT DOWTER T 50, KERHEREIZE D)L a 7 ke
#FE (controlled Markov set-chain models) {Z 2\ Tl&, Kurano et al. [7]72 & D Jef7 i
HRETOEN5.



W LB OHEE 1L, &P RIS U7z SR OREBEHIBICE O W TTbi
5722 2T L THET 21751% Q = (¢;) & RTILIZTB. 61T, Wb
3 7 PRAEEFETORIEHER L, BUEDIRRE ¢ 1T U TZ OHBIER ¢, 125> TRD
WIOREPHERMIZE X 5. £ 2T, D&, FEiKBEHEZEEZHNT Q O i 77H ¢
IZDWTARAS ZHEEITD.

i G2 qig vt qin
421 G22 Q23 e Qan
©= qin Q2 iz v Qin
Gn1 qn2 Qqn3 - Gnn

BUITEDARTEDN D & Z TR DOENTHERS U 7RG~ OHERS [0 80, % G0k L 72 7 — &
Yy b& 6= (01,00,...,0,) EBL.ZDEE P, =PS)={p=(p1,p2,---,00)|pi =
0,50, pi = LHIH U THRADPHD 720D IELARD & 5 7 olZBd 5L IH MDA
TA=R p=(p,p2,...,pn) € P, TH>TT 1 U T LoAI& LIEIEND ZIRITLOAN
DEEDHIETH 5.

A U+..'+O-"!o'1 () Ty
flolo.p) = ( 101!"'%! )pl P2 Py (1)

P EONAR=ZPEEL()E U, B8k 2 U UT [L,EL] 12 & > THATXREH
EaRT. TRy bor o, [Ly, kL IZ & 2 EHXERE XU TFTOLS1IZLTH
515 (cf. [9] DeRobertis and Hartigan(1981)):

mum:Afwamu@>ﬁnAea (2)

727U BIE P, DMAEEIZLD o-REKTHS.
DeRobertis and Hartigan ([9]) DAERIZ K 0, #EE T 2 HRBHERDHEIKS pp DX
FRBUIPA T O L S LR ofH e L TR o 5:

{ . p QD) [, QUp)|L, Q2 U, }.

ZOpDFEHKEMEN, N ERT2IZT 5.
N AIASR

Theorem 1 ([9] DeRobertis and Hartigan (1981)). FH&XFEIE [L,, kL] T &> T,
WRHERES p O TFHRMEL ), & BT N RIXOZNEND HRAD K DD
fRCTHo:

kLo (pi — Ai)™ + Lo(pi — A) T =0, (3)

kLo (pi — Xi)* + Lo(pi — X))~ =0, (4)

ZZT, 2" =max{0,2}, 2~ =z — 2zt =min{0,z} TH5.
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NI A, & EERAE X, IR— BB L OREE2R—XEREZHANT, MFD X
SIIZERIZ KT Z N TE S,

C B(s+1L,t)+(k=1)B(s+1,t,)\) ~ kB(s+1,t)=(k=1)B(s+1,t,\)

ST B(s,)+(k—1)B(s,t,)) ' kB(s,t)— (k—1)B(s,t,N)
(5)

where s = o;+1,t =>",_, o) —0;+(n—1), B(s,t) = f 711 —2)"'dz and B(s, t,\) =
fOA N1 —x) .

2 a-percentile IC K 2 FEZXEHERITY

HBEEMN, N EIRDE D7 a-N—L Y XA L > TRD S,
9, Tia BRD &S % P, EOTHIBEE T 5.
9..0) = Iipzay (D), Gia(P) = Iip2a} (P), (6)
where Ix(v) =1ifr € A, =0ifz ¢ A.
X 512, Malo), Ma|o)ZIRD L S ITEHT 5.

Qo(g,,)
Malo) = p{ o e (L kLa]} , @)
Malo) = sup {Q (I;a; |Qo € [Lo, kLo}} ; (8)
where Q = [g(p)Q(dp) for Q € [L,, kL,| and mesurable function g on P,.
“C NMille- /\—Jz YEAN p(a) & Eflla-S =2 XA pi(a) ZIRD &S 12
3‘5
Alp,(a)lo) =, A(@i()|o) = a. (9)

Proposition 1. fTEEDQ € I(L,, kL,)IZX L T

QUpi<p, () < o Ypzney) -
QY T Q1) T

Q,

AN RRVASH

ZDEE MADa-N—k VR AL, ZNFIIRD L D R =R 34D\ —X v
&'f}l/?blbj??bé RS,

Theorem 2. FMilla-N—=t > XA )V p(a) & Efila-r =1 XAV pi(a) I, TNT
NI D AR Z 724

Bs.tp@) o Bls,ip(e)  (1—a)k o)
B(s,t)  a+(1—a)k’ B(s,t)  a+(l1—a)k
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%iﬁJﬁM®%% I B DK H[p,(0/2), Bi(/2)] % 100(1-0)% ol < i

(central credible interval) & FESS.

INERDT —RY bo = (01,00,...,0 1T LT, BHBUST A—Rp = (p1,pa, ..., pn) D
K R & plz B3 2 HARMAHEIC N <, TS K OB &> TIHONS l:ﬁa'ﬂﬁ
@ﬁ@#kﬂ@TlﬁﬁﬁiﬁﬂKiﬁﬁﬁﬁfﬁﬂ £oT, 7—Xt vy NOERDHGNE
DEIIZHRDEES DL EIRDETTATNL.

3 BUER

Z ZCEEKBKIZL(- ) N R—ZHE HETE XML KL (HEEB)IZDWT, k=2&
EZ 2 THMEERZTVERBAIEXEZ S 212 L 7=Markov set-chain® {38 % i\ T A
% .([6]DEAERFI X D7)

REEHn = 3,5 = {1,2,3}, policy i.m(determml%tlc stationary policy) & U TH]
RSB, = 175 52001 F DI s & BT 5 £ TO S BT, W ZHORED 5
IROENZHERE U B 2T 25

31 2
1 3 2
1 2 4

TH o 1= FlZIZIRE2D S DR TIX, EDTHDOHE21TH %2 BT, 6B DRITHEERT
DIz ZNZIVIRELZ0;, = 111], Jkﬁ% Zoy = 3] JRFE3IZ oy = 3[R D HEFE % M
Liz&d 5.

FARBEUZ BT B pir, pio, pis D FAARMEE XL, Theorem 1 225 L FD & S 12155
5 (Table 1). a1, 09, 03l& ZNE IVIRFEI T @@{EU{E(?@%@%@ &9 5.

Table 1: Intervals of posterior measures(mean value)

G = 6(FBRIE), 01 = 3,00 = 1,05 =20 & &,
P =[p;,Pul | P12 = [p,;Pra] | P13 = [p,;, D13
[0.400,0.489] | [0.187,0.260] | [0.292,0.376]

6= 6,0’1 = 1,0’2 :3703 =20 & %,
P21 = [P, Pl | P22 = [Pyys Paa] | P23 = [P,y Pag]
[0.187,0.260] | [0.400,0.489] | [0.292,0.376]

6':7,01 :1,02 :2,03:4@2:%7
P31 = [Py, P31l | P32 = [Pay, P3a] | P33 = [Py;, Pss]
0.168,0.235] | [0.262,0.334] | [0.458,0.542

ZDEE, MEETHDKHERQ =(Q,Q) = {Q € P(S|S x 4)|Q £ Q < Q} 1XIX
400 .187 292 489 260 .376

DEII/SND. Q= |.187 400 292 |, Q 260 .489 376 | #ENETNT
168 262 458 235 334 .542
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FRATH, ERRATHIE T 2475 CHERITHI Z KT 26 DI, MTORD & 5 2MES
tLTRoNS.

Bl Z I, UTE Dq = (qu1, qro, u3) D B EE 1L, 0400 < g1 <0489, 0.187 <
d12 g 02607 0292 é q13 é 0376, ?zlqu = 175: (Ij"ﬁfl L/7 Eﬁilﬂ@&: Li7 (Q117p127p13)0)
MEADIAES L LT, (0.437,0.187,0.376), (0.4,0.224,0.376), (0.448,0.26,0.292),
(0.489,0.219, 0.292), (0.4,0.26,0.34), (0.489,0.187,0.324) G515 (1).

Figure 1: HEK175 D4

—IZiE, 9 = (Q.Q) = {Q € P(SISxA)Q £ Q = QT DHLE, QM
LMK TERINS (L. [6)2 5,554 DES {QW,QP,...,Q0HIL>TQ =
conv{QW, QP ... . QV} ERFTILNTES.905Q = (¢;)IT2PVWT KifTHI &I
MBHERITIIDRM: S0 gy =1 (i = 1,2,3) & Az THHAR 5. QO 8ifT HIZBI S
LIMEHEREG (i =1,2,3) b BL & E ZTOHMDOESext(G)IEZTNTNUTDL S
12725,

ext(g;) = {(0.437,0.187,0.376), (0.4,0.224, 0.376), (0.448, 0.26, 0.292),
(0.489,0.219,0.292), (0.4,0.26,0.34), (0.489, 0.187, 0.324) },

ext(gs) = {(0.187,0.437,0.376), (0.224, 0.4, 0.376), (0.26, 0.448, 0.292),
(0.219, 0.489, 0.292), (0.26, 0.4, 0.34), (0.187, 0.489, 0.324) },

ext(ds) = {(0.196,0.262,0.542), (0.168,0.29, 0.542), (0.208, 0.334, 0.458),
(0.235,0.307,0.458), (0.168, 0.334, 0.498), (0.235, 0.262, 0.503) }

5.
A& TIE, IRDEaparcentile (2 X5 XHRBFIZH LT, a =0.052a =050
= D, ST E(h = (qu, q12, Q13)®ﬁ5ﬁ$(¥ et ﬁfﬂiﬂﬁ, MHEIIZDOVWTEZL TWL.
a=0.05D¢ ZDE—FTH DU mEA L,
ext(dy) = {(0.095,0.641,0.264),(0.095,0.155, 0.750), (0.837, 0.013, 0.750),
(0.237,0.013,0.750), (0.837,0.118,0.045), (0.314, 0.641, 0.045) },
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F72, =050t ZTDE—THDOmMREE L,

ext(q1) = {(0.185,0.483,0.332),(0.185,0.204, 0.611), (0.720, 0.043, 0.237),
(0.346,0.043,0.611), (0.720, 0.175,0.105), (0.412,0.483,0.105)} %#f55. 2T T, N %
DDA = (p1,p2,p3) BRI T A =R LT ELENMMEEZEZDLE, T—REY
]\ g = (017 gy, 03)®§}5‘Z§J\Uici, ﬁ‘ZIjJﬁﬁiiizpz@?IEﬁfﬁKft 5 . % Z VG, Uzo)}%iﬂﬁ%ﬁ%
H eIz, ARERE /NI WIEIZLUTREBEMEZ & 5 Z & T 5% A 2 B\ 72 815
HIEA % Rl DRIZE & & D (Table 2,3).

Table 2: a = 0.05, predictable numbers of observation of o;

| B, | 1E | BT HES |
1 1009 ] {0,1,2}
p 0237 {0,1,2,3}
p | 0314 {0,1,2,3,4}
p1 | 0837 ] {3,4,5,6}
p2 | 0013 {0,1,2}
pe | 0118 | {0,1,2,3}
po | 0155 | {0,1,2,3,4}
po | 0.641 | {3,4,56}
ps | 0.045 |  {0,1,2}
ps | 0150 | {0,1,2,3}
ps | 0264 | {0,1,2,3,4}
ps | 0.750 | {3,4,5,6}

Table 3: a = 0.5, predictable numbers of observation of o;

| B | fE | BT ES
p1 0185 ] {0,1,2,3}
p1 | 0.346 | {0,1,2,3,4}
pi | 0412] {1,2,3,4,5}
p | 0720 | {2,3.4,5,6}
P2 | 0.043 {0,1}

pe | 0175 | {0,1,2,3}
p2 | 0.204| {0,1,2,3}
ps | 0483 {1,2,3,4,5}
ps | 0.105| {0,1,2}
ps | 0.237| {0,1,2,3}
ps | 0332 {0,1,2,3,4}
ps | 0.611| {2,3,4,56}
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72, Bffip = (1/2,1/6,1/3)IZx9 2 BUHIFHIES %2 RIZR T (Table 4).

Table 4: p = (1/2,1/6,1/3), predictable numbers of observation of o;

| BB | | B TS |
pl 1/2 | {1,2,3,4,5}
D 1/6 {0,1,2,3}
s 1/3 | {0,1,2,3,4}
ps 0237 | {0,1,2,3}

ZEMEICHE D BT, BARBP DR TEEZTNTNOT =Xty bo =
(01,00, 03) DBBME D E LRI ZNITERE BV, FIZIX, Z?:1 o, = 6DGE
12, (01,00, 03) DB NS R — U IX28B D | (01,00,03) = (3,1,2) & 72 5 HERDPE A
F0.139TH 5. 2T, ABETHOTWS XKERHE FENE DL S WEEZ &
HEEMEZ S > TV A D, BEIZED SBITFHIES %2, KEBRMHERTH 2R L TV
LU DEMMP SN T WA WL DNDNT A —ZEIZLTIEO THREIZHY T
25D% T4V 7L 0Mi%kELITRD, LRDEK (Table 5) DL S22 HTHL

Table 5: power of tests for some extream points

EZ L
P1

0.095 | 0.5494
p | 0.837 | 0.3439
po | 0.641 | 0.6289
ps | 0.750 | 0.5339

¥ 72, o = 0.5percentilell & 2 XEHERITHITH - TH, BEHIZN T B5% KD ZHE
Hlg & %€ L =IO 111, pr = 0185125 L C0.2931, p; = 0.72012 % L T0.1398
Py = 0.4831Z%F L T0.3124, ps = 0.6111ZX%F L T0.2508 TH - T, HBH—FEDMEHRSE =
FHOBEFUIHPL ORI H B L EZ 6N D.
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