W RRRNMORBRTILIOTIREETIVICS
IFTREEESICOWVWT
(On the credible set in controlled Markov
set-chains with unknown transition
probabilities)

AR - BLEER - POz
Masayuki HORIGUCHI

Professor of Department of Mathematics,
Faculty of Science,

Kanagawa University

Abstract

WERBERID R DOV 2 7WREMFRIZB W, FHTOTEIZ L >THEL S
HERBAREDBINNZ & > THERB IR Z HEE U 7008 & I R i UK & R b % 23
MED D 5. T DOHEBIEA OHEE & Bl bz KT 5 & &, %FJUI:F'EJ{HUEF%:
W HERE 12 K 2 FRK IR 2 & KEMERITAPR LN 5. ZDILILEoT
X IR <L 2 7 P 5E @ FE (controlled Markov set-chain)iZ & 2 fi#ik 7 710 —F %
W 52 EMNTE B, KIETlE, a-percentile (ZFED W T X [EIHER LR 2 HEE
$ 5 MDP DRI & B LHEZ Z 5T 5.

1 EU®HIC
BIR~ )V 3 7 PR EFE (Finite MDPs)l, YRD4D DIEH THEE I 1 5,
{5,4,Q,7}
ZZT,8=1{1,2 n} I FREZEMZERL A = {al,ag,.. cay b VRIRE 22 ] (7 B 22

F'EJ) = (¢;;(a)) 03%%/% gij(a) IFREEIZ B W TR Ea % 3 TRth%EO){K@ﬁEO)Tﬁ%
IR THLMEEEZRL ¢i(a) € P(S|Sx A) THDH LD BHERKOEF D TQEH

ZHERBHERITHI IR, r =r(i,a) 12 Sx A EOFEEKE L TERINS. VAT
A@hﬁéﬁx i €S TacA%ZERUZE IROBOREBANIL ¢(-|(5,a) 126> THR
USRI X r(i,a) 705, $T-ARDO <)L 3 7(5%E15$35(uncertaln MDPs) Tl&, #
BIER Q = (g;5(a) BPRHTH 2562 EET 5. REBIIZ X > TR O HEMSHER
THOERLER ¢ (o) FXNTNRMERE (¢ (a),7,.(a)] SND. T 2 TIRHHERBIEHEE
DOEE L XEMEDE L IZ D WTELRE T 508, KEMERENZE D)L 3 TRE
#FE (controlled Markov set-chain models) {22\ T &, Kurano et al. [7]72 & D 5E47 4
ZIETON5.



HRIER OHEE L, SR EFEIRIZG UG ROREBEREIZE SOV TITbh
5727 2T L THEE T 21181% Q = (q;) ERTZLITTH. 51T, ¥
O 7 REEFE T OIREHER X, BIEDIREE § 128 L TE DHERIER] ¢ 12> TIRD
HOREPHERMIZE T S, T 2T, Mg, FaiXEEZHWT Q OF i 17H ¢
IZDWTARA AHEEETTD.

din 12 q13 v qin
q21 Q22 Q23 - Qon
@= qi1n Q2 Qi3 v Qin
dnl dn2 Qqp3 - Adnn

BIEDIRFEDN D & SITIRDWNTHERE U 72 4R FEj N DHERS [0 8o, 2 FUBk L 7= T — X
Yy & 6=(0,,00,...,0,) EBEL.ZDEE P, =PS)={p=(p1,p2,--,00)|pi =
0,570 pi = 1LHIRH U THEA DR 720 DIZLL TN D K 5 7% olZBS 5 L IHD M DtE N
TA—=R p=(p1,p2,....,pn) €EP, THH>TT 4 VI VAL EHIEXND L IRILHAR

DHEDF[TETH 5.
(0'1+"'+0'n)!

5 f— Ul 0-2--- Un
f(olo,p) = P e RN (1)

P, EONR=ZHREEZL)E L, 8k > U UT [L kL] 12 &> THATXHEH
EaRT. T—XEY bod b, [Ly, kL IZ L A EHRXMEREIILLTO X S LTH
5115 (cf. [9] DeRobertis and Hartigan(1981)):

.umwaéﬂﬂ@mu@>ﬁwAea 2)

7272 B & P, DA EBITLS o-BEKTH 5.
DeRobertis and Hartigan ([9]) DAERIZ K D, HE T 2 HERBMHERDEIHKS p; DX
MIRBUILA T D & 5 i hofi e L TR o 5:

{Jo peQUap)/ [, QUp)| Lo SQ U, }

Z Dp;DFHXEZ N, N ERTZLIZT 5.
IRDIE D LD,

Theorem 1 ([9] DeRobertis and Hartigan (1981)). H&EXMHFE [L,, kL] (2L > T,
WS HERIK > p; O NERAE N\, & ERRME N\ IR0 ZNZEND HFERAD /72 —DD
fBThH5:

kLU(pi - )‘i)_ + LU(pi - )\z’)+ =0, (3)
kLy(pi — N)" + Lo (pi — Xz)_ =0, (4)

ZZT, 2" =max{0,z},2” =2 — 2T =min{0,2} TH 5.
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TIRAE N, & EBRAE X, ZR—Z BB L UORTEER—ZEKREZHANT, MTD X
INWZERNZRT Z B TE S,

_ B(s+1,t)+(k—1)B(s+1,t,);) ~  kB(s+1,t)—(k—1)B(s+1,t,)\;)

o B(s,t)+(k—1B(s,t,N) 7 7" kB(s,t) — (k—=1)B(s, t,x;)
(5)

where s = o;+1,t =Y ,_, o —0;+(n—1), B(s,t) = fol 2> H1—x)"'dr and B(s.t,\) =

fo/\ 2571 — x) .

2 a-percentile IC & 3 FEZXEEEXRITI

HBERI,, N Z2IRD KD 08—V R4 NIZE > TRD .
9, Gia BRD K57 P, EOTRBEEE T 5.

9:.(P) = Iipi<ay(p): Gia(P) = Ipizay (p), (6)

where [o(z) =1lifx € A, =0ifx ¢ A.
X 51T, Malo), Malo)ZIRD XD IZEHKT 5.

Qo(g, )
Ma|o) = sup { Qa(%;a) Qo € [Lo, k:LU]} , (7)
Ma|o) = sup { gzg;ai Qo € [Lo, /{?LU]} : (8)

where Q(g) = [ g(p)Q(dp) for Q € [L,, kL,] and mesurable function g on P,.
22T, Mlla-rX=2> &A1 p(a) & Eflla-N=1 2 XA )V (o) ZIRD &SI

EFRT D _
" Ap,@)lr) =0 X)) = o 9)
Proposition 1. EE%TO)Q c I(La,k‘Lg)C:ﬂb’C

QUipizp, @) _ o, QUznn) o
QL) =7 Q1 =

a,

i AIRVASN

ZoEE WO A= Y ZAIEENENRD & D R — AT D R —t
RA NI SRDB T EDHES.

Theorem 2. Nila-X—L > XA )V p(a) & Eflla-X= > X1V pi(a) &, THT
NUAT DGR 27

B(S’ t|]_)z(04)) _ o B<Sv t|ﬁz(05>> _ (1 _ Oé)k (1(])
B(s,t)  a+(1-a)k’ B(s,t)  a+(1-a)k




) 203, Rl @% B AU B DK Ep. (0/2),Bi(a/2)] % 100(1-c)% (S B
(central credible interval) & FFS8.

INERDT—=REY N = (01,00,...,0 I UT, BBNTA—=Rp = (p1,p2, ..., pn)D

X & plc B3 2 HEEARMEICIN A T, BEXKMOMEARIZ X > TH SN D X
e R1T7 5] D RN RIER475] & J:BEEE+4T§IJ WZ&oT, T—%t vy hOERSADE
DEIIIRDES D EZIRDOEITATWL.

3 HEfp

2T EERNZL() N~ — 7R, HRTEE XHE[L, kL) (KIZER)IZDOWT, k=2&
EZ CTHEERZITOVERBIEXME%Z $ £ 12 L 72Markov set-chain® [ % f# T A
% .([6]DEAERF & D 5IH)

RFE#In = 3,5 = {1,2,3}, policy L [& % (deterministic stationary policy)& U TH]
PR, = 10 S 20 H DREap 2 BP T2 X TD S BT, TNENDREDNP S
RO U BHEEZFANE T 5

2 4)

(

TH o 7= H 2L IRFE2H0 5 DR TIL, EDITFDHE2TH % R T, 6RIDRITERT
IRDIIZZE N ZFNIRRELIZo, = 119, IRFE21Z 0y, = 3[R JRFE3IZ 05 = 30 DHERS % &1
L7zt 3 5.

FARRENZ BT Bpit, pio, pis D FERME X I IE, Theorem 1 M S FD K 5112/ 5
5 (Table 1). oy, 09, 03l& TN ZIVIRFE zf@%ﬁ/ﬁﬂﬁ(j‘ﬁ*ﬁlﬁlﬁ)kj"%

— =W
W
RN

Table 1: Intervals of posterior measures(mean value)

6 = 6(EBRAE), 01 =3,00 =1,05 =20 L &,

P11 =1[p,,,Pul | P12 = [p,,, Pra) | P13 = [P,4: P13l
0.400,0.489] | [0.187,0.260] | [0.292,0.376]

0d=06,01=1,09=3,03 = 20 & g/7
P21 = [P, Pl | P22 = [Pyys Poo | P23 = [Pyss Pasl
[0.187,0.260] | [0.400,0.489] | [0.292,0.376]

o= 7,0’1 = 170'2 = 2,0’3 =4D & %,

P31 = [Py, P31 | P32 = [Pays D3] | P33 = [Pyys Pl
[0.168,0.235] | [0.262,0.334] | [0.458,0.542]

DL E MERTADKHESQ = (Q,Q) ={Q € P(S|S x A)|Q < Q < Q} IFIX

400 187 292 489 .260 .376
DEIITFoND. Q= |.187 400 .292 260 489 376 | xENENT
168 262 458 235 334 542



FRATHI, ERATHIE § 2470 CHERITHI 2T 25 DIE, U TFOXD & 5 S
tLTRoN5.

Bl Z X, UTHDq = (qu, qu2, q13) P B4, 0400 < gy < 0489, 0.187 <
g2 £ 0.260, 0.292 < qu3 < 0.376, 7 qu; = 12072 U, BARBKIZIE, (qun, pra, pr3) D
MES DI RES & 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) BMFE 5N 5 (1).

Figure 1: ffE3%17 5 D]

—MIZiE, Q@ = (QQ) = {Q € P(S|Sx A)Q £Q = QLT D& Qi
ZHKRTREI NS (L. [6)5,H5%imDES {QW,QP,....QUHIXk>TQ =
conv{QW, QP ... . QU} ERFTIEMNTES.9035Q = (¢;) 20T KifTHI &I
HERMERIT A DSRME S0 gy =1 (i = 1,2,3) 2 A= THUITN 5. QOHifT HIZB S
BMEEREG (1=1,2,3) 8 B & E ZOMEDESext(()FENEFNUTDL S
2725,

{103

{(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(G2) = {(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) }

ext(q1)

2185,
A& TIE, IRDKaparcentile 12 X B XERBIZH LT, a =0052a =050
% @, %%#1—} qu = ((]11, q12, qlg)@ﬁﬁﬁgﬁa & ﬁfﬂfﬂjﬁ, *ﬁﬂjjj e OL\T%';%E{ LTw < .
a=0050% EDE—THDmMRES,
ext(q1) = {(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,a=050¢ TDE—THDIMHRES T,

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)} =18 %. ZZ T, TN %
M@ﬁﬁ)\—i = (pl,pg,pg)%ﬁ/\o TA—=XE j—é %Iﬁﬁzﬁ%%i % t, 7"‘ Xtz
No = (01,09, 03)DE T 01, BRITER, OJEDHIZMKED . £Z T, o; DAL %
LIz, AEEREZ /NS WIEIZLU TEBEMZ & 5 Z & T FI5%AR % bR\ 7= 81 5
HEEL %2 FilDRIZE &b D (Table 2,3).

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

| B, | iE | BIHTIRES |
»m | 0.095 {0,1,2}
p1 0237 {0,1,2,3}
m | 0314 {0,1,2,3,4}
p | 0837 | {3,4,5,6}
pa | 0.013 {0,1,2}
pa | 0118 | {0,1,2,3}
pa | 0155 | {0,1,2,3,4}
pa | 0.641 | {3,4,5,6}
ps | 0045  {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: o = 0.5, predictable numbers of observation of o;

EmRmE R EE
p1 | 0.185] {0,1,2,3}
pi | 0346 | {0,1,2,3,4}
p | 0412 {1,2,3,4,5)
p | 0.720 | {2,3,4,5,6}
p. | 0.043 {0, 1}

p. | 0175 | {0,1,2,3}
ps | 0204 {0,1,2,3}
ps | 0483 | {1,2,3,4,5}
ps | 0.105| {0,1,2}
ps | 0237] {0,1,2,3}
ps | 0.332] {0,1,2,3 4}
ps | 0.611| {2,3,4,5,6}




£ 72, BEfEp = (1/2,1/6,1/3)IZx 3 2 BUHIF RIS % IRIZR T (Table 4).

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

[(FFBp: [ MR | BT HES |
D1 1/2 {1,2,3,4,5}
P2 1/6 {0,1,2,3}
D3 1/3 {0,1,2,3,4}
D3 0.237 {0,1,2,3}

SIEDAIZED EHBITIE, EAREDRD R THEZTNTFNDOT—X &y bo =
(01,00, 03) DERMED ERERITZNIFTERE RV, R, 23:1 o, = 6DGE
\Z, (01,09,03) DBLRINZ — 2V IF288 D, (01,00,03) = (3,1,2) & 72 5 HR DI K
#0.139TH 5. FI T, KBETHOWT WS XA E FEREDL SWEHZED
AREMEZ S > TWE Y, BMHIZE D KEBHIFRIES %2, XEHHERITH] 2K L T
DU DBEMP SN T VAN DD T A — XHEIZY TIZD THREIIZHEY T
5ED% T4V VMM EDHEIIRD, LLFDFE (Table5) LS &DHTEHL.

Table 5: power of tests for some extream points

EARRETSa
P ] 0.095 | 0.5494
| 0.837 | 0.3439
P2 | 0.641 | 0.6289
ps | 0.750 | 0.5339

% 72, a = 0.5percentilell & 5 KFHERITI TH > TH, BEITH T 55% K DHE
Wil 3% U=t 1%, pr = 0.185(2%F L T0.2931, p; = 0.72012 % L T0.1398,
py = 0.4831Z%F L T0.3124, p3 = 0.61 11T L T0.2508 TH > T, HB—FED#ERIEHE —
FEOBEZUZFHBLORRIZH 2 EZ 6N5.
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