B RAT IR SC AT R ZE 6k
5 1990 % 2016 4E 222-229 222

HREBBD RO L ERIEEMBEIZ DOWT

i =
TERERFEEFH

1 FRZHREE

Nakai[8, 11] 72 £ HBWT, AV — TR § 27l & T2 212 LU= HRE)
BIZBL T, OBRTEER LI 7REBRICE T 2B RREMEL U TEEHA
BEBEEYE  BEEE OBREE X2, ZOEFTILTIR, REBZEMH (—o0, 00)
DINATEBEERX, TOREE s L L. s DEPKELLRBITLAED>TRE
R RELERS, ZORBERETS-DIZHHEITV, REIZ<ILa 7iEE
DHRBEANZ L= > THH#EBT S, Ld->T, HBKRMEMEEZE X, RE%:
B35z, LD SVWEKHTHhERWrARETIMETHD Y, wLa7
BRIZBIT2EBRREMBE UL TERMET 5,

FD®, (—o0,00) ZARMBEHE L., s ZXTDRBE T B, REEHEL LTEEH
HrEz L. f(s,2) BREAsDEE, RECICEIOVBIRBET S, /-, C(z)
ERE IZESEAL U, uls) 2B s DL & OKRIERIE & UIERDIEE 72 MBY
WE33, OFIZ. P=(ps(t) 27N 7BBOHEBEUNETBLE, T(s) 2/F
BOWREE s (2 U T, ps(t) 2BEREBE TOHEBER LB,

2 LEDaAS—EKEEENNM
I THWAHEIZ OWTEEDB,

21 $EJ2S—EMEBES 25BN
HERD xz,ye R* XL T
zVy = (max{zi,n}, -, max{Tn,yn})
Ay = (min{zi,y3}, -, min{z,,yn})
EBL, TDLE,

E# 1 X 2R OBH/ELEST. n EBEBE f(x) £ T5, ZOBE f(x) WU T
®E Y 25— (supermodular) TH B L ik, ERD z, ¢’ € X ITXNHL T

f@) + f(@) < fleva)+ fl@Az), ’ )



LIRBETHB, 2L, zva,ana’ € X 3 B, fH strictly supermodular
THHeld, FEXR()PEEICRI LDz L o/ WEETEHZ L TH5, B f(x)
A (strictly) 5E S 2 T — (submodular) TH B & k. — f(x) A (strictly) EE P =
Z — (supermodular) £/ 5Z &2 TH 5,

L7adi>T, BEDVa 78 (EBEY 25 B8 )(submodular (supermodular)
function) TH B &IE, s & z DB f(s,2) P, z<y B LU s <t LRBERD
T,y & s, t It LT

F&y) - ft,x) < (2)f(s,y) — f(s,7)

DEELEFTH D,

D& EROWEAEL D LD,
fE 1 s & o DK f(s,z) BMARLEY 2 SEKE L. u(s) ZMBEKE T HIE,
u(f(s,x)) IZMBEKTH 5,

DEIZ, ERD i, e {1,2,---,n}icL T

Zij = (T, Tie1, Titl, L1, Tjpls " ", Tp) € R"2,
EEE. EBROBEEr fiRY —» RIZEWL
fa, (@izg) = f(@1, -, @it @iy Tig1, -+, o1, &5, Tjg1, "0+, Tn)

&<,

YySYWw<y) ERBEBDy, Y €e RIZNU. flz,y) — fz,y) Pz icBLT
(strictly) increasing D & &, I D 2 ZEBIM f 1% (strictly) increasing differences
EREDE WS,

fz,, (®ix;) B, ERD G, € {1,2,---,n} & &; € R 21X L T increasing
differences Z D L &, Z D n BEBIM f(x) IX increasing differences %D & &
FHI D, n BB f(x) » decreasing differences 2 DFES L HERIZEE TS,

EH 1 (Simchi-Levi, Chen, Bramel [16]) n Z¥EI¥K f(x) A3 (strictly) supermod-
ular TH LT L &, f(x) A (strictly) increasing differences % > Z L IX[E{H T
H>5,

2.2 XS MME

Shaked and Shanthikumar(1994) iZ U723 > T, fERMMMEEMMEZ2EZ B,
{X(6)|s €O s B#NIR—R LT HHMERERINE T 5, 727U, O 1% (~o0,00)
ElE (—oo,0) ILEETNDBHEE LT B,

(1) {X (s)|s € (—o0, 0)} #% SI(stocahstically increasing) TH B Z & &, {ERDH
BUBEEL u(s) 2 U T, Eu(X(s))] 25 s DMK TH 5 Z L IZRAMETH 5,

223
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(2) {X(s)|s € (—o0,0)} H¥ SICX (stocahstically increasing and convex) T®H 2
Ll ALEOBEIMMBIE u(s) I L T, E[u(X(s))] . s Oy BIKTH
5 LiFEMETH S,

(3) {X(s)|s € (—o0,00)} A% SICV(stocahstically increasing and concave) T®H %
Tl (EBROBMMBE u(s) Iz U T, Eu(X(s))] 5. s OMmMMBIKT
BB LIZAMTHS. |

(4) {X(s)|s € (—00,00)} #¥ SDCX (stocahstically decreasing and convex) T¥H %
T, EROBEIMMBE u(s) I LT, Eu(X(s))] H5. s DA BT
HBDZEIIEETDH S,

(5) {X(8)|s € (—o0,0)} #¥SDCV (stocahstically decreasing and concave) T®H %
Tl E, AAROBIMNMBIE u(s) I U T, Eu(X(s))] A5 s DBWAMBEKT
HBZLIIXEMETH B,

D ET, 81 < 89 < 83 < 84 T 1+ 84 = 83+ 82 DELE, X, = X(Sz) B
(:=1,2,3,4) 7=7= UL, (84—33282—81) &35,

EE 2 (1) {X(s)|s € ©} »* SICX(sp)(stocahstically increasing and convex in
sample path sense) TH» D Z & &, max{X2, X3} < X4 THY (a.s.). X2+
Xs< X1+ X, THEZZLIZFEMETH S,

(2) {X(s)|s € ©} A SICV(sp)(stocahstically increasing and concave in sample
path sense) THBZ & &, X; < max{X,, X3} THY (a.s.) X+ X3 =
X1+ X4 THDBZLIXEMETD 5,

W 2 (1) {X(s)|s € ©) #SICX(sp) % & iF. SICX TH 3.
(2) {X(s)|s € ©} A SICV(sp) % 51F. SICV TH 3,

MR 3 (1) {X(s)|s € (—o0,00)} A SICX(sp) TH D . u(-) ZHMHBEEK &7 5,
ZorE, {u(X(s))|s € (—oo,00)} B F7z SICX(sp) TH D,

(2) {X(s)|s € (—00,00)} A3 SICV(sp) TH D, u(-) ZHINMBIK &9 5,
ZDLE. {uw(X(s))|s € (—00,00)} b F 7= SICV(sp) TH 5,

2.3 XELLIREF
XY 22 00MEERRET 2,

E 3 (TP.) BBEEREE fx(x) & fyr(z) 222 DOMRER X LY ITdU
T, 2>y &RBEBDz & yliZXNULUT, fx(y)fr(z) < fx@)fy(y) THDL =N
XI2Y SO REBHOBKRTRKEVWE WY, X > ap Y PBINVE X Y &Y,

SDEDOFME 412, I<HONHETH S, (Kijima and Ohnishi[5] 7% &)

BE 4 X =Y 72olE ERDIEEBE () T8 LT Eh(X)] = Eh(X)] &72%,
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2.4 RELBDKRMOREBFE

REEBPRMDOREBIEEEZ D, q= (q0,q91,92, ) ZFRO DRFEEB N IZ
BdHHAERE L. TN ThOREBPHEND T TORERM 2R THREK
ZAFHEWTHSIT, BEOBIILERS52 085, Z; 2 j BEHOBRIIEND
F TORME & T RIL,

PZij<t)y=1—e™

Xl BH, THOEE, BRERY 2BV OREHEE NED S LEYIOREELH
Shivd £ TCOrRRE i,
1%Y§ﬂN=Jozl—@ﬁka1—e*M
b,
DEIW. = (Go,q1,To, ) ERBIZREZIT > THh S t BRESICHREKRSHE
-2 &, BROPBEHBSOERICET 3 HEEHE 31U,

Ty = cgpire” M
n—1
2B, U, DY G =1THd, £z, q* = (¢§,4}. 5, ) EBBIZPEE L

TS + BEMID B\ 121 Fi e R PO S AN R S & 7R 1 P S o EHC B
4B B

@i = dgge™ ™

&b, 72770, iqﬁzl“&ﬁg‘éo
k=0
3 AREAMOZFR XX HRERE
3.1 ZEXZHREREE <L 7REBRE

SHEHIMAAERBOZRREHMEIc DLW Tz 203, REMBZn 2 L., s
ZHERBEORREEL T3, u(s) 2REMBL L., C@) 2REx T I2EBLL
7z E. vp(s) & n HBIMEOBREMEE U, zX(s) 2BMRE L T 5,

D& E, BREHRANZ

vn(s) = max{-C(z)+ Elvn-1(T(f(s, )]} (2)
8B, 72U, vi(s) = %%{—C(m) + Elu(T(f(s,x)))]} TdH %,
R7E 1

(1) u(s) i s DIFMMEIEK L T 5,
(2) C(z) & = DRI T C(0) =0 £ 5.



(3) f(s,z) X s,z DHEY 25 —MET f(s5,0) =s & U, s & z DEERIEM
E3] Qi B

(4)s< s &35, Il ULTT() =T(s) &9 5%,

(5) {T(s)|s € (—o0,00)} 1Z SICV £F 5,

SOFIT. RELHBOEFEOEDLSICERD, RBMsDLE, RET R L
D. ZOWTIZE VRIBIZ f(s,7) LB, DFI, WK P2 U7aAi> TR
DB L. R T(f(s,2) L85, ZDEE, DEDOUBEAKD I,

B 5 Co) VBB D L &, u(s) PHBEEBRSIE, v(s) BMEBEKTH B, 772
L. C(z) ZHMEs e+ 5,

ZDZEens, DEOHEIHEINDG,
R 6 v,(s) I&. s ICEAST HMINMBEIKTH 5,
MR 1IRELOHELT, zi(s) X siCBEALTHEAPT S,

RE 2 t > sD& ZEROMB u(s) X L. E[u(T(t)]—E(T(s))] < u(t)—u(s)
TH5,

RE2 LD, ERDn>11IZx4LT
Elun(T(¢))] = E[on(T(s))] £ Elvn-1(T(t))] — Elon-1(T(s))] (3)
b, BEBUE z,.(s) L HEHBE R AT 5 OEFOMELRD IO,
MW 2 HE2DLE T, z,(8) T nICBALTEAT B,

4 REOBHSKRADOSERREME

HEEBMPRNOZBREMBEL UT, FRXHBEEEX S, w3 7BED
RERsDLE, g=(9,q1,q2, ") 2O DOREELBIETIHIMBERE L. n 2
BOREEBROBRKESL TS, RELEE z ot U T, XHO LR K ORI TRE %
75, KA s D& = OMIFIBE u(s) L L. Bz 2ot XORMAE C(a)
Y35, ZDEE, v (s;T,t,q) 2BBEICIRDZE -7 L B ONHBP/HRE L
U. z5(5T,t,q) 2 ZDEBRREMET b bLbRRIZHMBEOBRBERE T 5,

4.1 BEAFERX

WE. vp(s;T,t,q) ZREDRERT o/ L EOREFRBINFT DL E, BRY DBRE
B3 2 g TR Y RERBOBKEI n £ T 5, t REEBERIZREMS
MBI L FCBRICIRI B THRONIRPFNNE LT D, 5. vE(s;T,t,q)
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EBRBOREZT oL EOREFRMAYPT TROOIREEBI L OL &, BREH
BITBAT 2188 g THR O REEMICE T 2 EROBKMEA n DL &, ¢ RS
BRIZREBEVPREN- L ESILBECIRS B> TR SN IBHRFB LTS,

DL E BEMEORELY OFOHRFBASEOLNDG,

vn(s;T,t,q) = En[vY(s;T,t,q)]

vh(s;T,t,q) = —k/\AtGg;a&xK{—C(:vHEN[Es[vﬁ’_’il(T(f(s,:c));T* t— At,0,9)]]}
+(1 — EAAVE (83T, t + At, @) + o(At) (4)

772U, EN & N IZBT5HRMETHED. Eg ZHEBERORBIZET SHMFHMET
»Hy,

EN[EswYHT(f(s,2)); T—t—At,0,9))]] = Eslvn_1(T(f(s,z)); T—t—At,0,q)

THD, ZDOZehs, DEOBEEANKD IO,

O ke _ o _
“a*g’l)n(sy T,t,q) = —k)\ogmx%xK{-C(x) + Eglvn-1(T(f(s,x));T —t,0,9)}
+kAvk(s;T,t, q) (5)
7272 U,
v§(s; Ty t, q) = u(s)
THhb,
FEUDIZ, n=1DLEEEZXB,
vi(s;T,T,q) = 0
'U}(S; T,t, Q) = Og;%XK{-C(CE) -+ ES{U(Tf(s,m))]}(l —_ e‘)‘(T—t))
Ak XN
vi(s;7,t,q) = En ['U{V(S; T,t,q)] = g1 ngaéxK{-.C(x) -+ Es{u(Tf(s,x))]}
AN
o
5;’0% (8;T,t,q) = ")\Ogiaéck{—c(x) + Es[u(Ty(s,e)]} + Mvi(s T, t, q)
LB,
DET,

9 & b — k
g on(s Tt @)=—kA Og%xK{ ~C(2)+EsvE"1(Tf(s.0); T—t,0, @)} +kMvf (5T, t, q)

D
¥ (s;T,T,9) =0
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SN
vh(s;T,t,q) = Oga&XK{——C’(at) + Es[vE"H(Tfamy T — t,0, @) H(1 — e *AT-D)
THhbd, i,

vn(s; T t, q)
== EN [’v’nl.v(S; Tv t7 Q)]

n
= kf:‘ ax og}UagK{—C(x) + EN[Es[v) 3 (Tszy; T — t,0,@)]]}(1 — e *MT—1)

n
— *(1 o —kA(T~—t) _ N-1 o —
- {:‘:B gi(l—e )} o 22x {=C(@) + En|Eslvn T (Tp(o,2); T — .0, @)1}

= CE(T, t, Q) Ogl:z:aéxK{’—C(x) + EN [ES [vfylzv———ll (Tf(s,x); T - t, 0: 7!—)”}

Lisb, ZZT, f (1l —e Ty = o(T,t,q) B, TDLE, DEOHE
ERE T L AR D,

WA 7 vE(s;T,t,q) &, TICEAT AMMBAKTH D tiCBIL T T B,

W 8 vk(s;T,t,q) 1. s IZBIT ZRIMBIKTH 5,

M/ 3 zx(s;7,t,q) X s AT 2K TH 5,

X 1 ERMMMEOBE I, oi(s) X n iCBT 3 HMBEKTH - 7255, REEBK
AR DB LI IIBRBIK x5, (s; T, t, q) DHEFIEIX, HATHER g OMBEICI D R
. AU & SMEERT I &AHRZ,

S STk

[1] A. R. Abdel-Hamid, J. A. Bather and G. B. Trustrum, Secretary Problem
with unknown Number of Candidates, JAP, 19, 619-630, 1982.

[2] Albright, S. C., Structural results for partially observable Markov decision
processes. Oper. Res. 27 (1979), 1041-1053.

[3] Grosfeld-Nir, A., A two-state partially observable Markov decision process
with uniformly distributed observations. Oper. Res. 44 (1996), 458—-463.

[4] Itoh, H. and Nakamura, K., Partially observable Markov decision processes
with imprecise parameters. Artificial Intelligence 171 (2007), 453-490.

[5] M. Kijima and M. Ohnishi: Stochastic Orders and Their Applications in
Financial Optimization, Math. Methods of Oper. Res., 50, 351-372, (1999).



[6]

[7]

G. E. Monahan: Optimal selection with alternative information. Naval Res.
Logist. Quart. 33 (1986), 293-307.

T. Nakai, Optimal Assignment for a Random Sequence with an Unknown
Number of Jobs, Journal of the Operations Research Society of Japan, vol.
28, 179-194, 1985.

T. Nakai, A Sequential Expenditure Problem for Public Sector Based on the
Outcome, Recent Advances in Stochastic Operations Research (Eds. T. Dohi,
S. Osaki and K. Sawaki), World Scientific Publishing, 277-295, 2007.

T. Nakai, A Sequential Decision Problem based on the Rate Depending on a
Markov Process, Recent Advances in Stochastic Operations Research 2 (Eds.
T. Dohi, S. Osaki and K. Sawaki), World Scientific Publishing, 11-30, 2009.

T. Nakai, Sequential Decision Problem with Partial Maintenance on a Par-
tially Observable Markov Process, Scientiae Mathematicae Japonicae, vol.
72, no. 1, 11-20, 2010.

i B, AN ITREERBIZBITIZEFE SO AL REIZDODWT, HEKE
BRI TR T TORBET N & EDREM] |, vol. 1939,
79-87, 2015.4.

Shaked, M. and Shanthikumar, J. G., Stochastic Orders and Their Applica-
tions (Probability and mathematical statistics : a series of monographs and
textbooks), Academic Press, Boston, Massachusetts, 1994.

L. Lovasz: Submodular functions and convexity, in: Mathematical Program-
ming: the State of the Art (ed. A.Bachem, M.Grotschel, B.Korte), Springer
(1983), 235-257.

Moshe Shaked and J. George Shanthikumar, Parametric stochastic convexity
and concavity of stochastic processes, Annals of the Institute of Statistical
Mathematics, September 1990, Volume 42, Issue 3, pp 509-531

M. Sakaguchi and M. Tamaki, On the Optimal Parking Problem in which
Spaces Appear Randomly, Bulletin of Informatics and Cybernetics, 20, 1-10,
1982.

David Simchi-Levi, Xin Chen, Julien Bramel, Convezity and Supermodular-
ity, The Logic of Logistics, Theory, Algorithms, and Applications for Logis-
tics and Supply Chain Management, Springer Series in Operations Research,
2005, pp 13-32

T. J. Stewart, The Secretary Problem with an Unknown Number of Options,
Operations Research, 29, 130-145, 1981,

229



