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% B R 7E B8 & Stochastic Convexity 12D W T

TEKFHEEW B  (Toru Nakai)
Faculty of Education, Chiba University

1 (FUC®HIC

[6] ICBWT, FHEBEET RBICET B IREE b EIC, KHERET BEKRRE
MEEER-/z. £, REAZHMICL>TEADZ EAMKE. 2T 68T
®oBEEBRARME FIESXAL) MECKATE L5252 5.

WE, BEBECEMEARECHELTHENELEEE, E0kdIHET 5h 2Rk
ETHEFNEERSD, 2Tk, BEOREE (0,00) K&oTEL., REEZXTIE s
MRE L BTRBHERL 2B ET B, T OREBRIRECADMDSE, L7
BRI LA TREBAHEB T 5, Coss, SELMBNTRA FI8) 28/Mt (BX
k) T 5 BEBE L BBECRIC L0 e E S ICB S NS BHEMICDOVTER S, £,
(6] 72 & LRI, BIEAAE D& FICo AREIC L DRBIZELT 5 &5 5,

2 ZERREME

REBZEMZ (0,00) EL. REBEZRTHE s PAERNPRENELS 2B LT3, R
MsDEZE, RE o ZBNE, FHLWREZ s ETEB (0> 1) JOEZDEMAE
Cla) £T %, u(s) ZREBOHIDREN s DL ZFOKRKER (KRFIF) &35, £/,
REVHBNTHEE T IHE2EZ 5 L ST, RBIEBEAZE P = (05(1))s.c(0,00)
ETBIINATBBICL N> THBTZET S,

s€(0,00) TERINBR u(s) B, FEDS<35E0<A<IERDARMLT

u(8'3'7%) > (<)Au(3) + (1 - Nu(3) (1)
L2dEE, ZOBK u(s) 2T ZTRIFHEDZDIZ P-concave(P-convex) & F D,
& 1 u(s) & P-concave(P-conver) £ %, §<35,8 <3 £/25%5,58,5 ITHL T,
u(®) = u(¥) < (2)u(3) — u(s). 2)
TH>,

v(s) = ming>1{C(a) + u(as)} ETBHEE. u(s) s DEM (BD) B THNIL.
v(s) DM (BD)EETHD I LITHSHTH S,
& 2 v(s) = ming>1{C(a) + u(as)} &35, C(a) & P-concave D E &, u(s) A P-

concave 7851, v(s) ® P-concave TH 5D, £, u(s) 2 P-conver 2 51E. v(s)
P-convex TH %, 72721, Cla) iZHEMBEKET 3,
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B 3 v(s) = maxa>1{-C(a) +u(as)} LT3, TDEE, u(s) A P-concave 75 51,
v(s) B P-concave THB. £z, C(a) h P-convez D & E. u(s) A P-convex 78 51,
v(s) & P-convez TH 3, 2L, Cle) iZEMBEAKET 5,

2.1 Partial Maintenance #ZRE U/ ZBRREREI

REEZEMZ (0,00) & L. REEHS s DEE, BF o ZENUE HLWREE as ETE
B(a>1). ZOEEOBRAEC(a) &L, B/MLEE (BALE) TR, u(s) 2R
DHIDIRED s D& X DIIEBA (FIB) T3, T C0)=0THY. C(c) I2HM
BT B, COEZFEMENOREM (KFIE) 28/Mb (BAML) T5MEEE A
3. MIC, REDSHERGICHELBNET S,

RIEDT s DE X, n MIIChE> TREETVREA (BFIE) 28/ (BX) ICT5
BET. REEEIC Lok L SICBLNSRER (BFB) £ w(s) EThid. &
BHOEEL D OEOREHERNESNS,

(1) B/MemE

wa(s) = min{C(e) + wa-s(as)}, ©

ZZTwi(s) = ming>1{C(a) + u(as)} &9 2. L. u(s)ids DBPEKEL. C(a)
i3 o DB ET B, £72. u(s) DI P-concave E/x5EEEERA S LER. Cla) 1
P-concave &9 %,
(I1) JKLEE
wn(s) = max{~C(a) + wa-s(as)}, @

2 2T wi(s) = maxa>1{~C(a) +u(as)} ET 5. 722U, u(s) & s DEMBIRE L,
C(a)d o DEMEERET 5, Eiz. u(s) A3 P-convex L/L5MEEEZ DL E Cla)

Id P-convex &9 %,
RENsDEE, o ZBRL (a>1). BAC(a) 2XH>TIREBsZ as TED. T
DELE, DEOHEMNRD LD, '

#HHE 4 (RMEBRE) w,(s) i, s IKEAT2HRABEKTH .
#E 5 (RKLEE) wa(s) 1. s BT 2HEMBEAKTH %

#E 6 (B/\LMIE) C(0) IZ P-concave D & E. u(s) H P-concave 75 51X, wn(s) &
P-concave TH 5. u(s) A P-convez 72 51E. wy(s) X P-convex TH %,

W 7 (BRAILMRE) u(s) A% P-concave 7251, wny(s) I& P-concave THB. k.
C(a) 13 P-convez DEE, u(s) H P-conver 751, wp(s) 13 P-convez TH B

ZDEIIT. UTO##HTIE. R/MEBE T, u(s) A P-concave L2 5HEZEE XS
E&=13. C(e) ¥ P-concave & L. BAILRIRE T u(s) A P-concave L/xBHEZEZ 5
& &3, C(a) iX P-concave &9 %,

#E 8 (B/MLRIE) u(s) A P-concave 251X, an(s) i s ITBIL THWMT 5. iz,
u(s) B P-convex 72 51X, an(s) 1& s ITBAL THEAT 5.



fiRd 9 (RAILRIRE) u(s) A% P-concave 78513, an(s) i& s ITBEL THAT 2. Fik.
u(s) ¥ P-convez 72 513, a,(s) 1d s ICEAL THEMT 3.

i 10 (FR/MERIRE) u(s) B3 P-concave 72513, an(s) 1E niCBAL THWMT 5, F/z.
u(s) M P-convez 12 513, an(s) 1d nIZBEL THEIA T 5, .

i 11 (RAILRE) u(s) 7' P-concave 2513, an(s) & niCBEL THAT 5. £z,
u(s) A P-convez 72513, an(s) & n iICEAL THEMT 5,

3 Stocahstic Convexity and Concavity

XEY Z2DDHMEBEERETSHEE, AANBERNORIEFERELT. DEFDX
FSIRBDONHA SN TS,

(1) EEDOEMBIEK u(s) IKHL T, Eu(X)] > E[u(Y)] THDELE, X >s7 Y &F&
9. (stochastic order)

(2) EE DM (BA) ™ (convex) BAE u(s) IKH LT, Eu(X)] > Eu(Y)] THB &
&, X >10x (Gpex)Y £E Y. (increasing (decreasing) convex order)

(3) EE DM (B4 M (concave) BIE u(s) iIZx LT E[u(X)] > Eu(Y)] TH 3 &
E. X >10v (Zpov)Y £&T. (increasing (decreasing) concave order)

DEIZ. Shaked and Shanthikumar [9) IZL 72> T, s B/8T A—F L § HHERE
BF {X(s)|s € (—00,00)} IZx LT, Stocahstic Convexity & Stocahstic Concavity %
DEDLIICEET 5. |

(1) {X(s)[s € (—o00,00)} PSSTTH B &1, FEEDRN B u(s) ISH LT, E[u(X(s))]
A, s DEMEAR L7252 E %D, (stocahstically increasing)

(2) {X(s)|s € (—o00,00)} W SICX TH > &id. EEOHEMMBIE u(s) ITXHL T,
Eu(X(s))] 7%, s D™ Bk &2 T &% D, (stocahstically increasing and
convex)

(3) {X(s)|s € (—o00,00)} M SICV TH 5 &iE. EEDEMMBIE u(s) ITXHL T,
Eu(X(s))] 2% s DEMMBEEHK L/2d I L&D, (stocahstically increasing and
concave)

(4) {X(s)|s € (—00,00)} 2ISD TH 3 LI, EEDHEMBIE u(s) ITHL T, Elu(X(s))]
N s DEADBEKERSB I EEWND, (stocabstically decreasing)

(5) {X(s)]s € (—o0,00)} A SDCX TH 3 L3, EEDEMMBIE u(s) I LT,
Eu(X(s))] 2. s DAt B E25 2 L&D, (stocahstically decreasing and
convex)

(6) {X(s)|s € (—o0,00)} A3 SDCV TH 2 &id. EEDEMMBIE u(s) ITHL T,
Elu(X(s))] 7%, s DMK E/25 T &% 1D, (stocahstically decreasing and
concave)

DEIZ, 51 < 89 < 53 < 84 Ts1+584 = s3+8DEE, X; :X(Si) EHB<
('i = 1,2, 3,4)c (84 — 83 = 89 — 81) ZDEZE, SICX ® SICV &£ DEEL)H@T%%)
SICX(sp) & SICV(sp) 2 D&ED LD ICEET 5.
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(1) {X(s)|s € (—00,00)} BISICX(sp) TH S &I max{Xs, X3} < Xy THY (as.)s
Xo+X3< X1+ X4 THDBIEZEUND, (stocahstically increasing and convex in
sample path sense)

(2) {X(s)|s € (—o0,00)} AISICV(sp) TH D &I, X; < max{Xq, X3} TH Y (as.)s
Xo+ X35> X1+ X4 THBHIEEWD, (stocahstically increasing and concave in
sample path sense)

BE 12 (1) {X(s)|s € (—00,00)} DY SICX(sp) 7251, SICX TH 5.
(2) {X(s)|s € (—o0,00)} WY SICV(sp) 785, SICVTH %,

Bl 1 X(p) ZERSAH N(u,0%) &5 2. {X(p)lp € (—o0,00)} I SICX(sp) TH D
SICV(sp) TH B,

#BE13 (1) {X(s)|s € (—00,00)} A SICX(sp) TH Y. u(-) ZHMMBIK &9 5. T
DEZE, {u(X(s))|s € (—o0,00)} BE= SICX(sp) TH %o

(2) {X(s)|s € (—o0,00)} A8 SICV(sp) TH V. u(-) ZHEMMBEAK £95. TDLE,
{u(X(s))|s € (~o0,00)} BEKT= SICV(sp) TH %,

Bl 2 X(p) ZEBRD N(p,02) £T5. Y(u) = XW EBFIE. u(z) = & HHEMY
B8 7205 {Y (u)|p € (—00,00)} 1 SICX(sp) THB. Ledt> T, Y (p) iTHEIER
S TH D, MEERDAIL SICX(sp) THD. SICXTH 5.,

u(z) % z @ P-convex BIEETHIE. w(y) = u(e¥) 1. w(rloga + (1 — A)logd) =

u(erlogat(1-A)1085) < Ky (elo8a) 4 (1— N)u(e!°8?) = Aw(a) + (1 - N)w(b) BDT, y Dl
__(logt—logs)?

BMTHB, VWolED. X(s) ZHMEBEN fo(t) = e 200 = Prog 5,02 (1081)

t
DX KERDHEKET D, T T ¢, .2(z) ZIERSTA N(u,0%) OHEEBEKEL.
Y(s) ZEBSE N(s,0%) I LIRS BRI ET B, ZOEE,

BuX @) = [ Srioga-i-nigsos @u(e)da

kB, EZAT. {Y(s)} ZSICX & V. E[u(X(a*b*~*))] = E[w(Y(Aloga — (1 —
A) logb))] < AE[w(Y (loga))]+(1-A)E[w(Y (logd))] £72%. ZZT. E[w(Y(loga))] =
E[u(X(a))] BE W E[w(Y (logh))] = Eu(X(b))] THD. &> T. Eu(X(a*b'™))] <
AE[u(X(a))] + (1 = NE[u(X(b))] £725. E[u(X(s))] iz @ P-convex I TH 5.

T 1 u(s) ZEBDOHM P-conver (P-concave) B ET 5. Elu(X(s))] 4% s DHEM
P-convez (P-concave) B &725 & &, {X(8)}se(0,00) Z SIPCX(SIPCV) &1 5.

(stochastically increasing and P-conver (P-concave))

3.1 Partial Maintenance #ZE U/ SRR ERBE II

REEAS )L 7BIRIC Liedto THB L. HBEAIE P = (0,(1))sic00) £ 50 &
ML DREE > 1 LT3, COLE, FESMMNL T, RENs DEX, B/MER
B (BALAE) IC BV T, BEICES 8o T8 5 NS RITHER (REEFIE) 2 w,(s)



EFTE. RENTILD TBRIC LN THBT 205, BEABRRIRIDENLSK
BB, T Elua1(T(s)] = [$s(t)vn1(t)dt TH B,
(1) &/IMLEE

u(s) = min{C(a) + Efvar(T(@s)]}, )

ZZT,

u(s) = min{C(e) + Blu(T(as))]}

ET B, L. u(s) B s DBABEREL. Cla)ida DEMBERETS. 2720, u(s)
7% P-concave E25EEEZ 5L EId. C(a) & P-concave £F %,
(IT) &K{LFEE

vn(s) = Iggf{—c(a)+E[vn—1(T(aS))]}, (6)

ZZT.
vi(s) = max{~C(a) + Elu(T(as))]}

ETB, ZEL. uls)ids OBEMBEKEL. Cla) X o DEMBEKET D, £z u(s)
A3 P-convex L72BMEEEZ DL ZL, C(a) i3 P-convex £F 5.

#E 14 (BR/MEFEE) v,(s) i, s ITBETBEAPBEETH 5.
R 15 (RAILME) v,(s)1d. s BT HBMEKTH %,

T(s) ZREN s DEEDEOREBERTHELRET D, EBHEAIN (ps(t))ocs<1 2
NS, BREEF {T(s)|s € (0,00)} KK LT, DEDREZRITD, ZH05DERE.
u(s) A3 P-convex DEEIRE 1 DB & THEEMRL. u(s) A P-concave D E EFNIRE 2 D
HLETHEMTE D,

{RE 1 (P-convex) ¢ B3 2NN P-conver B % u(t) ETHIE, Efu(T(s)] s i
BES BN P-convex BB E72> T3, T7xb b, BEEES {T(s)|s € (0,00)} &,
SIPCXT® %,

{RE 2 (P-concave) t IZBT B3I P-concave BE % u(t) E UL, Eu(T(s)] s
B 2100 P-concave R E 72> TS, T7abb, BEEES {T(s)|s € (0,00)}
X, SIPCVT®H5,

HE 16 (B/IMEBE) KE 1 DOBET, u(s) A P-convez 78 513, vp(s) Id P-conver T
BB, 7L, Cla) ZEMERLET S, iz, KE2DHET, u(s) A P-concave &
BIE. vn(s) 13 P-concave TH 3, 7ZL. Clo) 3ZHEMBERKEL. C(a) id P-concave
E9 %,

WE 17 (BRXMEME) KE1DOHET, u(s) A P-convez 7251, wvp(s) 1& P-convez T
HB, 121FL. Cla) iZBMEKEL. C(a)ld P-conves £ T %, £z, RE2DHL
T\ u(s) B P-concave 25 1L, vy(s) 13 P-concave TH 2. 2IEL. C(a) iEHIMBIK
tj—‘éo

197



198

SHEHED . THD, RENsDEEZD, BERREE o(s) £T 5.

HHE 1 (R/IMLMEE) IRE L1 DB ET. u(s) A P-convez 72 51F, ay(s) 1& sITEAL T
BT B, £, IKE2DHET, u(s) A P-concave 751X, o (s) & s ICBAL THEM
95

HH 2 (BRLME) KE2DH LT, u(s) A P-concave 72513, al(s) i siITEALT
BWHT B, £l IKELDBET, u(s) A P-convex 7251, ofi(s) 1d s ITEAL THEM
5,

{RE 3 (P-convex) s’ > s D& ELED P-convez B¥ u(s) KM L T, Eu(T(s))] -
Eu(T(s))] > u(s') — u(s) TH 5,

{RE 4 (P-concave) s > s D& EEED P-concave B u(s) IZx LT, E[u(T(s"))] -
Eu(T(s))] < u(s') —u(s) TH 5.

e 3 (B/MLBE) KE3DHET. u(s) A P-conver 7251, an(s) I niTBLT
BLTB, £ REA4DDET, u(s) A P-concave 72 51E. an(s) & niTBIL TH
my s,

HH 4 (BKRLMEE) KE3DHET. u(s) A P-convez 251X, an(s) E nicBALT
Bnd 3. £/, IRE4DHET. u(s) A P-concave 72 51E. an(s) I3 n IZBAL THA
95,

E 1 REEZEMZ (0,00) & L. REEERTE s IREBNITKRENELS 2B LT3,
CDEEDEDESREEEEZ D, RENs DEEX, BE o ZBNIT. FLWIKREE
as ETE(0<a<l),. TOEMAZC(a) &L, u(s) ZREBEDOHDIREN s DL E DK
SWEAET S, SHERENS . TREN s DEE, BEICRIE-LEZOBNFRAEZ
vp(s) ETHIE, RENTIATBEIZLENS THEBTZINS, BEHERIIDED
X35,

vn(s) = min {C(e) + Elvn_1(T(es))]}, (7)
ZZT,
vi(s) = min {C(e) + Efu(T(es))]}

ET B, 2L, u(s)ids DEMBIKEL. C(o) i a DEPVBEKET S, ZOHB/ITD
FROBEERDDZENTES, £ BRAXEBELL THRAKTH D, (EEBKE
KEMETAA#TS (FHREMTICBIT5BEEREBE] | vol. 1734, 220-227 B )
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