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MXBE ARThR, HESWERRS 7 A% RS . EERERIL, [T €30 2 EFEE K g(2) =
T EIRRL7cbDTH 2. BFEAHBR LEFECT L TERES T k), REBCE T
SHEBEOND. MEL &S50, £EFECHE > T LN 2RIHOBRFOIRHE, 3 45bb, Wi
ENHERAICT 5 X 5 RELOHETD 5. BBEFELY HAFAE L BB ic, TNl a4~ & E
T5r5&tH martingale TEEH X N 5. BB ICHD 21T - B E G b h 2 RN HIGFEH O
_FBR (X supermartingale #TE% 3 3 25, £ DFESBEBETH 3 720 KT, LA IRESEIHO -
RR2S martingale TH 3 € & CHREHTH L. FHic, Boh RO RFIHT 3 C &
X b, st BN FIBIS & IR PERAR 9(2) = 2P(p > 0) 2o EF A B % BB#lcS K
Wic. EOERE [T THLATWIRERS L AELAHObDLE->T D,

1. ZL&HIZ

AFRSL T, BIFEAL €7 M BT D RERDTH 5 2D DBEHSEER R4 /5 EF
A, [T s 2 EEMR g(2) = = 2 FFAERBBA~ R L2 DTH L. FK L TWBEEY
BRANCHE L RS LT C itk b, BREFECB TSSO . [EE 230
3, EEFECE > TR LN 2B OBMOFHEE RKICT 2 X 5 REDHETH 5. KT
= a 7¥HE L PEHEHRE L 2 . REIC, BB TH 5 eH0+3RERICHT 5 ¢
L XY, EERSIHRE O BTN T D 5 X 5 AT A DREHBCOBOR 2 BT %

[7] X Beckmann [1], Dynkin and Yushkevich [2], Foldes [3], Kennedy [4] DBf%E% 3%\ 72
DD THY, %77 ACET 2RHABBLFOETANCET 2RERLDITH L D0}
DS, BIETEITE OE 25 & martingale % F[H L CE%X, Tk W DhDEF AL
LTw3.

ARTE, [7) KB 5 HEERBEIE L 27 1ok LCRERIC L CRSERLS 25 HET 5
EVSRED D & TRBACH TH 2 7DD TSR ERL, BiC, EFLy O BLBELRHEREL .
BB martingale TEEH X 5. Rieder [8] 1, —M Al = 7 aext LT,
BEBOR 23 7c § = & BB +4y S F % martingale TEB L . ffic, BERSEFALCET 5
WIBAL T H 5 7 DBLE+ 3% % martingale TEB L2 $ DD 1 DiC Foldes [3] 235 5.
Foldes [3] - € F A IC BT 2 5hFBS & X U A FeRI%0E, BFABIIM A D b ™ A BIsC
o7

2HITH, BEFLS €7 A OFBARTT S . BB TH 3 e DO T3 &HE, 3 ik B w»TR
END. BEEHCO T, 4 HITHE, 2 OBWBE & i 3B EMSRIC TEIT 5. 5 fici,
FEARTE > D BAARE I A L PERI B R o e T L K B A BSERIY 2 B b e &2 Hw b ©
LI DRD L. BB, 6 ficBnTiER TR~ 3.
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2. RBEEEFET N

AHITRETFTACDOWCHIAT 5. KGR O BHFEESET A, [T IcBT 270 0%
FERIMAHGE L 2 b D TH 3. [T) KB BRI g(2) = ¢ TH o7, e IFRERK
ICHRIR T 5.

B 0 KB ATEER Xo= 152 LT 5. CoBEBRYEY 1 i chEE LT A X,
HBRICHLT (1 —-ANX B LA ET 3. CTT, A B> T 2B BERICKT 2 ARE L
ST 2EHFEROBESTHY, 0L LI UTOEEINE DO TH 5. O, Kl 1 KT 2 HE
Xy &LT, ng(AlX()) PELLZ DETS. T, Ry BEEl BT 2EFECKT ST v
HHunF A—2TH5. g (ZEEERTH Y, Ak L TR S W ERER A1 X OBETH
5. —H, Uf((1 — A1) Xo) 2855 1 ks 2L LTiBbhd b0 e 33 T, Uy Bk
1l BT T BT v XL 2A—2ThH5. [ RFHBEKTH O, BB I
EEE (1 - ADNXo OBcd 2. LUF, A LTSR2%5. 2%, B 1 0 2EE X,
PHPE HBICTLT, FhEfh, 42X, (1 — A)X; LFEESL, TR bKSU TR 2 K1) %
HE Xo = Rog(A2Xq), A Uaf((1 — A2) Xh) 25354 F 2, FxTHD. coX S5, WOHEKS
£ 7 AT EER R RR B PE OERI L R T LTH B

LUF, L7 A2 BEMcieRd 2. fERZEM (O, F,P) LC#mT & cds. X =
{Xp;n > 0} i, FFAERERERSITH Y, Xo =1 T2, X, dFZln kBT 2K ER%Z ¥
bt. U= {Upn 21} BXUR = {Ry;n > 0} ZIAEMERERSIL L, FEE LR =1
EF 5. U, 3R n KB wTiBon 3T 7 v F LI i—2%KbLTEY, HTI
ERF* ML L b DTHS. R, 3G n KBWTHEULIERCHT L7 v X LT A—
A2REDLTVS. UBXURRE, COBODEFTATIKBREINZMIMERR#EE LTWwA
. f :[0,400) — [—o0,+oo) XN E TS, g : [0,+00) — [0,+00) EAEFERH L T
5. {Foin > 0}, FEEDOn > 0K LT Fr C Fpy1 Z2Hi7cd F OBy o REKOK E T
. EENIIcE, F, 3FEZn 3 wcHIATE 2188 {Xo, Ur, Ry, -, Un, Ry} EEDLTH
b, Fex ORBBCRICEEFEL T hAVDDTHE. HEDOn > 1 KX LT, Uy BXU R, 11H]
LI Fp- AJfIeH 5. A={Ay;n >0, FEOn >0k LT, 0< A, <1 THY, 2
D, Ap B Fuy- TJRICH 2 X 5 AMERERSE L, FHEA =1 635 . %%, D% ADKS
EF 5. A i, BiFln — 1 KB WTH-> Ty 3 EBRER KT 2 EECEY T 2 BERO LR
EbLTV3. HECHY Y TIAFROEKRIE, HOo»IK, 1 - A4, THS. AL X OfFICEK
OBERRED 3.

(2.1) Xy = Rug(AnXas))  (n>1).

¥ 7, BEZ n A RIS & 2 BRI, IO LT An X1, IHRRICH LT (1 - Ag)
Xp_1 EEDENRS. (21) b bba s K5, EFEEK g TFRNCE DS, COBRME %
BT B 7cwic, ROFEHERERLTH L.

gn(Ao, -, An) = g(AnRn_19n-1(Ao, - -, An_1)) (n>1),

(22) go(Ap) = 1.

(23) Xn - Rngn(AOa t 7An) (n _>_ 0)
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LBRBEICHE > T8 b 3 A ORFIOWIFHE, © % b, SRR LBRE AR E F 570
i,

(2.4) sup E[Y_ U f(1 = Ar)Rr—19r-1(Ao, -+, Ar_1))] < +00
AeD

L {&%?5 C C'C', (1 - Ar)Rr—lgr—l(AOa t Tty Ar—l) kIBE?ZU r VC*‘T L'C/EEVCEE%%‘ }’L%fgﬁ
BiEbLTw3.
MR RRICT 2 HERXRET 22 THL. D% Y,

(2.5) B[S Un (1= A Roc1grs(Avs- -+, A1)
r=1

IR RKELYDE Ac DRk TH5.
(2.6) 2f7c+ A € D % Elfisy & £ 5.

(2.6) sup B[S Urf(1 — AD)Ry—1gy-1(An,- -, Ar1))]
AeD

BIY Unf(1 = ) Ry 1ge1 (o, Aro))]
r=1

D*CD%RKRDX5CEHETS.

(2.7) D*={AeD|E]D_ U f((1-A)Rr_19,-1(Ag, -, Ar_1))] > —c0}.

r=1
BEESDBFAET 5 T hE, o, D o cHAET . BRI 2 BRT 20TH 5 5
b, B OXIE T D* 1R .

3. AL THB1-HD+F%MH

AEITU, FH 7] OfR & FEAREY T TAb b, BINEHETEO HFERXERET L, su-
permartingale ¥ % /K3 C L IC X - TEF A DR B L, IBICERERY Th 5 720+
5% martingale TERBF 5. £ O [7] ofEA 0k EATE 5.

[E# 3.1]
BEOn>0 LEED A= {Zr;r >0} e D LT,

= esssup E[D_ Urf((1 - A)Rr_19r-1(A0, -, Ar_1)) | Fy]
AeD* r=1
Ar=Ax(0<k<n)
LEETD.

(1) ess sup IKDWTIL, [5, p.121] 2B X e\,
(2) W (Ao, A) &, BZlln T Ao, -+, Ay &0 5 R TR R To7c & ¥ 18D
h 3 EUIRR RO LR EDb LT 3.
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FEBE 3.1 (XBYRIRTIETR O SR DAL Y ALD T & &R T

[EHE 3.1]
EEDON >0 2EED A= {A;r >0} e D* K LT,

(3.2) Wa(Ay, - -, Ay) = ess sup E[Wnt1(Ao, -, An, Any1) | Ful

An+1

BIEE D 3D

EH32BFEFTAD 1 DB EDT IDTH 3.

[ 2E 3.2]
FEoAc D LT, {(Wo(Ag, -+, An);n >0} X {Fn,n > 0} 183 % supermartin-
gale TH 5. 0% h [FEOn > 0L T, (1) W (Zg Ap) 1t Fo- 518, (2) E[W, (Ao,
., A,)"] > —cofHL, 2~ = min(z,0), (3) E[W,41(Ao,- An,An+1) | F] < Wo(Ag, -,
).

EHE 3.3 BB TH 2700+ 54 5. O 7] LR LTS C &
BTEBLDTEKT .

[ZEH 3.3]
KD 3 D>D%&M (1)-(iii) 2K Lo EF 5.

(1) nlLrgloan =0 %{li7edH 25 {an;n > 0} BAEL T, {EFEDO n > 0K LT,

(3.3) Sup E] Z U f((1— An)Rr—19r-1( Ao, -+, Arz1))] < .
D+ r=n+1
(i) {Wn(Ag, -, A);n > 0} & {Fy;n > 0} B3 % martingale TH 2. Fhbb, (L3
Dn>0KKxLT, ( ) Wh (X 0, Z )kiF affll, (2) E | Wa(A, -+, Ap)| < +oo,
(3) E[WH-H(AOv A ) I } (Aﬂv ’ aATl)-
(iii) A i,
(3.4) S E|U (1 = A Rr—1gr—1(Ao, -+, Ar1))] < +00
T ii7e 3.

ToLE,ARRERSTHS.

]
(1) (3.5) A3 Y SLo A b, FHE 3.3 DIRGE (i) BilicX 5.

(3.5) lim sup. E| Z U f(1 = A)Rr_19,-1(Ag, -+, Ar—1))] = 0.

n
T AeD r=n-+1



GIREL DT 7 v DEHT 19

(2) EEDz >0k LT, f(z) S K(l+z) %fli7c T K < co L, FED 2 >0
et LT, g(z) < M(1+ T) e TER M < oo BFAEL, DD,

o) r—1 r—1 r—1
(3.6) BI U0+ ICTT ROMH+ (T RM™) < oo

=1 1=r—k 1=1
THoHAELE, TH 33 ORE (1) Aidcin .
(3) F> 0% 6, (3.4) REICH DD,

4. BB OVEEHE
AREITE, 2HC B WA L BERS €7 A 0BT 2RERD OB BESELEY /IRT. BHE
X ERE 3.3 D145y &L FERIC martingale THEBHI N 3.

RoOFHE4.1 ZEHATH 5.

[#HRE 4.1]
A* = {A};n >0} € D* BEERC 2D, fEEDO n > 0 IKxf L T,
(4.1) sup E[Y U f((1 = Ar)Rr_1gr—1(Ao, -+, Ar—1))]
AED* r=1

Ar=AL(0<k<n)

:E[Z Urf((l — A:)Rr——lgr—l(Aaa T A:—l))]
r=1

DIEE D ALD.

FHRE 4.2 (X, Striebel [9] D% h) HEflio TIHHI NS, [9] KB TERHBES»IERTH
%7, BIE% > T %25, ARTEEIFARE2EE DI Y155 0T, o INEVREGREE L o
5.

[#hRE 4.2]
BEon>0 EED A* e D KxfLT,

(e e]

(4.2) sup E[Z Urf((l - AT)RT~IQT—I(A07 T Ar—l))]
AeD* r=1
Ar=A;(0<k<n)

B[S U f(1— AD)Reorgra (A, AT_y)
r=1

DR Y IroC & &,

o]

(4.3) ess sup E> U f((1 = Ar)Rr1gr—1(Ag, -+ Ar1)) | ]
Av=Arogk<ny

:E[Z Ur f((1 = AD)Rr_19r-1(Ag, -+, A7_1)) | Fal a.s.P
r=1
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FriHE - HE

R YILDOC L L RFETH 5.

(REFA)

n>03FECEEL, HE A6 X EHAT 2. 20HCR, EE A2 BT E880E {f;r
€ClICHYT 2 HDORBIEICL, ENAER A2 BT IREEMA LTS C L2MERTH
R . AfRIREER

(4.4) {E[S U f((1 = A)Ry—1gr—1(Ao,- - Ar_1)) | Fali A€ D*, Ay = A}(0 < k < n))
r=1

PEF A2 BT B {frir € CY ST 2. (4.4) OBERVARITH B C i, (2.4)
L (2.7 hoBHLATH B, F i, (4.4) 1% directed upwords(EFE A1) TH 5 (HH). &I,
(2.4) 22 b,

(4'5) ASUB‘ /QE[Z Urf((l _AT)RT——IQT—I(AOa"',Ar—l)) l Fn]dP < +o0.
Ap= A2 (0<k<n) r=1

(FEEAEED D)
T 4.1 RREALS OBLESRGY AT

BB 4.1]

A* = {Afn > 0} BEEEISYTH B EbE, {(Wa(Af, -, AL);n > 0} i {Fayn > 0}
ICBH3 % martingale TH 3. DF O, FEDO n > 0K LT, (1) Wa(Af, -+, Ay) & Fro- AR,
(2) EIWn(A3a>AZ)| < +o00, (3) E[Wn+1(A6a"'7A:L’A:+1) | Fn] = Wn(Aaf"vA:z)'

(FEH)

(1) BLT(2) REW. A* € D* BREHSTH 200, 41 KXY, EEOn > 0 1Kt
LT,

00
(4-6) sup E[Z Urf((l - Ar)Rr—lgr—l(AO, ) Ar—l))]
A*eD* =1
Ap=A;(0<k<n)

:E[Z UTf((1 - A:)RT—lgT—l(ASv T ’A:—l))]'
r=1
e, #4221 Xy, FEDOn >0 KL T,

o)
(4'7) es: %lip E[z Urf((l - Ar)Rr~lgr—1(A0> e aAr—l)) ’ Fn]
Asz;E(ogkgn) r=1

— B[S Up f((1 = A Ry1graa(Aby--+, ALy)) | Fa]  a.s.P.

r=1

BIF, no > 0 #EEICEET 5. no 2 (4.7) 0LDE, EFE3.LicX Y, We (45, -,
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AL KE LV —F, HRROBYTH 5.
Z Ur f((1 Rr_1gr-1(Ag, -, A7 1)) | Fro)
- E[E[z Ur f(1 = A7) Rr—19r-1(AGs -+, A7 1)) | Fros1] | Fio

= F| ess sup E[Z Ur f(1 = Ar)Rr1gr-1(Ao, -+, Ar1)) | Frg4] | Fro)

r=1

AeD*
Ax=AL(0<k<no+1)
(ng + 11323 (4.7) KX 3)

= E[Wno+1(A67 ’ A:lo’A:lo+l) ' Fno]' (Hﬂi 3.1 @y Z))
(RERIRE D 1 )

5. FFEEN BREINEERRKEF LADEH

AT, 3HICE TR L 2Bl TH 5 7 DO+ %, JELIE 2 > BFHRE N 4
R A FORERI S EFARIBHT 3 C itk b, 2 OB ERYBCR ¥ R+ 5.

(1) #Eon > 0kt LT, Uy > 0,R, > 0 a.s.P, (2) RhFHBESIZ, fly) = log.y(y >
0), f(y) = —oo(y = 0), (3) EFEREEZ, 9(y) = vP(p > 0) LT 3. 2ffiChR_ZEF AL D}
WRECDIF[EETTHDL. EFERM g, 0<p<lD:ELIMTHY, 1 <p D& EFiAh
BB TH Y, »nFhic LT h IGO0 MM AR TH 3. (2.2) CTEEI N g, BATT
BROX S50k D.

n—k+1 n—1 n—k

gn(AOa"'ﬂAn):(HAz )(HRi )7
(51) k=0 k=0
gO(AO) = 1.
F 7,
0o r—1
(5.2) STEU S prF log Ri) < 400
r=1 k=0

LIRET . COREI XY, PiFHA0 LBREARTH 2 ¢ L AMFEH XN 5. FHic,

S B(UL[log{ Elp' Uy | By 1]/ B[S #*Us | Eya]}] < +oo,
r=1 k=r

ZE Z "“Hlog{B[ 3 p'Us | Fi_ /B pU: | Fea]}l] < oo

=1 1=k+1 1=k

(5.3)

CEFTD. (53) 1, 2l ald, FHO<a<l kLT, a" < U, <a" las.P (n>0)T
HhH, Ao 0<p<lDEXICHKYTD.
D%RDXS5CHETS.

D'={AeD|ffEon> 1KLL T,0< Ay <1 a.s.P},

5.4
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oA D'ND =¢Tchs. col®, (2.7) TEELL D RO X 51K,
(5.5) D* ={Ae D | E[S U f{(1 = A;)Ry_19r—1(Ao, -+, Ar_1)}] > —o0}.
r=1

ROEES5.1 KT, Bl %54 5.

[EH 5.1]

Ay =1,

(5.6) Ay =ELS YU RYELS pU | F) (n>0)

r=n+2 r=n+1

LEET DL, A € D* dRERLSTH Y, BoBElER,

(5.7 B> U log{EWU, | Fua)/E(S. pU | Fra]}]

TZI k:’r

o) r—1 o] ) oo
+ER U kZ pF log{ E[ ; p'Ui | Fk—l]/E[gszi | Fr_1]}]
r=1 =1 1=k+1 1=

TH5.

(EHA)

EH 33 2o T A* BRERSTH L L ERT. T, A € D TH Y, EH3.3 OFRLE
(1) BLU (iil) B5c T wB C &3, (5.2) BXU (5.3) »oBbLATH . £ 0T, D5k
(il) DRER%TT5. 2% b, {Wa(Af, -+, AL);n > 0} 25 {Fr;n > 0} ICB83 % martingale TH
5T &R

O HEBEDn > 0kt LT, Wo(Af, -+, AL) & Fp- aJHlTH 2 (HH). @ (5.2) LT (5.3)
Kb, fEBZDn > 0t LT, E|WL(AS,---, AL)| < +oo. @ Kic, FEDOn > 0 Lt L T,
Wa(Af, -, AL) = EWaga (Al - AL AL yy) | Fal B DILDC &% RT AEEDOn > 01C
LT,

(5'8)M/Yn(‘4?‘)7 Ty ‘4;)

=ess sup E[Wypi1(Ag, -, Ay, Ang) | Fal (EH3. 1 & 5)
Anti
< Z Ur log{(l - A:)RT—lgT—l(Aaa T :——1)}
r=1
00 n
+E[ > pU | Fa)(Y {log Af}/p¥)
r=n+1 k=0

" Bl | Bl ki{log R} /")
=0
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00 r—1
+E[  esssup  {E[ Y p'U( Y {log AL}/pY) | Fuga
A'eD* r=n+3 k=n+2
A=A (0<k<n+1)

k-1

00 r—2 .
+ E[ Z Ur log{(l - A:’)RT—-I(H RIIZ )} l Fn+l]} ' Fn]
r=n+2 k=0

FAPYEL S PO | Falog(EL Y. U | FJELS. U | Fal)
r=n+2 r=n+2 r=n+1

T EUngr | Fallog{l = (B[ S 90U, | BJ/ELS. p'Ur | Fa)}
r=n+2 r=n+1

:E[Wn+1(A8""7A:z’ :z-f—l) | Fn]'
(5.8) KB 2ARERXL, T(z) = a-logz +b-log(l —z) (0 <z < 1; a,b >0) B L&,

Or?gi(lT(x) = T(af(a+b)THBCeicEd. —75, EH321CX Y, fFED A€ D' ikxfL

T, {Wa(A4o, -+, An);n > 0} &, {Fo;n > 0} 1B % supermartingale T 2 D¢, {£FED
n>0KxLT,

(5.9) Wa(Ag, -+, Ap) 2 EWny1(AG, -+, Ay, An ) | Fal

BRYILD. X oT, (5.8) BXU(BI) KXY, {FEDOn > 0Kk L T,

(5.10) Wn(AG, -+, An) = EWap1 (A5, -+, A, Apyy) | )

TH 5. M, {Wi(A§, -, Ar);n > 0} ik {Fo;n > 0} 1CBJ3 % martingale TH 5. ¢ - T, &
B33k, A* BB THD.
(FIHH# D D)

RDF% 5.1 T, BBERCD D RMIICRD b b,

[% 5.1]
EEOn > Ll U, = " (7L, IR0 < B < 1 %235, 0 < p <
1, {Rn;n >0} i iid & F 2. cor %, B,

A =1,
(5.11)
A:z+1 =pB (n=> 0)
TH Y, FEE R
(512)  {(1 —pB)(log(1 — pP)) + pBllog(pp)) + Ellog Ra]}/(1 — B)(1 — pB)
TH5.

(7] 1%, & 5.1 DEFAICET LEFEEBM g(z) =2 (0F D, p=1) THBEHZLCONT,
EFOMRELTALL, =B(n>0)%52Tw3. %51 DR ENE2EAELABDObDER-T
WB T ERbhD.

6. ¥R
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- Aw

IFEMEAPEERER E FFOoBBELD €T A BT 2 R0EFLD TH 5 7c O OB 54 %8 H
L7c. BB CE D %2 1T o & &G b 5 &R O _EBRIX, supermartingale % JEAL
T 525, ZORD BRE T H 5 7c DI B FUAHIFFEZH O _LERA martingale TH % € & T+
5y TH Y, H»D, martingale TH BT EBEBETHE.FiK, BohitofBrEHTCE
kb, EEREAIERIETH Y, »0, MFAMINTDH 3 X 5 AEFEA €7 A BT 5 R
ERD . X OBRBEBLY ARNACK T2 7 v X LT A — 2 B XUEERRB ORI L
bDEhD.

HEF
RO G AT T o BRT — ¥ 7 7 F v S LHE (BERL R A

), TR 7 Wit TR E OB, Atk a A v b2 FE o BATHO S #
WG 5

BEHR

[1] Beckmann, M.J.: Resource Allocation over Time. Some Dynamic Programming
Models. Mathematical Models in Economaics (ed. J. Los and M.W. Los). North-
Holland Publishing Company, Amsterdam, 1974, 171-178.

[2] Dynkin, E.B. and Yushkevich, A.A.: Controlled Markov Processes. Springer-Verlag,
New York, 1979.

[3] Foldes, L.: Martingale Conditions for Optimal Saving-Discrete Time. Journal of
Mathematical Economaics, Vol. 5, North-Holland Publishing Company, 1978, 83-96.

[4] Kennedy, D.P.: Stimulating Prices In a Stochastic Model of Resource Allocation.
Mathematics of Operations Research, Vol. 8, No. 1, 1983.

[5] Neveu, J.: Discrete-Parameter Martingales. North-Holland Publishing Company,
Amsterdam, 1975.

(6] PURRELE - MESam, SEBHI, 1978.

[7] Nitta, T.: An Analysis of a Stochastic Resource Allocation Model with Various
Utility Functions. Journal of the Operations Research Society of Japan, Vol. 32,
1989, 1-15.

[8] Rieder, U.: On Optimal Policies and Martingales in Dynamic Programming. J.
Appl. Prob., Vol. 13, 1976, 507-518.

[9] Striebel, C.: Optimal Control of Discrete Time Stochastic Systems. Lecture Notes in
Economics and Mathematical System, No. 110, Springer-Verlag, Berlin-Heidelberg,
1975.

[10] R JUE & F8Sy, BT 224, 1965.

Bt &

T Ot CIERZ2E] (0, B, P) %##%4 %. T T T, Striebel [9] & A0 #H#R % BT+ 5
25, [9] & DE W, ess inf % ess sup KDL T3 C & &, IR ATRIBIE E SERE AU
BALHRLTwB L THD. KB Tl, BIELE->TWE A, CTTREDIRD
0, o INEREGEI A S . A XH O EHEZME N2 0RME A6 XU TH 5.

FF, WD DIC, W DOBDERYFZ 5.
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[E£3& A.1] ([5, p-95] 2»b D)

H % WSR2z (O,B,P) LOMERERIK L 5. co s %, (£8D X1,X, € HicxtL T,
X1<X, Xo<Xas. %% XeH»BHEST DL E, H it directed upwards TH 3% &\ 5.

(&3 A.2]
{frir € C} %HeR2EM (Q,B, P) Lowfsy z w[AlBgoB L % AL, directed up-
wards (CL.5EZ A1) THD, »o, sup/ﬂfrdp < to0 tFB. FCT, EEDS € B ¢

reC
HoreCrexflL, ‘
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ABSTRACT

An Analysis of a Stochastic Resource Allocation Model
with a Nonnegative Production Function

Tohru Nitta Tatsumi Furuya
Electrotechnical Laboratory

In this paper, we deal with a stochastic resource allocation model. Suppose that we have resource
X, at time n, and allocate A,;;X, out of X, for production and (1 — A,41)X, for consumption at time
n, where A,;; is the proportion of the resource that is allocated for production at time n. Then utility
Uns1 f((1 — A 41)Xp) is obtained and resource X411 = Rny19(Ant1Xn) is occurred at time n + 1, where
Uny1 and R,y are random parameters, f is the utility function, and g is the production function that is
an extension of g(z) = z in [7]. We are interested in the way of allocation that maximizes the sum of the
expected utilities.

We show necessary and sufficient conditions for an allocation to be optimal in this model. The sufficient
condition is obtained via the technique of dynamic programming in the same way as one in [7]. Although
the necessary condition is shown by means of the similar way used in [9], the sigma additive set function
is substituted for the measure as the utility function that we treat in this paper takes more generally a
real value. The necessary and sufficient conditions are represented via a martingale: the supremum of the
conditional expected utilities forms a supermartingale if we arbitrarily allocate the resource, however it is
necessary and sufficient for an allocation to be optimal that the supremum is a martingale.

Further, we have obtained an optimal allocation in the resource allocation model with a logarithmic
utility function and a nonlinear production function g(z) = z?(p > 0), utilizing the sufficient condition for
an allocation to be optimal obtained above. The optimal allocation includes one obtained in [7].



