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51 3.6 XTIEEN X HHA
((x+R,—D) " —¢ )~

1LT1D, —R, o
=¢ RS

IERR 23 PR DL TS .

U D, —R, =z B,

l;fl,(l)] R

(GHR =D =& )
=0 k0t
:Slzu.([)llefU‘J

WD, —R, < B,

(GHR=DD =& )
=(x+R,—D,—0)
:Ozflzgl.mlwlﬂ-ﬁ]

5| FLARIE
5IE3.7 MFEEN X . HH
E[(z+R)"AD,J=d—E[(D,—(x+R,) "]
IERR [ SIHE 3. 3 JF Sk AYIERA L 5 5 15 3
D, AN(—z—R,) —(—x—R,)~

=—(D,—x—R,)
Xl a =(—a) 1§
D, AN(x+R) =—(—D,+x+R) +
(z+R)D

SPGB HEAT IS .
1. %D, +x+R, =0
E[((z+R,)"AD)]
=E[—(—D,+x+R)"+&@+R) "]
=RE(D,)=d—EB[(D,—x—R,)"]
=d—E[(D,—(z+R) "]
. %—D+x+R,<<0 B, — %4 Wi 715
DTN
#x+R, <0
E[((x+R)"AD)]J=EWOAD,)=0
=d—E(D,)



36

o [E B A B E R
Bulletin of Chinese Applied Mathematics

=d—E[(D,—0)"]
=d—E[(D,—
(x+R)H"]
Hx+R, >0
E[((x+R)"AD)]=E(z+R))
=d—d-+E(x+R,)
=d—E(D,—x—R))
=d—E[(D, —
(x+R)H"]
gig L, I PG O, JR A REAIE
51 3.8 XGB-13HXTF «» HABEBMME, A
S YN NS

x,=arg max L’ (x)
zEN

. (1—aplu
= . . — R <) =
min{x € Z.P(D, Rl\x)/<1 aputh
iERA m 5l 3.6, 0 (3-13) W B R T

Y 5N
L) =—uBEB(z+R) ]+
Elu+s (z+RD"AD)—u+R, —
hes(x+R,—D)) " +
L P Sl
HT 3553 A ) 490 22 2% AT

B¢ DR, ]

11D~ R, —) "]
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A1}

L(x)=—uE (x+R,) ]+
Elu+ ((x+R)D"AD)—u+R,—
h(z+R,—D)) " +apu -
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A GIHE 3. 7,5 (3-13) Al ik — 25 #& P4

L) =—uBE(x+R) JH+ud —ur+
E[l—u(D,—(zx+R) ") —
h(z+R,—D,)" +apu *
(D,—R,—x)"]

FE L —Br )

AL ()=LA(xz+D—L (), xEZL
L Z=D, —R,.H5IEW XN FHEEEN . H

(3-14)

(t+1) —t =—1,« 4 (3-15)
=D —t"=—1,-, (3-16)
G+ =t =1, (3-1D)

Hopn, . WAE R R,
WR ud — wr 224570 0, F 1 43 503 B =K
-1 AN E « A2,
(D—u B[(x+R,) JHEL
i (3-15) A 14
(x+1+R1)7*(x+R1)7:*lglﬂel:\:fn

*lale;—an
A 1
—u B([(x+1+R) —(+R) D
=—uB(—1lg- ., D=uPR,<—x—D
(3-18)

(BLu(D,—(x+R) £

A d(2)=D,—(x+R,) ")’

MR <—x—10,x+R,<—1H2+1+R,
<0,z +R)) " =(+1+R,) =0,T&E d(x+
1) —®(x)=0,

MR =2—zW,(x+R)"=2+R,,. (x+1+
R)"=x+14+R,.

A t=D,—(z+R,) W H(3-16) 1] 15

O(r+1D—d()=G—1D" —1t =1,

==Ll =i

71(R1;*.r.22>.z 1}

P 1t
—u(E[®(x+1)]—E[DP(x)])
=uP(R,=Z—=x,Z=x+1)
(DELh(z+R,—D )" &
G-I E(z+1—2)" — (2 —2)" =

(3-19)

1, 720 =122,
ESPi4
—W(E(aH1—2D) " —G—2) " DH=—h P(Z<2)

(3-20)
D ELapu(Z—x) I E
M1 A3 (Z—(z+1) —(Z—2)" =
— 1
A 1t
apu B(Z—(x+1) " —(Z—2) "]
=—apu P(Z=x+1) (3-21)
M (3-18) — 32D A MR BN T E 2 €2, F
AL =uP(R,<—x— D+ uPR, =2—2x.,7Z
Zr+1)—h P(L<s)—
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apu P(Z=x+1) (3-22) F ‘)>M
% ST A—ap)uth
P(Z>=2+1)=P(D, =>++R, +1) WL (o) IR e RAB AR
P — . — $;‘
= >) PR, =) P(D, x, =min|x €ZBD, R, <)
r=0
(1—aplu
> ~ U7aplu
=rhrt D <1—ap>u+h}
N2z <7 - S . < > 2H
Mo —a—1W,x2+r+1<0, 1 D,=>0 7] 15 S e ST TR 0] RE A 1 5
P(D,Zx+r+D=1,FT%& Zriol P(R, =r) P(D, BRI LE I

>r+r+D=PR, <—x—1.
Yr=—z B, D) PR, =) PD, =x+r+
D=PR, =—x.D, =z +r+1 . Wit

P(Z=2+D=>P(R,=r)P(D, =x+r+1)
r=0

—z—1

=> PR, =r) P(D,
r=0

=z 4r+D+ >, PR, = r) P(D,

—x+r+1D
=P(R, <—x— 1) +P(R, >z,
D, =x+R,+1D (3-23)
¥ (3-23) R AF (3-22) ] 17
AL ()=uP(Z=a+1D)—h P(Z<x)—
apu P(Z=Zx+1D)=u(l—ap)
P(Z=x+1)—h P(Z<x)
L F,(a)=PZ<x) WP(Z=x+1D=1—F,
(z)

PNID]
AL ()=O—ap)u—[A—ap)u-t+h]F_ (z)
(3-24)
E X B 257
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HE
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FrAA® L (2)<<0
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) de KABL AR o T2
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G20 RA AL (2)<<0 17
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L0 () 14 Jry e KAB S AR R R J2
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rEN
ERR
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El—u(D,—(x+R) )" —
h(x+R,—D)) +apu -
(D,—R,—x)"]
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FTEIG ™ o) 2 AT 10« FL LA 4 o B e i 4
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Cu,(lx) (u ,h ;x):milx{ga-,(kfl) (y)}

B GV (Y Y e <ls e B
GV () Moo= B

ALK B, Y o <ls ™ B, 0o @ (unhsa) 2—A
HWEGY 2 =57 B, oo ® (ush o) BRI BT B
PR . TR RATUERA T, 4GV () ZHLM
PREHBEA 2R KA s B e ® (ushsa)
LM pR £, IF H B A MR A2 R R R A s
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Sik(x+R, —D,) " —¢ LRT o B
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D _51;L1.<D1—1—R1> ] RILPES PALIESE @
TR BRATUE T
G P () =L(x)Fa Blco® (uh; (x+
R] _D1 )+ _SI;L1-<D17J*R1> | )]

PR AL I HA 2R KE R s .

5 b RATAECE BNEIE T 6% (o) Z
My, It HRA SR REA s, B, co®
Cao) A 2 00 1M1 R %5, JF HO BB A A 9 4 ) Je K

A Bellman 2 1 A9 Fe A0 4 IR Y (% 3.3
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c (uyh ;x)zi}ig){ﬁ“(y)Jra E[ ¢

(ush;(y+R,—D,) " —
51{Lu%7yfk,+]>]}
:}Lm ce® (o)

XEWREC (ush o) 2N, I B RA 2R
R s . Am AL,

HE— 5 B X e BT e 4L 1
g
5|38 3.10 XFTHrdnEN, FAEERORES 0 €
AFPTHIHEF 0<a, <1 HEXEREH o« € (- D) T
(B PRI J2

V. (r")=sup,enqV, (1)

E— D XA PR o 2 E I MENTE A
oY AR A R

FrULFEAE s° €S M fnHF 0<a, <1, ffif
MR o € (o, » DI HB I

C“"“(u Jhss ):QIGJE) C“'”(u Jhiss)

I HBEA KT s ° 1 5L FE A7 5 W ot 2 o 24
WITE S iy Fe AR SR s, BI Y o =1 B, T Fn it i
S S 0 D7 e Cuohos o) BB ORAE A

(I1—plu
A—pluth
(3-25)

EEIIEXAEFRBEHEMLE) X TEL
R P RS, HA KN s (3-25) B FEA FEAT S s
R, B, BEEMERITEREN Q =
(" =N s M G254,

F2 WHELEXLEHM.Y D, =R, B, B 5%
R A3 SR G S N R R 4 75 SR B P B AE K (D
—R ) IEH 5 Andrew % A" 4 I TEIRTHIE T

M LIEAKFE s" =min{x €Z.P(D, <x)=

s' =min{x €Z.:P(D, —R,<x)=

e R R B B A A7
PRI SO TR G125 D, <R, B R F £
I B 2K s TR G 4R L
S0 430 B8 A 05 K S KR AN T A
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4 BEXRRE

FEAY oL FATT G I B S 3 2 AR B R T
TR0 S 1 S A R A 2R B8 W AT B SR L LT A I SC T
& A BE A A SR W Y S PR PR RE . 7 BT A B 5K
Ko BATG — BEE BAL AT A A b= 1,904
AR« MBI w =4 B2 BE S
IR w =64, LB 55 15 s 28 A X e 10 128 77 ke 5
&L WIRENNE- AR

RN & D, 5B REHLZ & R, A9 5 fi
AWML IR 73500 % IR A 5 00 A T
2 P S HOEE . B X R T R R OR A 0 L AR
SCEE R MR P A LR I < O S R (p = 0. DA
iR A (p=0.3) .

Tt — 20 L8 2% iR BT 5 T8 5 200 R 5T 1
FE N B e A7 D R e & G AL 4 2 5 LA o 98 4 3R
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TR, G e ushs2)) RoRTERMGR TR M 4550, 0T LU 2] 1 2 1 38 5247 A JIF i > 1) TR 5 I
HIER T UG A &R 5T 1~ B e A i BT A B I B A 22 W R BRI 2 i
IR B X R B A S 7 2 A il o B X P AL

Rl EMEFERBHORAEFRKTEESHFHRME(h=1,p=0.7)

Table 1 Optimal inventory level and average profit per period under the basic inventory strategy (h = 1,p = 0.7)

(s%ss™) C‘T'(uyh;xr)
u=41=4 u=3~8 u=16 u=32 u=064 u=1=4 u=3~ u=16 u=32 u=~64
D, P10)
(7,8) (9,8) (10,10) (12,11 (13,14 24. 86 51.72 106. 57 217.16 441. 21
R, P(3)
D, B(10.0.5)
(3,3) (4,4) (5,5) (6,5) (6,6) 10. 23 21. 68 45.15 92.51 188. 11
R, B(10,0.2)
D, P(10)
(3,3) (5,4) (7,6) (8,8) (10,10) 7.99 18. 75 41. 57 88. 31 182. 95
R, P(D
D; B(10,0.5)
(1,0) 2,1 (3,2) (4,3) (5,4) 1. 41 4. 66 11.98 27. 36 58. 81
R, B(10,0.4)
D, P(10)
(—3,—4) (O0,—D (2,3) 4,4) (5,6) —3.59 —1.40 4. 87 19. 63 50. 03
R, P9
D; B(10,0.5)
(—1,—2) (—1,0) (1, (2,2) (3,3) —2.19 —0.95 2.27 9.51 24. 38
R, B(10,0. 45)
F2 HuMEGERBHNENEFKESEHEHFE(h=1,p=0.3)
Table 2 Optimal inventory level and average profit per period under the basic inventory strategy (h = 1,p = 0. 3)
(5" .s") C’Tx(u,h;x)
u=4 u=3§8 u=16 u=32 u==64 u=4 u=3§ u=16 u=32 u=>64
D, PO
9,9 (11.1D) (12,12) (13.14) (15,14) 23.43 50. 25 105.02 216. 48 440. 02
R, P(3)
D, B(10.0.5)
(4,4) (5,5) (6,6) (6,6) 7,7 9.52 20.99 44. 40 91.92 187. 39
R, B(10,0.2)
D, P(10)
(5,5) (7,6) 9,8 (10,10) (11,100 6. 39 17. 10 39. 89 86. 59 181. 29
R, P(D)
D, B(10,0.5)
(2,2) (3,3) (4,3) (5,4) (5,5) 0.52 3. 80 11.09 26.58 57.94
R, B(10,0.4)
D, P(10)
(1,1 (2,3) 4,4) (6,6) (8,8) —5.87 —3.54 3. 06 17.57 48. 94
R, P(9
D, B(10,0.5)
(—1,0 (1,1 (2,2) (3,3) (4,4) —3.15 —1.96 1. 25 8.37 23.43
R B(10,0. 45)

F1ME 2 MG TAERFBEROKT  FFAKT s 26 il ah 5 s &2 /5 5 15 R4
T B R AR A7 K R HC R R B K A, PRI R R EAE K T 0 (o) W36 R 7E 5
e L W s T RGN AN, WA B T
Hr,s " FamHar il s = *E€EL:P
R s SR B B B DR AR KT 5 4 K
(Dl_R1<I)>(1(i7)p>i} }ifﬁﬁ'ﬁﬂﬁ‘]%ﬁﬁﬁ? ZHIHEE T EE —., XEWEARTE BRI E
pluth T K - T A0 EL AT BL A PR B B 1
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WL 3 P R Al A, IR B8 0 A R, A BEOK
P A B PEAE KR T AR T RS, X
el TR TE R g8 R B 1 R AL A7 b 524 A
i 5378 B A R SR I I i A R o e B 0 B A A K
o X —BRAEA R 7 R o A T R B — 2 B
% IR T N ZO0F PE AT D OB I B P AL
FoR AR 1 53 2 TR B, 2 Al 2 T R B
TR JE R e A A s B BT, XOEN
RTEAR TR O 1 8 T R W 2L 19 5 oK AT RE AR
SR AT S 25 4 i 1 R 5T AL 22 AR o R R M R
A ) T o R 2 A K R AR RO 2R 1Y

DB o AR A R T O B T L B 0 7 oK AT LA AE B
T — AW e AT A A A SR T SR R 0
X — VA o DR G AR X A AR Y P A7 KO S 0
. BEAh, BEE BB O AR o B4R L R AR K P
s RSB TS TR AR S8 A 2 M
LR LRI X R T 24 B 4 15 A o
ML Iy B A A 22 T AL AR B AR (A
YR B D0 P A7 K B9 B T BE h fi . X R W]
1B T RE 8 70 ME R B S b R R D S AR I TR
SEA ] T AT S ECE AT,

R3I EER/ZABEERETEGKERKBEEHFBEHIEE (h=1,p=0.7)

Table 3 Comparison of inventory levels and long-run average profit with and without considering returns(h=1,p=0.7)

(s" ,C‘* (ushix))

(.s"-,C" (ushsix))

u=4 u=3_8 u=16 u=32 u="64 u=14 u=2y8 u=16 u=32 u="64
D, paon
(7,24.86)  (9,51.72) (10,106.57) (12,217.16) (13,441.21) (10,24.11) (12,50.38) (13,105.49) (14,216.97) (15,439.02)
R, P(3)
D; B(10.0.5)
(3,10.23)  (4,21.68)  (5,45.15)  (6.,92.51) (6,188.11)  (5.,9.61) (6,20.81)  (6,44.74)  (7,92.06)  (8,186.78)
R, B(10,0.2)
D, paon
(3,7.99) (5,18.75)  (7,41.57)  (8,88.31) (10,182.95) (10,3.82) (12,13.75) (13,36.89) (14,83.66) (15,179.34)
P(7)
D; B(10,0.5)
(1,1.41D) (2,4.66) (3,11.98)  (4,27.36)  (5,58.81) (5,—1.42)  (6,1.68) (6,9.73) (7,24.57) (8,55.61)

R, B(10.0.4)

R4 ZR/PBBERRTEFKERKEFHAEBHLE (h=1,p=0.3)

Table 4 Comparison of inventory levels and long-run average profit with and without considering returns(h=1,p=0. 3)

(s ,C‘*(u-,h;x‘)) (.\'/.C"(u-,h;.r))

u=14 u=238 u=16 u=32 u=~64 u=14 u=3_ u=16 u=32 u="64
D, pPan

(9,23.43)  (11,50.25) (12,105.02) (13,216.48) (15,440.02) (12,22.36) (13,49.42) (15,103.57) (16,214.75) (17,437.73)
R, P(3)
D; B(10,0.5)

(4,9.52) (5,20.99)  (6,44.40)  (6,91.92) (7,187.39)  (6.8.74) (7,19.84)  (7,43.77)  (8,91.00)  (8,187.08)
R, B(10,0.2)
D, pPa®

(6,6.39) (7,17.10)  (9,39.89)  (10,86.59) (11,181.29) (12,1.79) (13,12.88) (15,35.03) (16,81.89) (17,176.82)
R, P
D; B(10,0.5)

(2,0.52) (3,3.80) (4,11.09)  (5,26.58)  (5,57.94) (6,—2.35)  (7,0.60) (7,8.59) (8,23.61)  (8,55.61)
R, B(10,0.4)

— AN B ISR Y AR R K B A
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Optimal Ordering Policy for Inventory Systems with
Partial Delayed Delivery under Return Scenarios
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Abstract ; In stochastic inventory management studies, managers can fulfill the demand of customers willing
to wait through replenishment and delayed fulfillment when stockouts occur. However, the impact of prod-
uct returns on ordering policies has received limited attention. In fact,a large volume of product returns can
significantly affect inventory levels. This paper investigates an inventory system with product returns,com-
prehensively considering customer return behavior and the randomness of customer patience during stock-
outs. It is proved that the base-stock policy is optimal under the condition of zero lead time,and the analyti-
cal solution is derived. Interestingly, the optimal inventory level may be negative.
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