840 & 11
2014 “F 11 H

H 2 % 4R
ACTA AUTOMATICA SINICA

Vol. 40, No. 11
November, 2014

BEAL LR BT F0IR ST EMR T B 15 o) R AR S 4=

bz

mE

T !

YR o TR B R AN 0 1, Bl PR A7 P e IR KT, E T RRAFAE S ANBENLIR 3, SRAAE G AR A

IERERY, Lk, DRSS o W RUR B8 70 JF 508, 3B BT e TR FEAF IR 52, A SCAER A I8 S i A7 K-F 3 22
W REAAE T, FIADES ] Markov 85 HUBTEFERIBRAEIE, ML T ARG BTG SRR, SR Bevt 1 A SO e e
PEAE SRS e, SBIL T B, 0BT T BERI R T 1SRRG, W R I SR AN YT S 9 T .

SR PR, R, SRR, AiNE S, Kella-Whitt

LRGN 2, HBTUR. BEMLAL R A W RE B PREE R B A @l S . F 3l fhaE, 2014, 40(11): 2436—2444

DOI 10.3724/SP.J.1004.2014.02436

Modeling and Control for Inventory with

Stochastic Supply Disruptions and Returns

LOU Shan-Zuo"

TIAN Xin-Cheng'

Abstract Uncertainties in supply disruptions and returns make it extremely hard to control a firm’s inventory. However,

the traditional approach is found quite difficult to develop a model due to many stochastic factors in the system, therefore

supply disruptions and returns are dealt with separately. In order to analyze their effects on the firm’s inventory com-

prehensively, under the condition that the inventory level process is expressed as a Brownian motion (BM), an expected

total discounted cost model is established by utilizing continuous-time Markov chain, renewal process and martingale

theorems. Subsequently, a cross-entropy method is designed to obtain the optimal inventory policy. Numerical results are

provided to illustrate the influences of disruptions, net demands and system parameters on the optimal control policy and

the expected discounted cost.
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Table 1  Optimal inventory policy and expected cost
for varying h
h r Q TC
0.025 8.723 83.627 73.256
0.050 7.541 58.116 98.548
0.075 6.607 47.657 117.768
0.100 5.871 41.533 133.971
0.125 5.267 37.359 148.249
0.150 4.755 34.261 161.143
0.175 4.311 31.835 172.973
0.200 3.920 29.860 183.950
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Table 2 Optimal inventory policy and expected cost
for varying 7

T r Q TC

3 2.729 38.658 126.726
4 4.506 40.302 130.864
5 5.871 41.533 133.971
6 6.981 42.509 136.441
7 7917 43.312 138.477
8 8.727 43.988 140.198
9 9.442 44.569 141.680
10 10.082 45.075 142.975
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Table 3  Optimal inventory policy and expected cost
for varying

K r Q TC

0.1 6.369 40.503 112.907
0.2 6.123 41.002 123.459
0.3 5.871 41.533 133.971
0.4 5.612 42.098 144.442
0.5 5.346 42.699 154.868
0.6 5.072 43.340 165.249
0.7 4.790 44.023 175.580
0.8 4.500 44.752 185.861

R4 K RS e PR A7 SR R 2t

Table 4 Optimal inventory policy and expected cost
for varying K

K r Q TC

4 8.227 32.282 113.565
7.209 35.837 121.341
6.463 38.859 128.022

10 5.871 41.533 133.971

12 5.378 43.955 139.387

14 4.954 46.183 144.388

16 4.582 48.255 149.055

18 4.249 50.198 153.445

AIAERH BM #IA8 7F R AR S SL [F/EH R
Ve G N P Y A e o 1 BB L BUR 3R IR R e
Ron K 2 ARSI IESE RS ] Markov &%, JF4) H &
B FEES K Kella-Whitt 8t 23 SI8F5E T 8 37
FOFEAT BRI 5% 2 PSS RY (R R, Xl 2 ARSI
BIHT 2 Ab. H T2 2R 9 ol S s v R A 2 pR 2L
N AT sk e s AUAR. Ba, 8 B8k
5o, BT T ORBEDR 256 RGN, AR 4518
FAF R 7R 1) FR G801 B 0¥ ) Sk mes R =2 2 H
AN A RN e B i B R T SRR Bl R RN R, T
HiE 54N A W TG 00 2) 0T BT i I PR
A7 PRV O B my, HA 7 SRIBEBN ORI R 4, RIS
AR I A T 1 5 AN AR (LR R IR T AR A R S
(A IGO0 N, PEAEE B B 0T B2 5 (M R INF, 3E8Y
2 JEILAR BT SRS, e, SR IRAT 5 BN SR
T HE it LR A v B 3 A K B 2R 3) B ML AL Y
FRT L B TR SRAR FLAT R L SLIEAE B R B
T Ia) A e, DRI, A B ) A T SR
I, SR S S MIN 2R, JUHIE S A BT 2 AR AL

ERNiE AT

FESEHER b, S ATRIESE: 1) AR A
R, A G B e R R R 31 Y, PTRIE S 20 UT B B
SR P A7 ) R 2) A ST 220 3 B Ak B ] A0 38 0
R FEI, XN FELERg i (W ikke) &G Bm. A
XHAT LT dh, HOE M AN RE 2. DL, AT A I
JEIX AR A A7 ) L 3) ATk BM 240
[ 5E (1, sebsrh, EAURATREALAL. (MM, WIATSE BM
SR BN IR BAN O DL 1 A7 ). Tl Bk
WEST, LAY SE A g iz 1) i

References

1 How to reduce the retail shortage rate [Online], available:
http://www.chinawuliu.com.cn/xsyj/200507/04/134312.
shtml, February 13, 2014
(hnn ] B A 22 5 0lk ¥ B 0% 22 [7EZK], #hk: http://www.chin-
awuliu.com.cn/xsyj/200507/04/134312.shtml, February 13,
2014)

2 Double eleven return rate as high as 25% logistics
industry embarrassment after shopping spree [Online],
available: http:// www.chinairn.com/print/3232343.html,
February 13, 2014
(Wt — R B A ik 25 % WP AE XA i Mk a8 i e [ 2K,
Hidik: http://www.chinairn.com/print/3232343.html, Febru-
ary 13, 2014)

3 Kleindorfer P R, Saad G H. 2005. Managing disruption risks
in supply chains. Production and Operations Management,
2005, 14(1): 53—68

4 Lou Shan-Zuo, Wu Yao-Hua, Lv Wen. Study on inven-
tory control under stochastic disruptions. Acta Automatica
Sinica, 2010, 36(7): 999—1006
(i, A, B30 BEPLP TR R K AR, A
%, 2010, 36(7): 999—1006)

5 Ahiska S S, Appaji S R, King R E, Warsing J D P. A Markov
decision process-based policy characterization approach for
a stochastic inventory control problem with unreliable sourc-
ing. International Journal of Production Economics, 2013,
144(2): 485—496

6 Yan X M, Liu K. An inventory system with two suppliers
and default risk. Operations Research Letters, 2009, 37(5):
322—-326

7 Qi L. A continuous-review inventory model with random
disruptions at the primary supplier. European Journal of
Operational Research, 2013, 225(1): 59—74

8 Chen J L, Zhao X B, Zhou Y. A periodic-review inventory
system with a capacitated backup supplier for mitigating
supply disruptions. European Journal of Operational Re-
search, 2012, 219(2): 312—323

9 Ostlin J, Sundin E, Bjorkman M. Importance of closed-loop
supply chain relationships for product remanufacturing. In-
ternational Journal of Production Economics, 2008, 115(2):
336—348



2444 H ]|

e

S 40 %

10

11

12

13

14

15

16

17

18

Ofek E, Katona Z, Sarvary M. “Bricks and clicks”: the im-
pact of product returns on the strategies of multichannel
retailers. Marketing Science, 2011, 30(1): 42—60

Chen J, Bell P C. Coordinating a decentralized supply chain
with customer returns and price-dependent stochastic de-
mand using a buyback policy. European Journal of Opera-
tional Research, 2011, 212(2): 293—300

Mitra S. Inventory management in a two-echelon closed-loop
supply chain with correlated demands and returns. Comput-
ers and Industrial Engineering, 2012, 62(4): 870—879

Shulman J D, Coughlan A T, Savaskan R C. Managing con-
sumer returns in a competitive environment. Management
Science, 2011, 57(2): 347—362

Karakayali I, Akcali E, Cetinkaya S, Uster H. Capacitated
replenishment and disposal planning for multiple products
with resalable returns. Annals of Operations Research, 2013,
203(1): 325—350

Berman O, Perry D, Stadje W. An (s,r, S) diffusion inven-
tory model with exponential lead time and order cancella-
tions. Stochastic Models, 2008, 24(2): 191—-211

Yao D C. Optimal policy for Brownian inventory models
with general convex inventory cost. Acta Mathematicae Ap-
plicatae Sinica, 2013, 29(1): 187—200

Cadenilias A, Lakner P, Pinedo M. Optimal control of
a mean-reverting inventory. Operations Research, 2010,
58(6): 1697—1710

Kell O, Whitt W. Useful martingales for stochastic storage
processes with Lévy input. Journal of Applied Probability,
1992, 29(2): 396—403

19 Kyprianou A E. Introductory Lectures on Fluctuations of

Lévy Processes with Application. New York: Springer-
Verlag LLC, 2006. 75—83

20 Asmussen A, Kella O. A multi-dimensional martingale for

Markov additive processes and its applications. Advance in
Applied Probability, 2000, 32(2): 376—393

21 Kroese D P, Porotsky S, Rubinstein R Y. The cross-

entropy method for continuous multi-extremal optimization.
Methodology and Computing in Applied Probability, 2006,
8(3): 383—407

FME  ILWARRZAEGIR: 5 TR
W Bz, E BTS00 AR R G A
SR, B, B, AsiE
f£# . E-mail: Lshanzuo@163.com

(LOU Shan-Zuo
sor at the School of Control Science and

Associate profes-

Engineering, Shandong University. His
research interest covers modeling simu-

lation of complex systems, inventory control, and optimiza-
tion algorithm. Corresponding author of this paper.)

B#FH LA AR S TR
Bz, EERSTT B s E], LA
AL, BRI R L.

E-mail: txch@sdu.edu.cn

(TIAN Xin-Chen
School of Control Science and Engineer-
ing, Shandong University. His research

Professor at the

interest covers motion control, mecha-

tronics, and intelligent control system.)



