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Research on product selection and joint replenishment decision

based on inventory capacity limitation

Shi Xuefei, Wang Haiyan
(School of Economics and Management, Southeast University, Nanjing 211189, China)

Abstract: Considering a great variety of goods in the market, this paper constructs a joint decision model
with the constraint of inventory capacity and minimum order quantity for product selection and procurement
based on economic order quantity, then designs a polynomial time algorithm to solve the problem. To improve
the profit of retailers, the paper models the joint procurement problem based on inventory sharing and designs
the corresponding profit allocation schemes for joint procurement based on cooperative game theory. The profit
allocation scheme adopted when the cooperative alliance’s warehouse capacity is sufficient is a core allocation
rule, while the profit allocation scheme adopted when the cooperative alliance’s warehouse capacity is insuf-
ficient is an efficient allocation scheme that satisfies individual rationality and it induces the retailers sharing
their real information of warehouse capacity. Numerical experiments show that the fewer kinds of products, the
larger inventory capacity and the larger alliance leads to the more profits of the alliance. Joint procurement can
increase the total profit of the alliance by up to 26 %.
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=V = 30,60, 45, BALRBURAL F AT A b = 1, £ G M FREIE RN
8.6012 7.3567 28.7144 47.7859 4.3193

A=110.0127 14.9725 9.1822 2.6177 49.8014
26.228 0 19.244 8 33.058 3 7.5459 40.048 2

HF T RS B A 1 AR BB TR R I E
0.0000 0.0000 0.0000 60.0000 0.000 0

q = | 60.000 0 50.0000 60.0000 0.0000 94.6797
72.426 5 0.0000 60.0000 0.0000 84.9039

MEANBE R AL B INE] 75 1, A AT S o 2 SR B
60.000 0 50.000 0 60.000 0 69.127 4 27.883 2

q = | 60.000 0 50.000 0 60.000 0 30.000 0 94.679 7
72.426 5 50.000 0 60.000 0 30.000 0 84.903 9

XU B Y PR A7 2 A 70 R I BT 7T A A BE A BRI IR, T AF 2% N 30,60, 45 I, R 1 AT
BB, BN ARATT A0 E B8 R 2D — Fh = . T S AR AR S SR I, & R R T &
N Q = 94.701 5,64.477 9,60.000 0,76.124 6,130.193 7, &5 F A2 oA 112.219 7, EeAb AT B A7 2
B 135 /. BRA SRR IERE R E T R i 2 S5 KA, 28 R AT 6 00 7= b 0 v P — S5, 1 B
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51 FEFRMRROEL S
AT I o 5 B O A R A e/ N T B A R A IR, R T g A 10 RO BT
Hrfh =1,V =75, WESHWER 1. AWEARAMEHHERE 1 RS HEMU K L =1,V =75

x1 BEEP)NESHE

Table 1 ~ Parameter values of the model (P;)

% 1 2 3 4 5 6 7 8 9 10

v; 0.3000 0.3500 02500 0.4000 03000 0.0500  0.5000 0.1000 0.2500  0.4000
i 20 25 15 20 15 30 5 15 20 35
A1 12,0466 15.0093 228645 69160 49118 9.6212 202889 13.5723 25199 244161

ci 5.0000 6.2500 37500 5.0000 3.7500 7.5000 1.2500 37500  5.0000 8.7500
gmin 20 50 30 20 30 20 50 50 50 40

k; 20 180 60 60 140 180 140 100 100 20

TSR T I R R d VT B A SR R 1 BT BRE N 4 TR E] 200, R FER 1
AR b 2 1, 1. AT AU S 202 7 0 B R AR ARAE X TH] 20, 72 . it — B o i AR A R, R
TR NN /NI SR IXRI[20, 72] WEYHEALIT SRR TF R R, 13 813R 2. 3R 2 5 2 I E2 11 51551
AT 1R 10 577 5 1 feMT IR EAR BT 5T 8. W3R 2 el LG 277 1 BT 588 20 I,
FAER G 1 TR 21.951 4, SR E R RIT D82 K TN i MT IR, BRI i M T T &
NINT 21951 4 AN UM R I D, DRLRIE AN 2 384k, T R R e T PR R T 21.951 4 1,
TAERTHI 5 1 RIT BT BN R R i BT B, I LB B/ INT SR T 52 HL e i ) R 3R
X A 1R 1 b R R R SRR L T . 2 A R A T SRR R T 64 I, 7R 1 B
R, I HLEFE B fg i 1. 1l B 1 AR T AN R SR, X2 RO A LR A T 2 2 PR 1 21

x2 EmilEE
Table 2 The order quantity of product
77T S
| 72 77 i3 a4 RRS RAR6 FRART PR RO FRAALO

P 1R NI TR

20 219514 735075 523807  0.0000 0.0000 58.8526 0.0000 52.1005 0.0000 40.0000
24 24.0000 73.5075 523807  0.0000 0.0000 58.8526 0.0000 52.1005 0.0000 40.0000
28 28.0000 73.5075 523807  0.0000 0.0000 58.8526 0.0000 52.1005 0.0000 40.0000
32 32.0000 73.5075 523807 0.0000 0.0000 58.8526 0.0000 52.1005 0.0000  40.0000
36 36.0000 735075 523807 0.0000 0.0000 58.8526 0.0000 52.1005 0.0000 40.0000
40 40.0000 73.5075 523807  0.0000 0.0000 58.8526 0.0000 52.1005 0.0000 40.0000
44 44.0000 73.5075 523807  0.0000 0.0000 58.8526 0.0000 0.0000 0.0000 40.0000
48 48.0000 73.5075 523807  0.0000  0.0000 58.8526 0.0000 0.0000 0.0000 40.0000
52 52.0000 73.5075 523807  0.0000 0.0000 58.8526 0.0000 0.0000 0.0000 40.0000
56 56.0000 73.5075 523807  0.0000 0.0000 58.8526 0.0000 0.0000 0.0000 40.0000
60 60.0000 73.5075 523807  0.0000 0.0000 43.5441 0.0000 0.0000 0.0000  40.0000
64 64.0000 73.5075 523807  0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 40.0000
68 0.0000 735075 523807 28.8083 0.0000 58.8526 0.0000 52.1005 0.0000 40.0000
72 0.0000 735075 523807 288083 0.0000 588526 0.0000 52.1005 0.0000 40.0000

PN KRBT T i 75 2R BIE F0 8 g AE A2 . R ™ 1 IR R BIE A 0 TR 638 K 3] 500,
SRR 1 WEUE, Ao T — D EAR RN 150 (HELE#H— ﬁE’J%ﬁEFﬁE’J%U/IﬂHH%%{’EjﬂTtK &
BT 2 E2HV =75 MIZE MR E ETHES, EA 8RR N B, X A 177 T SR IR
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BIERARRFI T, FER I AR 1 1R SR BIA 258 KT8 0.
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Fig. 1 The profit affected by minimum order quantity of product 1 Fig. 2 The total profit affected by demand arrive rate of product 1

R E T R BUE SIS B S50 2, FE e VA A, BE R ORI 5 AR A R T R BIA R IEAR K.
52 BEARMMEGI

AR BT RS, AE 2 s A I AT 16 B A AR AR R R AR ) o S B L — e Y Bl Y
BENLEL, HLHUETERA N\ € [1,25],ps € [5,50],¢; = Bii,q?i“ € [10,60], k; € [10,110],i € N,j € M. %
bhh =1,V; =175,i € N.

TSI T i AR 2 E AN P AT A N R AR A R | M| = 10, FE SRR RECE | N |43 B EL 5, 10, 20, 50,
100, 500, AT AR5, BirA 6 16 0 B AR A S I 48, FAE 23 730 75, 150, 300, 600. 7 fit il A EEAE 45
BEW—MEA, h = 1, ESHEEI A, tHE AR SR A, 240 100 &, BOFAME, 2313 3.
3 3 BRI T E, AT RLE B, 247 RO 5 R 10 B, BEAE AR R ORI B B AR 1S oKk
i, M APSEOR T 20 I, Bk B UAC 2 e A7 2 e DR 189 K. 30 BRDA P i A0 5 R0 10 I, PEAF A B 2
FEARI, B DASE N 2R A 25 AN R B K R AR s R TR RO K T 20 B, A A B 2 T U UCR IE
2R, BEIN T R, TGN T RAR. 24 AR AN B G KB A8 S B I R VR AR RS B AR AR
JE AT R A0S B, IEEER 3 s AT OB, AT RLE B, AT A B, B IR G KRR AR R BT
R 3 . X2 KR 27 W R SRR 2 I, BRI RS 1, U S FEAE A A I, P A 2 ik 4%
ARTRNFR 7 b R0 s IS, FEAR I I 0 HL 28 AT Be T A 1) 8 7 A5 R I AN [RI 1R 77 i, AT IG5 78 J Bk SR .

*3 FRMEREMEFRSSNKEBERENZE

Table 3 The profit affected by product category quantity and inventory capacity
~ . R AR N
Silaleliasiicy 5 10 20 50 100
V;=75,je€M 20.20% 16.17% 12.91%  8.05%  6.08%
V; =150, € M 20.31% 20.30% 13.86% 10.19%  8.69%
V; =300, €e M 17.73% 19.20% 17.46% 10.91% 8.41%
V; =600, € M 1841% 15.28% 15.56% 16.47%  9.81%

PR AT T I B AT X 1 WA A 1 s e Bk B R 7 B M| 23 il ER S, 10, 20, 50, 100, 500, h = 1,V =
150, 5 € M, |[N| = 10,100, HEHHEFENL ™4, FREEEA ML 100 7k, BB RNEI KR BOFIME, 521R 4 1
Hod. T LIS B2 4 o B B R i 9 K S B I RS K T3 K. GBI SR 4 W7 LR BICA R R R
4 100, 1R B ER 5 I, A AE AR R R PR AR A A 5 DA K R T L A S K I O, T BB LT AR
BELSZAFRN. MEE 2 U T EASERL, I BT s K TR0 i M R ERRE R, A&
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SR ECTT S R AR R A R I T 2R AR v A 3Kt R R 2 Bk S AR I LR B R DR R I ) 7= i et B2
(82 B T R [R)— ™ i I, S BERS DRUE BT 70 I TT AL L TT 58, BRI B A A R
S G B BB RE fe/NT BT ZOR. IF H 2RI iR SE LB, A7 5 2 I B R R R — Fho= dh, e
U RS o

R4 BRBHRIUERIRAG
Table 4 The profit affected by coalition scale

7= A 10 10 10 10 10 100 100 100 100 100
FEH LS | M| 5 10 20 50 100 5 10 20 50 100

Ik B R T g K R 10.44% 18.32% 18.95% 22.09% 25.20% 5.53% 8.49% 16.11% 18.76% 25.74%
RO RREFERENOMANE 0 0 0 0 0 23 0 0 0 0

M S, BT LR B, PR RS, A 2R R, R R R, BB R i R R R 2 BBk
A SR 5 e T AR s R R K 26%. I BT DUR B R &R AR KT 10 B, AR HIEFE =AM
LY, XU 5 B ERT R, B LA A B A RN,

IX 86 K S2 06 AR 2 ] MATLAB 2015b S2 8L ). i@ id MATLAB it i 6 % tic F1 toc, 51k 1 3K
fiR 10 000 Flt 77 ity F B SR g e S 700 T B 27 s, T AREYZS 2 SRR 10 000 Ff 7=, 100 S8 35 O BE &
SRR U3 KM 660 s 588K, X BERIEE | A1 Bk 2 BIBCR 2 3R% M, REfs i 2 L OB 1 5
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