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Under the situation which customer orders are cancelled unless all products in the order are delivered all at once, this paper
concentrates on the purchase dependent demands and explores the systematic approach to implant the purchase dependence into
the multi-product inventory model. First, by acknowledging that it is a challenging task to formulate a suitable inventory model

for the purchase dependence, we derive the optimal solution condition using an EOQ model and extend the optimal solution
condition to periodic review models. Then, through the comparison simulation of four inventory policies regarding several degrees
of purchase dependence, we demonstrate that the inventory models which consider the purchase dependence generate less total

cost than the inventory models which ignore the purchase dependence. In general, the inventory models which consider the purchase

dependence reduce the loss of sales by maintaining more inventories, which results in reducing the total cost. Consequently,

the simulation result supports the effectiveness of this paper’s approach. In addition, this paper uses the individual order period
and joint order period obtained from the EOQ model for the multi-product inventory model. Through the in-depth analysis of
comparing the two models, we observe that the model of using the joint order period produces less total cost when the degree

of purchase dependence is high, but the model of using the individual order period produces less total cost when the degree

of purchase dependence is low.
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<Table 1> Summary of the Related Literature

Research Replenishment Inventory policy Leadtime Stockout Demand process
Liu and Yuan[9] Joint Can-order policy 0 (zero, negligible) Backorder Compound correlated
Poisson process
Larsen[7] Joint Q(s,S) Constant Backorder Compound correlated
Poisson process
. Periodic review .. . Joint demand
Cohen et al.[2] Individual orer-up-to policy 0 (zero, negligible) | Emergency delivery distribution
Agrawal and Cohen[1] Individual Periodic review Constant Backorder J01.nt .den.land
orer-up-to policy distribution
. Periodic review Partial backorder Joint demand
Park[12] Individual orer-up-to policy Constant Drop-shipping distribution
. o . Joint demand
Park and Seo[14] Individual Periodic review/EOQ Constant Lost-sales distribution
. s . . Joint demand
Park[11] Individual Deterministic EOQ | 0 (zero, negligible) Partial backorder distribution
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<Table 5> Comparison of Inventory Policies

Purchase Inventory Product Ordering Holding lost-sales Total
dependnecy policy 1 2 3 cost cost cost cost
T 63 27 38
1 2 44 2 4
R @ 108 prs 356 73 005 883
T 63 27 38
11 2 1
0 R 3 3 100 356 560 648 8605
’ T 36 36 36
1T 2 % 4 %6 2476 4609 1926 9011
T 36 36 36
v 7 = 139 % 2476 5506 926 8909
T 55 24 35
I 2634 4842 2439 9915
R 77 119 98
T 55 24 35
11 2634 2 4
0s R ) 135 ) 63 6320 549 9504
I T 32 32 32 2787 4991 2003 9780
R 55 140 95
T 32 32 32
vV R ol 53 04 2787 5774 917 9477
T 50 22 30
I 7 % 35 4 2944 5295 3102 11341
T 50 22 30
II 2944 42 44 1081
08 R 104 166 139 o 7425 8 0818
' T 29 29 29
111 21 1
R o 6 m 3075 5659 33 0866
1\ T 2 2 2 3075 6550 1012 10637
R 71 172 128
3.2 DH7HH== Zto| HElE Sot &AM H)&(C/Cho] Z7babd, oke] 3.1 Azl gro], Tuj
55:MQ. 3_;3:16} zﬂﬁxﬁﬂo] T 2SS _‘?‘}\]E}j— A 3L ?ﬂxﬂ
ool 3ol M Q1% Aate] el F AR gl BA R Fuleg meh A2 BT 28 o 5 dripake
= AN AEA A LFA G, delEAEE, 2l BF 0,05 WY, 283l FERE(C)o] SR w}ﬂ}%h
%‘%H]%% HIA A7 AR AES vushs 2od 2 Ans Edz%%’% B 005 W9h, e )8
B WRIAST <Table & AR AP A o) Ao ofF 2 Fhol T FRYG 2 @ Al
5188 nojz, AT} ) $E4E EAF AnAR (o] AR
<Table 6> 25-E] AifA|u]gol theh gvijEdulge] ol 2ol & l A FETHC7E 50090 B p-rkel ).

<Table 6> Additional Comparison of Inventory Policies

Purchase Inventory G/ Cy G
dependnecy policy 1 5 100 250 500(p-value)
1 8834 11541 8834 11515 14377
(0.9360)
03 11 8605 11038 8605 11443 14387
’ 11 9011 10929 9011 11844 14788 02622
v 8909 10723 8909 11710 14859 ’ )
I 9915 11993 9915 13010 16319
(03962)
05 11 9504 11701 9504 12687 16661
’ 11 9780 11608 9780 13250 16533 03897)
v 9477 11173 9477 13036 16657 ’
1 11341 13432 11341 14759 18597
(0.8243)
08 11 10818 12611 10818 14303 18523
’ 1II 10866 13681 10866 14911 18969 0.6017)
v 10637 13340 10637 14505 19097 ’




A Systematic Approach to the Purchase Dependence 77

SN
)
o

e
B
1
oX,

S

(1

o Mo
=
=
_O‘L
rlr
2!
1o
>
oot
1o

ol

Rl

o

a
o,
>
[

N e
fote P
o

N
s
X
2
=
3
o2k
(o
ftl
Jor
o3
o,
m

roa Ry
:OL_A‘
i
2

o%
N Eét‘ 1o T
o,
2 o
gy
ass
£

(ot o
=

N

n
N
~

&

e e

2
(o
frtl
M 2 fe 2

!

rot

I

El

rlr

o,

o

=,

oz K
ox
o ofp L
2 o o

O 2N
o A >
>,
RO
M2 o

{0 =
p'L
ks

o K
ox
-
o,
A
X
st

i)
=
u
»

o
M

rHu

i)
R
i)
T
oZ,
ol
o
rir
=]
12

24
2 >
R

2
=
BN R
™ o

)
Kl
r
Ach
>
N

o
2
- o
=]

N ox T R
i
o
2
o
Rl or2 oN

ko —Kli pr

i
ox,
o,
=)
ot
O
rir
N, o

é
Hiorp
ob
~

N

N

Loy &
HT o o v
QL

o i >, N
o

Mo ox

M ol
=L
>,
~N,
o M %o

o

s

:Oé

huntd)

q 2 d
(e}
=
=
B
o

I
oxl

ro
)
==

ot

ol
-
2
2

XM
1%
P,L‘
2
B

N

o of
H
e
P,L
=
I

oft 1o,
BN
o)

o i o R off A

es]
)
Vo)

o

fru

do

o

_0|L

o

io

6w pot
o —W‘L B

-

ol
oK
s
e

Loy
L

o

il

ofr
S

ir

)
M

o
Of
-

kool
Y

o
W orE o 2 o

o O ¢ W oo i fo 30 )
!

jyug
o o
X
12
[40
B

>
o
o,
i)
o
il
i
X,
ook
o x
QL
;u‘
£y

&
tjo =
)y o
o A r
oX,
g o

e ”

R

rie
(i
Mo
rlo
B

¢

do ot
o

o of K
)

o

2

=

o,
2

T O
=2
ofN
B
oX,

N He
S 1
>

=

ofo

tlo
e
o 4 -
2
)

o ”
oZ,

>

X

R
)
- ﬂ-l10

o iz
)
o

o,
2
fl

EO
B tlo
i
o
o ot
9%
>,
N
K oxl

{

o
=
fr
>
a) m;i b

tlo o
)

.

ru

)

o

o f

T LR

fojo T odb o

o 1o 4z |
4

o rH-

Jot Fd
My
iy >
o
N o
I
NS
2

al
E ol
o o
[0 of

ol

Doy &L ¥ pi b
oo M &
oL S

o
2

fol Y, riz

o
41— W
o i
o _i;] i;d
= o
ofN o
oX,
o
ru
>
i
it
2

=
==
>
=2
=
(o, M

o ry

M oo =

N

X

rQ ot

o 4 (0
N

e = =
N
o
fr

2N
o of
?L‘
Mo =
o
5
o,
NI
offt
>,
-

g
e
o

=
o
o
=

?Eﬁi

e te 3o ]

o
P
o

Acknowledgement

This work was supported by the 2019 Research Fund
of University of Ulsan.

References

[1] Agrawal, N. and Cohen, M.A., Optimal material control

in an assembly system with component commonality,
Naval Research Logistics, 2001, Vol. 48, No. 5, pp.
409-429.

[2] Cohen, M.A., Kleindorfer, P.R., and Lee, H.L., Near-op-
timal service constrained stocking policies for spare
parts, Operations Research, 1989, Vol. 37, No. 1, pp.
104-117.

[3] Corbett, C.J. and Rajaram, K., A generalization of the
inventory pooling effect to nonnormal dependent de-
mand, Manufacturing and Service Operations Manage-
ment, 2006, Vol. 8, No. 4, pp. 351-358.

[4] Erkip, N., Hausman, W.H., and Nahmias, S., Optimal
centralized ordering policies in multi-echelon inventory
systems with correlated demands, Management Science,
1990, Vol. 36, No. 3, pp. 381-392.

[5] Hadley, G. and Whitin, T.M., Analysis of Inventory
Systems, Englewood Cliffs, N.J. : Prentice-Hall, 1963.

[6] Hausman, W.H., Lee, H.L., and Zhang, A.X., Joint de-
mand fulfillment probability in a multi-item inventory
system with independent order-up-to policies, Furopean
Journal of Operational Research, 1998, Vol. 109, No.
3, pp. 646-659.

[7] Larsen, C., The Q(s,S) control policy for the joint re-
plenishment problem extended to the case of correlation
among item-demands, International Journal of Produc-
tion Economics, 2009, Vol. 118, No. 1, pp. 292-297.

[8] Lee, L.H. and Chew, E.P., A dynamic joint replenish-
ment policy with auto-correlated demand, European
Journal of Operational Research, 2005, Vol. 165, No.
3, pp. 729-747.

[9] Liu, L. and Yuan, X.M., Coordinated replenishments
in inventory systems with correlated demands, European
Journal of Operational Research, 2000, Vol. 123, No. 3,
pp. 490-503.

[10] Nasr, W.W. and Maddah, B., Continuous (s, S) policy
with MMPP correlated demand, European Journal of
Operational Research, 2015, Vol. 246, No. 3, pp. 874-
885.

[11] Park, C., Partial backordering inventory model under
purchase dependence, Industrial Engineering and Man-
agement Systems, 2015, Vol. 14, No. 3, pp. 275-288.

[12] Park, C., A partial backordering inventory model with
a drop-shipping option under purchase dependence, A4sia-
Pacific Journal of Operational Research, 2017, Vol.
34, No. 4, pp. 1-20.

[13] Park, C., Iterative approach to calculating the order fill



78 Changkyu Park

rate under purchase dependence, Industrial Engineering
and Management Systems, 2017, Vol. 16, No. 3, pp.
363-374.

[14] Park, C. and Seo, J., Consideration of purchase depen-
dence in inventory management, Computers and Indu-
strial Engineering, 2013, Vol. 66, No. 2, pp. 274-285.

[15] Shin, H., Park, S., Lee, E., and Bentond, W.C., A classi-
fication of the literature on the planning of substitutable
products, European Journal of Operational Research,
2015, Vol. 246, No. 3, pp. 686-699.

[16] Song, J.S., On the order fill rate in a multi-item, base-
stock inventory system, Operations Research, 1998,
Vol. 46, No. 6, pp. 831-845.

[17] Urban, T.L., A periodic-review model with serially-
correlated, inventory-level-dependent demand, Interna-
tional Journal of Production Economics, 2005, Vol. 95,
No. 3, pp. 287-295.

[18] Wong, R.C., Fu, A W., and Wang, K., Data mining for

inventory item selection with cross-selling considera-
tions, Data Mining and Knowledge Discovery, 2005,
Vol. 11, No. 1, pp. 81-112.

[19] Yan, X.S., Robb, D.J., and Silver, E.A., Inventory per-
formance under pack size constraints and spatially-
correlated demand, International Journal of Production
Economics, 2009, Vol. 117, No. 2, pp. 330-337.

[20] Zhang, R., An extension of partial backordering EOQ
with correlated demand caused by cross-selling conside-
ring multiple minor items, European Journal of Opera-
tional Research, 2012, Vol. 220, No. 3, pp. 876-881.

[21] Zhang, R., Kaku, 1., and Xiao, Y., Deterministic EOQ
with partial backordering and correlated demand caused by
cross-selling, European Journal of Operational Research,
2011, Vol. 210, No. 3, pp. 537-551.

ORCID

Changkyu Park | http://orcid.org/0000-0002-8250-9470



