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The cooperative game theory consists of a set of players and utility function that has positive values for a subset of players,

called coalition, in the game. The purpose of cost allocation method is to allocate the relevant cost among game players in

a fair and rational way. Therefore, cost allocation method based on cooperative game theory has been applied in many areas

for fair and reasonable cost allocation. On the other hand, the desirable characteristics of the cost allocation method are Pareto

optimality, rationality, and marginality. Pareto optimality means that costs are entirely paid by participating players. Rationality

means that by joining the grand coalition, players do not pay more than they would if they chose to be part of any smaller

coalition of players. Marginality means that players are charged at least enough to cover their marginal costs. If these characteristics

are all met, the solution of cost allocation method exists in the core. In this study, proportional method is applied to EOQ inventory

game and EPQ inventory game with shortage. Proportional method is a method that allocates costs proportionally to a certain

allocator. This method has been applied to a variety of problems because of its convenience and simple calculations. However,

depending on what the allocator is used for, the proportional method has a weakness that its solution may not exist in the core.

Three allocators such as demand, marginal cost, and cost are considered. We prove that the solution of the proportional method

to demand and the proportional method to marginal cost for EOQ game and EPQ game with shortage is in the core. The counter-

example also shows that the solution of the proportional method to cost does not exist in the core.
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<Table 1> Cost Allocation Result of EOQ Game by Method

(Unit : $)
Plaver Proportional to | Proportional to | Proportional to
y Demand Cost Marginal Cost
X 440.7 365.6 446.0
X2 8.8 51.7 52
X3 44 36.6 2.6
Total 453.9 453.9 4539
S E HHL 45392 Al 7|H BF USSR g 519
of a7k EAsHEA Gelar] el Felde wEe
A golety "k 7 A W w83 7 Al 3
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<Table 2> EOQ Cost and Allocated Costs of Proportional
Method by Coalition(Unit : $)

Coalition EOQ | Proportional | Proportional Propo_rtional to

Cost | to Demand to Cost Marginal Cost
{1} 447.2 440.7 365.6 446.0
{2} 63.2 8.8 51.7 52
{3} 447 4.4 36.6 26
(1,2} | 4517 449.5 4173 4513
{1,3} 449.4 4451 402.2 448.6
{2,3} 71.5 13.2 88.3 79

A oIzt io] F88(d), BeE(r), GHT A
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<(Table 3> Parameter Values of EPQ Game with Shortage

(Unit = §)
player d; h; ; s,
1 1,000 1 2,000 5
2 20 2 40 6
3 10 3 20 7

a8 7| e SdAallocator) S d, 9} d & T w9

S;
M8 A gk o] AFHAR] 4 = dh

d; -
(1—7) ofch 714 8 1] 4EFele <Table 455} 2T} 7}

A &I} 7 Agtel digk B 9
5>9F Ak FouH7H(d,)> d% {1 2}ﬂ 73
= 294.50] L ¢({1, 2}) = 293.8°] =
Fok g7 A%
c({2, 3)) = 7142 FHAHS %H&ﬂb}.
adu=E FevE ] H(d)S vE

HA e v, dYds
Fojoll EAetA etk oln] FHstRel, Fanld
71W(d,) 2 HARER 7 9 =

2 sold] EA|gh

,M
©
W
=z
o |
_>L
8
)
+
8
w
Il
=N
oo

Dongju Lee

s, vl &SIV ES] di7t Ao & wpeh e 54
ol sl ofs 5A4E& Wk B9l vt [0
of EAlgtha FEr)

2 AFdAE d24 AdelE 7Y F sl vl
71l el Ao, EoQ Aal Aldst EPQ AAY
of A&3tict vy Aitako]l Ha kA o
Fek EAEC 85 sk sk %%Z}(allocator)
g Folog ko] wpe} Hlﬁ]ﬂ‘?ﬁﬂ gl Fold &

= oS A ek ol 2

H]%H] gl 7]‘%‘3«]
(counterexample) S F3l 3|7} Folol EA|3HA|
A= o1£_. E_Oﬂp}

ATl B gk B9

Al

0Fr o,
wv= T

[t
>~
=
op
_O|L
rir
o
o
2
ol
N
sk

Folo| EA =X st .
A2k ZHLTﬁ o] 9l EPQ A% ©]9]9] A iAol A
= uEruEe §7t zolo] EAs=Ad gigk A4t
a8t

Acknowledgement

This work was supported by the research grant of the
Kongju National University in 2018.

5.4 E References
HAZA Ado|=o 7|yl njLIdFr|HE FHE [1] Bernstein, F., Kok, A.G., and Meca A., Cooperation
] Aol vl L8RS 93] 2o FHold #H&x o]t in assembly systems : The role of knowledge sharing
{Table 4> Cost Allocation Result of EPQ Game with Shortage by Method(Unit : $)
Pl Proportional to Demand | Proportional to Demand Proportional to Proportional to Marginal
ayer ,
(d,) (d,) Cost Cost
X1 288.7 280.2 220.5 286.4
x2 58 10.1 41.8 6.4
X3 2.9 7.1 35.0 45
Total 297.4 297.4 297.4 297.4
<Table 5> EPQ Cost with Shortage and Allocated Costs of Proportional Method by Coalition(Unit : $)
Coalition EPQ Cost with Proportional to Proportional to Proportional Proportional to
Shortage Demand(d,) Demand(d,) to Cost Marginal Cost
{1} 288.7 288.7 280.2 220.5 286.4
{2} 54.8 5.8 10.1 41.8 6.4
{3} 458 29 7.1 35.0 4.5
{1, 2} 293.8 294.5 290.3 262.4 292.9
{1, 3} 292.3 291.6 287.3 255.5 290.9
2, 3} 71.4 8.7 17.1 76.8 11.0




The Proportional Method for Inventory Cost Allocation

networks, European Journal of Operational Research,
2015, Vol. 240, No. 1, pp. 160-171.

[2] Fiestras-Janeiro, M.G., Garcia-Jurado, 1., Meca, A., and
Mosquera, M.A., Cooperative game theory and inven-
tory management, European Journal of Operational Re-
search, 2011, Vol. 210, No. 3, pp. 459-466.

[3] Hartman, B.C. and Dror, M., Cores of Inventory Centra-
lization Games, Games and Economic Behavior, 2000,
Vol. 31, No. 1, pp. 26-49.

[4] Hartman, B.C. and Dror, M., Cost Allocation in Contin-
uous-Review Inventory Models, Naval Research Logi-
stics, 1996, Vol. 43, No. 4, pp. 549-561.

[5] Kim, D.H. and Lee, K.B., A Method of Profit Allocation
for Sharing Economy among Companies Considering
The Transaction Costs, Journal of the Korea Industrial
Information System Research, 2015, Vol. 20, No. 4, pp.
111-126.

[6] Lee, D.J. and Lee, C.Y., Cooperative Game Theory
Approach for Inventory Cost Allocation, Journal of the
Korean Institute of Plant Engineering, 2018, Vol. 23,
No. 2, pp. 35-44.

[7] Lee, D.J., VMI with Upper Limit of Inventory for
Vendor and Retailer, Journal of Society of Korea Indu-
strial and Systems Engineering, 2017, Vol. 40, No. 4,
pp. 105-111.

[8] Lee, S.J. and Lee, W.J., Shapley-Value Decomposition
Analysis of Income and Asset Inequality in South Korea,

227

Analysis of Korean Economy, 2017, Vol. 23, No. 10,
pp. 57-109.

[9] Meca, A., Garcia-Jurado, 1., and Borm, P., Cooperation
and competition in inventory games, Mathematical Me-
thods Operations Research, 2003, Vol. 57, No.3, pp.
481-493.

[10] Meca, A., Timmer, J., Garcia-Jurado, 1., and Borm, P.,
Inventory games, European Journal of Operational Re-
search, 2004, Vol. 156, No.l, pp. 127-139.

[11] Muller, A., Scarsini, M., and Shaked, M., The Newsven-
dor Game Has a Nonempty Core, Games and Economic
Behavior, 2002, Vol. 38, No. 1, pp. 118-126.

[12] Owen, G., Game Theory, Academic Press, San Diego,
1995.

[13] Park, S.Y., Fair Revenue Sharing for Public Transporta-
tion System in Seoul Metropolitan Area, Korean Jour-
nal of Public Finance, 2011, Vol. 4, No. 3, pp. 135-162.

[14] Shin H.J. and Ahn, B.J., Collaborative Vendor Managed
Inventory Models for Managing 2-Echelon Supply Chains
with the Consideration of Shortage in Demand, Journal
of the Korea Academia-Industrial cooperation Society,
2008, Vol. 9, No. 2, pp. 556-563.

[15] Straffin, P.D., Game Theory and Strategy, The Mathe-
matical Association of America, Washington, 1993.

ORCID

Dongju Lee | http://orcid.org/0000-0001-6650-9270



