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a b s t r a c t

Supply chain management is related to the coordination of materials, products and information flows
among suppliers, manufacturers, distributors, retailers and customers involved in producing and deliver-
ing a final product or service. In this setting the centralization of inventory management and coordination
of actions, to further reduce costs and improve customer service level, is a relevant issue. In this paper, we
provide a review of the applications of cooperative game theory in the management of centralized inven-
tory systems. Besides, we introduce and study a new model of centralized inventory: a multi-client dis-
tribution network.

� 2010 Elsevier B.V. All rights reserved.

1. Introduction

Game theory is the mathematical theory of interactive decision
situations. In one of those situations some agents make decisions,
depending on their decisions an outcome results, and each agent
has his own preferences on the set of possible outcomes. Since
one important class of interactive decision situations are parlour
games, game theory uses their terminology to designate the ele-
ments of the interactive decision situations: these situations are
called games, the agents are called players, the agents’ plans to
make decisions are called strategies, etc. This was already done
by John von Neumann and Oskar Morgenstern in their pioneering
book ‘‘The Theory of Games and Economic Behavior”.

Sometimes we are interested in the strategic analysis of games.
In that case, we need to model carefully all the relevant aspects of
the problem and then look for the best strategies of each player
taking into account that the others will also behave searching for
their best. We say then that we are adopting a non-cooperative
view and should use an appropriate non-cooperative model to per-
form our analysis. In other cases we just want to deal with the
cooperation issues of the problem at hand and propose how the

agents must allocate the benefits of their cooperation. This ap-
proach assumes that the agents have mechanisms to enforce their
cooperation: it is the cooperative approach.

Operational research models are mathematical instruments to
solve decision problems. Most of them deal with one decision ma-
ker situations. However, in real world, it is very common that the
result of our decisions depend also on other decision makers’
choices, i.e. in the real world many decision situations are interac-
tive. Thus, one challenging field within operations research is that
of game theoretical models in operations research.

In particular, operations management focused on single-firm
analysis in the past. Its goal was to provide managers with suitable
tools to improve the performance of their firms. Nowadays, busi-
ness decisions are dominated by the globalization of markets and
should take into account the increasing competition among firms.
Further, more and more products reach the customer through sup-
ply chains that are composed of independent firms. Following
these trends, research in supply chain has shifted its focus from
single-firm analysis to multi-firm analysis, in particular to improv-
ing the efficiency and performance of supply chains under decen-
tralized control. The main characteristics of such chains are that
the firms in the chain are independent actors who try to optimize
their individual objectives, and that the decisions taken by a firm
do also affect the performance of the other parties in the supply
chain. These interactions among firms’ decisions ask for alignment
and coordination of actions and, therefore, game theory is very
well suited to deal with these interactions. This has been recog-
nized by researchers in the field, since there is an ever increasing
number of papers that apply tools, methods and models from game
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theory to supply chain problems. A tutorial on the subject is
Cachon and Netessine (2004). The authors discuss both non-coop-
erative and cooperative game theory in static and dynamic set-
tings. Additionally, Cachon (1998) reviews competitive supply
chain inventory management, and Cachon (2003) reviews and ex-
tends the supply chain literature on the management of incentive
conflicts with contracts. Papers using cooperative game theory to
study supply chain management are scarce, but the use of cooper-
ative games in this context is becoming more popular. Nagarajan
and Sošić (2008) review and extend the problem of bargaining
and negotiations in supply chain relationships. A very recent
survey on applications of cooperative game theory to supply chain
management, the so called supply chain collaboration, is Meca and
Timmer (2008). For theoretical issues and a framework for more
general supply chain networks we refer to the book by Slikker
and van den Nouweland (2001).

An important aspect of supply chain management is a good
management of the inventories by the firms or retailers. The man-
agement of inventory, or inventory management, started at the
beginning of 20th century when manufacturing industries and
engineering grew rapidly. As far as we know, a starting paper on
mathematical models of inventory management was Harris
(1913). Since then, many books on this subject have been pub-
lished (i.e. Hadley and Whitin, 1963; Hax and Candea, 1984; Ter-
sine, 1994; Zipkin, 2000). Most often, the objective of inventory
management is to minimize the average cost per time unit (in
the long run) incurred by the inventory system, while guaranteeing
a pre-specified minimal level of service.

In the last years, several papers dealing with the applications of
cooperative game theory in inventory management have appeared.
Though this is a young field, there are already some relevant con-
tributions. In this paper, we review this literature.1 Besides, we
introduce and study a new model to analyse the cooperation in a
multi-client distribution network.

2. Cooperation in deterministic inventory situations

This section tackles the study of cooperation in deterministic
inventory situations. There are several papers studying various
models of cooperation in this area. To start with, we analyse one
of the simplest ones, in which all the agents involved in the inven-
tory situation agree to cooperate and the characteristic function is
given by an explicit formula. Later on, we review some models of
cooperation where the characteristic function is given by the opti-
mal value of an optimization problem. Finally, we deal with situa-
tions where the cooperation among the agents is not an
assumption and the main issue is to analyse the coalition forma-
tion process.

2.1. Characteristic function given by an explicit formula

When several agents face similar inventory problems they may
make some savings if they cooperate. For instance, if there is a
fixed cost per order, agents will pay less if they order simulta-
neously as a group than if they make their orders separately. This
raises an allocation problem: how should these savings be divided
among the agents? This problem was analysed in Meca et al.
(2003), on which part of this subsection is based.

Assume that there are n agents, N = {1, . . . ,n}, each of them fac-
ing an Economic Production Quantity (EPQ) problem with short-
ages.2 An EPQ model with shortages considers an agent i who
places orders of a certain good that he sells. The (deterministic) de-
mand that he must fulfill equals to di units per time unit (di P 0). The
cost of keeping in stock one unit of this good per time unit is hi (hi > 0).
The fixed cost of an order is a. Agent i considers the possibility of not
fulfilling all the demand in time, but allowing a shortage of the good.
The cost of a shortage of one unit of the good for one time unit is
si > 0. When an order is placed, after a deterministic and constant
lead time (which can be assumed to be zero, without loss of gener-
ality), agent i receives the order gradually; more precisely, ri units of
the good are received per time unit. It is assumed that ri > di (other-
wise the model makes little sense). We call ri the replacement rate of
agent i. The agent must choose an order size bQ i and a maximum
shortage bMi minimizing his average inventory cost per time unit gi-
ven by:

CðQ i;MiÞ ¼ a
di

Q i
þ hi

Qi 1� di
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By using elementary mathematical techniques it results that:
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Moreover, by denoting m̂i ¼ dibQ i
as the optimal number of orders that

i must place per time unit,

CðbQ i; bMiÞ ¼ 2am̂i:

Now, assume that the agents in a coalition S � N decide to place
their orders jointly to save part of the ordering costs; so they spend
a instead of jSja every time an order is placed. We claim that, in or-
der to minimize the sum of the average inventory costs per time
unit, the agents must coordinate their orders, so Q�i

di
¼ Q�j

dj
for all i,

j 2 N, Q �i and Q �j denoting the optimal order sizes for i and j if agents
in S cooperate. To see this suppose that, optimally, firm 1 has a
longer cycle than firm 2. Then, overall costs decrease when firm
1 shortens its cycle length to that of firm 2. Indeed, the overall
ordering cost decreases because few orders are placed and holding
costs decreases, because the level of the inventory of firm 1 goes
down.

Then, the total average cost per time unit can be written as
follows,
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Using standard techniques of differential analysis, it can be checked
that the optimal values which minimize C are given by:
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for all i 2 S. Moreover,
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1 When making the first revision of this paper we found another (unpublished)
survey of inventory games by Dror and Hartman (2008). Both surveys are very
different and concentrate on different problems and classes of games. Our paper,
moreover, includes Section 4 which analyses a completely new model.

2 An exhaustive analysis of the EPQ model with shortages can be found in Tersine
(1994).
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