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INTRODUCTION 

Game theory (hereafter GT) is a powerful tool for analyzing situations in 

which the decisions of multiple agents affect each agent’s payoff. As such, GT 

deals with interactive optimization problems. While many economists in the 

past few centuries have worked on what can be considered game-theoretic 

models, John von Neumann and Oskar Morgenstern are formally credited as 

the fathers of modern game theory. Their classic book “Theory of Games and 

Economic Behavior”, von Neumann and Morgenstern (1944), summarizes the 

basic concepts existing at that time. GT has since enjoyed an explosion of 

developments, including the concept of equilibrium by Nash (1950). 

LITERATURE SURVEY 

Non-cooperative GT seeks a rational prediction of how the game will be 

played in practice.2 The solution concept for these games was formally 

introduced by John Nash (1950) although some instances of using similar 

concepts date back a couple of centuries. 

Basic GT notation, a warning to the reader: to achieve brevity, we 

intentionally sacrifice some precision in our presentation. Texts like Friedman 

(1986) and Fudenberg and Tirole (1991) has more precision. 

Parlar (1988) was the first to analyze this problem, which is also one of the 

first articles modeling inventory management in a GT framework. It is useful 

to consider only the two-player version of this game because then graphical 

analysis and interpretations are feasible. 

SEQUENTIAL MOVES: STACKELBERG EQUILIBRIUM CONCEPT 

The simplest possible dynamic game was introduced by Stackelberg (1934). 

In a Stackelberg duopoly model, player 1,the Stackelberg leader, chooses a 

strategy first and then player 2, the Stackelberg follower, observes this 
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decision and makes his own strategy choice. Since in many SCM models the 

upstream firm, e.g., the wholesaler, possesses certain power over the typically 

smaller downstream firm, e.g., the retailer, the Stackelberg equilibrium 

concept has found many applications in SCM literature. 

SIMULTANEOUS MOVES: REPEATED AND STOCHASTIC GAMES 

Two major types of multiple-period games exist: without and with time 

dependence. In the multi-period game without time dependence the exact 

same game is played over and over again hence the term repeated games. The 

strategy for each player is now a sequence of actions taken in all periods. 

Consider one repeated game version of the competing newsvendor game in 

which the newsvendor chooses a stocking quantity at the start of each period, 

demand is realized and then leftover inventory is salvaged. In this case, there 

are no links between successive periods other than the players’ memory about 

actions taken in all the previous periods. Although repeated games have been 

extensively analyzed in economics literature, it is awkward in a SCM setting 

to assume that nothing links successive games; typically in SCM there is some 

transfer of inventory and/or backorders between periods. 

DIFFERENTIAL GAMES 

So far we have described dynamic games in discrete time, i.e., games 

involving a sequence of decisions that are separated in time. Differential 

games provide a natural extension for decisions that have to be made 

continuously. Since many SC models rely on continuous-time processes, it is 

natural to assume that differential games should find a variety of applications 

in SCM literature. 

However, most SCM models include stochasticity in one form or another. At 

the same time, due to the mathematical difficulties inherent in differential 

games, we are only aware of deterministic differential GT models in SCM. 
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Although theory for stochastic differential games does exist, applications are 

quite limited, see Basar and Olsder (1995). 

COOPERATIVE GAMES 

The subject of cooperative games first appeared in the seminal work of von 

Neumann and Morgenstern (1944). However, for a long time cooperative 

game theory did not enjoy as much attention in the economics literature as 

non-cooperative GT. Papers employing cooperative GT to study SCM had 

been scarce, but are becoming more popular. This trend is probably due to the 

prevalence of bargaining and negotiations in SC relationships. Cooperative 

GT involves a major shift in paradigms as compared to non-cooperative GT: 

the former focuses on the outcome of the game in terms of the value created 

through cooperation of a subset of players but does not specify the actions that 

each player will take, while the latter is more concerned with the specific 

actions of the players. Hence, cooperative GT allows us to model outcomes of 

complex business processes that otherwise might be too difficult to describe, 

e.g., negotiations, and answers more general questions, e.g., how well is the 

firm positioned against competition 

SIGNALING, SCREENING AND BAYESIAN GAMES 

So far we have considered only games in which the players are on “equal 

footing” with respect to information, i.e., each player knows every other 

player’s expected payoff with certainty for any set of chosen actions. 

However, such ubiquitous knowledge is rarely present in supply chains. One 

firm may have a better forecast of demand than another firm, or a firm may 

possess superior information regarding its own costs and operating 

procedures. Furthermore, a firm may know that another firm may have better 

information, and therefore choose actions that acknowledge this information 

shortcoming. Fortunately, game theory provides tools to study these rich 

issues, but, unfortunately, they do add another layer of analytical complexity. 
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This section briefly describes three types of games in which the information 

structure has a strategic role: signaling games, screening games and Bayesian 

games. Detailed methods for the analysis of these games are not provided. 

Instead, a general description is provided along with specific references to 

supply chain management papers that study these games. 

 

SIGNALING GAME 

In its simplest form, a signaling game has two players, one of which has better 

information than the other and it is the player with the better information that 

makes the first move. For example, Cachon and Lariviere (2001) consider a 

model with one supplier and one manufacturer. The supplier must build 

capacity for a key component to the manufacturer’s product, but the 

manufacturer has a better demand forecast than the supplier. In an ideal world 

the manufacturer would truthfully share her demand forecast with the supplier 

so that the supplier could build the appropriate amount of capacity. However, 

the manufacturer always benefits from a larger installed capacity in case 

demand turns out to be high but it is the supplier that bears the cost of that 

capacity. 

SCREENING 

In a screening game the player that lacks information is the first to move. For 

example, in the screening game version of the suppliermanufacturer game 

described by Cachon and Lariviere (2001) the supplier makes the contract 

offer. In fact, the supplier offers a menu of contracts with the intention of 

getting the manufacturer to reveal her type via the contract selected in the 

menu. In the economics literature this is also referred to as mechanism design, 

because the supplier is in charge of designing a mechanism to learn the 

manufacturer’s information. See Porteus and Whang (1999) for a screening 
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game that closely resembles this one. The space of potential contract menus is 

quite large, so large that it is not immediately obvious how to begin to find the 

supplier’s optimal menu. 

BAYESIAN GAMES 

With a signaling game or a screening game actions occur sequentially so 

information can be revealed through the observation of actions. There also 

exist games with private information that do not involve signaling or 

screening. Consider the capacity allocation game studied by Cachon and 

Lariviere (1999). A single supplier has a finite amount of capacity. There are 

multiple retailers, and each knows his own demand but not the demand of the 

other retailers. The supplier announces an allocation rule, the retailers submit 

their orders and then the supplier produces and allocates units. If the retailers’ 

total order is less than capacity, then each retailer receives his entire order. If 

the retailers’ total order exceeds capacity, the supplier’s allocation rule is 

implemented to allocate the capacity. The issue is the extent to which the 

supplier’s allocation rule influences the supplier’s profit, the retailer’s profit 

and the supply chain’s profit. In this setting the firms that have the private 

information (the retailers) choose their actions simultaneously. 

Therefore, there is no information exchange among the firms. Even the 

supplier’s capacity is fixed before the game starts, so the supplier is unable to 

use any information learned from the retailers’ orders to choose a capacity. 

However, it is possible that correlation exists in the retailers’ demand 

information, i.e., if a retailer observes his demand type to be high, then he 

might assess the other retailers’ demand type to be high as well (if there is a 

positive correlation). Roughly speaking, in a Bayesian game each player uses 

Bayes’ rule to update his belief regarding the types of the other players. 

Equilibrium is then a set of strategies for each type that is optimal given the 

updated beliefs with that type and the actions of all other types. See 

Fudenberg and Tirole (1991) for more information on Bayesian games. 
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SUMMARY 

As has been noted in other reviews, Operations Management has been slow to 

adopt GT. But because SCM is an ideal candidate for GT applications, we 

have recently witnessed an explosion of GT papers in SCM. As our survey 

indicates, most of these papers utilize only a few GT concepts, in particular 

the concepts related to non-cooperative static games. Some attention has been 

given to stochastic games but several other important areas need additional 

work: cooperative, repeated, differential, signaling, and screening and 

Bayesian games. The relative lack of GT applications in SCM can be partially 

attributed to the absence of GT courses from the curriculum of most doctoral 

programs in operations research/management. One of our hopes with this 

survey is to spur some interest in GT tools by demonstrating that they are 

intuitive and easy to apply for a person with traditional operations research 

training. With the invention of the Internet, certain GT tools have received 

significant attention: web auctions gave a boost to auction theory, and 

numerous web sites offer an opportunity to haggle, thus making bargaining 

theory fashionable. In addition, the advent of relatively cheap information 

technology has reduced transaction costs and enabled a level of 

disintermediation that could not be achieved before. Hence, it can only 

become more important to understand the interactions among independent 

agents within and across firms. While the application of game theory to 

supply chain management is still in its infancy, much more progress will soon 

come. 
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