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Imagine the following game of nuclear chicken.  In this “game,” Countries A and B can choose to either “collide” with each other or “swerve” and avoid disaster.  If they both choose to fire their nuclear weapons, both countries are devastated by nuclear destruction.  If both avoid attacking the other, it’s a draw and neither country is harmed.  If one countries launches an attack, however, and the other chooses to avoid offensive action, the attacking country is the victor while the latter is the “chicken” and suffers great harm.

In this scenario, what strategy should be assumed by Country A?  Country B?  Is there one strategy that is better than the others?  If there is, what is it?  Such logical game analysis is a relatively new development in the field of economics.  One of game theories top contributors is synonymous with the strategy of equilibrium analysis that is employed to “solve” situations like the one mentioned above.  The implications and universal applicability of such reasoning should be obvious.

Until recently, John Forbes Nash has received very little attention for his contributions to game theory.  However, despite the lack of notoriety, he is responsible for having revolutionized the field of economics.  His formulation of the Nash Equilibrium achieved one of the watershed breakthroughs in the social sciences and extended the horizons of rational-choice analysis to encompass all competitive situations.  Through his work, there now exists a general methodology with which to approach all types of games.  Professor Myerson explains the far-reaching effects of Nash’s contribution saying,

The theory of non-cooperative games that Nash founded has developed into a practical calculus of incentives that can help us to better understand the problems of conflict and cooperation in virtually any social, political, or economic institution.
 

There seem to be two angles from which to approach the contributions of John Nash.  The underdog appears to be the notion that Nash’s ideas were entirely his own and were neither borrowed from nor reliant on the contributions of earlier economists, namely Cournot.  The second, more plausible explanation is the assumption that there has been a logical progression of economic game theory that can be discerned through a temporal study of the contributions of influential economic thinkers.  This approach results in an almost pyramidal structure in which Nash stands positioned on the shoulders of earlier economic giants.

The results of Nash’s equilibrium theory, however, are undisputed.  He shed the restrictions imposed by the assumption of transferable payoffs and the necessity of zero-sum games.  One of the direct consequences resulting from Nash’s contribution was a broadening of the field of economics.  Prior to Nash’s entrance into Princeton, and thus the world of economic discovery, the field of economics was defined very narrowly as “a specialized social science concerned with the production and allocation of material goods.
”  Nash’s early contributions, therefore, were seen as being on the perimeter of economics and were more closely associated with mathematics.  Nash’s discoveries played a central role in broadening the aforementioned definition to include the “analysis of incentives in all social institutions.
”  With help from John Nash, economics was able to develop into a separate branch of moral philosophy and assume the position that it occupies today.  Nash shied away from quantitative analysis and redirected the focus toward analytical approaches for explaining the production and distribution of goods.

Nash’s earth-shattering discoveries were made in the realm of economics commonly referred to as game theory.  Game theory is a specialized discipline within the field that is dedicated to the study of the interactive decision-making process, “where the outcome for each participant or ‘player’ depends on the actions of all.
”  For example, a player in such a scenario, before choosing his course of action, must take into account the choices of all the other players.  In turn, then, this player must also be aware that these other players are also taking his decision into consideration.  Thus, game theory can best be described as the systematic and scientific study of “thinking about thinking.
”

Situations involving parties with conflicting interests are the focus of the mathematical and logical analysis of game theory.  Unlike many other scientific fields of study, game theory is unique in the breadth of its potential applications.  Game theory discoveries can be utilized in a wide range of everyday activities including mere social interactions, sports, business, politics, law, diplomacy, and war.  Although its discovery is officially credited to John von Neumann for the work he did in the 1920s, game theory was actually born in the mid-1800s when Cournot utilized this form of analysis in his duopoly model..  It continued to expand with the contributions from numerous other economists including, among others, John Forbes Nash.  

The procession of economic thinkers prior to Nash’s emergence is comprised of quite an impressive cast of characters.  In 1838, Cournot developed a game model of oligopolistic firms which he analyzed using the methodology of the not-yet-formulated Nash Equilibrium.  In fact, Cournot’s writing nearly a century before Nash has often been credited with the discovery that bears the latter’s name.  “But he [Cournot] did not see it.
”  At no point in his career did Cournot make the distinction between the specific application of his game and the general methodology he used to analyze them.  In other words, he never attempted to formulate a general methodology of equilibrium analysis; his theory was developed and marketed specifically for his oligopolistic model and extended no further.  He did not realize the universality of his theory.

Prior to Cournot, economic theorists had focused their efforts on explaining the growth and allocation of the national income.  This concentration was due largely to the fact that the production and distribution of material goods, through the medium of money, were easily reduced to quantitative analysis.  During the Marginalist Era,
 elements of rational competitive behavior were added to the study of market supply and demand.  Rational choice analysis
 was only applied to the study of production and allocation, however, and no general analytical framework had yet been developed for rational choice analysis outside the market arrangement.  There was a clear need for the creation of a general theory that did not rely on quantitative analysis.  As obvious as this progression appears to be, it is surprising that the formulation of any truly general analytical theory of such analysis did not emerge immediately.  Such a leap required the beautiful mind of John Forbes Nash.

Emile Borel
 picked up where Cournot left off when he “set out to investigate whether it is possible to determine a method of play that is better than all others.
”  While embodying the essence of Nash Equilibrium, Borel’s theory did not incorporate the element of temporality into his analysis.  Despite the fact that his theory acknowledges that for every possible circumstance there should be a method of play that determines what the actor should do, his theories fell short.  Borel’s models produced only simple matrixes representing each player’s expected value for each possible move in a game.

In Von Neumann’s 1928 paper, he solved the problem of temporality that was missing from Borel’s model.  He was able to formulate “a general model of extensive games, in which players move sequentially over time with imperfect information about each other’s previous moves.
”  He thereby added the element of time back into the equation.  Following Borel’s lead, Von Neumann then defined a strategy for each player specifying his move.  This strategy, however, was defined as a function of the player’s information at that particular moment.
  In short, this meant that a rational player could choose his strategy prior to the start of the game.  This, of course, translated into every player’s being able to choose his strategy independent of any information pertaining to the other player’s strategy choices.  (“Jeder hat seinen Entschluss zu fassen, ohne ueber die Resultate der Wahlen seiner Mitspieler Kenntnis zu haben.
”)
Von Neumann termed the aforementioned structure the normal form.
  This strategy was not applied universally, however.  When faced with a game comprised of more than two players, Von Neumann assumed that coordination between the players would occur resulting in the formation of coalitions and the avoidance of independent strategy choices.  In addition to limiting the applicability of the normal form structure to two-player games, Von Neumann added another pair of unnecessary restrictions.  He assumed the payoff to be transferable and required that all games be zero-sum
.

These last restrictions may have been carried over from Von Neumann’s discovery of the minimax theorem
.  This theory required a finite two-person, zero-sum game.  For such games, the minimax theorem has been described as the logical equivalent of the Nash Equilibrium.
  Von Neumann formulated the minimax theorem to be a point of equality “between the values that each player can guarantee himself, regardless of what the opponent might do, not as mutual optimality among a particular pair of strategies.
”  Therefore, the theory could not be extended to include more than two-person games.  Uncomfortable with the assumption that all players want to maximize the expected value of his payoff, Von Neumann identified all payoffs with monetary transfer payoffs.  These restrictions were then likely imposed on his normal form theory.

Finally, in conjunction with Morgenstern, Von Neumann set out to “find the mathematically complete principles which define ‘rational behavior’ for the participants in a social economy and to derive from them the general characteristics of that behavior.
”  From this position, it is clear why these men are credited as being the founders of modern game theory.  Within this third great contribution to game theory, the axiomatic derivation of expected-utility maximization, was a justification for measurable utility.  It has been theorized that this discovery should have led these two men to drop the prior zero-sum and transferable payoffs restrictions, but they did not.  Neither did they apply this theory consistently.  The time was ripe, therefore, for a fresh young mind to “reconsider the whole structure of game theory…to take these elements apart and reassemble them correctly.
”

Game theory, in its essence, is comprised of three primary components:  the idea of equilibrium, asymmetric information, and credibility.
  Not too modestly, Nash outlined his equilibrium contribution as follows:

the notion of an equilibrium point is the key ingredient in our theory.  This notion yields a generalization of the concept of the solution of a two-person zero-sum game.  It turns out that the set of equilibrium points of a two-person zero-sum game is simply the set of all opposing ‘good strategies.’

This theory of best response, today called the Nash Equilibrium Theory, continues to be the primary method for determining the social consequences of conflicting individual interests.  The idea of asymmetric information and credibility were studied later and added to Nash’s theory by John C. Harsanyi and Reinhard Selten, respectively.

As Princeton Economics Professor Avinash Dixit describes, the Nash Equilibrium Theory creates a situation of equilibrium such that the complex chain of “thinking about thinking” converges.  The strategies of all players become mutually consistent “in the sense that each would be choosing his or her best response to the choices of the others.
”  Nash formally defined his theory in 1950 as follows:
The equilibrium of a non-cooperative game…[is] a profile of strategies, one for each player in the game, such that each player’s strategy maximizes his expected utility payoff against the given strategies of the other players.

As obvious as this formulation may appear in hindsight, Nash required several steps before reaching this landmark conclusion.

He entered Princeton as a postgraduate student in 1948.  His first serious contribution to game theory was his theory of two-person bargaining, in which he dropped the transferable utility assumption.  Subsequent game theory advancements, including Nash’s, have followed suite in abandoning this requirement.  His bargaining theory was based on Von Neumann and Morgenstern’s concept of measurable utility and thus would not have been possible at an earlier date.
  Nash continued to work out his ideas in game theory and submitted a note to the Proceedings of the National Academy of Sciences in 1949 in which he gave a general definition of equilibrium for normal form games.  He based this definition on the Kakutani fixed-point theorem and proved that for any finite normal form game, there must exist an equilibrium in randomized strategies.
  Nash’s use of Kakutani’s theorem has brought it out of obscurity and into widespread economic use.  Therefore, having defined and proven the necessary existence of such an equilibrium, Nash had laid the foundation for the formulation of his master theory.

A more detailed definition of the theory of Nash Equilibrium is as follows:

A Nash equilibrium…is a set of strategies, one for each player, such that no player has incentive to unilaterally change her action.  Players are in equilibrium if a change in strategies by any one of them would lead that player to earn less than if she remained with her current strategy.  For games in which players randomize (mixed strategies), the expected or average payoff must be at least as large as that obtainable by any other strategy.

For any given game, there may exist one or numerous Nash Equilibrium or none at all.
In conjunction with Von Neumann’s normal form theory, Nash’s equilibrium theory has provided the necessary methodology for analyzing all situations.  Nash’s contribution proved that “any other theory of games should be reducible to equilibrium analysis.
”  Nash revolutionized the approach for equilibrium analysis by dropping the transferable utility and zero-sum restrictions.  His theory could be applied across the board and it was, therefore, the universally applicable theory the world had been waiting for.  One author describes the contributions of the last two great thinkers saying, “Von Neumann’s normal form is our general model for all games, and Nash’s equilibrium is our general solution concept.
”  However, Nash’s discovery led toward the examination of individual decision making, while Von Neumann’s led away from it.  In short, Nash’s program “opened the door to the questions of information economics.
”  “The Nash equilibrium is the embodiment of the idea that economic agents are rational; that they simultaneously act to maximize their utility.  If there is any idea that can be considered the driving force of economic theory, that is it.
”

Consider the following game.
  Two firms are merging into two divisions of a large firm, and have to choose the computer system to use.  In the past the firms have used different systems, I and A; each prefers the system it has used in the past.  They will both be better off if they use the same system than if they continue to use different systems.  We can model this situation with the following two-player strategic game:




Player 2




     I

  A

Player 1




I
2 , 1

0 , 0




A
0 , 0

1 , 2


To find the Nash equilibria, we examine each action profile in turn.

(I,I)  Neither player can increase her payoff by choosing an action different from her current one.  Thus this action profile is a Nash equilibrium.
(I,A)  By choosing A rather than I, player 1 obtains a payoff of 1 rather than 0, given player 2’s action.  Thus this action profile is not a Nash equilibrium.  [Also, player 2 can increase her payoff by choosing I rather than A.]
(A,I0  By choosing I rather than A, player 1 obtains a payoff of 2 rather than 0, given player 2’s action.  Thus this action profile is not a Nash equilibrium.  [Also, player 2 can increase her payoff y choosing A rather than I.]

(A,A)  Neither player can increase her payoff by choosing an action different from her current one.  Thus this action profile is a Nash equilibrium.

We conclude that the game has two Nash equilibria, (I,I) and (A,A).

To show that a situation can exist in which there is no Nash equilibrium, the payoffs from the previous game will be altered:
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2 , 1

Now, we will examine each action profile in turn.

(I,I)  Player 2 can increase its payoff from 1 to 2 by choosing the action A rather than I.  Thus this is not a Nash equilibrium.
(I,A)  Player 1 can increase its payoff from 1 to 2 by choosing the action A rather than I.  Thus this is not a Nash equilibrium.

(A,I)  Player 1 can increase its payoff from 1 to 2 by choosing the action I rather than A.  Thus this is not a Nash equilibrium.
(A,A)  Player 2 can increase its payoff from 1 to 2 by choosing the action I rather than A.  Thus this is not a Nash equilibrium.

We conclude that the game has no Nash equilibrium!


To reinforce the existence of Nash Equilibrium, consider its validity within the context of a self-enforcing agreement.  If two players have an opportunity to communicate prior to the beginning of the game and reach an agreement, this agreement will necessarily be a Nash Equilibrium.  To test this hypothesis, take into account the following:  the agreement is non-binding; each player, at any point during the course of play, may act selfishly and follow the best course of action given his expectation of what the other player will do.  If the initial agreement were not a Nash Equilibrium, at least one of the two players would have an incentive to deviate from the agreement.  However, since the agreement did constitute a Nash Equilibrium, both players (assuming rationality) will follow through with the agreed course of action because it is synonymous with his utility maximizing choice.


To summarize, when rational players are able to correctly forecast their opponent’s strategies, they are not merely playing their best responses to their beliefs about the opponent’s play, but rather they are playing their best responses to their opponent’s actual play.  When players are able to correctly forecast the strategies of their opposition players, and subsequently play their best responses to such actions, the resulting outcome is a Nash Equilibrium.  In other words, each is doing their best given what everyone else is doing.  

The impact of Nash’s theory was at first overshadowed by Von Neumann’s normal form theory.  After time, however, the shortcomings of Von Neumann’s theory became evident and the focus began to shift towards Nash’s theory.  As mentioned earlier, subsequent additions to Nash’s theory have helped to elevate it to the position of dominance that it assumes today.  John Harsanyi was one individual who greatly aided in this effort.  Up until Harsanyi’s time, it was clear to most economists that their theories were based largely on the implausible and even misleading assumption of complete, symmetric information.  Clearly, this did not jive with the real world scenario.  In 1967, therefore, Harsanyi began the publication of a series of papers entitled “Games of Incomplete Information Played by ‘Bayesian’ Players” in which he dealt with informational discrepancies.  Harsanyi’s model removed the necessary assumption that each player possess equal information at the start of a game and “became the standard analytical framework for informational economics.
”  Robert Aumann’s definition of correlated equilibrium furthered Harsanyi’s research when he created a model to account for communication between players.  This allowed “players to make payoff-irrelevant communication moves before choosing their strategies.
”  
As proven in the examples above, Nash equilibrium analysis can sometimes generate a plethora of equilibria.  To resolve the issue of multiplicity of equilibrium outcomes, Selten, in 1975, refined the Nash equilibrium analysis by defining subgame perfect equilibria.  In doing so, he utilized the extensive form game  and formulated the idea that not only must a player’s strategy be the best response given the anticipated action of the opponent, but it must be the best strategy in all contingencies.


Each of these individuals, as well as numerous others, have pointed out limitations of Nash’s formulation of equilibrium analysis and have added to it their own personal imprint.  They have assisted the advance of game theory that was begun by Nash over 50 years ago.  Before Nash’s formulation of equilibrium analysis, price theory was the only available general analytical methodology.  Serious limitations to price theory rendered it severely less effective than the Nash Equilibrium.  One author describes the broader analytical perspective of Nash’s theory as having “liberated practical economic analysis…
”
Today, all games are analyzed through the computation of the Nash equilibrium.  The Nash Equilibrium Theory has lead to the creation of a systematic analysis that allows for the study of behavior and incentives and the problem of conflict and cooperation that permeates all aspects of life.  Nash’s methodology has enabled economists to see connections that were formerly obscure.  Directly or indirectly, Nash’s contribution to game theory has had a lasting effect on fields ranging from biology to philosophy.  His formal and abstract approach that emphasized the generality of the underlying ideas rather than immediate answers has yielded long-lasting benefits.  He has provided a structure whereby all social situations can be reduced to those of a game and can then be subjected to analysis using his equilibrium theory.  For this reason, Nash’s contribution to game theory “should be viewed as one the great turning points in the long evolution of economics and social science.
”  
Bibliography

Dixit, Avinash.  Game Theory Explained.  Available at 

http://www.pbs.org/wbghamex/nash/sfeatures/sf_dixit.html.

“Examples and Exercises on Nash equilibtium in games in which each player has finitely 

many actions.”  http://www.chass.utoronto.ca/~osborne/2x3/tutorial/NEFEXFRM.HTM

Gul, Frank.  A Nobel Prize for Game Theorists:  The Contributions of Harsanyi, Nash, 

and Selten.  The Journal of Economic Perspectives, Vol. 11, No. 3, Summer 1997.

“International Trade:  Games with Nash Equilibrium.”  

http://www.econs.ecel.uwa.edu.au/235/IIT/gt_chicken.html.

Leonard, Robert J.  Reading Cournot, Reading Nash:  The Creation and Stabilisation of 
the Nash Equilibrium.  The Economic Journal, Vol. 104, No. 424, May 1994.

Myerson, Robert B.  Nash Equilibrium and the History of Economic Thought.  Journal of 
Economic Literature, Vol. 37, No. #3, Sept., 1999.
“Nash Equilibrium.”  Available at:  Gametheory.net

“Nash Equilibrium.”  Virtualperfection.com/gametheory.

Nash, John Forbes.  “Non-Cooperative Games.”  1950b
� Myerson, Robert B.  Nash Equilibrium and the History of Economic Thought.  Journal of Economic Literature, Vol. 37, No. #3 (Sept., 1999), p. 1078.


� Myerson, p. 1068.


� Myerson, 1068.


� Dixit, Avinash.   “Game Theory Explained.”  Available at: � HYPERLINK "http://www.pbs.org/wgbh/amex/nash/sfeatures/sf_dixit.html" ��http://www.pbs.org/wgbh/amex/nash/sfeatures/sf_dixit.html�.  


� Ibid.


� Myerson, 1070.


� This period is defined as the century after the economist Cournot, who lived during the early 1800s.


� The rational choice theory is the foundation upon which nearly all modern economics is based.  It holds that all human actors make perfectly rational decisions, meaning that they act as utility maximizers.  In other words, they make choices such that the outcome will provide the greatest amount of satisfaction compared to all alternative choices.  This assumption is made on two grounds.  First, a theory based on the inconsistency and foolishness of human nature has yet to be developed.  Therefore, the assumption of rationality is the best analytical model available.  Secondly, when looking to discover flaws in social institutions, it is necessary to analyze the institution under the assumption that the institutions’ agents are not themselves flawed.  Through such an approach, the flaws of the institution are made visible whereas if the agents were held to be flawed, there would be no method for determining whether actor or institution is responsible for the flaw.


� The short paper written by Emil Borel that spells out his theory was written in 1921.


� Myerson, 1071.


� Myerson, 1071.


� This strategy was termed “Spielmethode” by Von Neumann and was apparently the German translation for Borel’s French “methode de jeu.


� Myerson, 1071.  These were Von Neumann’s words describing this scenario.


� A normal form game refers to a static description of the strategic interaction.  In such a game, players choose their actions simultaneously.  An extensive form game, by contrast, is a representation of the strategic interaction that renders the timing of moves and the information of the players when they move more explicit.  (Faruk Gul).


� A zero-sum game is a game in which players are able to make payments only to each other.  Therefore, one player’s loss is the other’s gain.  The total amount of the payments, therefore remain constant throughout the entire play of the game.


� Von Neumann’s Mini-Max Theorum is the fundamental theorem of game theory.  It states that every finite, zero-sum, two-person game has optimal mixed strategies.


� Myerson, 1072.


� Myerson, 1072.


� Gul, Faruk.  “A Nobel Prize for Game Theorists:  The Contributions of Harsanyi, Nash, and Selten.”  P. 160.


� Myerson, 1073.


� Gul, p. 163.


� Nash, John Forbes.  “Non-Cooperative Games.”  (1950b).


� Dixit, p. 1.


� Myerson, 1070.


� Myerson, 1073.


� Myerson, 1074.


� “Nash Equilibrium.”  Available at:  Gametheory.net 


� Myerson, 1074.


� Myerson, 1075.


� Myerson, 1075.


� Leonard, Robert J.  Reading Cournot, Reading Nash:  The Creation and Stabalisation of the Nash Equilibrium.  The Economic Journal, Vol. 104, No. 424 (May, 1994), 498.


� “Examples and Exercises on Nash equilibtium in games in which each player has finitely many actions.”  http://www.chass.utoronto.ca/~osborne/2x3/tutorial/NEFEXFRM.HTM


� “Nash Equilibrium.”  Virtualperfection.com/gametheory, 4.


� Myerson, 1077.


� Myerson, 1077.


� Gul, 169.


� Myerson, 1080.


� Myerson, 1080.





PAGE  
19

