CHAPTER 12-GAME THEORY
1)
Introduction

· Game theory is an analytical tool or guide for making decisions in situations involving interdependence. 

· It provides a useful guideline on how to behave in strategic situations involving interdependence.

· We will discuss how game theoretic models can help managers make better pricing and output decisions.

· Game theory is extremely helpful for making competitive sense of some of the most common strategic situations in the business world.
· Situations where conflict interfaces with mutual dependence.  
· Such games are common both within firms and in market actions between firms, for example, 
· in price wars, 
· new product introductions, 
· strikes, 
· negotiations and divisional relationships.

Game theory is used by economists to examine strategic interaction of markets, and is especially useful in analyzing oligopoly markets.
· A game involves players making strategic decisions
· Players are the decision-making units
· A strategy is an option available to a player
· Payoffs are the outcomes
· A payoff matrix is a table that describes the outcome for each player and for each set of strategic choices.
· A dominant strategy (DS) is a strategy that produces the optimal outcome regardless of what the other players do.
· A dominant strategy equilibrium (DSE) occurs if each player in a game chooses its dominant strategy.
· A Nash equilibrium occurs if every player’s strategy is optimal given its competitors’ strategies
· If, given the strategies of the other players, no player can improve his payoff by unilaterally changing his own strategy
· Every player is doing the best he or she can given what other players are doing
2.Strategy Basics
· All game theoretic models are defined by five parameters.

· 1.  The players: A player is an entity that makes decisions; models describe the number and identities of players.

· 2.  The feasible strategy set: Actions with a non-zero probability of occurring comprise the feasible strategy set.

· 3.  The outcomes or consequences: The feasible strategies of all players intersect to define an outcome matrix.

· 4.  The payoffs: Every outcome has a defined payoff for every player. Players are assumed to be rational, that is, to prefer a higher payoff to a lower one.

· 5.  The order of play: Play may be simultaneous or non-simultaneous, that is, sequential.

· Matrix form: Form that summarizes all possible outcomes

· Extensive form: Form that provides a road map of player decisions

· Game trees: Game trees are another name for extensive form games and are akin to decision trees.

3.Games in Economics

Interdependence of firms’ profits, which is the distinguishing feature of oligopoly markets, arises when the number of firms in a market is small enough that every firm’s price and output decisions affect the demand and marginal revenue conditions of every other firm in the market.

 SEQ CHAPTER \h \r 1Game theory provides a useful guideline on how to behave in strategic situations involving interdependence. A game is any decision-making situation in which people compete with each other for the purpose of gaining the greatest individual payoff (rather than group payoff) from playing the game.
The game theory is divided into four sections: 
i)simultaneous decisions, 
ii) sequential decisions, 
iii)repeated decisions, and
 iv)strategic entry deterrence. 
i)Simultaneous Decisions:

1. Simultaneous decision games occur when managers must make their individual decisions without knowing the decisions of their rivals.

2. A dominant strategy is a strategy or action that always provides the best outcome no matter what decisions rivals make. 
When a dominant strategy exists, a rational decision maker always chooses to follow its own dominant strategy and predicts that if its rivals have dominant strategies, they will also choose to follow their dominant strategies. 

3. A dominant strategy equilibrium exists when all decision makers have dominant strategies.

4. A prisoners’ dilemma arises when all rivals possess dominant strategies, and in dominant strategy equilibrium, they are all worse off than if they had cooperated in making their decisions. In other words, there is a cell in the payoff table that makes every rival better off than in the dominant strategy equilibrium cell.

5. When a firm does not have a dominant strategy, but at least one of its rivals does have a dominant strategy, the firm’s manager can predict with confidence that its rivals will follow their dominant strategies. A manager can then choose its own best strategy, knowing the actions that will almost certainly be taken by rivals possessing dominant strategies.

6. Dominated strategies are strategies or decisions that are never the best strategy for any of the decisions that rivals might make. Therefore, a dominated strategy would never be chosen and should be ignored or eliminated for decision-making purposes. If, after a first round of eliminating dominated strategies, other strategies become dominated as a result of the first-round elimination, then successive elimination of dominated strategies should continue until no dominated strategies remain in the final payoff table.

7. Strategically astute managers will search first for dominant strategies, and, if no dominant strategies can be discovered, they next look for dominated strategies. When neither form of strategic dominance exists, decision makers must employ a different concept for making simultaneous decisions.

8. In order for all firms in an oligopoly market to be predicting correctly each others’ decisions—managers cannot make best decisions without making correct decisions—all firms must be choosing individually best actions given the predicted actions of their rivals, which they can then believe are correctly predicted. Thus, strategically astute managers look for mutually best decisions.

9. A Nash equilibrium is a set of actions or decisions for which all managers are choosing their best actions given the actions they expect their rivals to choose.

10. In Nash equilibrium, no single firm can unilaterally (by itself) make a different decision and do better. This characteristic of Nash equilibrium is called strategic stability, and it provides the fundamental reason for believing that strategic decision makers will likely decide on a Nash pair of decisions.

11. When managers face a simultaneous decision-making situation possessing a unique Nash equilibrium set of decisions, rivals can be expected to make the decisions leading to the Nash equilibrium. If there are multiple Nash equilibria, there is generally no way to predict the likely outcome.

12. All dominant strategy equilibria are also Nash equilibria, but Nash equilibria can occur without either dominant or dominated strategies.

13. Economists have developed a tool, called best-response curves, to analyze and explain simultaneous decisions when decision choices are continuous rather than discrete. A firm’s best-response curve indicates the best decision to make (usually the profit-maximizing one) based on, or accounting for, the decision the firm expects its rival will make. A Nash equilibrium occurs at the price (or output) pair where the firms’ best-response curves intersect.

ii)Sequential Decisions:

1. In contrast to simultaneous decisions, the natural process of some decisions requires one firm to make a decision, and then a rival firm, knowing the action taken by the first firm, makes its decision. Such decisions are called sequential decisions. Even though they are made at different times, sequential decisions nonetheless involve strategic interdependence. Sequential decisions are linked over time:  The best decision a manager can make today depends on how rivals will respond tomorrow.

2. The easiest way to analyze sequential decisions is to use a game tree. A game tree is a diagram showing firms’ decisions as decision nodes with branches extending from the nodes, one for each action that can be taken at the node. The sequence of decisions usually proceeds from left to right along branches until final payoffs associated with each decision path are reached.

3. When firms make sequential decisions, managers make best decisions for themselves by working backwards through the game tree using the roll-back method. The roll-back method (also known as backward induction) results in a unique path that is also a Nash decision path: Each firm does the best for itself given the best decisions made by its rivals.

4. If letting your rivals know what you are doing by going first in a sequential decision game increases your payoff (relative to your payoff from going second), then a first-mover advantage exists. Alternatively, if reacting to a decision already made by a rival increases your payoff (relative to your payoff from going first), then a second-mover advantage exists. 

5.  SEQ CHAPTER \h \r 1To determine whether the order of decision making can confer an advantage when firms make sequential decisions, the roll-back method can be applied to the game trees for each possible sequence of decisions. If the payoff increases by being the first (second) to move, then a first-mover (second-mover) advantage exists. If the payoffs are identical, then order of play confers no advantage.

6. Managers can make strategic moves to achieve better outcomes for themselves, usually to the detriment of their rivals. Only credible strategic moves matter; rivals ignore any commitments, threats, or promises that will not be carried out should the opportunity to do so arise. There are three types of strategic moves: commitments, threats, and promises. 
 SEQ CHAPTER \h \r 1a.
 SEQ CHAPTER \h \r 1Managers make commitments by announcing, or demonstrating to rivals in some other way, that they will bind themselves to take a particular action or make a specific decision no matter what action or decision is taken by its rivals.

b.
 SEQ CHAPTER \h \r 1Threats, whether they are made explicitly or tacitly, take the form of a conditional statement, “If you take action A, I will take action B, which is undesirable or costly to you.”  

c.
 SEQ CHAPTER \h \r 1Promises, like threats, are also conditional statements that must be credible to affect strategic decisions. Promises take the conditional form, “If you take action A, then I will take action B which is desirable or rewarding to you.”  

iii)Repeated Decisions:

1. Cooperation occurs when oligopoly firms make individual decisions that make every firm better off than they would be in a (noncooperative) Nash equilibrium.

2. Making noncooperative decisions is called “cheating” by game theorists, even though “cheating” does not imply that the firms have made any kind of agreement to cooperate.

3. Cooperation is possible in every prisoners’ dilemma decision, but cooperation is not strategically stable when the decision is made only once. In one-time prisoners’ dilemmas there can be no future consequences from cheating, so both firms expect the other to cheat, which in turn makes cheating the best response for each firm.

4. When decisions are repeated over and over again by the same firms, managers get a chance to punish cheaters. When cheating can be punished by making credible threats of punishment in later rounds of decision making, strategically astute managers can sometimes, but not always, achieve cooperation in prisoners’ dilemmas.

5. Cooperation increases a firm’s value when the present value of the costs of cheating exceeds the present value of the benefits from cheating. Alternatively, cheating increases a firm’s value when the present value of the benefits from cheating outweighs the present value of the costs of cheating. Cooperation is achieved in an oligopoly market when all firms decide not to cheat.

6. A widely studied category of punishment strategies is known in game theory as trigger strategies. Managers implement trigger strategies by initially choosing the cooperative action and continuing to choose the cooperative action in successive repetitions of a decision until a rival cheats. The act of cheating then “triggers” a punishment phase in the next repetition of the game that may last one or more repetitions depending on the nature of the trigger scheme. 

7. The two most commonly studied trigger strategies are tit-for-tat and grim strategies. 

a. In a tit-for-tat strategy, cheating triggers punishment in the next decision period, and the punishment continues unless the cheating stops, which triggers a return to cooperation in the following decision period. In other words, if firm B cheated in the last decision period, firm A will cheat in this decision period. If firm B cooperated last time, then firm A will cooperate this time. 

b. In a grim strategy, cheating triggers punishment in the next decision period, and the punishment continues forever, even if cheaters make cooperative decisions in subsequent periods.

8. Since cooperation usually increases profits, managers frequently adopt legal tactics, known as facilitating practices, designed to make cooperation more likely. Four such tactics are price matching, sale-price guarantees, public pricing, and price leadership:

a. Price matching:  A firm commits to a price-matching strategy by publicly announcing, usually in an advertisement, that it will match any lower prices offered by its rivals. This largely eliminates the benefit to other firms from cutting their prices, and so price matching discourages noncooperative price-cutting.

b. Sale-price guarantees: Your firm offers a sale-price guarantee by promising customers who buy an item from you today that they are entitled to receive any sale price your firm might offer for some stipulated future period. The primary purpose of this tactic is to make it costly for firms to cut their prices.

c. Public pricing: Publicly available prices, which are timely and authentic, facilitate quick detection of noncooperative price cuts. Early detection of cheating both reduces the present value of benefits from cheating and increases the present value of the costs of cheating, which reduces the likelihood of noncooperative price-cutting.

d. Price leadership: Sometimes one oligopoly firm (the leader) sets its price at a level it believes will maximize total industry profit, and then the rest of the firms (the followers) cooperate by setting the same price. This arrange​ment, known as price leadership, does not require an explicit agreement among firms and is generally a lawful means of facilitating cooperative pricing. 

9. Cartels are the most extreme form of cooperative oligopoly. Essentially a cartel is an explicit collusive agreement among firms to drive up prices by restricting total market output. Cartels are illegal in the United States, Canada, Mexico, Germany, and the European Union. 

10. Cartels find it extremely difficult to maintain cooperatively set cartel prices because cartel pricing schemes are usually strategically unstable. The lack of strategic stability of cartels stems from the incentive to cheat by lowering price. The incentive to cut price below the cartel price is great because, when undetected (and unmatched), price cutting occurs along a very elastic single-firm demand curve with the associated lure of much greater revenues for any one firm that cuts price. Of course the lure is great for every firm, and eventually many cartel members begin cutting their prices secretly. This causes price to fall sharply along a much steeper demand curve that reflects the firm’s demand when many cartel members all lower price together.

11. A far less extreme form of cooperation among oligopoly firms is tacit collusion, which occurs when oligopoly firms cooperate without an explicit agreement or any other facilitating practices. 

iv)Strategic Entry Deterrence

1.
 SEQ CHAPTER \h \r 1Strategic entry deterrence occurs when an established firm (or firms) makes strategic moves designed to discourage or even prevent the entry of a new firm or firms into a market.  SEQ CHAPTER \h \r 1Two types of strategic moves designed to manipulate the beliefs of potential entrants about the profitability of entering are limit pricing and capacity expansion.
2.
Limit Pricing   SEQ CHAPTER \h \r 1Under certain circumstances, an oligopolist, or possibly a monopolist, may be able to make a credible commitment to charge forever a price lower than the profit-maximizing price in order to discourage new firms from entering the market.

3.
Capacity Expansion   SEQ CHAPTER \h \r 1

 SEQ CHAPTER \h \r 1Sometimes an established firm can make its threat of a price cut in the event of entry credible by irreversibly increasing its plant capacity. When increasing production capacity results in lower marginal costs of production for an established firm, the established firm’s best response to entry of a new firm may then be to increase its own level of production, which requires the established firm to cut its price in order to sell the extra

4.Two-Person Games

· Each player may be a single person or an organization, is a decision-making unit with a certain amount of resources; the rules of the game describe how these resources can be employed → rules of poker indicate…

· A strategy is a complete specification of what a player will do under each contingency in playing of the game.  
· For example a corporation president might tell his subordinates how he wants an R & D program to start, and what should be done at subsequent times in response to various actions of competing firms.

· A player’s payoff varies from game to game; its win, lose or draw in checkers, and various sums of money in poker.  
· For simplicity we deal only with two person games, games with only two players.

· The relevant features of a two person game can be shown by constructing a payoff matrix.  This is shown in Figure 11.1

· Two companies Allied Company and Barkley Corporation are about to stage rival R & D programs and that each firm has a choice of strategies → describe….

· In this game, there is a dominant strategy for each player.

5.Solution Concepts
· Key to the solution of game theory problems is the anticipation of the behavior of others.

6.Equilibria
· Equilibrium: When no player has an incentive to unilaterally change his or her strategy

· No player is able to improve his or her payoff by unilaterally changing strategy.

7.Simultaneous games are games in which players make their strategy choices at the same time
8.Sequential games are games in which players make their decisions sequentially
· In sequential games, the first mover may have an advantage
9.A cooperative game is a game in which the players can negotiate explicit binding contracts.
10.A zero sum game is a game where the sum of payouts is constant.
11.A variable sum game is a game where the sum of payouts for each set of strategies varies.
12.A non-cooperative game is a game in which formal negotiation and entering into a legally binding contract is not possible.
13.Prisoner's dilemma

· In Prisoner’s Dilemma, repeated play can lead to cooperative behavior in a prisoner’s dilemma game.

· Trust, reputation, promises, threats, and reciprocity are relevant only if there is repeated play.

· Cooperative behavior is more likely if there is an infinite time horizon than if there is a finite time horizon.

· If there is a finite time horizon, then the value of cooperation, and hence its likelihood, diminishes as the time horizon is approached. Backward induction implies that cooperation will not take place in this case
· Situations in which interaction can cause the players to select an inferior strategy.
· Cigarette advertising
· Dominant strategy: advertise 
· Even if both firms have lower profits
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