
Chapter 14: Game Theory

 Challenge: Competing E-Book Standards

 Game Theory - a set of tools that economists, political scientists, military analysts and

others use to analyze decision making by players who use strategies

 Game - any competition between players (firms) in which strategic behavior plays a

major role; each player knows the outcomes depends on the actions of others

14.1 An Overview of Game Theory

 Action - a move a layer makes at a specified stage of a game

 Strategy - a battle plan that specified the action that a player will make conditional on

the information available at each move and for any possible contingency

 Payoff - the players' valuation of the outcome of the game, such as profits for firms or

utilities for individuals

 Strategic Behavior - a set of actions a player takes to increase his/her payoff, taking

into account the possible actions of other players

 Common Knowledge - a piece of information that is know by all players, and it must

be known by all players to be known by all players, and it must be known to be known

to be known, and so on

 Strategic Interdependence - a player's optimal strategy depends on the actions of

others

 We use game theory to study oligopolistic behavior, but not competitive or

monopolistic behavior

 Game theory tries to answer two questions:

 How to describe the game?

 How to predict the game's final outcome?

 Rules of the Game - determine the timing of players' moves and the actions that

players can make at each move

 Payoff Function - determines any player's payoff given the combination of actions by

all players (assume the payoff functions are common knowledge, for now)

 Complete Information - the payoff function is common knowledge among players

 Perfect Information - where the player who is about to move knows the full history of

the game to this point and that information is updated with each subsequent action

 Simultaneous-move games have imperfect information

 Static Game - each player acts only once and the players acts simultaneously

 Dynamic Game - a game in which players move either sequentially or repeatedly

 Auctions are games with incomplete information - one bidder's willingness to pay is

unknown to other bidders

14.2 Static Games

 These games are played simultaneously with players having complete information

 Normal-Form Games

 Normal Form - a representation of a static game with complete information

specifying the players, their strategies, and payoff functions



 Example: United and American Airlines' duopoly competition

 Each airline wants to max. its profits given what it believes the other firm will

do

 This is a non-cooperative game of imperfect information

 Normal-Form game is represented in the payoff matrix

 Predicting a Game's Outcome

 "When you have eliminated the impossible, whatever remains, however

improbable, must be the truth" S. Holmes

 Since avoiding strategies that are dominated is not always enough, we can think of

players choosing a best response to other players' actions

 Dominant Strategy - a strategy that produces a higher payoff than any other

strategy the play can use for every possible combination of its rivals' strategies

 In the airline game, the players do have dominant strategies

 Prisoners' Dilemma - a game in which all players have dominant strategies that

result in profits that are inferior to what they could achieve if they used

cooperative strategies

 We can solve games without strictly dominant strategies by eliminating all strictly

dominated strategies repeatedly

 By using iterated elimination of strictly dominated strategies, we can again predict

the final outcome

 Still, this method does not always yield a concrete answer

 In many games, we cannot eliminate all but one strategy

 For any strategy chosen by a rival, a player want to use its best response - the

strategy that maximizes a player's payoff given its beliefs about the rivals

 We can predict the outcome of many games when assuming that firms always

choose a best response

 Nash Equilibrium - a set of strategies such that, when all other players use these

strategies, no player can obtain a higher payoff by choosing a different strategy

 It is self-enforcing!

 Not all Nash equilibria can be determined by the iterated elimination; but, if the

iterated elimination produces a single solution, it is a unique Nash equilibrium

 When the iterated elimination does not yield a single strategy, there may be a

singly NE, multiple NEa, or no NE

 Multiple Nash Equilibria, No Nash Equilibrium, and Mixed Strategies

 "In accordance with our principles of free enterprise and healthy competition, I am

going to ask you two to fight to the death for it" Monty Python

 Pure Strategy - each player chooses an action with certainty; probability 1

 Mixed Strategy - a firm (player) chooses among possible actions according to

probabilities it assigns; probability distribution

 An entry game has both pure an mixed-strategy Nash equilibria - consider table -

enough space for two gas stations but enough demand for one only



 This game has two NEa in pure strategies; unless the firms collude, it is difficult

to see how they could choose strategies

 These pure NEa are unappealing because they call for identical firms to use

different strategies

 When both firms enter with a probability of ½, there is a NE in mixed strategies

because neither firm wants to change its strategy, given that the other firm uses its

NE mixed strategy

 For firms' strategies to constitute a mixed strategy NE, both must choose to enter

with a probability of ½

 Nash proved that every static game with a finite number of players & actions has

at least 1 NE, which may involve mixed strategies

 Application: Playing Chicken

 The entry game is a game of chicken - if both firms enter, both firms lose

 Application: Parasites, Boomerangs, and Other Youths

 Cooperation

 Whether players cooperate in a static game depends on the payoff function

 Firms can never trust each other, unless they have a binding agreement, and so

they will always choose their dominant strategy, even if it does not lead to

collusive equilibrium

 Importantly, Nash Equilibrium does not always equal the collusive equilibrium

 Application: Strategic Advertising

 The act of advertising has gone through many different phases, and the amount of

advertising depends on whether it increases the market size or only steals

customers from rivals

14.3 Dynamic Games

 In dynamic games players move sequentially or simultaneously repeatedly → a player 

has perfect information about other players' past moves

 Extensive Form - specifies the n players, the sequences in which they make their

moves, the actions they can take, the information that each player has, and the payoff

function over all the possible strategies; used to analyze dynamic games

 Two-Stage Game - Player 1 moves and then Player 2 moves (single period)

 A rival's previous moves can affect a player's current actions → dynamic game 

 Action - a move a player makes at a specified point

 Strategy - a battle plan that specifies the action that a player will make conditional on

the information available at each move

 Sequential Game

 "In solving a problem of this sort, the grand thing is to be able to reason

backward" Sherlock Holmes

 To demonstrate the sequential moves, we use an extensive-form diagram or game

tree; using the Stackelberg Game Tree example



 Subgame - all the subsequent decisions that players may make given the actions

already taken and corresponding payoffs

 subgame perfect Nash equilibrium - players' strategies are a Nash equilibrium in

every subgame; since the entire dynamic game is a subgame, a SPNE is also a NE

 We can solve for the SPNE by backward induction:

 First determine the best response by the last player to move, next determine

the best response for the player making the next-to-last- move, then repeat the

process back to the move at the beginning of the game

 When we speak of SPNE, it is important to assume opponents will act optimally

 NB: Not all Nash Equilibrium are SPNEa

 The SPNE differs from the simultaneous-move, Nash-Cournot equilibrium

 Credible Threat - an announcement that a firm will use a strategy harmful to its

rival and that the rival believes because the firm's strategy is rational in the sense

that it is in the firm's best interest to use it

 By limiting its future options, a firm makes itself stronger

 Identical firms that act simultaneously cannot credibly threaten each other

 When playing the dynamic entry game, one needs to consider whether the leader

will play to make entry impossible or will allow entry - all depends on the specific

parameters; there are three possible SPNEa (consider graph)

 Application: First Mover Advantages and Disadvantages

 Being the first to move may not always be the best thing

 Repeated Game

 Static games that are repeated → players move simultaneously, but previous 

moves may influence current ones

 We call this a game of almost perfect information

 Collusion is more likely in a multiperiod game than in a single-period game

 In a repeated game, a firm can influence a rival's behavior by signaling and

threatening to punish

 Again, threats must be credible for this to work

 If firms play the same game indefinitely, they should find it easier to collude

 If the end point of a game is known, it is much more likely for the players not to

cooperate; of course, the end is not always known

14.4 Auctions

 Auction - a sale in which property or a service is sold to the highest bidder

 Elements of Auctions

 Auctions have three key components:

 Number of units being sold - we focus on cases of a single good being sold

 Format of Bidding

 English Auction - auctioneer announces lowest price and the auction

continues until no one is willing to bid anymore; ascending-bid auction



 Dutch Auction - descending-bid auction; ends with the first 'bid';

auctioneer reduces price until someone finally accepts

 Sealed-Bid Auction - everyone submits a bid simultaneously and highest

bidder wins; price paid depends on whether it is a first-price auction or a

second-price auction

 Interestingly, eBay has some characteristics of an English auction

 Value - the type of value usually depends on whether the good is unique

 Private Value - each bidder places a different personal value on the good;

they do not know what it is worth to others; original works of art

 Common Value - the good has the same fundamental value to everyone,

but no buyer knows exactly what that common value is; example: timber

action of trees in a given area

 These two values are not mutually exclusive!

 Bidding Strategies in Private-Value Auctions

 Assume each bidder places a different private value on an individual good

 Second-Price Auction Strategy:

 Bidding more than your maximum value can never make you better off than

bidding your maximum value, and you may suffer!

 By the same reasoning, you should never bid less than your maximum value

 If you know your own value but not the other bidders' values, bidding your

value is the best strategy

 English Auction Strategy

 In this case, you should raise the bid by the smallest permitted amount up to

the point when the bid is equal to your value, never further

 The winner will thus pay slightly more than the value of the second-highest

bidder - the outcome is essentially the same as in the other two auctions

 Equivalence of Auction Outcomes

 For Dutch or first-price sealed-bid auctions the best strategy can be shown to

be bidding an amount that is equal to or slightly greater than what you expect

the second-highest bid will be, given that your value is the highest

 According to the Revenue Equivalence Theorem (Klemperer, 2004), under

certain plausible conditions we would expect the same revenue from any

auction in which the winner is the person who places the highest value

 Winner's Curse

 This phenomenon occurs in common-value auctions but not in private ones

 Winner's curse - auction winner's bid exceeds the common value item's value

 It happens when there is uncertainty to the true value of the good

 A good strategy is when you expect to win to reduce your bid below your estimate

because it is probably too high

 Application: Bidders' Curse

 Bidding more than what should be one's valuation, the fixed price


