Games and Strategic Behavior 

· The beginning of all this is the obvious observation that what makes the real world different than the pretend world of perfect competition and monopoly is the presence of Strategic Behavior:  that is the actions of one firm effect the other

· Of course, this isn’t just a fact of market competition, it seems to be part of life.

· To call this “game theory” is both accurate and unfortunate.

· Accurate because complex games capture some of the essential elements of strategy 

·   Unfortunate since it seems to trivialize the analysis and, more importantly, because invented games almost always ignore the really essential element of real strategic interactions (see discussion below on zero sum and non zero sum.)

· A “game” can be characterized by

· Player and actions (who matters and what can they do)

· Rules 

· Outcomes and payoffs (what might happen and what are the consequences of those outcomes)

· The actual playing of a game can be described by each player’s strategies (which are policies for taking actions)

· An “equilibrium” of a game is actually a tricky concept.  In principle, it should simply describe a situation where no player wants to change, but as we’ll see this creates some real questions. 

· The best way to see what games are all about is to consider three simple but useful games.  Each of these illustrates some real world problem and also gets at the question of what an equilibrium might look like.

· Prisoner’s Dilemma

· Pig-In-A-Box

· Battle of the Sexes

Prisoner’s Dilemma:

The Simplest (and Most Important Game)

· Two players (A and B) who can each take one of two actions (confess or don’t confess)

· Rule:  each player must take an action before knowing what the other player will do.

· A strategy is simply a decision about which action to take.  Thus, there are four outcomes described in this table

	
	A's Strategy

	B's Strategy
	Confess
	Don't Confess

	Confess
	A=-10
	A=-20

	
	B=-10
	B=0

	Don't Confess
	A=0
	A=-1

	
	B=-20
	B=-1


Equilibrium in a Prisoner’s Dilemma:  Dominant Strategies

· Think about what each prisoner would do (the best response) if he somehow knew what the other prisoner was doing

	
	A's Strategy
	A's Best Response

	B's Strategy
	Confess
	Don't Confess
	

	Confess
	A=-10
	A=-10
	Confess

	
	B=-10
	B=0
	

	Don't Confess
	A=0
	A=-1
	Confess

	
	B=-20
	B=-1
	

	B's Best Response
	Confess
	Confess
	


· Clearly, the lack of information isn’t really an issue.  No matter what the other player does, the best thing to do is to confess.  

· A strategy dominates another strategy if it is always the best response.

· It seems sensible to say that confess/confess is the equilibrium in the Prisoner’s Dilemma

· But this is an uncomfortable conclusion since the equilibrium actually makes each player worse than they could be by cooperating.  

· A prisoner’s dilemma is said to occur when 

· There are Dominant strategies

· The equilibrium implied by playing dominant strategies leaves each player worse than they could have otherwise been.

· Notice that the cartel problem is really a kind of prisoner’s dilemma

· Examples of Prisoner’s Dilemma
· Oligopoly

· Pricing

· Advertising

· Consuming “Public Goods”

· Solutions to Dilemma


· Contracts

· Credible Pre-commitment

· Bonds 

· Hostages

· Repeated Play

· Threats of “Irrational” Retaliation

Pig In A Box

· Players: Big Pig and Little Pig

· Actions:  Push lever and run for food or wait by food and hope the other pig pushes

· Rules:  No cooperation or sharing

· Payoffs

	
	
	Big's Strategies

	
	
	Push
	Wait

	Little's Strategies
	Push
	B=90
	B=100

	
	
	L=-10
	L=-10

	
	Wait
	B=15
	B=0

	
	
	L=75
	L=0


Equilibrium in Pig-In-A-Box

· Identify best response

	
	
	Big's Strategies
	

	
	
	Push
	Wait
	Big'sBest Response

	Little's Strategies
	Push
	B=90
	B=100
	Wait

	
	
	L=-10
	L=-10
	

	
	Wait
	B=15
	B=0
	Push

	
	
	L=75
	L=0
	

	Little's Best Response
	
	Wait
	Wait
	


· Notice that only one player has a dominant strategy, to wait

· But as long as Big understands that, the only sensible thing is to push

· Thus, the equilibrium would seem to be Big pushes and Little waits

· Moral:  it doesn’t always pay to be a Big Pig

· Interesting examples of this might be when the advantage actually goes to the second mover

· In the pharmaceuticals business it may be more profitable to imitate rather than innovate

· With some consumer goods, it may be better to let the leader make the market aware of the product and then produce substitutes.  

Battle of the Sexes

· Players:  Fred and Wilma, a happily married couple living in a time before cell phones and instant messaging.  

· Actions: Go to meet the spouse at the opera or go to meet the spouse at the wrestling matches

· Rules:  No communication before the fact

Payoffs
	
	
	Fred's Strategies

	
	
	Opera
	Wrestling

	Wilma's Strategies
	Opera
	Fred=6
	Fred=1

	
	
	Wilma=4
	Wilma=1

	
	Wrestling
	Fred=2
	Fred=4

	
	
	Wilma=2
	Wilma=6


Can We Predict Which Equilibria are More Likely?  easy coordination
	Payoffs

	
	
	Fred's Strategies

	
	
	Opera
	Wrestling

	Wilma's Strategies
	Opera
	Fred=6
	Fred=1

	
	
	Wilma=4
	Wilma=1

	
	Wrestling
	Fred=2
	Fred=7

	
	
	Wilma=2
	Wilma=7


· The table above is a variant of the B-S game.  (Make sure you understand why it is the same basic game and, more interestingly, think about this might be consistent with an interesting real world problem.)  

· Notice that one outcome seems more likely than another.
Can We Predict Which Equilibria are More Likely? 

 Risky coordination
	Payoffs

	
	
	Fred's Strategies

	
	
	Opera
	Wrestling

	Wilma's Strategies
	Opera
	Fred=6
	Fred=0

	
	
	Wilma=4
	Wilma=1

	
	Wrestling
	Fred=1
	Fred=7

	
	
	Wilma=0
	Wilma=7


Chicken
	Payoffs

	
	
	Fred's Strategies

	
	
	Opera
	Wrestling

	Wilma's Strategies
	Opera
	Fred=6
	Fred=-3

	
	
	Wilma=0
	Wilma=-3

	
	Wrestling
	Fred=0
	Fred=0

	
	
	Wilma=0
	Wilma=6


· Equilibrium in the Battle of the Sexes

· Once again, look for a “best response”

	
	
	Fred's Strategies
	

	
	
	Opera
	Wrestling
	Fred's Best Response

	Wilma's Strategies
	Opera
	Fred=6
	Fred=1
	Opera

	
	
	Wilma=4
	Wilma=1
	

	
	Wrestling
	Fred=2
	Fred=4
	Wrestling

	
	
	Wilma=2
	Wilma=6
	

	Wilma’s Best Response
	
	Opera
	Wrestling
	


· There are no dominant strategies, but see if there might be a Nash Equilibrium, defined as a situation where each player is making the following the optimal strategy given what the other player is doing.

Nash Equilibrium

	
	
	Fred's Strategies
	

	
	
	Opera
	Wrestling
	Fred's Best Response

	Wilma's Strategies
	Opera
	Fred=6
	Fred=1
	Opera

	
	
	Wilma=4
	Wilma=1
	

	
	Wrestling
	Fred=2
	Fred=4
	Wrestling

	
	
	Wilma=2
	Wilma=6
	

	Wilma’s Best Response
	
	Opera
	Wrestling
	


· Notice that there are multiple equilbrium

· (By the way, notice that both the Prisoner’s Dilemma and Pig-in-a-Box were Nash equilibrium.)

· Examples of Battle of the Sexes

· Standard setting (Microsoft versus Apple)

· Natural monopoly?

· When we might expect one equilibrium to prevail over another.  Suppose the game looked like this

	
	
	Fred's Strategies
	

	
	
	Opera
	Wrestling
	Fred's Best Response

	Wilma's Strategies
	Opera
	Fred=6
	Fred=1
	Opera

	
	
	Wilma=4
	Wilma=1
	

	
	Wrestling
	Fred=2
	Fred=4
	Wrestling

	
	
	Wilma=2
	Wilma=8
	

	Wilma’s Best Response
	
	Opera
	Wrestling
	


· There are still two Nash equilbrium, but the combined payoff is better at the W-W point.  This creates the possibility that sidepayments could be made so as to make both parties better off at the point giving the larger combined payment.  

· Suppose Fred and Wilma flipped a coin and Fred won (they go to the Opera).  Wilma could offer Fred 3 if they went to the wrestling match, which would make them both better off than at the Opera (i.e.,  Fred gets 7 and Wilma gets 5).

So What Have We Learned Up to Now?

In addition to any specific insights that these model games might offer, all of these examples suggest that there are certain factors that are critical to any strategic environment.  Some of these include.

· The number of players.  When we talked about cartels, we observed that cheating will be more difficult to detect as the number of firms grows.  All of the games modeled thus far have only two players, but you should note that the complexity grows as the number of players grow.

· The mutual interest of the players.  Real games (e.g., poker) are “zero-sum” meaning that the players are natural rivals since what one player wins can only come at the expense of the other player.  But notice that all of our examples are such that the players can do better by cooperating in certain ways.  

· Communication.  If the players can talk, and especially if they can form enforceable contracts, the results of a game may be very different.

· Information.  All of the games we’ve looked at thus far assume that everyone knows everything (such as the other player’s payoffs), but if this isn’t the case, then the environment may be much different.  (We’ll look at uncertainty in the next lecture.)

· The number of times the game is played.  We hinted that repeated play may alter the situation, and in fact we’ll turn to that next.    

Strategic Form and Extensive Form Games

· The game forms we’ve talked about so far have all been “one-shot”—each player moved at the same time.  When we can describe a game by simply listing strategies and payoffs, life we’ve done, we’ve given the strategic form.
· Some games are sequential—one player moves and then the other player moves.  When we use a kind of decision tree to describe a game, we’re describing and extensive form game.  Here’s a simple but useful example 

· A lawnmower manufacturer sells mowers for $200.

· They have three sources for engines

· To buy them from a Russian firm for $90 (suppose the Russian’s costs are $60).

· To make them for $100

· To buy them from a U.S. firm for $110. 

· Obviously, the Russians offer the best deal, but the problem is that a contract signed with a Russian firm can’t be enforced.  This is an especially big problem since if the firm decides to buy Russian engines and the Russians renege on the deal, it can’t quickly change over to produce the engines in-house.  (remember the story of Rexite Casting and Midwest Mower).

· The sequence of the game is 

· The mower maker decides where to acquire the engines.

· If the Russians get the deal, they decide whether to honor the contract. (Not to honor the contract means they sell for $110).  


Build In-House
US firm’s profits = 200-100=100





Russian firm’s profits = 0











US=200-110=$90






Russian’s Cheat









Russian = 110-60=$50


 Buy from Russia











US = 200-90=$110






Russian’s Honor










Russian = 90-60=$30

· Solve the game by working backwards (just like a decision tree).

· The Russians will cheat

· Because the Russians will cheat, the US firm will build in-house

· This is really a kind of prisoner’s dilemma in that both are worse off

· Solutions

· Performance bonds

· Integration

· Reversing the sequence (the Russians buy from Americans).

The Order of Play in a Sequential Game (Limit Pricing)

· Consider the following payoff from a game between an “incumbent” who chooses whether to set a high price or a low price and an “entrant” who chooses whether to enter and compete in market or not.

	
	
	Incumbents’s Move

	
	
	Low Price
	High Price

	Entrant’s Move
	Stay Out
	0,15
	0,20

	
	Enter
	-5,10
	10,12


· See if you can figure out what this game resembles and what the expected equilibrium will be.  
· Now look at the following two decision trees.  

· In the first, the entrant  moves first and we get the expected result.

· But in the second the incumbent moves first and entry doesn’t occur.

· At first this second result might seem unrealistic.  But what might be happening is that the incumbent is making  a credible commitment to maintaining a low price.  Notice that this really does require that the incumbent commit to doing something that would seem not to be in it’s immediate interest.  (This is what economists refer to as “limit pricing”).  

· See if you can think of other situations where you would be better off if you could commit yourself to doing things that would (seemingly) not be in your own immediate interest. Repeated Play

· Consider a 2-play/2-action prisoner’s dilemma that looks like this

	
	
	A's Actions

	
	
	Cheat
	Cooperate

	B's Actions
	Cheat
	A=-10
	A=-20

	
	
	B=-10
	B=5

	
	Cooperate
	A=5
	A=2

	
	
	B=-20
	B=2


· As we’ve already seen, the dominant strategies are for both to cheat.

· But now suppose the game is played over and over forever.

· A technical note on discounting.  Because the game will yield a sequence of payoffs, we need a way to calculate what the future payoffs are really worth.  We’ll simply assume that the sequence is a perpetuity, discounted at some constant rate and so has a value of (payoff)/discount.   Assume in this example an interest rate was 10%, (meaning the value of $2 for every period in the future as 2/.1=$20.

· This repeated play game is much more complex because the player’s have to develop strategies for multiple periods.  But consider two strategies

· Tit-for-tat:  Start off by cooperating, but then match the move of the other player. 
· This means that if both play T-T, the get $2+$2/.10=$22 (assuming an interest rate of 10%).
· Scheme:  Start off by cheating, but then make the move that would have been optimal given what the other player did in the previous period.

· If both players scheme, they get the cheat/cheat payoff forever.  This means the end up with –10-10/.1=-$110.
· If one player schemes and the other plays T-T, the schemer gets 
Payoff to schemer=5-10/.1=-$95

The T-T player gets

-20-10/.1=-$120

The payoffs now look like

	
	
	A's Actions

	
	
	Scheme
	T-T

	B's Actions
	Scheme
	A=-110
	A=-120

	
	
	B=-110
	B=-95

	
	T-T
	A=-95
	A=22

	
	
	B=-120
	B=22


Notice that tit-for-tat is now a Nash equilibrium.  

· See how we could have got the same result with either of two other strategies

· Naïve cooperation in which each player always cooperates (sometimes its better to be nice than smart)

· Grim cooperation in which each player starts by cooperating but responds with the strategy that would have been optimal given what the other guy did in the previous period.

· What we’re really seeing here is an application of what is usually called The Folk Theorem.  The Folk Theorem begins with the notion of the max-min payoff, which is just the most you get if the worst happens.  (In the prisoner’s dilemma given above, this is –10—the best you can do if the other guy cheats).  The Folk Theorem says that if there is some outcome that gives each player more than they could get at the max-min and if the discount factor is big enough (meaning the future is sufficiently important) then this outcome is a Nash equilibrium of the repeated game.  

· Problems

· There may be lots of different equilibrium

· The game may have finite horizons (leading to the problem of unraveling)

· There may be “noise” (meaning you can’t see what the other guy is doing.)
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