Topic 5: Using Game Theory to Model NonCooperative Oligopoly
Things start to get a bit complicated when you have a noncooperative oligopoly.  In particular, we need more sophisticated tools to model this type of market.  One set of tools that lends itself well to this type of analysis (and in fact was largely developed in order to try to analyze these types of markets) is game theory.  Game theory is the study of how people behave in strategic situations in which when making a decision they must take into account the decisions or responses of other market participants.  
1. Single Period Cournot Duopoly Games with Dominant Strategies
a. Prisoner’s dilemma

Set-up: Two bank robbers are captured by the police.  The police have enough evidence to sentence them each to 2 years in prison for carrying an unregistered gun but not for the bank robbery.  The police place the two bank robbers in separate cells and offer them separately the following deal: “I could book you immediately and put you in jail for 2 years for arms possession.  If you confess to the robbery and implicate your partner, you’ll get immunity and your partner will get 10 years.  If you both confess then we won’t need a trial and you will get intermediate sentences of 5 years.”
Payoff Matrix:          

	
	
	       Prisoner 1
	

	
	
	Talk              
	 Don’t talk

	Prisoner 2 
	Talk
	5yrs., 5 yrs.
	10 yrs., 0 yrs. 
	

	
	Don’t talk
	 0 yrs., 10 yrs.
	2 yrs., 2 yrs. 
	

	
	
	
	
	


Extensive Form Representation of the Game from Prisoner 1’s Perspective: 


Outcome for Prisoner 1

Talk         5 years

Talk


 No Talk
10 years

Pris.2     
 Talk  
 0 years

No Talk



No Talk   2 years




The dominant strategy for prisoner 1 is to talk.  The representation of the game is identical for prisoner 2.  Therefore, both prisoners in this game decide to talk.  The result will be that they will each get 5 years in prison.  They would be better off agreeing to cooperate and not talk in which case they would each get only 2 years.  

Note: the outcome of the prisoner’s dilemma is the same even if you know with certainty what the other prisoner will do(!) 

How do you change this outcome?  One way would be for the 2 prisoners to agree in advance not to talk if they are caught and then for each of them to trust that the other will abide by the agreement.  

Mafia solution to the prisoner’s dilemma: if you talk, you die, no matter what deal the justice system offers you.  

Payoff Matrix:          

	
	
	       Prisoner 1
	

	
	
	Talk              
	 Don’t talk

	Prisoner  2
	Talk
	death., death.
	10 yrs., death 
	

	
	Don’t talk
	death, 10 yrs. 
	2 yrs., 2 yrs. 
	

	
	
	
	
	


Extensive Form Representation of the Game: 


Outcome for Prisoner 1


Talk         death


Talk


 No Talk
10 yrs.

Pris.2     
 Talk  
 death


No Talk



No Talk   2 years


Thus, the dominant strategy for prisoner 1 is “Don’t talk” no matter what Prisoner 2 does.  The same is true for prisoner 2. Therefore, both prisoners do not talk and end up getting only 2 years each in prison.  In the absence of trust, the Mafia solution leads to a resolution of the prisoner’s dilemma.  

b. Choice Between High Output/Low Output Strategy: The firms must choose whether to produce High Output (HO) or Low Output (LO).  Each of the firm’s profits (in $ millions) depend on the decision each of them makes as well as the output decision of the other firm.  The payoffs to each of the firms associated with different combinations of output choices are given in the following payoff matrix: 

Payoff Matrix:          

	
	
	         Firm 1
	

	
	
	High Output 
	 Low Output

	Firm 2
	High Output
	$57, $57
	$54, $72
	

	
	Low Output
	 $72, $54
	$65, $65
	

	
	
	
	
	


Extensive Form Representation of the Game from Firm 1’s Perspective: 


Payoff to firm 1

HO         $57


HO


 LO 
$54

Firm 2 
  
  HO
$72


LO



LO          $65




Firm 1 chooses its best strategy by estimating what its profits will be given the decision made by firm 2.  Observation of the extensive-form representation of this game shows that it is in Firm 1’s best interest to choose the HO strategy no matter what strategy Firm 2 chooses.  
This kind of strategy (i.e. one which is best no matter what strategy the other firm chooses) is called a dominant strategy.    Since Firm 2 faces the identical payoff matrix, it will also choose HO.  The HO strategy is also a Nash Equilibrium in this Cournot game since it is the best strategy for each firm given the strategy chosen by the other firm.  But note that this dominant strategy does not maximize the 2 firms’ collective profits.   If both firms choose to produce HO, their combined profit will be $114 million, or $57 million each.  If, instead, they agreed to both produce LO their combined profit would be $130 or $65 each.  In fact, the 2 firms would be better off by colluding and agreeing to pursue a LO strategy.  This is another example of the so-called prisoner’s dilemma in which the players in the game have dominant strategies that lead to joint profits that are lower than if they cooperated.  
c. The Arms race is another example of prisoner’s dilemma.  

Consider the US and Soviet Union’s (SU) decision re. whether the build and/or maintain nuclear weapons or disarm.  Suppose decision is viewed from the following perspective:

Payoff Matrix:         

	
	
	       U.S.
	

	
	
	Arm              
	 Disarm

	SU 
	 Arm
	At risk, at risk
	US at risk & weak, SU safe and powerful 
	

	
	 Disarm
	US safe & powerful, SU at risk & weak 
	US safe, SU safe
	

	
	
	
	
	


Extensive Form Representation of the Game: 


Outcome for US


Arm         at risk


Arm


 Disarm
at risk & weak

SU       
 Arm  
 safe & powerful

Disarm



Disarm   safe


The dominant strategy for the US will be to arm.  The same is true for the Soviet Union.  Therefore, both nations will arm and the result is that they will both be at risk. They would jointly be better off if they colluded/trusted each other and chose the disarm strategy in which case, they would both be safe.   

Prisoners’ Dilemma and Economic Welfare

Is the lack of cooperation that results from the prisoners’ dilemma a problem from the point of view of society as a whole?  It depends: in the case of the arms race example, it would seem that the answer is yes, since the prisoner’s dilemma outcome results in a world that is at more risk than if the nuclear powers trusted each other and disarmed.   In the case of the bank robbers and cartel members it would seem that the answer is no: more criminals will be put in jail for longer and price fixing (which leads to higher prices and dead weight loss in terms of overall economic welfare) will be less sustainable.

2. Not all Games Have a Dominant Strategy
Suppose two rival firms must choose between large (LB) and small (SB) research and development (R&D) budgets.  The expected payoffs from doing so are per the payoff matrix below:    





Firm A




LB


SB


LB      $200,$300
      $0,$700
Firm B



SB       $300,$0               $400,$500




That is: 

If they both choose a small budget (SB), firm A’s payoff is $400 and firm B’s is $500.  

If they both choose a large budget (LB) firm A’s payoff is $200 and firm B’s is $300.  

If A goes small while B goes large, A receives $0 while B receives $700.  

If A goes large while B goes small, A receives $300 while B receives $0.  

Assume the firms know each other’s payoffs.

The extensive representation of the game from Firm A’s perspective is as follows: 
Firm A’s payoff
LB
200




LB









SB
0

Firm B







LB
300




SB









SB
400

From the above: if firm B chooses a large R&D budget, then firm A is better off also choosing a large budget.  If firm B instead chooses a small R&D budget then firm A should also choose a small R&D budget.      

Thus, Firm A does not have a dominant strategy, i.e. a strategy that is best for firm A no matter what firm B does.  

What should firm A do?  It should first put itself in firm B’s shoes and see whether it can figure out what firm B will do.  

Viewing the game from Firm B’s perspective: 



Firm B’s payoff
LB
300




LB









SB
0

Firm A







LB
700




SB









SB
500

Thus, Firm B’s dominant strategy is to choose a large R&D budget.

Although firm A does not have a dominant strategy, it knows Firm B’s payoffs under the various outcomes, and from these it can figure out that Firm B’s dominant strategy is LB.  Therefore, Firm A chooses the R&D strategy that will give it the highest payoff, given the fact that Firm B will choose LB no matter what Firm A does.  From the payoff matrix, we can see that Firm A will thus also choose LB.   These set of R&D strategies are a Nash equilibrium for the 2 firms because they are for each of the firms in the game the best strategies given the strategies chosen by the other firm.
3. Sequential Games (Stackelberg)  
What happens if the players in the game do not make their strategic decisions at the same time but in sequence, i.e. if there are 2 players, one player gets to choose first?  Recall that this is called a Stackelberg game. 

Example: Suppose that firm A currently has a monopoly of the market and is making a profit of $100 million.  It finds out that there is a potential rival, firm B who is considering entering its market.  Firm A’s market analysts forecast that if entry occurs, the market will become a duopoly and total profit will drop to $80, with Firm A and firm B each getting $40 million.  Firm A now considers the effect of a strategy that would raise its costs as well as those of rival firm B by $50 million.  Note: firm A does not know whether firm B will decide to enter or not.  It simply is trying to decide whether, given the threat of entry, should it undertake the raising costs strategy.  

If it decides to raise costs and there is no entry, its profit will be $50 million ($100-$50) and the rival’s profit will be 0 (since it does not enter).

If it decides to raise costs and there is entry, its profit will be -$10 million ($40-$50) as will be that of its rival.  So, the payoff matrix is as follows: 

	
	
	         Firm A
	

	
	
	Raise costs 
	 Do not raise costs

	Firm B
	Enters
	-10, -10
	40, 40
	

	
	Does not enter 
	  50, 0
	100, 0
	

	
	
	
	
	


The Extensive Representation of the game is as follows:   
                                           Firm B
Payoffs

Entry       (-10,-10)


Raise


No entry 
 (50, 0)

Firm A 
Enters
 (40,40)


NoRaise



No entry  (100,0)




This is a Stackelberg (first-mover) game because Firm A is evaluating the payoff from undertaking a specific strategy and the likely response of firm B to that move.  Firm A would evaluate the game in the following way: if it raises costs, then firm B will lose $10 and therefore will decide not to enter, leaving firm A with a profit of $50.  If it does not raise costs, firm B will make $40 and will decide to enter, leaving firm A with a profit of $40.  Since firm A prefers more profits to less ($50 versus $40) it will decide to raise costs. So, the incumbent has a first mover advantage in deciding whether or not to raise costs.

Asymmetry between incumbent (with the first-mover advantage) and entrants

Sometimes a natural asymmetry exists between the incumbent who has already made sunk investments in the industry and this asymmetry causes the incumbent to be willing to spend more to keep entrants out of the industry than entrants are willing to spend to enter the industry.  Going back to the example above: The incumbent monopolist will be willing to spend up to $60 million to keep the entrant out (and retain its monopoly position) while the entrant is only willing to spend $40 million to enter the industry.  If the entrant realizes this and if the monopolist signals this willingness, then entry will not occur.  What would contribute to erode this incumbent advantage?  
(a) If the monopolist or potential entrant have differing views re. the market structure and their market share after entry.  For example, if the monopolist thinks that, because of customer loyalty, brand or other first mover advantages, its post-entry profits will drop only to $60 million (instead of $40 million) then it will be willing to spend only up to $40 million to keep the potential entrant out.  
(b) If the potential entrant believes that it can gain a greater market share over time after entry, the entrant may be willing to spend more than $40 million to enter.      

4. Multiperiod or Repeated Games

Up to now we have been assuming that the games are played only once.  If the games are played repeatedly, the strategies of the players will likely change because they can learn about each others’ behavior as they continue to play and the expected returns to playing can also change.  

Example: Suppose the 2 firms that are playing the Cournot high output/low output game play it repeatedly over time.  The best strategy for both firms jointly is to chose the LO strategy.  Suppose the firms agree to collude and start out by pursuing the collusive profit maximizing LO.  But there is an incentive for each of the firms to “cheat” and produce “HO” because this will result in higher profits ($72) for the cheater as long as the other player does not cheat. Suppose that after playing for a while a signaling pattern of sorts starts emerging whereby whenever one firm produces HO in a given period, the other firm punishes the cheater by also producing HO in the next period and only HO gets produced by both firms thereafter (or at least for quite a long while) so that profits drop to the non collusive, prisoner dilemma’s level.  The result of this game would be a “lesson” to the 2 firms that the collusive solution is the best for both of them and that cheating will not pay off.

	Period 1
	Firm 1
	Firm 2
	Firm 1's profit
	Firm 2's profitt

	
	
	
	
	

	1
	LO
	LO
	65
	65

	2
	LO
	LO
	65
	65

	3
	LO
	LO
	65
	65

	4
	LO
	HO
	54
	72

	5
	HO
	HO
	58
	58

	6
	HO
	HO
	58
	58

	7
	HO
	HO
	58
	58

	Same in all periods thereafter
	
	
	


As long as the 2 firms are producing LO, they are each making $65 million.  But in period 4, firm 1 produces HO and earns $72 million in that period compared to $54 for firm 1.  Thereafter, firm 1 also produces HO and profits drop to $58 million per period for each of the firms. If indeed firm 1 plays the game this way and switches to the HO strategy right after firm 2 “cheats” then both firms will realize that the present value of the collusive strategy is greater than the present value of the cheating strategy.  Algebraically:  
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This shows that the one-period gains from deviating from the collusive output level cannot compensate for the losses from reduced profits in subsequent periods.  Of course, this outcome depends on (1) how fast the cheating firm thinks the other firm will take to respond, (2) the discount rate, (3) how long the firm expects to be in business (i.e. how many games it expects to play). 
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