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Directions: You must complete all of the questions.  You may have two hours for the exam.  This is a closed book exam.  You may neither give nor receive help.

1. This is a game depicting the market for mainframe computers in the late 1960’s.  IBM is the incumbent and Telex is thinking of entering the market with its own plug-and-play components.  If Telex stays out then it is profitable in another market niche.  If Telex enters then IBM can either smash Telex by cutting prices to the bone or accommodate.  The payoffs of either action are shown.  
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a. How many subgames are there in this game?  Including the whole game there are three.  
b. Solve the game using rollback induction.
IBM will play Accommodate.  Telex will choose Enter
c. Write out the normal form of the game.

	
	
	IBM

	
	
	Smash
	Accom

	Telex
	Enter
	0, 0
	2, 2

	
	Stay out
	1, 5
	1, 5


d. Identify the pure strategy Nash equilibria in the normal form of the game.
Writing Telex’s strategy first, they are <out, smash>  and <enter, accom>
e. Do all of the Nash equilibria you identified in the previous part involve credible strategies? Explain briefly.
<out, smash>  involves a strategy for IBM that is not credible; they will never play ‘smash’, regardless of what Telex does. 
2. James and Dean are playing Chicken.  They drive toward each other at a high rate of speed.  The driver that swerves first is deemed a chicken and loses face with the rest of the in-crowd.  The simultaneous move game with payoffs is depicted below.

	
	Dean

	
	Swerve
	Straight

	James
	Swerve
	0, 0
	-1, 1

	
	Straight
	1, -1
	-2, 2


a. What is/are the Nash equilibrium in this normal form of the game? Writing James’ strategy first they are <straight, swerve>  and  <swerve, straight>.

b. Write out the extensive form of the game when play is sequential and James goes first.

c.  What is the solution to the game that you have just drawn?

James: straight and Dean: swerve.

d. Write out the extensive form of the game when play is sequential and Dean goes first.

e. What is the solution to the game that you have just drawn?

Dean: straight and James: swerve

f. With reference to subgame perfect equilibrium, explain the difference, if any, between the normal form of the game and the extensive forms of the game.

In the normal form of the game, when moves are simultaneous, there are two Nash equilibria.  They both exist in the subgames of the extensive form.  However, in the extensive form of the game we can see that, depending on who goes first, only one of the two Nash equilibria is subgame perfect.

3. Intensive Business Machines (IBM) is a monopolist in the market for massive parallel processor computers. IBM can choose either a high or a low price for its workstations. A potential entrant is Harsanyi Processing (HP), which must decide whether to enter the market.  The pricing decision and the entry decision are made simultaneously.  The wrinkle is that HP does not know whether IBM has higher or lower costs than its own for the production of parallel processors.  The following table shows the discounted profits of the two firms as a function of their decisions and their relative costs.

	
	IBM

	
	IBM’s costs are higher
	IBM’s costs are lower

	
	High Price
	Low Price
	High Price
	Low Price

	HP
	Enter
	100, 20
	100, 5
	-20, 60
	-20, 20

	
	Stay Out
	0, 90
	0,30
	0, 120
	0, 70


A.  How many strategy profiles are there in this game? Remember, a profile consists of a plan from each player.

There are eight, since IBM has a total of four plans and HP has two.

B.  Write the normal form of the game, including strategies and payoffs, in the following table: Let p be HP’s prior probability that IBM is high cost.  In IBM’s strategies I will enter first their move when they are high cost, then their move when they are low cost. 

	
	IBM

	
	Hi Price,

     Hi Price


	Hi Price,

   Lo Price


	Lo Price,

   Hi Price
	Lo Price,

   Lo Price

	HP
	Enter


	100p-20(1-p) ,

              (20,60)
	100p-20(1-p)

           (20,20)
	100p-20(1-p)

            (5, 60)
	100p-20(1-p)

                (5, 20)

	
	Stay Out


	0,  (90, 120)
	 0,  (90, 70)
	  0,  (30, 120)
	 0 ,  (30, 70)


C. Does HP have a dominant strategy?

If p > 1/6 then ‘Enter’ is the dominant strategy.

D. Does IBM have any dominated strategies?  If so, what are they?

<Hi P, Hi P> dominates all other strategies.


E.  Will HP enter the parallel processor computer market?

They will enter only if p > 1/6

4. Consider the IBM - - HP game again.  The payoffs as a function of their decisions and relative costs are replicated here:

	
	IBM

	
	IBM’s costs are higher
	IBM’s costs are lower

	
	High Price
	Low Price
	High Price
	Low Price

	HP
	Enter
	100, 20
	100, 5
	-20, 60
	-20, 20

	
	Stay Out
	0, 90
	0,30
	0, 120
	0, 70


HP has the prior belief that there is a 50% chance that IBM’s costs are lower than its own.  In this version of the game suppose that decisions are sequential.  IBM moves first and announces a price.  Once IBM announces its price HP must decide whether or not to enter the market.  HP 

a. Draw the extensive form of the game.  Be sure to pay careful attention to the way in which you combine nodes into information sets.

b.  Complete the normal form of the game in the table below.  The strategic plans for each player have been entered for you.  IBM’s first plan is to charge a High Price if their own costs are relatively high and charge a High Price if their costs are relatively low.  The other columns are similar. An HP plan is to Enter if IBM’s costs are relatively high and to Enter if IBM’s costs are relatively low.  The other rows are similar.  The payoffs for IBM will be a doublet and the payoffs for HP will be an expected value based on HP’s prior belief about IBM’s type.

	
	
	IBM

	
	
	High Price, High Price
	High Price, Low Price
	Low Price, High Price
	Low Price, Low Price

	HP
	Enter,

Enter
	40, (120,60)
	40, (20,20)
	40, (5,60)
	40, (5,20)

	
	Enter,

Stay out
	50, (20,120)
	50, (20,70)
	50, (5,120)
	50, (5,70)

	
	Stay out, Enter
	-10, (90, 60)
	-10, (90,20)
	-10, (30, 60)
	-10, (30,20)

	
	Stay out, Stay out
	0, (90, 120)
	0, (90, 70)
	0, (30, 120)
	0, (30, 70)


c. In the normal form of the game that you have just completed does IBM have a dominant strategy?  What is it.

IBM’s dominant strategy is <Hi P, Hi P>.

d. Does HP have a dominant strategy? What is it.

HP’s dominant strategy is <Enter if IBM is high cost, Stay Out if IBM is low cost>.

e. In the normal form of the game that you have just completed, identify the Nash equilibria/equilibrium.

There is just one.  {HP:<Enter, Stay out> , IBM:<Hi P, Hi P>}

f. Does observing that IBM has posted a high price cause HP to change its prior belief regarding the probability that IBM has relatively higher costs? Explain your answer.  You may refer to either or both the extensive form of the game or the normal form.

No, because the normal form shows that IBM’s dominant strategy is to charge a high price regardless of their relative costs.  In the extensive form we see that the High Price strategy payoff dominates the Low Price payoff regardless of IBM’s cost structure.  The profile in part e. is a Bayes perfect equilibrium.

5. Mary and Tom each have $1.50 with which to purchase the an envelope containing a subway token worth $1.25.  They are bidding against one another in increments of $0.50 in ALL PAY auction.  Mary bids first.  If Mary passes on the first round then bidding goes to Tom who can get the token with a minimum bid if he chooses.  Subsequent to the first round bidding ends as soon as either of them passes.  

a. Draw the extensive form game tree for this auction.

b. Use backward induction to determine who wins the auction.  State each player’s payoff for the auction.

Tom’s play is to Pass no matter what.  Mary should open at $0.50 and go to $1.50 if Tom makes a mistake and she is given the opportunity to bid again.  The solution is for Mary to bid $0.50 and Tom to then Pass.

Mary’s payoff will be $0.75 and Tom’s payoff will be $0. 

c. How much revenue accrues to the seller of the token in the envelope?  Is there another auction design that would yield more revenue for the seller?

In this simple ‘all pay’ auction the seller gets $0.50.

Since the value of the envelope is worth $1.25 to either Mary or Tom we should pick any auction that induces them to bid truthfully.  A sealed bid second price auction, ‘winner only’ pays auction would do the trick.
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