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Question 1 

(Screening and signaling) 

Suppose that nature selects   with probability 
 

 
 and   with probability 

 

 
. If nature selects  , then players 1 and 

2 interact according to matrix  . If nature selects  , then the players interact according to matrix  . These 

matrices are pictured here. Suppose that, before the players select their actions, player 1 observes nature’s 

choice. That is, player 1 knows from which matrix the payoff are drawn and player 1 can condition his or her 

decision on this knowledge. Player 2 does not know which matrix is being played when he or she selects 

between   and  . 

NATURE A   

Player 1 \ Player 2 Strategy L Strategy R 

Strategy U 0, 0 4, 2 

Strategy D 2, 6 0, 8 

 

NATURE B   

Player 1 \ Player 2 Strategy L Strategy R 

Strategy U 0, 2 0, 0  

Strategy D 2, 0 2, 2 

 

Exercise (a): (Screening) 

Assume now that player 2 acts before player 1, and that player 2’s choice can be observed by player 1 before 

he makes his choice. Show that there is a unique subgame perfect Nash equilibrium. 
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Solution (a): We solve the problem by applying backwards induction on the extensive form: 

                                       U        0, 0 

                         1 

           Game 1 (  
 

 
             2, 6   

                       0                       D 

  L               1              U ‘        0, 2 

    2           

           Game 2 (1-  
 

 
                  D’          2, 0 

           Game 1 (  
 

 
               1               U’          4, 2 

            

  R                   D’         0, 8 

                   1                 U’         0, 0 

                0                    

            Game 2 (    
 

 
                 D’          2, 2 

 

Player 1’s dominating strategies are marked above. 

Expected payoff for player 2 by playing left: 

  
 

 
   

 

 
   

Expected payoff for player 2 by playing right: 

  
 

 
   

 

 
   

Thus, player 2 will play left. 

The subgame perfect Nash equilibrium is given by: 

{     }  {{      } {       } {      } {       }  } 

Exercise (b): (Signaling) 

Assume now that player 1 acts before player 2, and that 1’s choice can be observed by 2 before she makes her 

choice. Show that there is a unique separating perfect Bayesian equilibrium. (Is there a pooling equilibrium?) 
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Solution (b): Let   be the probability game 1 given   or   , and   be the probability game 1 given   or   . 

0, 0  L    2  U   1     D   2 L  2, 6 

 

 

4, 2  R     q       r  R  0, 8 

     Game 1    
 

 
 

 

       0 

 

     Game 2  1-  
 

 
 

0, 2  L  1 – q    1 – r  L  2, 0 

 

 

0, 0  R      2  U’   1     D’    2 R  2, 2 

 

If player 1 plays   or   , player 2 chooses  . In game 2    dominates    for 1. 

Let us find out whether there is whether there is a separating equilibrium: 

For player 2, we have: 

  |                     

  |                   

  |                   

  |                     

 | 
   

 strictly dominates  | 
   

 for player 1. 

    cannot be a part of a separating equilibrium, since    strictly dominates    for player 1. 

Could     be part of a separating equilibrium? 

For player 1, this corresponds to     and    . Player 2 will play   after both   or    and   or   . In this 

case, player 1 will not have an incentive to deviate. Thus {              } is a perfect Bayesian Nash 

equilibrium. 

Let us now check whether there exists a pooling equilibrium: 



Menon Business Economics  3 PROBLEM SET 

    cannot be a part of a pooling equilibrium, since    strictly dominates    for player 1. 

Could     be part of a separating equilibrium? 

Player 2 responds by playing   after    with     
 

 
. 

For a given value of  ,    gives:  
 

 
   

 

 
   

For a given value of  ,    gives:   
 

 
   

 

 
   

So, player 2 will play   given      (which we also now from exercise (a). 

If Player 2 has subjective beliefs q<1/2 then he will play L after observing U. Suppose this is the case. 

Will player 1 want to deviate from DD’? In game 1 he will get 0 after both U and D, so he can play D. In game 2 

he will get 2 instead of 0 by playing D’. Thus, Player 1 will not deviate and we have a pooling PBE: 

S1=DD’, S2={R after D, L after U}, r=1/2, q<1/2 

Comment: Note that off the equilib path any beliefs are possible. In this case player 2 may believe that q<1/2 

even though U’ is strictly dominated by D’. So although the pooling PBE just described is indeed an equilib, it 

may not be feasible from an intuitive perspective. This is one of the paradoxes of PBE. 

Question 2 

 (Simultaneous moves; Nash equilibrium) 

You and a friend are in a restaurant, and the owner offers both of you an 8-slice pizza under the following 

condition. Each of you must simultaneously announce how many slices you would like; that is, each player   

{   }; names his/her desired amount of pizza,        . If        , then the players get their demands 

(and the owner eats any leftover slices). If        , then the players get nothing. Assume that you each 

care only about how much pizza you individually consume, preferring more pizza to less. 

Exercise (a): What is (are) each player’s best response(s) for each of the possible demands for his/her 

opponent? 

Solution (a): An underlying assumption is that more pizza is preferred over less. Each player’s best response is 

given by:    (  )  {
    
[   ]

 
          

        
, where     {   } and    . 

Exercise (b): Find all the pure-strategy Nash equilibria. 

Solution (b): All Nash equilibria are given by {       }, where         as well as {   }. 

If one assumes that it is only possible to eat whole slices, there will be ten pure Nash equilibria: 

{   }, {   }, {   }, {   }, {   }, {   }, {   }, {   } , {   } and {   }. 

Of these, {   }, {   } and {   } are only week equilibria. 
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Question 3 

(Sequential moves; Nash and Subgame perfect Nash equilibrium) 

Exercise background: Consider the situation of Problem 2, but assume now that player 1 makes her demand 

before player 2 makes his demand. Player 2 observes player 1’s demand before making his choice. 

Exercise (a): Explain what a strategy is for player 2 in this game with sequential moves. 

Solution (a): A strategy for player 2 is a set of numbers which specify the number of pizza slices be order for 

each order that player 1 made:      (                             ). 

Exercise (b): Find all the pure-strategy Nash equilibrium outcomes. 

Solution (b): The Nash equilibria are the same as in exercise (b) of previous exercise. 

Exercise (c): Find all the pure-strategy subgame perfect equilibria. 

Solution (c): We solve this problem by using backward induction: 

Player 2 chooses       if    , then    . However, player 2 will be indifferent between all he strategies 

when player 1 plays  . 

Player 1 maximization problem becomes: 

   
 

                                 

This obviously gives    . 

The Nash strategies become:    {   } and    {      }. Note that this equilibrium only is weak, 

because player 2 will be indifferent between his choices when player 1 plays    . 

Question 4 

 (Sequential moves and incomplete information; Perfect Bayesian equilibrium) 

Exercise background: Consider the situation of Problem 3, but assume now in addition that the pizza comes in 

5 different sizes, each with x slices, where   {        } Player 1 observes   before making her demand, while 

players 2 only observes player 1’s demand, but not  , before having to make his own demand. Before 

observing player 1’s demand, player 2 thinks that the 5 different pizza sizes are equally likely, but he may infer 

something from her demand. 

Exercise (a): Explain what a strategy is for player 1 in this game of incomplete information. 

Solution (a): A strategy specifies what player 1 will demand in every possible realization of  . 

Exercise (b): Show that the following strategy for player 1 can be part of a perfect Bayesian equilibrium:  

       ,        ,        ,          and          . Specify both player 2’ strategy and player 2’s 

beliefs. 

Solution (b): We solve this exercise in five steps: 
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Step 1: Consider player 2’s beliefs: 

           with certainty 

             with certainty 

             with certainty 

              with certainty 

            with certainty 

Step 2: Check player 2’s best responses: 

               

            

            

            

                   

           [    ] 

Step 3: Specify strategy player 2’s strategies: 

              

           

           

           

                

            

Step 4: We verify player 1’ strategy given this strategy, what is player 1’s best response when observing  ? 

    gives      , if   then     , then      and         

    gives      , if 4 or 6 then         

    gives       

     gives       

     gives        

Step 5: Check consistency of beliefs 

Player 1 only gives offers 2, 3, 4, 5 and 11. 
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Player 2’s beliefs are consistent when considering these offers. 

What about other potential offers? 

Since player 2 will never observe the other offers in equilibrium, she will never observe the other offers in 

equilibrium he can, she can infer any belief if she would hypothetical beliefs it. For instance: 

           with certainty 

            with certainty 

Thus, all beliefs are consistent 

Exercise (c): Are there other perfect Bayesian equilibria in this game? 

Solution (c): Another perfect Baysian equilibrium: 

            

            

Does there exist a pooling solution? 

     never pooling, because offering more than maximum in the low case can never be rational. 

     is never part of a pooling equilibrium, since player 2 will give some ofer under every  . Hence, player 1 

will have an incentive to deviate. 

Question 5 

(Challenging an incumbent) 

Exercise background: Consider a market where there is an incumbent firm and a challenger. The challenger is 

strong with probability ½ and weak with probability ½, it knows its type, but the incumbent does not. The 

challenger may either prepare itself for battle or remain unprepared. The incumbent observes the challenger’s 

preparedness, but not its type, and chooses whether to fight (F) or acquiesce (A). The extensive form and the 

given payoffs are given by the following figure. The challenger’s payoff is listed first, the incumbent’s second. 

Let   
 

 
 be the probability of the challenger being strong,    be the probability of the player 1 being strong if 

preparing and   be the probability of player 2 being strong if not preparing. 
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4, 1  A    2      Prepared   1  Unprepared  2 A  5, 1 

 

 

2, -1  F     q       p  F  3, -1 

     Strong    
 

 
 

 

       0 

 

     Weak  1-  
 

 
 

2, 2  A  1 – q    1 – p  A  5, 2 

 

 

0, 3  F      2      Prepared’    1  Unprepared’   2 F  3, 3 

 

Exercise (a): What are the (pure) strategies for the challenger? 

Solution (a): The challenger has four possible pure strategies:{                              },  

{                                }, {                                } and 

{                                  }. 

Exercise (b): Why is there no perfect Bayesian equilibrium where the weak challenger chooses prepared’’? 

Solution (b): Prepared’ will never be chosen by the weak entrant, because the strategies involving Prepared’ 

always are dominated by strategies involving Unprepared’. 

Exercise (c):  Show that there is a perfect Bayesian equilibrium where the strong challenger chooses Prepared 

and the weak challenger chooses Unprepared’. What do we call such an equilibrium? 

Solution (c): Let the challenger be player 1 and the incumbent be player 2. The extensive form becomes: 
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4, 1  A    2      Prepared   1  Unprepared  2 A  5, 1 

 

 

2, -1  F     q       r  F  3, -1 

     Strong    
 

 
 

 

       0 

 

     Weak  1-  
 

 
 

2, 2  A  1 – q    1 – r  A  5, 2 

 

 

0, 3  F      2      Prepared’    1  Unprepared’   2 F  3, 3 

 

We see from the extensive form that player 1 should play          if strong and             if weak. Since 

the types behave differently, we will have a separating equilibrium with     and    . 

Moreover, we can solve the problem by backwards induction. 

First, we look at the incumbent (player 2): 

            gives                        

              gives                       

Second, we look at the challenger (player 1): 

                     (payoff 3 instead of 2) 

                   , (payoff 4 instead of 3) 

We see that the strategies are consistent. Thus,     and     are consistent beliefs. 
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Exercise (d): Show that there is a perfect Bayesian equilibrium where the strong challenger chooses 

Unprepared and the weak challenger chooses Unprepared’. What do we call such an equilibrium? 

Solution (d): Both types choose the same strategy: Pooling equilibrium: 

 

4, 1  A    2      Prepared   1  Unprepared  2 A  5, 1 

 

 

2, -1  F     q       r  F  3, -1 

     Strong    
 

 
 

 

       0 

 

     Weak  1-  
 

 
 

2, 2  A  1 – q    1 – r  A  5, 2 

 

 

0, 3  F      2      Prepared’    1  Unprepared’   2 F  3, 3 

 

           taken in both cases gives     
 

 
. Since           strictly dominates            , we must 

have    .  

Note that any beliefs are still possible if          hypothetical is observed. 

We use backward induction. 

First, we look at the incumbent (player 2): 

The expected payoff   given            becomes: 
 

 
   

 

 
       

The expected payoff   given            becomes: 
 

 
      

 

 
     

So player 2 chooses  , when           . 

The expected payoff   given          becomes:   

The expected payoff   given            becomes:    
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Player 1 should always play            , when weak. 

Given the beliefs and player 2’s adaption, player 1 should play           , because    . 

Thus, {                                              } is a pooling equilibrium. 


