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(Originally one of DRW’s three lectures at Summer School, University of Newcastle, January 1970) 

 

Games of strategy 
 

Construction of the pay-off matrix 

 

Coin guessing. R conceals either one cent or two cents in his hand. C guesses one or 

two and wins the coin(s) if he guesses correctly. Construct the pay-off matrix. 

 

Two-sided coin guessing (cf Morra). Both R and C conceal either one cent or two 

cents and guess the total simultaneously. If one person correctly guesses the total he 

wins the other’s coin(s). Construct the pay-off matrix. 

 

Redland vs Blue land. Redland has a missile which could reach any of the Blueland 

bases at A, B and C. Blueland has an anti-missile missile which can be set up to 

defend either A or B but not both. In some units of military value the Redland missile 

is worth 2, the Blueland missile is worth 1 and the bases at A, B and C are worth 8, 4 

and 3 units respectively. Construct the pay-off matrix. (Note: the pay-off to Redland 

equals the value of the Blueland missile minus the value of the base, if one is hit, 

minus the value of the Redland missile, if one is fired.) 

 

Strictly-determined games 

 

Defintions.  Let A = (aij) be the pay-off matrix of a  game. The game is said to be 

strictly-determined if  

maxi minj aij = minj maxi aij  ---------------------------(1) 

In this case the value v  of (1) is called the value of the game and any strategy which 

contains v as one of the pay-offs is called an optimal strategy for the appropriate 

player. 

 

Each matrix below is the pay-off matrix of some game. In each case the payment is 

from the column player C to the row player R. Select the strictly-determined games 

and state the value and optimal strategies (for R and C) for each one:- 

a. 
21

20
 

b. 
103

10
 

c. 
02

10
 

d. 
232

301
 

 

Show that none of the games described in the first section is strictly-determined. 

 



Games which are not strictly-determined 

 

Show that the game whose matrix is  

31

24
 

is not strictly determined.   

 

Suppose that R uses a mixed strategy, playing the first row with probability ¼ and the 

second row with probability ¾. In each of the following cases use the table provided 

to calculate the expected value of the pay-off. 

C’s pure strategy is the first column. 

Event Probability Pay-off Prob x Pay-off 

R plays first row 1/4 4  

R plays second row 3/4 1  

Expected value of pay-off    

C’s pure strategy is the second column. 

Event Probability Pay-off Prob x Pay-off 

R plays first row    

R plays second row    

Expected value of pay-off    

C’s mixed strategy is to play the first column with probability 4/5 and the second 

column with probability 1/5. 

Event Probability Pay-off Prob x Pay-off 

R1 and C1 ¼ x 4/5   

R1 and C2    

R2 and C1    

R2 and C2    

Expected value of pay-off    

 

Discovering the optimal strategy 

 

Now we shall help R to discover an optimal strategy. Let R employ a mixed strategy 

in which the first row is played with probability p and the second row with probability 

q (p + q = 1). R wishes to find a number e, as large as possible, subject to the 

condition that the expected value of the pay-off is no less that e. If we consider the 

pure strategies available to C this condition implies, respectively,  

  4p + q >= e 

2p + 3q >= e;  

and this is sufficient (why?) for the condition to be also satisfied when C employs a 

mixed strategy.  

 

R’s problem, therefore, is to maximise e subject to  

  4p + q >= e 

2p + 3q >= e 

      p + q = 1 

Now put x = p/e, y = q/e; then R’s problem is to maximise e subject to  

  4x + y >= 1 

2x + 3y >= 1 

     x + y = 1/e 



that is, minimise x + y subject to  

   4x +y >= 1 

2x + 3y >= 1 

Solve this problem in linear programming. (Answer: x = 1/5, y = 1/5, x + y = 2/5 

whence e = 5/2, p = ½, q = ½.) Hence R can ensure an expected pay-off of at least 5/2 

by playing the first row with probability ½ and the second row with probability 1/2. 

 

Now formulate and solve C’s problem. (Answer: C can ensure a pay-off of no more 

that 5/2 by playing the first column with a probability of ¼ and the second column 

with a probability of ¾.) 

 

Note that R and C arrive at the same number 5/2. Von Neumann’s celebrated minimax 

theorem shows that this will always be so. 
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