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All  questions m ay  be at tempted but only marks  obtained on the best f o u r  so lu t ions  will  
count. 

The use of  an electronic calculator is n o t  permi t t ed  in this examinat ion .  

1. Explain how to apply the simplex a lgor i thm to find a basic non-negat ive  solut ion x 
of a mat r ix  equat ion A x  = b, if one exists. 

Apply  the  me thod  to find a non-negat ive  solution of the  following equat ions:  

~1 --  ~3 + 4~4 = 3 
2~1 - ~2 = 3 
3~1 -- 2~2 -- ~4 = 1 

2. Let (P) be the non-degenerate  canonical  m a x i m u m  linear p rogram 

maximize  cX x , 

subject to x => o and A x  = b, 

where  A = ( a i j ) i s a n  m × n  matrix, b = ( i l l , . . . , t i m )  v C ~m and  c = (') '1,... ,9'n) m E 
Rn. Write  down the  dual program (P*). If x is feasible for (P) and y is feasible for 
(P*), show tha t  

cX x <~ bmy. 

Prove tha t  (P) and (P*) have the  same opt imal  value. (Any assumpt ions  about  the  
simplex a lgor i thm should be clearly s ta ted,  but  need not  be proved.)  

A tableau for a canonical max imum linear p rogram (P) is 

0 0 2 1 0 -1 1 
1 0 4 0 0 -3 5 
0 0 -2 0 1 1 4 
0 1 -1 0 0 -2 2 
0 0 2 0 0 -3 7 

Show tha t  the objective function of (P) is unbounded  above. 
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3. Define the terms two-person zero-sum game and pure strategy (for the two players 
R and C), and mixed strategy and expected loss (for C). 

Wi thou t  turn ing  it into the associated linear program, describe the optimization 
problem which C must solve for an optimal s trategy t. 

Find opt imal  mixed strategies for R and C, and the value of the game, whose payoff 
matr ix  is 

4. Define the terms network, capacity, :flow, value (of a flow), cut and capacity of a 
cut. 

Find a maximum flow and a minimum cut for the following network: 

a 7 d 
A 

C- 2 ' - f  

5. Define the optimal assignment problem, and solve it when the assignment matrix is 

9 3 3 
3 8 
5 7 

Outline the method which is employed in the solution. 
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6. State and prove a necessary and sufficient condition for a digraph G to have a 
directed Euler circuit. (Any terms used should be carefully defined.) 

Show how to find a cyclic (0,1)-sequence which contains every triple of zeros and 
ones exactly once. 
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