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4. Answer all 8 questions; all questions will be 8 /10
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5. Provide full explanations with all your solutions.




[10] 1: Consider the LP where we maximize z = ¢z subject to Az = b and = > 0, where
0
1 1 0 0 -2 1 2
A=10-1 1 0 3 ,b=|3] ande=1| O
0 1 0 1 -1 1 0
—1

Use the Simplex Algorithm, beginning with the feasible basis B = {1, 3,4}, to determine
whether the LP has an optimal solution. If so then find an optimal solution Z, and if not
then find a certificate of unfeasibility 7.



T

[10] 2: Consider the LP where we maximize z = ¢’ « subject to Ax = b and x > 0, where

11 2 1 1 T
A_(2 3 9 5) ,b:<4> and ¢ = (1,2,-1,3)" .

Use Phase I of the Simplex Algorithm to determine whether the LP is feasible. If so then
find a basic feasible point, and if not then find a certificate of unfeasibility.



[10] 3: Consider the LP where we maximize z = ¢z subject to Az = b and z > 0, where
1 1 -2 1 0 -3 1 .
A=11 0 1 2 5 -=3|,b=|(3]andec=(-1,-1,1,0,2,1) .

1 -1 0 -1 2 1 —3

Show that T = (O, 1,0,3,0, 1)T is an optimal solution and find a certificate of optimality.



[10] 4: Consider the IP where we maximize z = ¢l'x for x € Z* subject to Ax = b and x > 0,

where
1 1 4 2 14
A‘(z 1 3 6> ’b_<18> and ¢ =

Determine the duality gap by solving both the IP and its LP relaxation, using an accurate
picture of the feasible set.

1

B~ Ot =



[10] 5: Consider the LP where we maximize 2z = ¢I'z subject to Az = b and = > 0, where
1 11 0 -1 3
A={(1 0 1 -2 0 and b= | 1
-1 3 1 2 =5 —1

The solution to Az = bis x = p+ su+tv where p = (4,2,-3,0,0)7, u = (-1,-2,3,1,0)T
and v = (—1,1,1,0,1)7. A picture of the feasible set is shown below, outlined in bold.

t

(a) Find every feasible basis for this LP.

(b) Find a non-zero vector ¢ such that T = (0, 3,3, 1,3)7 is an optimal solution for this LP.



[10] 6: Consider the LP (not in SEF) where we minimize z = ¢! x subject to Az > b, x > 0 where

10
2 1 1 1
A_<1 3 1) ,b_(2) and ¢ = 162

(a) Show that, after replacing the dual variable y by u = —y, the DLP is to maximize
w = bTu subject to ATu < c and u > 0.

(b) Given that @ = (3,3)7 is an optimal dual solution, find an optimal solution Z to the
original LP.



: (a) Use the algorithm from class to find a minimum weight path from a to ¢ and an optima
10 7 Use the algorithm f 1 find ini igh h ; and imal
dual solution for the following weighted graph. Show your work on the extra copy of the
graph shown below.

(b) For the solution x and the dual solution u that you found in part (a), state the values
Ty, Tehs Ufa,b,cy ad Ufq b ay-



[10] 8: Use the Hungarian Algorithm to find a maximum weight matching and an optimal dual
solution for the following weighted graph. Show your work on the graphs shown below.
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