Chapter 8

Solutions:
. a Thisisamixed integer linear program. Its LP Relaxation is

Max 0xp * 25x7

5.1:
Jvp o+ 1.5vy < 400
1.5xp + vy < 250
Xy ¥ < 150
Xy, 2 0

b. This is an all-integer linear program. Its LP Relaxation just requires dropping the words "and
integer" from the last line.

Optimal solution to
LP relaxation (1.43.4.29)
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b. The optimal solution to the LP Relaxation is given by x| = 1.43, 59 = 4.29 with an objective function
value of 41.47.

Rounding down gives the feasible integer solution xy =1, x3 = 4. Its value is 37.
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b. The optimal solution to the LLP Relaxation is shown on the above graph to bex| = d,x9=1 Tts

value is 5.

¢.  The optimal integer solution s the same as the optimal solution to the LP Relaxation. This is always
the case whenever all the variables take on integer values in the optimal solution to the LP

Relaxation.

(0,5.71)

5

4

? 10x) +3xy =36.7
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| Optimal solution to
/ LP relaxation (3.67,0)

0 | .

The value of the optimal solution to the LP Relaxation is 36.7 and it is g

Since we have all less-than-or-equal-to constraints with positive coefficients, the solution obtained by

"rounding down" the values of the variables in the optimal solution to th
The solution obtained by rounding down is x| = 3, x5 = 0 with value 30.

Thus a lower bound on the value of the optimal solution s given by this

value 30. An upper bound is given by the value of the LP Relaxation, 36.7. (Actually an upper
bound of 36 could be established since no integer solution could have a value between 36 and 37.)

iven by x| =3.67,x2 % 0.0.

e LP Relaxation is feasible.

feasible integer solution with




Integer Linear Programming
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| The optimal solution to the ILP is given by xy =3, x5 = 2. Its value is 36. The solution found by

i “rounding down" the solution to the LP relaxation had a value of 30. A 20% increase in this value
was obtained by finding the optimal integer solution - a substantial difference if the objective
function is being measured in thousands of dollars.
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(2.47,3.60
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3 vy +bxy =34.26

3xp +oxy =30

2

| (3.67,0)
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The optimal solution to the LP Relaxation is x;= 0, xp = 5.71 with value = 34.26. The solution
obtained by "rounding down" is vy = 0,9 =5 with value 30. These two values provide an upper

bound of 34.26 and a lower bound of 30 on the value of the optimal integer solution.

There are alternative optimal integer solutions given by vy = 0,35 = Sandx) =2,xp = 4 value is 30.

In this case rounding the LP solution down does provide the optimal integer solution.




Integer Linear Programming

Optimal mixed integer

‘/ solution (1.29, 6)
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The optimal solution to the MILP is x) = 1.29, x9 = 6. Its value is 7.29.
The solutionxy =2.22,x = 5 is almost as good. Tts value is 7.22.

a. xptxztysTyg = 2

d. xypea
X4£x3
&, s X
X =3

Xqp2x]tX3- 1
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< " {l iIf investment alternative [ 1s selected
. A ety =< )
’ LO otherwise

4000x;  + 3500v; <+  5000x3 + 1800xy + 4000vs + 900y, <

| max  4000x; + 6000x; + 10300x3 + 4000xy + 8000x5 =+ 3000x4
5.l

3000xp  + 2500x3 +  6000x3 ~ 2000x4 - 5000xs = 1000y <
1000x;  + 3500x> +  4000x3 — 1500xy - 1000x5 - 500x5 <
|

X1, X230 X3, X9, A5, Xg =0, 1

i Optimal Solution found using The Management Scientist or LINDO

l Xaf = |
;‘ X =l
| g =1

Value = 17.500
b. The following mutually exclusive constraint must be added to the model.

xp T3 <1 Nochange in optimal solution.

¢. The following co-requisite constraint must be added to the model in b.

13-xy4 =0 Nochange in optimal solution.

9. a X = 3000 54
b, ¥ < 6000 sg
¢ xy < 8000 54
Xg £ 6000 56
S+ e =

d. Min 15xg = 18 xg + 2000 54 + 3500 s

5-10




