Fall 2011

INDU 6111 Theory of Operations Research
Homework Assignment 2
Solutions

1. For each of the three LP problems in Problem 2.1 (page 26), write down
the dual problem and give optimal solutions of both the primal and the dual
problems.

a.
minimize 4y; + by + Ty
subject to Y1 + 2y + 2ys > 3
Y1 + ys > 2
2y1 + 3y2 + 3ys = 4
y1,y2,ys > 0
2] =25, 25=1525=0, y;y=2,y5=05,4;=0
b.
minimize 5y; + 3ys
subjectto y1 + Y2 > 5
2. + Y2 =2 6
3y1 + 2y > 9
vy + 3y2 > 8
y1,92 = 0
zi=1a25=225=0,2;=0, yj=1,y,=4
c.

minimize 3y1 + Y2 + 4y + Sy
subject to 2y; + oy + 2y3 + 4y
3yu. + By2 + ys +  ys
Y1,Y2,Y3, Y4
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v7=1,25=0, 37=0,95=2,93=0,y;=0



2. Use Theorem 5.3 to answer the following questions:
A. True or false?
zi=1,25=0,25=1,2; =0, af =2

is an optimal solution of the problem

maximize 8r;1 + 8ry + 9x3 + 6x4 + 5Srs
subject to x1 — w2 + 223 — Ty + x5
r1 + r9 + 3:63 + 31‘4 + 2x5
3CE1 —+ T2 —+ 2%3 + 25174 —+ Is
201 + 2z 4+ 23 4+ x4 + x5
201 + 3x9 4+ 2x3 + 24 + x5
xr1 + To + xr3 + T4 + x5

L1,T2,T3,T4,Ts5

Solution: True. System (5.22) reads

yi + y2 + 3ys + 2y4 + 2y + Yo
201 4+ 3y2 4+ 2ys + 2ya + 2ys + ye
yi + 2y2 + y3 + ya + Y5 + Ys
Y2
Ys
Y4

and it has a unique solution,

Since y7 >0, y3 >0, y3 >0, y; >0, y2 >0, y§ >0 and

-y1 + y3 + y3 + 2y; + 3ys + s
-y + 3y3 + 2y3 + yr + 2y; + vy

this is a feasible (and optimal) solution of the dual problem.
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B. True or false?
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is an optimal solution of the problem

maximize 8xy + 4z + 6xs + 4dxy + 3zs +  4dag
subject to 2x; — x2 4+ x3 + x4 + x5 + 224 < 5,
2x7 + To + 2x3 + Ty + 2z5 < 8,
2x7 + 2z + 23 + Ty + x5 < 6,
2r1 + Tr9 + r3 + T4 + rg < 4,
Ty + 2x9 4+  x3 + 2x4 + 225 + 224 < 8§,
Z1,T2,T3,%4,T5,26 = 0.

Solution: False. System (5.22) reads

201 4+ 2y2 4+ 2y3 4+ 2y 4+ ys = 8
yi o+ 2y2 + 2y3 + ya + Y5 6
vi + y2 + ys + ya + 2ys = 4
o+ 2y2 +  y3 + 2y = 3

Y2 =0
ys = 0

and it has a unique solution,

*

y1:17 y2:07 y§:27 yZ:17 y5:0

Since 2y + yi + 2y: < 4, this is not a feasible solution of the dual problem.



C. True or false?
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is an optimal solution of the problem

maximize 8x; + 9x2 + 8zz + Txy + 6z5 + 8z
subject to 2x1 + x2 + x3 + x4 + x5 + 224 < 5,
3r1 + To + 2x3 + x4y + 225 + 3x¢ < 9,
r1 + 22 + w3 + w14 + x5 + wxg < 6
r1 + To + 3xrz3 + x4 + 225 + 2z < 9,
3r1 + 1z + 223 + 224 + x5 + 3¢ < 6,
Z1,T2,T3,%4,T5,26 = 0.
Solution: False. System (5.22) reads

yi o+ Yy + 2y3s + ys + ys = 9

vi + y2 + ys + ya + 2y = 7

yi + 2y2 + ys + 24 + ys = 6

Y2 = 0

Y4 = 0

and it has a unique solution,

Y1 =2, 95=0,y3 =3, y; =0, y5 = L.

Since yi + 2y5 + y3 + 3yi + 2y < 8, this is not a feasible solution of the dual
problem.



