Integer Programming. Exercises

1. Solve the following IP problems using the graphical solution:

1.1 max z = xy + 4x9
subject to

1+ a9 <7

—r1+ 319 <3

r1, T2 > 0 and integer

1.2

max z = 6x1 + 8xa
subject to
2x1 + 4z < 36
3r; — 4xy < 40

1, T2 > 0 and integer

2. Consider the following IP problems and the optimal tableaux for the LP relaxations

associated to the IP problems:

2.1 Solve the following IP problem using the branch and bound algorithm. Choose
x1 as branching variable in the first branching.

max z = xj + 429
subject to

T1+ 19 <7

—x1+ 319 <3

x1, 2y > 0 and integer

Tr1 T2 T3 Ty
T 3|2
0 0 4 4 2
3 1 9
ar| L 0§ —3|3
1 1 5
az| 0 113 1]3

2.2 Solve the following IP problem using the branch and bound algorithm. Choose
x1 as branching variable in the first branching.

max z = 6x1 + 8x9
subject to
2x1 + 49 < 36
3r1 — 4xy < 40

x1, 2 > 0 and integer

1 X9 I3 Ty
12 2512
0 0 5 5 5
3 _1 7
a| 0 1l —5| 3
1 1 76
ap 1 0 5 5 5

2.3 Solve the following IP problem using the branch and bound algorithm.

max 2z = 2x1 + x9 + 323
subject to

r1+ 19 + 313 < 17

3r1 + 219 + 2253 < 11

x1,x9, r3 > 0 and integer

1 T T3 Ty s

5 3|33

> 2 00 2|2
aj|—2 =2 0] 1 =2| 4
ag| 3 1 1] 0 3|4
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2.4 Solve the following IP problem using the branch and bound algorithm. If there
are several choices, always choose the variable with the smallest subindex as
branching variable.

max z =21+ 2+ 23 1 Ty T3 T4 x5
subject to 0 %9 0 1% 129 %
0T + 2w9 + 3x3 < 42 a;| 1 _% 0 % _ 139 %
221 + Ty + Sz < 52 ag| 0 3 1|-% 2|18

x1, %9, r3 > 0 and integer

3. Solve the following 0-1 IP problems using the 0-1 branch and bound algorithm.
3.1 max z =8x1 + 229 + 3x3 + 74 + Ox5
subject to
201 + o + 43 + x4 + 45 < 10
321 + 229 + 223 + x4 + D5 < 11

L1, X2, XT3, Ty, L5 = Oorl

3.2 max 2z =9r1 + 22 + dr3 + 224 + 475
subject to

201 + 8xg + 13+ 14 + 225 < 7

3x1+ 519+ 3x3 + 224 + x5 < 6

L1,T2,T3,T4,T5 = Oorl

3.3 max z = 10x1 + 229 + Tx3 + 624 + 325
subject to

8x1 + 9 4+ drg + 4wy + 225 < 14

6x1 + x2 + 313 + 64 + 5 < 11

T1,T2,T3,T4,T5 = Oorl

3.4 max z= —x1 +4xy — 223 + 3x4 + Tx5 + 626
subject to

Ty + 4xe + 3x3 + 2w4 + 225 + dwg < 11

221 4+ dxy + 223 + 624 + 85 + drg < 19

L1,T2,T3, T4, L5, Te = Oor1l
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3.5 max z =2z — T9 — 3T3 + dxa
subject to
5x1 + 19 + 223 + Txy < 10
T+ T+ a3+ 14 2>3
x1,%9, T3, 24 =0 or 1
4. Six components, C,Cy, C3, Cy, C5, Cg, must be carried in a box that can hold up

to 15 kg. The value and the weight associated to each of the components are listed
below:

Cl 02 03 04 C’5 C16
Value (euro) | 4 2 1 7 3 6
Weight (kg) | 5 & 8 6 1 5

At least 3 components must be carried in the box. Since the objective is to maximize
the total value of the components introduced in the box and the weight capacity
does not allow to carry them all, we need to choose some of them. The following
binary variables have been defined:

1 if component C; is selected to be carried in the box
€Tr; =
0 otherwise

The 0-1 IP model that represents the problem is:

max z = 4xq + 2x9 + 23 + 724 + 35 + 626

subject to
ox1 + 8xo + 8x3 + 614 + 5 + dxg < 15
T+ To+x3+Ts+ 25+ 76 >3

X1,X2,T3,T4,x5,Te = Oorl

Solve the problem using the 0-1 branch and bound algorithm, and determine which
of the 6 components will be selected to be carried in the box so as to maximize the
total value of the selected components.
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