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(Vertex Colouring Problem)
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need at most n different frequencies

➡ First modelling step:

number the antennas 1, . . . , n,

the possible frequencies also 1, . . . , n,

let the used frequencies be 1, . . . , k
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with minimal k
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� How to model the restriction

xi − xj ≥ 1 or xj − xi ≥ 1 ?

� Idea: “switch” between the two “or” options with binary variables

V ξi,j ∈ {0, 1} for all conflicting pairs (i, j) ∈ C

➡ ξi,j = 1 ⇔ frequency assigned to i is ≤ frequency assigned to j

⇔ first “or” option is switched off

and additional constraints:

C
(“or” option 1) xi − xj ≥ 1− n · ξi,j

(“or” option 2) xj − xi ≥ 1− n · (1− ξi,j)

� Extension: model “or” constraints involving more than two clauses

➡ Combination with set-partitioning constraints...
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11 Sub-problem 1.

(3.25, 8)

objective: 152.5

154.167

152.5

xc ≤ 8 xc ≥ 9

➡ Optimal IP solution of sub-problem 1 has either xb ≤ 3 or xb ≥ 4

1.1.

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 ➡ two sub-problems:

1.1. add constr. xb ≤ 3

1.2. add constr. xb ≥ 4

154.167

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

1.1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.1

(3, 8)

objective: 150

➡ IP optimum is at least 150 (objective value of the current incumbent)

154.167

152.5

150

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All remaining integer points in feasible region 1.1. can be ignored

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.2

(4, 7.25)

objective: 148.75

154.167

152.5

150 148.75

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All integer points in feasible region 1.2. can be ignored

2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.

(1.75, 9)

objective: 152.5

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

152.5

➡ Optimal IP solution of sub-problem 2. has either xb ≤ 1 or xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

➡ two sub-problems:

2.1. add constr. xb ≤ 1

2.2. add constr. xb ≥ 2

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.2

infeasible

154.167

152.5

150 148.75

152.5

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

Sub-problem 2.1

(1, 9.42857)

objective: 151.43

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

151.43

➡ Optimal IP solution of sub-problem 2.1. has either xc ≥ 10 or xc ≤ 9

···············
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xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 LP relaxation

(2.91667, 8.33333)

objective: 154.167

154.167

➡ IP optimum cannot be higher than 154.167

➡ Optimal IP solution has either xc ≤ 8 or xc ≥ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.

1.

➡ two sub-problems:

1. add constraint xc ≤ 8

2. add constraint xc ≥ 9

154.167

xc ≤ 8 xc ≥ 9

1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.

(3.25, 8)

objective: 152.5

154.167

152.5

xc ≤ 8 xc ≥ 9

➡ Optimal IP solution of sub-problem 1 has either xb ≤ 3 or xb ≥ 4

1.1.

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 ➡ two sub-problems:

1.1. add constr. xb ≤ 3

1.2. add constr. xb ≥ 4

154.167

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

1.1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.1

(3, 8)

objective: 150

➡ IP optimum is at least 150 (objective value of the current incumbent)

154.167

152.5

150

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All remaining integer points in feasible region 1.1. can be ignored

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.2

(4, 7.25)

objective: 148.75

154.167

152.5

150 148.75

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All integer points in feasible region 1.2. can be ignored

2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.

(1.75, 9)

objective: 152.5

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

152.5

➡ Optimal IP solution of sub-problem 2. has either xb ≤ 1 or xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

➡ two sub-problems:

2.1. add constr. xb ≤ 1

2.2. add constr. xb ≥ 2

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.2

infeasible

154.167

152.5

150 148.75

152.5

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

Sub-problem 2.1

(1, 9.42857)

objective: 151.43

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

151.43

➡ Optimal IP solution of sub-problem 2.1. has either xc ≥ 10 or xc ≤ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

2.1.2.

➡ two sub-problems:

2.1.1. add con. xb ≥ 10

2.1.2. add con. xb ≤ 9

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1

xc ≥ 10 xc ≤ 9

xb ≥ 2

···············
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xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 LP relaxation

(2.91667, 8.33333)

objective: 154.167

154.167

➡ IP optimum cannot be higher than 154.167

➡ Optimal IP solution has either xc ≤ 8 or xc ≥ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.

1.

➡ two sub-problems:

1. add constraint xc ≤ 8

2. add constraint xc ≥ 9

154.167

xc ≤ 8 xc ≥ 9

1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.

(3.25, 8)

objective: 152.5

154.167

152.5

xc ≤ 8 xc ≥ 9

➡ Optimal IP solution of sub-problem 1 has either xb ≤ 3 or xb ≥ 4

1.1.

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 ➡ two sub-problems:

1.1. add constr. xb ≤ 3

1.2. add constr. xb ≥ 4

154.167

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

1.1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.1

(3, 8)

objective: 150

➡ IP optimum is at least 150 (objective value of the current incumbent)

154.167

152.5

150

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All remaining integer points in feasible region 1.1. can be ignored

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.2

(4, 7.25)

objective: 148.75

154.167

152.5

150 148.75

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All integer points in feasible region 1.2. can be ignored

2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.

(1.75, 9)

objective: 152.5

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

152.5

➡ Optimal IP solution of sub-problem 2. has either xb ≤ 1 or xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

➡ two sub-problems:

2.1. add constr. xb ≤ 1

2.2. add constr. xb ≥ 2

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.2

infeasible

154.167

152.5

150 148.75

152.5

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

Sub-problem 2.1

(1, 9.42857)

objective: 151.43

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

151.43

➡ Optimal IP solution of sub-problem 2.1. has either xc ≥ 10 or xc ≤ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

2.1.2.

➡ two sub-problems:

2.1.1. add con. xb ≥ 10

2.1.2. add con. xb ≤ 9

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1

xc ≥ 10 xc ≤ 9

xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

Sub-problem 2.1.1

(0, 10)

objective: 150

···············
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xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 LP relaxation

(2.91667, 8.33333)

objective: 154.167

154.167

➡ IP optimum cannot be higher than 154.167

➡ Optimal IP solution has either xc ≤ 8 or xc ≥ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.

1.

➡ two sub-problems:

1. add constraint xc ≤ 8

2. add constraint xc ≥ 9

154.167

xc ≤ 8 xc ≥ 9

1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.

(3.25, 8)

objective: 152.5

154.167

152.5

xc ≤ 8 xc ≥ 9

➡ Optimal IP solution of sub-problem 1 has either xb ≤ 3 or xb ≥ 4

1.1.

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 ➡ two sub-problems:

1.1. add constr. xb ≤ 3

1.2. add constr. xb ≥ 4

154.167

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

1.1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.1

(3, 8)

objective: 150

➡ IP optimum is at least 150 (objective value of the current incumbent)

154.167

152.5

150

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All remaining integer points in feasible region 1.1. can be ignored

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.2

(4, 7.25)

objective: 148.75

154.167

152.5

150 148.75

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All integer points in feasible region 1.2. can be ignored

2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.

(1.75, 9)

objective: 152.5

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

152.5

➡ Optimal IP solution of sub-problem 2. has either xb ≤ 1 or xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

➡ two sub-problems:

2.1. add constr. xb ≤ 1

2.2. add constr. xb ≥ 2

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.2

infeasible

154.167

152.5

150 148.75

152.5

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

Sub-problem 2.1

(1, 9.42857)

objective: 151.43

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

151.43

➡ Optimal IP solution of sub-problem 2.1. has either xc ≥ 10 or xc ≤ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

2.1.2.

➡ two sub-problems:

2.1.1. add con. xb ≥ 10

2.1.2. add con. xb ≤ 9

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1

xc ≥ 10 xc ≤ 9

xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

Sub-problem 2.1.1

(0, 10)

objective: 150

154.167

152.5

150 148.75

152.5

151.43

150

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1

xc ≥ 10 xc ≤ 9

xb ≥ 2

···············
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xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 LP relaxation

(2.91667, 8.33333)

objective: 154.167

154.167

➡ IP optimum cannot be higher than 154.167

➡ Optimal IP solution has either xc ≤ 8 or xc ≥ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.

1.

➡ two sub-problems:

1. add constraint xc ≤ 8

2. add constraint xc ≥ 9

154.167

xc ≤ 8 xc ≥ 9

1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.

(3.25, 8)

objective: 152.5

154.167

152.5

xc ≤ 8 xc ≥ 9

➡ Optimal IP solution of sub-problem 1 has either xb ≤ 3 or xb ≥ 4

1.1.

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 ➡ two sub-problems:

1.1. add constr. xb ≤ 3

1.2. add constr. xb ≥ 4

154.167

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

1.1.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.1

(3, 8)

objective: 150

➡ IP optimum is at least 150 (objective value of the current incumbent)

154.167

152.5

150

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All remaining integer points in feasible region 1.1. can be ignored

1.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 1.2

(4, 7.25)

objective: 148.75

154.167

152.5

150 148.75

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

➡ All integer points in feasible region 1.2. can be ignored

2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.

(1.75, 9)

objective: 152.5

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

152.5

➡ Optimal IP solution of sub-problem 2. has either xb ≤ 1 or xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

➡ two sub-problems:

2.1. add constr. xb ≤ 1

2.2. add constr. xb ≥ 2

154.167

152.5

150 148.75

152.5

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

2.2.

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 Sub-problem 2.2

infeasible

154.167

152.5

150 148.75

152.5

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.

Sub-problem 2.1

(1, 9.42857)

objective: 151.43

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1 xb ≥ 2

151.43

➡ Optimal IP solution of sub-problem 2.1. has either xc ≥ 10 or xc ≤ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

2.1.2.

➡ two sub-problems:

2.1.1. add con. xb ≥ 10

2.1.2. add con. xb ≤ 9

154.167

152.5

150 148.75

152.5

151.43 infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1

xc ≥ 10 xc ≤ 9

xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11
2.1.1.

Sub-problem 2.1.1

(0, 10)

objective: 150

154.167

152.5

150 148.75

152.5

151.43

150

infeas

xc ≤ 8

xb ≤ 3 xb ≥ 4

xc ≥ 9

xb ≤ 1

xc ≥ 10 xc ≤ 9

xb ≥ 2

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.1.2.

Sub-problem 2.1.2

(0, 9)

objective: 135

···············
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xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11 LP relaxation

(2.91667, 8.33333)

objective: 154.167

154.167

➡ IP optimum cannot be higher than 154.167

➡ Optimal IP solution has either xc ≤ 8 or xc ≥ 9

xb1 2 3 4 5 6 7 8 9 10 11 12 13

xc

1

2

3

4

5

6

7

8

9

10

11

2.

1.

➡ two sub-problems:

1. add constraint xc ≤ 8
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root node LP relaxation

opt. IP solution

dual bound

� Solving the LP in every step might result in:

• a new integer solution with greater objective than the current optimum

➡ new incumbent, primal optimum increases

• a fractional solution with lower objective than the current dual bound

➡ (possibly) new dual bound, upper bound decreases
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� The (absolute) gap during branch and bound: gap := bestdual − bestprimal

time

m
a
x
im

iz
e
→

↓ −∞ ↓

primal objective

↑ ∞ ↑

dual bound

optimum

� Stop traversing the tree, if the gap is 0, i.e. the value of the best incumbent and the

dual bound coincide

� In practise (and for large-scale MIPs): stop traversing the tree already if the

relative gap
gap

| bestdual |
is below a certain target (e.g. 5%, 1%, 0.5%, ...)
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� Even if an optimal solution is not found, branch and bound delivers an optimality

certificate, that gives valuable information on the solution quality!

modelling flexibility solvability optimality certificate

LPs – ++ +++

MIPs + o ++

heuristics ++ + – –

approximation algorithms ++ + +

non-linear (convex) models + o +

non-linear (general) models ++ – o

� Tuning branch & bound:

• Order of processing the nodes (sub-problems)

• Defining sub-problems (branching)

• Cutting planes ➡ branch & cut
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