
Symetric Traveling Salesman Problem, cuts

Since only interested in inequalities, the problem is a Hamilton cir-

cuit problem

Graph G = (V, E). For U ⊂ V we define

• E(U) the set of edges with both ends in U

If E ′ ⊆ E and |E ′ ∩ E(U)| ≥ |U | then the subgraph G′ = (V, E ′)

contains at least one subtour.

∑

e∈E(U)
xe ≤ |U | − 1 for all U ⊂ V,

when 2 ≤ |U | ≤ m − 1. Where m is the number of nodes.
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Symetric Traveling Salesman Problem

The subtour elimination constraints

∑

e∈E(U)
xe ≤ |U | − 1 for all U ⊂ V,

when 2 ≤ |U | ≤ m − 1 define facets.

Proof in Nemhauser and Wolsey, p. 274-275.

Traveling Salesman Problem

minimize
∑

e∈E
cexe

subject to
∑

e∈δ(v)
xe = 2 for all v ∈ V

∑

e∈E(U)
xe ≤ |U | − 1 for all U ⊂ V,

2 ≤ |U | ≤ m − 1

xe ∈ {0, 1} e ∈ E
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Symetric Traveling Salesman Problem

Additional cuts.

• H subset of nodes 3 ≤ |H| ≤ |V | − 1.

• F ⊂ E odd set of disjoined edges, one end in H .

Chvatal-cut: For all v ∈ H we have

∑

e∈δ(v)
xe = 2

For all e ∈ δ(H)\F

−xe ≤ 0

For all e ∈ F

xe ≤ 1

Add constraints with multipliers 1
2

1

2

∑

v∈H

∑

e∈δ(v)
xe −

1

2

∑

e∈δ(H)\F
xe +

1

2

∑

e∈F
xe ≤ |H| +

|F |

2

since LHS integral, round down RHS.
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Simplifying LHS:

If all edges incident to a v ∈ H are added

• Interior edge: counted twice

• Exterior edge ∈ F : counted once

• Exterior edge 6∈ F : counted once

Thus
∑

v∈H

∑

e∈δ(v)
xe = 2

∑

e∈E(H)
xe +

∑

e∈δ(H)\F
xe +

∑

e∈F
xe

Insert into equation at previous page, getting:

∑

e∈E(H)
xe +

∑

e∈F
xe ≤ |H| + b|F |/2c

which is a valid inequality. (2-matching inequality)

4


