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Exercise 1: 4 points

a) Show that the integer linear program (CYC*) is not a correct ATSP formulation:

min ¢’ x (CYC*)
st. 1Tx=n
z(C) <|C| -1 Veycles C C A, |C|<n
0<z,<1 Vae A
x € 74

b) Show that the integer linear program (CYC) is a correct ATSP formulation:

min ¢’ x (CYC)
st z(dT(v) =1 YveV
z(6"(v)) =1 VveV
z(C) < |C|—1 Veycles C C A, |C] <n
0<z, <1 Vae A
x € 74
Exercise 2: 4 points

Show that the cut formulation (CUT) and and the subtour formulation (SUB) for ATSP
are equally strong, (i.e., that their linear programming relaxations are equivalent.)

min ¢’z (CUT)
st. z(6T(v) =1 VoeV
z(6”(v) =1 VveV
(0T (W) >1 VOAWCV
0<z, <1 Vae A

x e 74



min ¢’ x (SUB)

st. z(6T(v) =1 VoeV
z(0”(v)) =1 YveV
z(AW)) < W -1 VOAFWCV (*)
0<z2, <1 Vaec A
x € 74

Hint: Show that every solution x* of the linear relaxation of (CUT) is also a solution
of the linear relaxation of (SUB) and vice versa.

Exercise 3: 4 points

Show that the linear relaxation of the cut formulation (CUT) (or, equivalently, of the
subtour formulation (SUB)) is stonger than the linear relaxation of the cycle formula-
tion (CYC).

Hint:

e Show that every solution z* of the linear relaxation of (CUT) is also a solution of
the linear relaxation of (CYC).

e Construct an ATSP instance and a solution z* of the linear relaxation of (CYC)
such that =* violates some of the subtour constraints (*).

Exercise 4: 4 points

Show that the linear relaxation of the cut formulation (CUT) (or, equivalently, of the
subtour formulation (SUB)) is stronger than the linear relaxation of the Miller- Tucker-
Zemlin formulation (MTZ).

min ¢’ x (MTZ)
st. x(6T(v) =1 VoeV
z(0”(v) =1 VveV
Uy — Uy + (N — 1) T(p) <N —2 Vi (v,w) € Ajw # 1
0<2, <1 Vae A
1<wu,<n-—1 VoveV\{l}
u; =10
x € Z4

uez’



