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The ATSP

Given a digraph D = (N, A) and a cost function ¢ : A+— R, the
Asymmetric Traveling Salesman Problem (ATSP) is to find a minimum
cost Hamiltonian circuit.

Extended formulations: additional variables, polynomial size, loose
bounds.
ATSP with precedence constraints (ATSPPC):

e adepotin N is specified;

e a set of precedecessors P; C N is given for each node i € N.



An extended formulation (Gouveia, Pires, 1999, 2001)

minimize z = Z CiiX;j

(ij)eA
st. > x=1 vie N
(ij)eA
> x=1 vjeN
(ij)eA
Xij < Yj ViZjeN
Xj+yj<1 Vi#gjeN
GP(i,j,k)  xj+ Y < yig+1 Vitj+keN
xj €{0,1} v(i.j) €A
Yi=0 Vi£jeN

Depot: node 1. Subset N’ = N\{1}.
Arc variables x;: arc (/,j) is traversed.
Precedence variables y;: node i € N’ is visited before node j € N'.



Lifting the inequalities
Lift x; in GP(i,/, K): Xj + yki+axi < yi + 1.

Xji = 1 = Xj :_O .
Yki = Ykj

0+Yki+(l§ykj+1 = o =1.
Lifted inequality:

LGP1(i,j,K): X+ Y + Xi < yig+ 1.



Lifting the inequalities

Lift x; in GP(i, j, K): Xj + yxi+0xi5 < yig + 1.

X,'/':O
ij:1 = yk,-:1 .
Y <1

O+yi+08<1+1 = p*=1.

Lift X: Xij + Yki + Xej+7Xik < Vi + 1.

Xjj = Yki = 0
Xk=1 = y .
" { X < Vi }

0+0+ij+7§ka+1 = f\/x:‘]
Lifted inequality:

LGP2(i,j,k) Xij + Xj + Xik + Vi < Yij + 1.



An extended formulation (Sarin et al., 2005)

minimize z = )~ ¢;x;

(i))eA

Y x=1 Vie N

(i))eA

> xj=1 vjeN

(if)EA

Xij < Yj Vi£jeN

Yi+ i <1 Vi#gjeN
S3(isjk) Y+ Yk + Vi < 2 Vi#j#keN

xj€{0,1} V(i,j) e A

Yi=0 Vi£jeN

Further constraints: xq; + x4 <1 Vie N'.



An extended formulation (Sarin et al., 2005)

Since yi + yi =1,
GP(i.j.k): Xj+Yi<ys+1 & Yui+Xj+yx<2

LGP1(i,j,K):  Xj+Yi+Xi <Yg+1 & Yi+X+Vi+X <2.

The non-lifted inequality GP(/, j, k) is dominated by the non-lifted
inequality
S3(i,j,k): Y+Yi+yx<2

since Xjj < Yi-



An extended formulation (Sarin et al., 2005)

Lift X in S3(7./, k) = * Yki + Yij + Yjx+oxi < 2.
Xi=1 =< yj=0 .

Vik + Y <1
Vi+0+yxk+a<2 = o =1.
The lifted inequality:

LS3(i.i.K) i+ Yk + Vi + Xji < 2
dominates LGP1(i,j, k) :  Xj+ Yk + Yk + Xji < 2.
Symmetrically, one obtains
Vi + Yik + Yii + X < 2

Vi + Yk + Vi + Xk < 2



