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The Branch & Move algorithm: Improving Global Constraints Support by Local Search Thierry Benoist Bouygues e-lab, 1 av. Eugène Freyssinet, 78061 St Quentin en Yvelines Cedex, France [email protected]



Abstract. Most global constraints maintain a support for their filtering algorithm, namely a tuple consistent with both the constraint and current domains. However, this highly valuable information is rarely used outside of the constraint. In this paper we propose a generic hybridization scheme that we tested on a real-world application in the field of TV advertisement. The principle of this Branch and Move approach is to use the support of the main global constraint of the problem as a guide for the branching strategy . The accuracy of this oracle is enhanced by local search improvements of this support tuple at each node of the search tree.



1. Introduction Constraint propagation is based on infeasible values. The filtering algorithm of a constraint aims at removing infeasible values from the domain of its variables, i.e. values belonging to no tuple of the relation consistent with current domains. When all such inconsistent values are detected, the algorithm is said to be complete. In the past few years, in order to perform more accurate filtering on rich n-ary constraints, several global filtering algorithms have been developed usually based on OR polynomial algorithms. Most of these global constraints maintain a feasible tuple consistent with current domains of variables. When no such support tuple exists, the constraint fails (detects a contradiction), otherwise it is used by the filtering algorithm. For instance the reference matching of the AllDifferent constraints (Régin 1994) ensure the feasibility of the constraint, and the strongly connected component decomposition based on this matching offers complete filtering. As more and more CP models are centred on a few number of global constraints (often one), the central role played by global constraints points out the relevancy of considering their support. For instance constrained TSP, constrained Knapsack problems and constrained flow problems can be respectively modelled with (in addition to problem specific constraints) TSP con-
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straints (Beldiceanu and E. Contejean 1994), Knapsack constraints (Trick 2001, T. Fahle, M. Sellmann 2002) or flow constraints (Bockmayr et al. 2001, Benoist et al. 2002). For such problems where a principal global constraint can be identified, we propose a support-guided branching scheme and an associated cooperation between Constraint Programming and Local Search. We name this procedure Branch and Move. and expose it in section 3, after the introduction of some definitions in section 2.



2. Definitions Given K an ordered set and D = D1× D2×… Dn with Di⊆ K for all i∈[1,n] (domains of variables), we define the following objects: 1. Constraint1: a constraint R is a relation on Kn (R ⊆ Kn). 2. Support set: the support set of relation R on D is supp(R,D) = R∩D. Omitting D, we will note the support set of a constraint R as supp(R)=supp(R,D) with D equal to current domains. 3. Support tuple: a support of R is a tuple x∈supp(R) 4. Constraint Satisfaction Problem: A constraint satisfaction problem on K is a triplet (n,D,P) where P is a collection of constraints P={R1,R2….Rm } on Kn. 5. Solutions: Solutions of P are sol(P)= R1∩ R2∩ .. Rm ∩D. 6. Potential: With δK a distance on K, we define the potential ∆(R,x) of constraint R with respect to tuple x∈Kn as the L1 distance from x to the current support set of R.



∆ ( R , x) =



min



y∈supp( R )



∑δ



K ( xi , yi )



(1)



i≤ n



Note that ∆(R,x) equals 0 if x∈supp(R) and +∞ if supp(R)=∅. This potential literally measures the distance to feasibility of a tuple x for constraint R. For a binary constraint R involving two variables of domains D1 and D2, ∆(R,x) can be computed by enumeration in complexity O(|D1|×|D2|). Moreover, the potential of a linear constraint like ∑Xi ≥ X0, merely equals max(0, x0 - ∑xi) (slack variable). When a exact computation of ∆(R,x) would be too costly, the distance to a feasible tuple of R (“empirically close”) is an upper bound of ∆(R,x). 7. Corrective decision: A corrective decision for a conflicting pair R,x (a pair with ∆(R,x)>0) is a constraint A such that x∉A and A∩supp(R,D)≠∅. In other words it is a constraint discarding x whilst consistent with R. A non-empty support for R is sufficient to ensure its existence. 8. Neighbourhood: A neighbourhood structure for R is a function NR,D associating to each support tuple x of R a subset NR,D(x) ⊂ supp(R,D) such that x∈ NR,D(x). 9. Selection: A function move defined on supp(R,D) is a selection function for neighbourhood NR,D if and only if move(x) ∈ NR,D(x). 10.Improvement: Given a strict order < on Kn, move is an improving selection function if and only if ∀ x, move(x)= x ∨ move(x) < x. For instance the potential order 
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