SICS - Programming Systems Group

Constraint Solving

Constraint logic programming (CLP) has emerged over the past several years as a technique with extremely large application potential. Many optimization tasks (e.g. planning and scheduling problems, resource allocation problems) can be written as clear, concise CLP programs with efficiency comparable to special-purpose imperative programs. The user is relieved from error-prone tasks such as hand-coding specialized constraint propagation optimization algorithms.

This is especially important in optimization tasks where bugs are hard to find (the program still works, but produces suboptimal answers) or in safety-critical applications (where constraints must be maintained at all times to prevent train collisions, nuclear core melt-downs, or other disasters).

Constraint logic programming is a very active research area, as each constraint domain raises its particular set of problems and requires specialized algorithms for its tasks. Research issues include: algorithms for deciding consistency and entailment of constraints, algorithms for projecting constraints on query variables, the proper interfacing of constraint solvers with the Prolog engine, and combining several constraint solvers.

We are aiming at integrating into SICStus Prolog constraint solvers over the three most popular domains: Boolean algebra, linear constraints over rational numbers, and finite domains. A constraint solver for Boolean algebra has already been integrated. The solver represents Boolean expressions as Binary Decision Diagrams (BDDs). A solver for linear constraints over rational numbers exists as a stand-alone package but needs to be properly integrated. A finite domain constraint solver is being developed for AKL. The result of that work is expected to be imported to SICStus Prolog.

SICS has developed constraint solvers for Boolean algebra [Nilsson 90; Carlsson 91] and the PCS solver of linear rational equations and inequalities. The Boolean constraint solver has been used in an experimental multiple-level logic synthesis tool [Carlsson 92]. PCS has been used in a CAD tool for the design of high-voltage transformers within a collaboration between KTH/CadCam and ABB Transformers AB.

Sverker Janson (sverker@sics.se)