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Constraint logic programming for scheduling and planning J Lever, M Wallace and B Richards



This paper provides an introduction to finite-domain constraint logic programming (CLP) and its application to problems in scheduling and planning. The fundamentals of CLP are covered and recent developments and trends in the field are indicated. Some current limitations are identified, and areas of research that may contribute to addressing these limitations are suggested.



1.



Introduction



C



onstraint logic programming (CLP) languages are extensions of logic programming systems such as PROLOG with constraint-handling facilities. There have been two lines of development — systems such as the CLP(X) scheme [1] and PROLOG III [2] in which constraints are handled by specific black-box solvers, and systems such as CHIP [3] and cc(FD) [4], in which constraints over finite-domain variables are handled through constraint propagation. Recently, new techniques such as generalised propagation [5] and constraint handling rules [6] have been developed, providing propagation in a more general context than finite-domains and allowing constraintsolving to be applied to userdefined predicates rather than only to a restricted set of system-defined primitives. This paper concentrates on finite-domain CLP, while including descriptions of generalised propagation and constraint-handling rules, as these techniques are of most relevance for scheduling and planning. In fact, the development of the original CHIP system at ECRC, Munich, was motivated by the weakness of logic programming when faced with combinatorial search and optimisation problems found in the context of scheduling and planning, and many papers exist reporting the application of CHIP to such problems (see, for example, Dincbas et al [7, 8]). Industrial sectors in which CLP has had impact include transportation, telecommunications and manufacturing. Some commercially available CLP languages are ICL’s Decision Power, Cosytec’s CHIP4, Bull’s Charme and Siemens’ SNI-Prolog. Generalised propagation and constraint-handling rules are available alongside finite-domain constraint propagation in the ECLiPSe CLP language, which has been developed at ECRC as a successor to CHIP. ECLiPSe is in use at a rapidly growing number of academic sites throughout the world. Although it is not currently commercially available,



a licence has been granted to BT Laboratories for research purposes. The paper is organised as follows. After an introduction to the basics of CLP programming in section 2, the application of CLP to scheduling applications is described in section 3. Finally, in section 4 some current limitations of CLP are indicated and some proposals are made through which to address them. The proposals made in this section are to be followed up in a new project, RESPONSE, at ICParc. At the moment, CLP is one of a range of approaches that should be considered for scheduling and planning problems. In particular, an important issue is the integration of techniques from other approaches such as operations research and approximation algorithms with constraint handling. It is possible that a future synthesis of techniques will lead to increases in performance and solution quality over all current approaches. 2.



Constraint logic programming — the basics



T



his section presents the basic notions of CLP and indicates how it can be used to solve constraint-satisfaction problems. Finding a solution to a constraint-satisfaction problem requires choosing values for variables so as to satisfy the constraints of the problem. In the context of scheduling, variables typically represent the times at which tasks are started or ended and the resources used to perform a task. Of course, most scheduling problems also include notions of cost, and the way in which CLP makes provision for finding not just any solution but a good or optimal solution to the problem is described. It should be noted that in this paper variables will be represented by upper case as in X or Start, while constants are represented by lower case as in bill, machine1. BT Technol J Vol 12 No 4 October 1994
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CLP FOR SCHEDULING AND PLANNING 2.1



Start1(1..9)=5 Start1 
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