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Objectives

This course is about building Intelligent Systems using modern constraint programming (CP) meth-
ods. The technology is rapidly advancing and being applied in a wide variety of applications such as
scheduling, planning, design and configuration. This course will introduce the methodology of CP,
heuristic search, constructive (backtrack) search, iterative improvement (stochastic local) search,
mixed-initiative systems and combinatorial optimization.

We will focus on constraint-based scheduling as well as basic CP methods. Scheduling is an im-
portant application area for constraint programming. Applications include job shop scheduling,
resource allocation, ambulance deployment and vehicle routing.

Lecture Topics

The course will be project based. Initial lectures from the text (Hoos&Stutzle) will be focused on
the course programming assignment and scheduling project. We will develop the basic concepts in
constraint programming methods for building intelligent systems and solving constraint satisfaction
problems (CSPs). Some relevant papers on search algorithms, constraint propagation and heuristic
methods will be reviewed. Basic concepts in resource scheduling techniques using CP will then be
covered. Students will present a seminar on a relevant research paper. Lecture topics include the
following:

• Historical perspective: development of rule-based systems; abduction; uncertain reasoning;
structural knowledge representations; model-based reasoning.

• Constructive Search: chronological backtracking algorithms; intelligent backtracking meth-
ods; variable and value ordering heuristics; belief propagation techniques.

• Constraint satisfaction: definition of constraint satisfaction problems (CSPs); examples in in-
telligent systems; constraint graphs; levels of consistency; constraint propagation algorithms.
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• Local Search: greedy methods; iterative repair methods; Neighbourhoods; hybrid algorithms.

• Mixed-initiative Systems: anytime algorithms, user interaction, human factors.

• Scheduling applications: traditional methods; CP methods for sequencing, job shop, resource
allocation and other applications; hybrid methods for resource scheduling.

• Constraint Programming tools: introduction to the constraint logic programming (CLP)
framework; types of constraint solvers.

Grading

The grading scheme reflects the practical focus of the course. There are no written examinations.
Students will complete two programming projects based on the lecture material provided in class.
As well, students will be marked on their participation in paper presentations and discussions
during seminars.

• CSP Solving Assignment (40%) - Students will use some of the CP methods described in
lecture to solve a series of randomly generated CSPs. Both constructive and stochastic local
search methods will be tested and compared. The purpose of this assignment is to give
students a good understanding of backtrack search algorithms, constraint propagation and
stochastic local search algorithms.

• Scheduling Project (40%) - Students will design and implement a program for solving the
Job Shop Scheduling Problem (JSP) using stochastic local search methods. The programs
will be tested on a standard set of benchmark JSPs provided on the class website. Any
popular procedural language can be used (eg- C++, Java, Lisp). A significant amount of
experimentation will be required. The project results with a short writeup is due at the
beginning of the last week of classes. The report will present the results of the experiments
and compare to previous results in the literature. We will have informal demonstrations of
the projects in the Intelligent Systems Lab (ISL) to compare results.

• Seminar Participation (20%) - Students will be expected to participate in seminar discussions.
Selected papers will be assigned for presentation by the instructor beforehand from a reading
list provided on the website. Each student will be responsible for one seminar presentation.
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