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Abstract. Constraint programming is mainly used to solve combinato-
rial problems such as scheduling and allocation, which are of vital impor-
tance to modern business. In this paper, we introduce the examination
timetabling problem at the German University in Cairo. As manual gen-
eration of exam schedules is time-consuming and inconvenient, we show
how this problem can be modeled as a constraint satisfaction problem
and can be solved using SICStus Prolog with its powerful constraint
library.

1 Introduction

Timetabling problems are real life combinatorial problems concerned with schedul-
ing a certain number of events within a specific time frame. If solved manually,
timetabling problems are extremely hard and time consuming and hence the
need to develop tools for their automatic generation [4].

The German University in Cairo (GUC) started in Winter 2003. Each year
the number of students increases and the timetabling problem whether for courses
or examinations becomes slightly more difficult. For the past four years, schedules
for both courses and exams has been generated manually. The process involves
attempting to assign courses/exams to time slots and rooms while satisfying a
certain number of constraints. Processed manually the course timetabling took
on average three weeks, while the examination timetabling a week. With the
growing number of students, the GUC timetabling problems have become too
complex and time-consuming to be solved manually.

In this paper, we will only address the examination timetabling problem.
Currently, at the GUC, there are 140 courses, 5500 students, and around 1300
seats for which examinations should be scheduled. The examination schedules
are generated twice per semester. Once for the midterm examinations, which
occur in the middle of the semester and are distributed over a one week period;
and again during the final examinations, which occur at the end of the semester
and are distributed over a two weeks period.

The examination timetabling problem at the GUC is non-interruptible and
disjunctive. It is non-interruptible since once an examination starts it can not be



paused and resumed later. It is disjunctive since an examination room can only
contain one exam at a specific time. A solution to the examination timetabling
problem aims at allocating a time slot and a room to every examination while
satisfying a given set of constraints.

Several approaches have been used to solve such combinatorial problems [6],
e.g. using an evolutionary search procedures such as ant colony optimization [3],
or using a combination of constraint programming and local search techniques
[5], or using graph coloring approach [2].

In this paper, we present an ongoing research to develop a constraint-based
system to solve the examination timetabling problem at the GUC. Constraint
programming is a problem-solving technique that works by incorporating con-
straints into a programming environment [1]. Constraints are relations which
specify the domain of solutions by forbidding combinations of values. Constraint
programming draws on methods from artificial intelligence, logic programming,
and operations research. It has been successfully applied in a number of fields
such as scheduling, computational linguistics, and computational biology.

In this paper, we show how the GUC examination timetabling problem can
be formalized as a constraint satisfaction problem (CSP) and implemented by
means of specialized constraint solving techniques that are available in a con-
straint logic programming language (CLP) like SICStus Prolog. In solving the
problem, we have to deal with two types of constraints, hard constraints and
soft constraints. Hard constraints are constraints that must be satisfied. They
represent regulations for examinations and resource (rooms) constraints. Soft
constraints are constraints that should be satisfied but can be violated. Soft
constraints can for example represent wishes of lecturers and students.

The paper is organized as follows. The next section introduces the GUC
examination timetabling problem and its requirements. Then we show how the
problem can be modeled as a CSP problem and how we implemented the different
constraints in SICStus Prolog. Finally, we conclude with a summary and future
work.

2 Problem Description and Requirements

The GUC examination timetabling problem aims at producing examination
schedules for all courses given in a particular term. The GUC has four dis-
tinct faculties where each faculty offers a variety of majors. Some of the majors
offer the same courses which makes examination scheduling for these courses
interdependent.

Students are enrolled in the different courses according to their major. Stu-
dents in every major are divided into student groups depending on the courses
they take. This grouping of students taking the same stream of courses simplifies
the scheduling task since a large number of students can be dealt with as a single
entity with a certain number of students.

The examination slots at the GUC differ from the midterms to the final
examinations. Usually the midterm examinations are distributed over a one week



period where the days are divided into four examination slots and the duration
of each examination slot is 2 hours. The final examination period consist of two
weeks with three examination slots per day where each examination slot is 3
hours.

The GUC examination timetabling problem consists of a set of courses and
a set of students that need to be scheduled within limited resources of time and
space. The task is to assign the student groups to examination slots and thus
produce examination schedules for the midterm and final examinations. Since
scheduling of the student groups from the different faculties is interdependent
as time, space and specific courses are shared, schedules for the different fac-
ulties can not be produced separately and thus a single schedule for the whole
university must be generated.

The GUC examination timetabling problem can be performed in two phases.
In the first phase, the different course examinations are assigned to time slots
while taking into account only the total number of students enrolled in the
courses and the total number of available seats. In the second phase, after pro-
ducing the examination schedule for all student groups, distribution of students
among the rooms is done. In this paper, we will only model the first phase as
a constraint satisfaction problem and solve it using constraint programming.
The second phase does not require constraint techniques. A simple algorithm
was designed and implemented using Java to distribute the students among the
examination rooms and seats. In both phases, the different constraints that are
imposed by the regulations of the GUC Examination Committee have to be
taken into account. Dividing the examination scheduling problem into two parts
reduces the complexity since the number of constraints that must be satisfied
per phase is decreased. This division is feasible since the total number of seats
is considered in the course scheduling (first) phase.

When assigning an examination to a certain time slot, several constraints
must be considered.

Time Clash Constraint: A student group cannot have more than one exam-
ination at the same time.

Semester Clash Constraint: Student groups from the same major but in dif-
ferent semesters cannot have examinations at the same time. This is needed
to enable students who are re-taking a course from a previous semester due
to poor performance to sit for the course examination.

Core Exam Constraint: A student group cannot take more than one core
examination per day.

Exam Restriction Constraint: A student group cannot have more than a
certain number of examinations per day.

Difficulty Constraint: A student group cannot have two difficult examina-
tions in two consecutive days (difficulty rating for a course is assigned by
the course lecturer and students).

Capacity Constraint: The total number of students sitting for an examina-
tion in a certain time slot cannot exceed a predefined limit. This constraint
ensures that the total number of students sitting for an examination at a



certain time slot do not exceed the total number of available seats in the
university campus.

Pre-assignment Constraint: An examination should be scheduled in a spe-
cific time slot.

Unavailability Constraint: An examination should not be scheduled in a spe-
cific time slot.

3 Modeling the Problem as a Constraint Satisfaction

Problem

Constraint satisfaction problems have been a subject of research in Artificial
intelligence for many years [7].

A constraint satisfaction problem (CSP) is defined by a set of variables each
having a specific domain and a set of constraints each involving a set of variables
and restricting the values that the variables can take simultaneously.

The solution to a CSP is an assignment that maps every variable to a value.
We may want to find just one solution, all possible solutions or an optimal
solution given some objective function defined in terms of some or all variables.
Here we are speaking about a constraint satisfaction optimization problem.

In modeling the GUC examination timetabling problem as a CSP we use the
following notations :

- n is the number of courses to be scheduled.
- D = {1, . . . , m} indicates a set of m time slots.
- T = {T1, . . . , Tn} represents the time slot variables for all examinations,

where Ti indicates the time slot assigned to an examination i.
- l is the number of all student groups in the university.
- The domain of every variable Ti is between 1 and m.

m is the number of available time slots and can be calculated by multiplying
the number of days of the examination period by the number of slots per day.
For example, if the examination period consists of 6 days and every day consists
of 3 time slots therefore the available number of time slots is 18.

Different constraints are applied on Ti eliminating the different values each
variable can take and thus reducing the domains of every variable to improve
the efficiency of the search thus reaching a solution in an optimal time.

Now we describe the requirements of our problem in terms of SICStus prolog
using the constraint solver over finite domains (clpfd).

Time clash constraint stating that no student can have more than one exam at
the same time slot can be enforced using the all_different/1 global constraint.
We have to constrain the l sets of variables representing the courses for every
group of students to be different.

Let Tgroup = [T1,...,Tj] be a list of variables that represent examination
time slots of a specific group then applying the all_different/1 constraint on
this list would ensure that all exams for that group are held in different time
slots. Note that Tgroup is a subset of T



all_different(Tgroup)

In order to abide to the semester clash constraint, we have to take into
consideration that all examinations of the same major should be scheduled
at different time slots. Let Y be the number of courses of a certain major.
Tmajor = [T1,...,TY] is a list of variables representing examination time slots
for these courses. Applying the all_different/1 constraint on these variables
will ensure that all these exams are assigned to different time slots.

all_different(Tmajor)

Difficulty constraint has to be fulfilled in order to produce a valid examination
schedule. We cannot schedule two difficult exams consecutively. Knowing the
difficulty rating of every course, all time slot variables for difficult examinations
can be known. For every two variables representing difficult examinations of a
student group an inequality constraint (# ≤) is imposed on their difference. This
difference has to be greater than a certain number.

Enforcing the core exam constraint produces an acceptable examination
schedule. A student cannot take more than one core exam per day. We can
impose this constraint using the serialized/2 global constraint. In general,
the constraint Serialized/2 constrains x tasks, each with a starting time and
duration so that no tasks overlap. In our case, if we add to the duration of ev-
ery core exam the number of slots per day, we can get a gap of at least one
day between every two core examinations. Let Z be the number of core courses
of a certain student group and Tcore = [T1,...,TZ] is a list variables that
represent the time slots for these course then applying the following constraint

serialized(Tcore,[Gaps_added_durations])

will ensure that the gaps between core examinations is at least one day.

Exam restriction constraint limits the number of examinations held per day
for every student to be less than a certain number. The variables that represent
the examination time slots for every student group are known. The global con-
straint count/4 can be used to limit the number of variables assigned to the same
day to be less than a certain number. Let x be the number of courses assigned to
a specific student group, T = [T1,...,Tx] is a list of variables representing the
day of every examination slot and 1≤Y≤m, then count(Y, T, #<, 3) should be
applied m times for every group of students constraining the number of exams
held on every day to be less than 3.

In order to enforce the capacity constraint, the number of all students attend-
ing an examination at a certain time slot should not exceed a certain limit. The
cumulative/4 global constraint can be used to assign a number of examinations
to the same time slot constraining the number of students to be less than the
specified limit.

cumulative(Starts, Durations, Capacities, limit)



Starts is a list of variables representing all courses. Durations is a list of all
examination durations. Capacities is a list of the number of students enrolled
in every course. limit is the number of seats available for examination.

Preassignment and unavailability constraint that restricts an exam to be
scheduled in a given time slot or should not be scheduled in such time slot can
be imposed using the equality and the inequality constraints. For example if a
course Ti has to be assigned to time slot j then the constraint Ti #= j is added.

4 Implementation and Testing

Our system is composed of four components.

– A database server that is used to store all needed information about courses,
students and rooms.

– A Java engine that is used to generate the CLP code and solves the sec-
ond phase of the problem by assigning courses and students to examination
rooms.

– A Prolog engine that is responsible for running the generated CLP code and
getting a solution for the first phase of the problem by assigning a time slot
to every examination.

– A graphical user interface implemented in Java that is used to display the
results of both phases.

Figure 1 shows our system architecture.

Fig. 1. System Architecture

The relational database management system Microsoft SQL server 2000 was
used to store all the needed information about the input data such as courses,



student groups and rooms as well as the output data such as the exams with their
examination time slots and examination rooms. Relations between the different
tables of the database are maintained in order to specify the courses of every
student group and the rooms in which every exam of a course is held. An instance
of an examination is expressed by a pair exam(C,T), where C is a unique course
identifier and T is the examination time slot assigned to that course. Instances
of examinations of the different courses are the inputs to our problem.

In general, a CLP program consists of three basic parts. We begin by associ-
ating domains to the different variables we have, then the different constraints
of the problem are specified, and finally a labeling strategy is defined to look
for a feasible solution via a backtrack search or via a branch-and-bound search.
Labeling, which is used to assign values to variables, is needed since constraint
solving is in general incomplete. We employed the first-fail strategy to select the
course to be scheduled and a domain splitting strategy to select a period from
the domain of the selected course. First-fail selects one of the most-constrained
variables, i.e. one of the variables with the smallest domain. Domain splitting
creates a choice between X #=< M and X #> M, where M is the midpoint of the
domain of X. This approach yielded a good first solution to our problem. The
input to a CLP program is usually in the form of a list. Constraints are expressed
using the predefined constraints implemented in the constraint solver over finite
domains clpfd.

Initially, we query the database using Java to obtain all the information
needed to be able to produce a valid assignment. The CLP code is generated such
that it restricts the solutions using the constraints already chosen by the user
through the graphical interface. The input to our problem is a list of timetable
instances. While generating that list we constrain the values of the time slot
variables using the membership global constraint domain/3. After generating
the list of instances, different constraints are applied to the variables eliminating
values of their domains until finally a solution is reached.

After generating the SICStus prolog code, Jasper1 is used to consult the
program and parse the the values of the variables that represent the time slots
for the different examinations. These values with their associated examination
instances are stored in the database. A graphical user interface is then used to
display the generated timetable. Figure 2 shows a sample output for a test run
of our implementation.

Our system was tested on realistic data and constraints for the generation of
the examination timetable for the final examinations of this term, Spring 2007.
The test data consisted of 140 courses, 5500 students, and 1300 available seats
for them. A solution was generated within few seconds. Our testing environment
was a Microsoft Windows Vista Ultimate running on 32-bit processor at 1.73
GHz with 1 GB of RAM.

1 a prolog interface to the java virtual machine



Fig. 2. Sample Examination Timetable

5 Conclusion and Future Work

In this paper, the GUC examination timetabling problem has been discussed
and a possible solution using constraint logic programming has been presented.
Due to the declarativity of our approach, our tool can be easily maintained and
modified to accommodate new requirements and additional constraints.

One direction of future work is to use the constraint programming technology
presented in this paper within a local search framework to optimize and repair
the solutions found. This will lead to a hybrid method which was proved to be
a powerful method to solve examination timetabling problems [5].

Another enhancement would be to integrate this system with the invigilation
timetabling system implemented at the GUC. This system schedules invigilators
such as professors, doctors and teaching assistant to proctor the scheduled ex-
aminations.
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