
Constraint-Based University Timetabling for the
German University in Cairo

Slim Abdennadher and Mohamed Aly

German University in Cairo, Department of Computer Science,
5th Settlement New Cairo City, Cairo, Egypt

slim.abdennadher@guc.edu.eg,mohamed.abdulazim@student.guc.edu.eg

http://cs.guc.edu.eg

Abstract. The course timetabling problem at the German University in
Cairo has been in existence ever since the establishment of the university
in 2003. Courses offered at the university, academic staff resources, and
room resources make the problem over-constrained. Currently timetables
are manually designed. The process is effort and time consuming and the
results are often not satisfactory. In this paper, we provide a description
of the problem and we show how it can be modeled as a constraint satis-
faction problem. Our system, implemented in SICStus Prolog, generates
a good timetable within some minutes instead of by hand some weeks.

1 Introduction

University course timetabling problems are combinatorial problems which con-
sist in scheduling a set of courses within a given number of rooms and time
periods. Generic solutions implemented and designed for such problems are not
always compatible with all universities due to the wide variety of constraints.
Number of courses, academic resources, room resources, and university-specific
requirements are all factors which make the problem variant and hard. There-
fore, universities design timetables manually or attempt to implement a tailored
system that suits their requirements and constraints. Generating a timetable
manually often requires a lot of time and effort. In addition, manually gener-
ated schedules usually fail to satisfy all essential constraints which are critical
for the operation of the university. Thus, automating the generation of course
timetables is still a challenging task [1].

The German University in Cairo (GUC), established in 2003, currently has
5500 students, and offers 140 courses through an academic staff of 300 mem-
bers. Course timetabling has been a problem at the GUC ever since it started.
Timetables are manually generated. The main goal is to generate a schedule
which is personalized for all students in different faculties at the university. Many
problems arise with the resulting schedules like teaching assistant allocation to
different sessions in the same time slot or single room allocation to multiple
sessions at the same instance. With an increasing number of students, academic
staff and room resources, the timetabling problem complexity is getting more



arduous. The amount of time, work, and effort invested in making a timetable is
very tremendous. Designing a valid timetable requires many iterations between
the person in charge and academic department heads. At the end, the schedule
“does the job” but not satisfactorily.

Several approaches have been proposed to solve course timetabling problems
[2]. The most popular technique is based on graph coloring algorithms [3]. The
main disadvantage of this approach is the difficulty of incorporating application
specific constraints into the problem formulation. Other methods include local
search techniques, e.g. simulated annealing [4] and genetic algorithms [5, 6]. In
this paper, we present a constraint-based system to solve the course timetabling
problem at the German University in Cairo. Constraint Programming draws
on methods from artificial intelligence, logic programming, and operations re-
search. It has been successfully applied in scheduling problems and proved to
have promising results [7–11].

The paper is organized as follows. Section 2 introduces the course timetabling
problem at the GUC and all constraints associated with it. In Section 3, we
describe how the problem can be modeled as a constraint satisfaction problem. In
Section 4, we give an overview of our implemented system. Finally, we conclude
with a summary and directions for future work.

2 Problem Description

The GUC consists of four faculties, namely the faculty of Engineering, the faculty
of Pharmacy and Biotechnology, the faculty of Management, and the faculty of
Applied Arts. Each faculty offers a set of majors. For every major, there is a
set of associated courses. Courses are either compulsory or elective. Faculties
do not have separate buildings, therefore all courses from all faculties should be
scheduled taking into consideration shared room resources. Students registered to
a major are distributed among groups for lectures (lecture groups) and groups
for tutorials or labs (study groups). A study group consists of maximum 25
students. Students registered to study groups are distributed among language
groups. In each semester study groups are assigned to courses according to their
corresponding curricula and semester. Due to the large number of students in
a faculty and lecture hall capacities, all study groups cannot attend the same
lecture at the same time. Therefore, groups of study groups are usually assigned
to more than one lecture group. For example, if there are 27 groups studying
Mathematics, then 3 lecture groups will be formed.

The timetable at the GUC spans a week starting from Saturday to Thursday.
A day is divided to five time slots, where a time slot corresponds to 90 minutes.
An event can take place in a time slot. This can be either a lecture, exercise,
or practical session and it is given by either a lecturer or a teaching assistant.
Usually, lectures are given by lecturers and exercise and practical sessions are
given by teaching assistants. In normal cases, lectures take place at lecture halls,
exercise sessions at exercise rooms and practical sessions take place in specialized
laboratories depending on the requirements of a course. In summary, an event is



given by a lecturer or an assistant during a time slot in a day to a specific group
using a specific room resource. This relationship is represented by a timetable
for all events provided that hard constraints are not violated. Hard constraints
are constraints that cannot be violated and which is considered to be of great
necessity to the university operation. These constraints can be also added by
some lecturers like part timers or visiting professors. Hard constraints will be
outlined and discussed later in this section. The timetable tries to satisfy other
constraints which are not very important or critical. Such constraints are known
as soft constraints that should be satisfied but maybe violated. For example,
these constraints can come in form of wishes from various academic staff.

Courses have specific credit hours. The credit hours are distributed on lecture,
exercise, or practical sessions. Every two credit hours correspond to a teaching
hour. A teaching hour corresponds to a time slot on the timetable. Sessions with
one credit hour corresponds to a biweekly session. These sessions are usually
scheduled to take place with other biweekly sessions if possible. For example a
course with 3 lecture credit hours, 4 exercise credit hour and 0 practical credit
hours can be interpreted as having two lectures per week one being scheduled
weekly and the other is biweekly, two exercise sessions per week and no practical
sessions. Lecture groups and study groups take the corresponding number of
sessions per week. Courses might have hard constraints. Some courses require
specialized laboratories or rooms for their practical or exercise sessions. For
example, for some language courses a special laboratory with audio and video
equipment is required. The availability of required room resources must be taken
into consideration while scheduling. Some lecturers have specific requirements on
session precedences. For example, in a computer science introductory course a
lecturer might want to schedule exercise sessions before practical sessions.

Furthermore, some constraints should be taken into consideration to improve
the quality of education. An important constraint is that no lectures should be
scheduled in the last slot of any day. Another constraint requires that a certain
day should have an activity slot for students, and a slot where all university
academics can meet. For those slots no sessions should be scheduled. A study
group should avoid spending a full day at the university. In other words, the
maximum number of slots that a group can attend per day is 4. Therefore, if a
group starts its day on the first slot, then it should end its day at most on the
fourth slot, and if it starts its day on the second slot, then it should end its day at
most on the fifth slot. Furthermore, The number of days off of a group depends
on the total number of credit hours a group has. For example, if a group has a
total of 24 course credit hours in a semester, the total number of slots needed
would be 24

2 = 12 slots, which corresponds to 3 study days, then a group may
have 6− 3 = 3 days off in a week.

A certain number of academics are assigned to a course at the beginning of
a semester. Teaching assistants are assigned to one course at a time. For courses
involving practical and exercise sessions, a teaching assistant can be assigned to
both an exercise and a practical session or one of them. This should be taken
into consideration when scheduling to avoid a possible clash. Furthermore, the



total numbers of teaching assistants assigned to a session should not exceed the
maximum number of assistants assigned to the corresponding course at any time.
A lecturer can be assigned to more than once course. This should be considered
when scheduling in order to avoid a possible overlap. Academics assigned to
courses have a total number of working and research hours per day and days
off that need to be considered when scheduling. Courses should be scheduled in
a manner such that the number of session hours given by an academic should
not exceed his or her teaching load per day taking into consideration days off.
For some courses, part timer lecturers are assigned. Those lecturers impose hard
constraints most of the time. They might have special timing requirements or
room requirements. These constraints are considered of a high priority and must
be taken into consideration.

Another problem that resides when scheduling is the GUC transportation
problem. The GUC provides bus transportation services for both students and
academics. Two bus rounds take place in the beginning of the day to transport
students and academics from various meeting points in Cairo. Other bus rounds
take place, one after the fourth slot and the other after the fifth slot to transport
students and academics back home. The first round delivers students just before
the first slot and the second round delivers students just before the second slot.
The number of students coming each day at the GUC by bus should be as
balanced as possible in a way such that no limitation as possible is encountered
with bus resources.

The GUC problem is too complex since a lot of constraints should be taken
into account when scheduling a session. Due to the complexity of the problem, a
good heuristic and a good model is needed to solve the problem. Any generated
solution would be acceptable as it would save weeks of manual work. The solution
can then be manually edited and modified later on. After getting to a good
schedule minor amendments can be done to improve it.

3 Modeling the Problem as a Constraint Satisfaction
Problem

In our model we have 5 slots in a day and 6 days in a week, our domain is chosen
to be from 1 to 30 where each number corresponds to a slot. For example, slot
1 would correspond to the first slot on Saturday, and slot 23 would correspond
to the third slot on Wednesday. Consequently, slots from 1 to 5 correspond to
Saturday, 6 to 10 correspond to Sunday, 11 to 15 correspond to Monday, and so
on. Figure 1 visualizes the timetable.

At each slot a group attends an instance of a course (lecture, tutorial, or
practical session). We define this relationship by the tuple
(COURSE, GROUP, TY PE, SEQ, BI), where COURSE is a unique identifier
of a certain course, GROUP is a unique identifier of a certain group, TY PE
declares the course instance (LECT for a lecture session, EXER for an exercise
session, and PRAC for a practical session), SEQ enumerates the instance number
(for example if two lectures are offered within the week, then two sequences are



Fig. 1. CSP Model Timetable

defined, namely 1 and 2), and BI is a boolean value that defines if an instance
should be scheduled as biweekly session. We define our variables to the problem
by the tuple (xn = (COURSE,GROUP, TY PE, SEQ,BI)) and the associated
domain is a value from 1 to 30 (D = {1, ..., 30}).

Considering the relationship represented by the tuple, our variables to cor-
respond to lecture, exercise, and practical sessions taken by groups. The model
expresses the problem of finding a slot for every course instance associated with
a group such that constraints on the variables are not violated. In the next sec-
tion we describe how we can model our set of constraints. We apply constraints
on our variables such that we end up with a solution to find when would every
session for each group be scheduled taking into consideration the constraints of
room, lecturers, and teaching assistant resources.

To implement the problem, we have chosen the constraint logic program-
ming (CLP) paradigm. This paradigm has been successful in tackling CSPs as
it extends the logic paradigm hence enhancing the solutions by making them
more declarative and readable, and it supports the propagation of constraints
for a specific domain providing an efficient implementation of computationally
expensive procedures [12]. We have used the finite domain constraint library
of SICStus prolog (clpfd) to model the problem. In the following, the different
types of constraints are described [13]:

Domain Constraints: Domain constraints are used to restrict the range of
values variables can have. The constraint domain is used to restrict the
domain of a variable or a list of variables. For example, the constraint
domain([s1,s2],5,25) restricts the domain of s1 and s2 to be between
5 and 25.

Arithmetic Constraints: Many arithmetic constraints are defined in SICStus
prolog constraint library. Arithmetic constraints are in the form
Expr RelOp Expr, where Expr generally corresponds to a variable or a nor-
mal arithmetic expression, and RelOp is an arithmetic constraint operator
like #=, #\=, #<, #>, #>=, and #=<. For example, X#=Y constraints the vari-
ables X and Y to be equal to each other, and X+Y#>=3 constraints that the
sum of X and Y should be greater than or equal to 3.

Propositional Constraints: Propositional constraints enables the expressions
of logical constraints. The can be used along with arithmetic constraints to
express a useful constraint. Two of the useful propositional constraints are
the conjunction X#/\Y and disjunction X#\/Y. These constraints represent
the conjunction and the disjunction of two constraints. For example, adding



the constraint X#=Y #/\ X#=Z constrains that X can either be equal to Y or
Z.

Combinatorial Constraints: Combinatorial constraints vary in form. Two of
the widely used constraints are all_different/1 and count/4. The in-
put for the global constraint all_different constraint is a list. The con-
straint ensures that all elements of the list are distinct. For example if
the input list is a list of sessions from s1..N, then the constraint will be
added as all_different([s1,s2,...,sN]). Another combinatorial con-
straint used is the count/4. The input to the constraint is in the form
Val, List, RelOp, Count , where Val is a number, List is a list of vari-
ables, RelOp is an arithmetic constraint operator, and Count is a number.
The constraint is satisfied if N is the number of elements of List that are
equal to Val and N RelOp Count. For example, count(1,[A,B,C],#<,2)
constraints that the total number of elements in the list [A,B,C] having the
value 1 should be less than 2.

The following describes the real constraints and how we used SICStus clpfd
library to model them:

Domain of Sessions is from 1 to 30: To restrict the domain of the sessions,
we use the global constraint domain. In order to constraint the list L of all
variables, we add the constraint domain(L,1,30).

Group Session Overlap: The sessions of a study group should not overlap;
i.e. a study group cannot attend two different courses at the same time. The
global constraint all_different is used to model constraints on sessions
where no overlap should be encountered. For example, if sessions s1,s2,s3
belong to a group, then we add a constraint all_different([s1,s2,s3]).

Lecturer giving more than a course: Academic members who teach more
than one course should not have their sessions overlapped while scheduling.
To ensure this, we add an all_different constraint to constrain the sessions
given by an academic member.

Full Day Prevention Constraint: To avoid bringing a group for a full day,
then their associated sessions in a day should not be scheduled either in
the first slot or in the last slot. To model this we use the inequality con-
straint with the conjunction #/\ and the disjunction #\/ constraints to
exclude the first session and the last session of each day for every group.
For example, if the following sessions s1, s2, s3 are for a group and we
would like to constraint the first day (slots 1,2,3,4,5), we add the constraint
(s1#\=1#/\ s2 #\= 1 #/\s3 #\= 1)#\/
(s1 #\= 5 #/\s2 #\=5 #/\ s3 #\=5).

Course Precedence Requirements: For all courses that have special prece-
dence requirements on sessions (i.e. if an exercise session must scheduled
before a practical session), we use the less than constraint #<. For example,
if s2 is before s1 we add the constraint s2#<s1.

Part Timer Constraints: If a part timer lecturer selects a certain slot to give
a session, then all session variables given by this lecturer will be constrained,



using the equality constraint, #=, to the required slot number. For example,
consider a part timer giving the session s1, and can only come on the third
and the fourth slots on Saturday (slots correspond to 3 and 4). We add the
constraint s1#=4 #\/ s1#=5.

Lecturer Holiday Constraint: In order to express a lecturer holiday con-
straint and avoiding scheduling any courses taught by him on that day,
we constrain all sessions given by the lecturer not to have the values of the
day using the inequality constraint #\= with the disjunction constraint. For
example, if a lecturer giving the session s1 is off on Saturday, then we add
the constraint s1#\=1 #/\ s1#\=2 ... #/\ s1#\=5.

Activity Slots, Free Sessions and Holidays: Slots that are required to re-
main empty with no scheduled sessions (as for the student activities slot)
can be easily modeled by using the combinatorial constraint count. This
is achieved by constraining the count of all variables in a list having the
slot value is equal to zero. For example, if sessions s1...sn are not to
be scheduled on the first session on Sunday, then we add the constraint
count(6,[s1...sn],#=,0).

Room Resources Constraint: In order to avoid scheduling exercise sessions
in a slot more than the number of rooms available we constraint all the exer-
cise sessions for every slot to be less than or equal the maximum number of
available rooms using the count constraint with the arithmetic constraint op-
erator #=<. For example if we cannot schedule more than 50 exercises per slot
due to for sessions s1...sN we simply add count(Slot,[s1,s2..sN],#=<,50),
where Slot indicates the slot number (we have to define this constraint for
all slots).

Teaching Assistant Resources: The count constraint is also used to limit
the number of sessions scheduled per slot with the number of available teach-
ing assistants assigned to the course or with the number of available room
resources for a specific session (like a practical session).

Number of Lecture Sessions in a Day: We use the count constraint to con-
straint the total number of lectures per day. In order to model this we map
all sessions to their corresponding day. This is done by subtracting 1 from
the slot value and dividing by 5. By that we end with a value between 0
and 5 indicating the day. For example, Saturday the third slot has the value
3. Subtracting one from the value results in 2, dividing by 5 gives 0 which
indicates day 0 (Saturday). Another example, Monday the second slot has
the value 12. Performing the above operations, we get the value 2 which indi-
cates the third day (Monday). We constraint the variables after applying the
indicated operations (subtraction of one followed by division by 5) with the
count constraint such that we have at most two lectures per day. For exam-
ple, if lecture sessions s1...sn are taken by a group, we add the constraint
count(0,[(s1-1)/5,(s2-1)/5 ,...,(sn-1)/5],#=<,2) for Saturday, and
similarly for the rest of the week (Saturday is 0, Sunday is 1, Monday is 2,
and so forth).



4 Implementation, Testing and Evaluation

A CLP program contains three basic parts. In the beginning, variables and their
associated domains are defined, the constraints of the problem are laid out, and
finally a labeling strategy is define to look for a feasible solution via a backtrack
search or via a branch-and-bound search. Labeling, which is used to assign val-
ues to variables, is needed since constraint solving is in general incomplete.We
employed the most-constrained strategy to select the course to be scheduled and
a domain splitting strategy to select a period from the domain of the selected
course. Most-constrained selects one of the variables with the smallest domain,
breaking the ties by selected the one which has the most constraints suspended
on it and selecting the left most one [13]. Domain splitting creates a choice be-
tween 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.

Our system is composed of four main parts. An engine that controls the pro-
gram logic and communicates with different parts of the system. A database to
hold all data about courses, groups, academics, room resources and constraints.
An interface between the engine and the constraint solver. A graphical user inter-
face to help the user scheduler to interact with the system, input constraints and
data, and output the resulting schedule. Figure 2 illustrates the overall system
architecture.

Fig. 2. System Architecture

In order to manage data about courses, groups, academics, room resources,
and constraints, we have used the open source relational database engine HSQL1.
database entity relationship diagram. We define relationships between course
instances (lecture, exercise, and practical sessions) and groups. Data including
course credit hours, precedence constraints, relationships between language and
study groups, academic and room resources is stored in the database. Group
1 Hypersonic SQL http://www.hsqldb.org



and course instances have unique integer identifiers. A timetable instance is
uniquely identified by the pair S(GID, IID), where GID is the unique group
identifier and IID is the unique course instance identifier. Timetable instances
are the input variables to the problem. Depending on the constraint, we query the
database. For example, for a certain group we would like to add the constraint
that no sessions should overlap. For that, we need to choose all the sessions
which correspond to the tutorials and lectures from the TUTPRAC_INSTANCE table
(exercise and practical instances) and the LECT_INSTANCE lecture instances. This
is done by querying the database with following query:

SELECT GID, IID FROM TUTPRAC_INSTANCE WHERE GID = ##
UNION
SELECT LGID AS GID, IID FROM LECT_INSTANCE WHERE LGID = ##;

, where GID is a group identifier and LGID is a lecture group identifier (since
study groups belong to lecture groups).

We used Java2 to query the database and generate our SICStus prolog code.
We use a simple file writer which outputs the constraints in a prolog file. After
the prolog program is generated, we use Jasper (a prolog interface to the Java
virtual machine) to run the CLP program. The input to our CLP program is a
prolog list of schedule instances (group with course instance). The list identically
corresponds to the schedule instances of the database. After the constraint solver
is done with labeling and verifying the correctness of all values of the variables,
we import the resulting schedule using Jasper back to the database. A graphical
user interface, is designed and implemented to ease the constraint and data
management, and to display and export the generated timetables to various
formats.

We have tested the system on three main different study groups majoring in
their second semester with a total of 473 course instance variables (correspond-
ing to lecture, exercise, and practical session) to be scheduled and we generated
a good solution within a few seconds. Our testing environment was a Microsoft
Windows Vista Ultimate running on a 32-bit processor at 1.73 GHz with 1 GB of
RAM. With our test bench we had 623029 resumptions, 77689 constraint entail-
ments, 167925 prunings, 2 backtracks and a total of 77915 constraints created.

5 Conclusion and Future Work

In this paper, we have presented how the course timetabling problem at the Ger-
man University in Cairo can be modeled as a constraint satisfaction problem. To
implement it, we have used the constraint logic programming language SICStus
Prolog. The time taken to implement, debug and test the software was about
14 weeks. The use of a declarative paradigm means that the program can be
easily maintained and modified which is crucial for a young university like the
GUC. Until now, we dealt only with hard constraints. One direction of future

2 http://www.java.com



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
timetabling problems, e.g. examination timetabling [14].
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