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T This paper attempts to place an emphasis on the fundamental aspects of the Examination Timetabling problem i.e. 
to develop the mathematical background for the problem. We will be defining examination timetabling problem and 
introducing various hard and soft constraints associated with the problem. Then the mathematical formulation will be given 
to make the plate form for further implementation. Here we will be adopting the strategy:   Largest degree first. Events that 
have a large number of conflicts with other events (i.e., a large degree) are scheduled early. The rationale is that the events 
with a large number of conflicts are more difficult to schedule and so should be tackled first.

What is Timetabling? 
Timetabling problems are a specific type of scheduling prob-
lem and are mainly concerned with the assignment of events 
to timeslots subject to constraints with the resultant solution 
constituting a timetable. Wren [18] defined timetabling in the 
following way: 

“Timetabling is the allocation, subject to constraints, of given 
resources to objects being placed in space time, in such a way 
as to satisfy as nearly as possible a set of desirable objectives.” 

Based on the definition given by Wren[18], we need to know 
whether there are sufficient resources available for the given 
event to take place at its specified time as well as which re-
sources are allocated. The goal is to optimize some objective 
function depending on the application domain at hand. For 
example, in examination timetabling environments, the func-
tion to optimize is usually the gap between two examinations 
that a student has to sit in i.e. try to spread the examinations 
throughout the examinations periods of time. The basic termi-
nology used in timetabling problems is summarized in Table 
2.1.

Table 2.1 Terminology used

Terminology Definition 

Event An activity to be scheduled. Examples include 
examinations and courses. 

Timeslot 
(period) An interval of time in which events can be 

scheduled 

Resource Resources required by events. Examples include 
rooms and equipment (i.e. projectors). 

Constraint A restriction to schedule the events. Examples 
include room capacity and specific timeslot. 

Individual A person who has to attend the events. 

Conflict Two events are clashing with each other if they 
have at least a common individual and are 
scheduled in the same timeslot.

The constraints in timetabling can be divided into two cate-
gories: 

•	 Hard	constraints,
•	 	Soft	constraints.	
 
Hard constraints cannot be violated. Soft constraints are not 
essential but their satisfaction is highly desirable in order to 
produce a good quality timetable. 

A general timetabling problem consists of assigning a number 
of events like courses, examinations, lectures, lab sessions etc. 
into a limited number of timeslots and rooms while minimiz-
ing the violations of a set of constraints. In general, the time-
table problem has a set of events E, a set of timeslots T, and a 
set of hard constraints C. The intention is to arrange all of the 
events E, into the timeslots, T, in such a way that no hard con-
straint C is violated in order to produce a feasible timetable.

THE EXAMINATION TIMETABLING PROBLEM
The examination timetabling problem represents a major ad-
ministrative activity for academic institutions. It is often a 
difficult and demanding process and it affects a significant 
number of people. Carter [21] reports that there are three 
broad categories of people that are affected by its outcome: 
administrators, academic staff and students. Many universi-
ties are seeing an increasing number of student enrolments 
into a wider variety of courses and an increasing number of 
combined degree courses. This is contributing to the growing 
challenge of developing examination timetabling software to 
cater for the broad spectrum of constraints and demands that 
are required by educational institutions across the world and 
therefore the quality of a timetable should be evaluated from 
several points of view. 

WHY DO WE NEED AUTOMATED TIME TABLE?
University timetabling represents a difficult optimisation prob-
lem and finding a high quality timetable is a challenging task. 
With a large number of events involved and various hard con-
straints to be fulfilled, finding an optimal timetable is com-
plicated and time consuming. Solving a real world university 
timetabling problem manually often requires a large amount 
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of time and expensive resources. Also, it is not flexible, as if 
we want to modify any data item in the data base, we will 
have to modify the entire data base manually. Either this leads 
to inconsistency or will take a lot of time. As the data base 
increases, then it will be much more difficult to make it man-
ually. To overcome these problems, we need automated time 
table. Also, this is much faster to response and to modify in 
comparison to manual modification. It is user friendly as the 
user can access it from anywhere. It is more efficient than 
manual system. Any changes in the data base can be made 
any time; actually we can make changes in the data base just 
before few minutes of examination.   

CONSTRAINTS
The responses from a survey on examination timetabling 
problem among 56 universities conducted by Burke et al.[17] 
found that the constraints vary widely from institution to in-
stitution. Some examples of hard constraints for examination 
timetabling are:

•	 Certain	 examinations	 must	 be	 consecutive	 or	 must	 take	
place in a specific order (before/after each other).

•	 Examinations	with	 the	 largest	 number	 of	 students	 should	
be scheduled earlier in the timetable to allow more time 
for marking.

•	 Examinations	given	by	 the	 same	 instructor,	 if	 scheduled	 in	
the same timeslots, have to be assigned to nearby class-
rooms.

•	 There	 should	 be	 no	more	 than	 x	 conflicting	 examinations	
in y (>x) consecutive timeslots.

•	 	Certain	examinations	must	take	place	in	a	specific	room.
•	 There	must	be	enough	seating	capacity	in	the	room	for	the	

number of students scheduled in it.
•	 No	 student	 should	be	 required	 to	 sit	 two	examinations	 si-

multaneously. 
 
The generally accepted hard constraints for the examination 
timetabling problem are (i) there must be enough seating ca-
pacity and (ii) no student should be required to sit two exam-
inations at the same time. Solutions that satisfy all the hard 
constraints are called feasible. On the other hand, there might 
be some requirements that are not essential. These are re-
ferred to as soft constraints. Common constraints, as reported 
in Burke et al. [15]  are:

•	 Students	should	not	be	scheduled	to	sit	more	than	one	ex-
amination in a day.

•	 	 Students	 should	 not	 be	 scheduled	 to	 sit	 examinations	 in	
two consecutive timeslots.

•	 	Each	student’s	examinations	should	be	spread	as	evenly	as	
possible over the schedule.

•	 	Some	examinations	may	only	be	assigned	within	a	particu-
lar set of timeslots.

•	 Examinations	of	the	same	 length	may	be	scheduled	 in	the	
same room.

•	 Examinations	must	 be	 scheduled	 to	 the	 rooms	 which	 are	
near to the relevant department.

•	 	 Examinations	with	 questions	 in	 common	must	 be	 sched-
uled in the same timeslot.

 
In a real world situation, it is, of course, usually impossible to 
satisfy all the soft constraints, but minimizing these violations 
will increase the quality of the solution by calculating the pen-
alty function to the extent to which a timetable has violated 
its soft constraints.

MATHEMATICAL FORMULATION
In this section, we present the formal model of the examina-
tion timetabling problem:

Indices: 

Tt
Ss
Rpr
Nji

...1:
...1:
...1:,
...1:,

Parameters:
 

We have to find the optimal number of class rooms, time slots 
and days which can hold all the courses offered by the depart-
ments, taking into account all the constraints of the examina-
tion scheduling problem.

Decision Variables:

 

The objective is to spread out examinations over the exam pe-
riod (timeslots) for each student, minimize the conflict occur-
rence in exams.

In this problem, an objective function is used to space out stu-
dents’	 examinations	 throughout	 the	 examination	 period.	 The	
examination timetabling problem can be formulated as the 
minimization of:

 

where:
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Where  it  and jt specify the assigned timeslot for examina-
tion i and j where },...,2,1{, Nji ∈ . )(1 iF  represents 
the cost for an exam i that is given by the proximity value 
multiplied by the number of students in conflict. Proximity val-
ues of 16, 8, 4, 2 and 1 are used here. For example, if a stu-
dent has two consecutive examinations then a proximity value 
of 16 is assigned. If a student has two examinations, with a 
free timeslot in between, then a value of 8 is assigned. Two 
empty periods correspond to a penalty of 4 and so on. . These 
values are summed up and divided by 2S, to give an average 
penalty per student since all clashes would otherwise be 
counted twice (e.g. c23 and c32).

Constraints:
1. No student can sit two exams concurrently (clash-free re-
quirement). If examination i and j are scheduled in timeslot t, 
the number of students sitting both examination i and j must 
be equal to zero, i.e.    = 0. This can be expressed as:

 

This represents a clash-free requirement so that no student is 
asked to sit two  exams at the same time. The clash-free re-
quirement is considered as a hard constraint.

2. All exams must be scheduled and each exam must be 
scheduled only once in available timeslots, T.

This can be expressed as

 

3. For each timeslot t the number of rooms assigned to a 
particular timeslot must not exceed the maximum number of 
rooms available in a timeslot . This can be expressed as:

 

4. The total number of students assigned to a particular exam 
room(s) must be less than the total room capacity. This can be 
expressed as:

 

Where St is the number of students taking examinations in 
timeslot t and Seats is the number of Q

5. Only one examination paper is scheduled to a particular 
room in a particular timeslot. There is no sharing of rooms 
with other exam papers.

 
COCLUSION AND FUTURE WORK

Thus we have been successful to give the mathematical for-
mat to our problem. A number of hard and soft constraints 
have been included. The mathematical formulation, we have 
given, is an ideal formulation as at has a lot of hard and soft 
constraints. In real life it is not always possible to satisfy all 
the constraints, sometimes we have to compromise. Neverthe-
less we will be doing our best to satisfy as much constraints as 
possible to make the problem more realistic.

In future, we will be developing the step-wise algorithms to 
solve the problem in a very easy way. Along with each al-
gorithm one real life examination timetabling example will 
be given to show it manually. As stated earlier our goal is to 
schedule all the examinations in minimum number of time 
slots without any clash. Therefore we will be trying to find the 
feasible solution that satisfies all the hard constraints and will 
be finding the final penalty cost for each exam and the aver-
age penalty cost for all the exams.


