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This research is an attempt to create optimized planning in educational units. The problem
of university courses timetabling is one of the problems that is very important for
educational units ;establishing optimal distances to comply with students' study status as
well as balancing other constraints of the timetabling problem is one of the challenges in a
timetabling problem. Therefore, sometimes an educational unit may not be able to strike a
good balance between all the constraints it faces and fail to achieve a proper timing table. In
this paper, in order to achieve optimal exam timetabling with an integer scheduling
approach, a model for exam timetabling is presented. The purpose of the proposed
mathematical model is to maximize the appropriate time intervals that should be established
between students' exams. In this mathematical model, according to the number of allowed
exam days and the number of possible exam sessions per day, a number of positions have
been considered and it is tried to assign these positions to the courses according to the
courses related to the students of each entrance. The most important advantage of the
proposed model is its simplicity while sufficient accuracy. Therefore, complex methods are
not needed to solve this model.

1. Introduction
Today, timetabling is one of the inevitable necessities of human life.
In the macro programs of developed countries, one of the sectors that
has played an important and effective role in achieving the
realization of their programs and goals is the educational system.
Therefore, considering the key role of the educational system in any
society, it is possible to understand the importance of proper and
appropriate planning in this system. Planners in the field of education
in universities are always faced with various resources and
limitations in setting the schedule of classes, so preparing a timeline
taking into account all these limitations in a short time and without
interfering with the expertise of resources as Non-automatic is very
difficult. It is also not easy to make the necessary changes due to
changes in the amount and timing of access to resources or changes
in university policies regarding planning rules and priorities; On the
other hand, with the quantitative expansion of colleges in terms of
diversity of fields of study, student admission and degrees in Iran, the
introduction of automatic methods of timetabling classes in a short
period of time is necessary and inevitable [1].
The problem of university course schedule is one of the most
important and widely used problems in educational environments.
University course schedule is the allocation of a certain number of
resources such as professors and courses to a limited number of time
courses and classes in a given course according to It is a set of
constraints to achieve a certain set of goals. In general, the purpose of
creating a curriculum planning model is to reduce the interference of
students in a department and teaching a professor, as well as to
eliminate the synchronicity of courses that need a common class, so
it can be said that a timetabling problem seeks to create a program
with performability with minimal interference between courses. [2]
The problem of timetabling university courses in all cases belongs to
the NP-hard class in terms of computational complexity; therefore, an
algorithm with time complexity of polynomial order is not presented
to solve it. Accurate algorithms and approximate algorithms can be
used to solve timetabling problems [3] Genetic algorithms, forbidden
search and cuckoo are among these algorithms. Despite the large
number of models in the field of curriculum planning, not many
studies have been done in the field of exam planning and, in this
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article,, a simple model for exam planning is presented. This model
does not have the complexities of existing models and accurate
approaches can be used to solve it. One of the approaches to modeling
planning problems that is also considered in this article is integer
programming and achieving the final model is based on the use of this
approach; In the following sections of this mathematical model, the
integer of the problem is examined and while presenting a model to
satisfy the existing limitations, the test planning model is
implemented in a case study and its results are examined in the
following. This shows that despite the limitations that exist in
educational units, it is possible to set up a program that can respond
to existing limitations with optimization approaches.
2.

Literature and research background

The timetable applies to a wide range of problems, including training
problems, sports competitions, transportation problems, staff work
schedules, meeting schedules, and production process timetabling.
The timetable of educational problems is used in universities for
timetabling courses, exams [4], deletions and additions [5] and in
schools for timetabling courses, exams [6] and educators for teaching
children with disabilities at home [7]. In the area of sports problems,
the researchers used a timeline for scheduling basketball, football,
table tennis, and baseball matches. The timetable is used in
transportation problems to schedule the movement of buses [8], trains
[9] and transits [10]. In the staff work schedule, a timetable is used for
scheduling nurses [11] and aircraft crews [12]. In the production sector,
a schedule has been used for human resource planning and
management and production management, for example, the schedule
of production processes in workshop production systems [13].
Research on machine scheduling dates back to the 1960s. In the early
years, machine scheduling was a kind of simulation of manpower
scheduling. The researchers then looked at more general methods,
such as integer programming models. In the last two decades, efforts
have focused on the use of innovative, metaphysical and artificial
intelligence methods to solve such models. In 1963, Gilbert published
numerous papers on mechanized scheduling in scientific conferences
and journals. Also, many models in the form of mathematical models,
computer models, graphs, etc. have been written in this field. The
purpose of all these modeling is to provide a plan that is optimized to
fit the goals, needs and resources of the organization by entering new
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information. In many articles, approaches such as ideal programs
have been used to solve the timetabling problem. In these models,
using ideal planning, attempts have been made to assign courses to
professors in a way that meets the organization's needs and
professors' preferences. In fact, ideal planning has tried to optimize
the conflicting goals in the organization at the same time. In 1985,
Dora proposed various models and approaches with a special focus on
graph theory [14]. In 2012, Saber et al. Used a bee meta-heuristic
algorithm to solve the problem of exam timetabling and university
course timetabling. The Bee Algorithm (HBMO) is a nature-inspired
algorithm that simulates the actual mating process of bees [15]. In
2012, Abdullah and his colleague presented the problems of
timetabling university courses and timetabling university exams,
and solved the problems using the proposed forbidden mimetic
algorithm with multiple neighborhood structure. Soft constraints
Problems are designed based on students' preferences, and the goal of
the problems is to minimize the number of violations of soft
constraints. In the proposed algorithm, the mutation operator, the
intersection, and 9 neighborhood structures and a forbidden list are
used for the neighborhood structure. The results show that the
desirability of the answers obtained from the proposed algorithm is
only better than the memetic algorithm [16].
Alvarez-Valdez and colleagues in 2002 proposed a university
course timetabling model and for the first time used the forbidden
search algorithm to solve the university course timetabling problem.
They solved the problem in two phases, the first phase is the allocation
of students to courses and time periods and the second phase is the
allocation of courses to classes. For the first phase, a possible initial
answer for assigning students was generated and improved with the
forbidden search algorithm of the program, and in the second phase,
the forbidden search algorithm was used to allocate the class and
improve it, without changing the initial allocation of courses to time
periods. Also, several neighborhood strategies and the impact of
structures have been compared [17]. In 1998, Badri introduced a model
for optimizing the educational needs of the UAE University. In this
model, limitations such as the amount of time available, the number
of classes and the capacity of classes are considered. In addition,
special attention has been paid to the faculty's policies, such as the
number of classes held at night. In this model, teachers' preferences
for lessons and time of each day are considered simultaneously. The
structure of this model is in two stages. In the first stage, the lessons
are assigned to the professors and in the second stage, the lessons are
scheduled [18].
In 2006, Salem al-Yaqoub and Hanif Sharali developed models based
on mathematical programming for the problem of assigning
professors to courses at Kuwait University. The purpose of the integer
mathematical programming model is to minimize individual and
collective dissatisfaction of professors [19]. In 2012, Mehregan et al.
Used the Soft System Methodology (SSM) method to solve the
University of Tehran course timetabling problem. In this problem, the
preferences of professors, students and the university have been
considered. The purpose of the problem is to provide a quality timeline
that minimizes violations of these preferences. Given the complexity
and large size of examples of these problems in the real world, an
efficient solution cannot be easily found. In this article, using SSM
method, the concepts of learning, understanding and significant
relationship of relevant stakeholders in the problem can be analyzed
and examined [20]. In 1396, Shah Moradi and his colleagues had
useful research in the field of timetabling university courses using
the forbidden search algorithm and constraint planning in the field of
timetabling university courses [3]. Ismaili and Abdollahi worked on
two timetabling models in 2016 using the integer programming
approach [1]. Abolfazl Rouhani also presented a study in the field of
linear programming models of combined integer in the field of
production planning, which is significant [21].
Reference [22] introduces some of the available methods to solve the
scheduling problem, such as replacement method, graph coloring
method, intelligent method, genetic algorithm, and the advantages
and disadvantages of each of them are examined. Finally, it is
concluded that using an integrated approach that considers the
benefits of all methods will be the best approach to solve the problem.
Various papers on scheduling problem at the university have been
presented, which can be referred to as [23] and [24].
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3. The problem of exam timetabling and solution approaches
In this section, first, explanations about educational planning models
are presented, and then its solution approaches are briefly introduced,
and finally, the planning of constraints and the concepts contained in
it are stated.
3.1. Exam timetabling problem
Planning is a set of current preventive measures to solve the future
problems of a system. According to this definition of planning, exam
planning can be called a tactic in proper timetabling of exams of an
educational group to solve problems and reduce dissatisfaction of
users of educational systems. In this way, the future of the preplanning education system should be estimated and exam planning
should be developed accordingly. The timeline tries to allocate a
certain number of resources to a limited number of time and class
periods in a given period according to a set of constraints, in order to
achieve a certain set of goals.
3.2. Problem solving approaches
Approaches to solving optimization problems are different. According
to one category, optimization problems are divided into two
categories: hybrid and continuous optimization problems. In the
context of continuous problems, many classical methods for global
optimization have been proposed. But these techniques usually do not
work if the objective function does not have certain properties, such
as convexity. Continuous optimization methods are divided into two
categories: linear and nonlinear optimization methods. Methods for
solving hybrid optimization problems can also be divided into two
parts: exact and approximate algorithms. Continuous nonlinear
optimization and approximate methods of discrete problems are
considered difficult problems.
3.3. Integer programming
Among the practical problems of optimization are those problems in
which all or part of the variables are integers. These models have
many applications in real-world problems because many variables in
the real world are integers. When all decision variables are integers,
this is called pure integer programming. If some variables have
integer values (hence the assumption of divisibility for the rest), this
model refers to Combined Integer (MIP) 1programming [21].
In recent years, integer programming models have received a lot of
attention. With this approach, large size problems are solved directly
and without decomposition into small size problems, and softness and
flexibility in large size problems increases, and this problem is very
important for the educational problems of universities or large
institutions [25].
There are a limited number of papers on planning university exams,
including [26], [27], [28], [29] and [30]. In these papers, more attention
has been paid to the method of model solving and no new innovation
has been presented regarding the modeling problem, while the main
innovation of this paper is the presentation of a new model in this
regard.
4. The proposed integer model for exam planning
In order to solve the future problems of an educational system, the
future status of the educational system, including the lessons taken
by students before planning, must be estimated and based on that,
exam planning should be developed. Therefore, exam planning in this
case can be divided into two parts:
4.1 Predicting courses and number of students
In most educational units, such as the case study of this research, the
exams of all groups of a faculty are performed at the same time.
Exams in each educational group include exams of general, basic,
specialized courses and practical courses. To facilitate planning in
most educational units, general and basic courses that are common to
all groups are held at regular intervals and even the first or last days
of exam days. Also, the exams for practical courses are not in the
schedule and are held separately before or after the exams. Therefore,
the most important part of planning in educational groups is the
development of educational programs for specialized courses.
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The student grouping method can be used to estimate the group of
courses that students take. In this method, the courses of an
educational group are divided into 8 semesters (all the usual
semesters of the undergraduate course) so that the priority and
latency of taking courses are observed and the total number of units
is divided approximately equally between 8 semesters. Also, the
experiences of field counselors in taking courses in special semesters
should be observed. These educational semesters are also referred to
as "field trees". Students of each field are required to choose their
courses in each semester based on the courses offered in the tree and
corresponding to the number of semesters they have spent at the
university. Therefore, by having the statistics of incoming students
each year or current students of each semester, it is possible to select
their courses in the next semester with a percentage of error (some
students who fail to take some semester courses due to failure in a
course) predicted.
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fact, in the objective function of the problem, the distance between
two courses i and ii, which are in the same semester, is maximized,
and in order to increase the distance between the two courses of each
semester, the kt coefficient is used. In fact, the kt coefficient increases
the distance between the two positions allocated for test i and ii.

The first day of exams
Position
1
(First
hour)

Position
2
(Second
hour)

….

The Dth day of exams

Position
Position
N
N(D-1) +1
….
...
(Nth
(First
hour)
hour)

Position
N(D-1) +2
(Second
hour)

…

Position
ND
(Nth
hour)

Table 1: Relationship between exam location and exam days

4.2 Determining the schedule of exams
The second part of the exam timetabling problem is the allocation of
exams to time intervals so that the existing restrictions are observed
and the satisfaction of students in each category is met in the tree. At
present, in most universities, the timetabling of courses is done
manually by experienced people. In manual programming, lessons
are scheduled in an iterative way. In each repetition, one course is
selected and the schedule starts from two courses for which more
students have registered for those two courses at the same time, so
these two courses should not be offered at the same time and the date
should be chosen. The test and the time interval should be done in a
way that does not violate other restrictions. This process continues
until all courses are assigned to the exam time frame. In the following,
the assumptions and limitations of the proposed model of the article
are examined:
1. It is assumed that there are a number of exam days and it is possible
to assign a number of intervals to the exams each day, each of which
is referred to as an exam post. With the help of this position, the exam
time can be set every day.
2. The number and calendar of exam days and the number of exam
time intervals (exam positions) per day are specified.
3. For each exam, only one time period (exam location) should be
allocated from the schedule.
4. Exams in a semester of the tree should not be placed in a common
exam location of the program. (Prevent student interference).
5. The limitation of the space available in each examination place for
holding exams must be considered.
6. The interval between one semester exams in the tree should be
maximized.
Variables and parameters of the proposed model
Parameters:
N: The number of exam seats available each day to hold exams
ek: Number of semester exams
D: Number of days allowed for exams
Index:
k: Tree term number so that 1 <k <8
i: Exam number in the k semester so that 1 <i <ek
t: Number of exam positions per day 1 <t <N
j: Exam day number 1 <j <D
D(i,ii,k) : Square Euclidean distance of exam time of two lessons
i and ii of the k semester

Due to the fact that the exams are held on D working days and at
N different times of each day, so the exam program has ND positions
and the kt coefficient causes the one-semester course exams to be
located with the maximum distance between the positions. According
to Equation 1 of the square Euclidean distance to calculate the time
interval between exams.
𝑀𝑀𝑀𝑀𝑀𝑀 𝐷𝐷(i,ii,k) =

�

∀𝑗𝑗=1,…,𝑘𝑘

� � � (� � 𝐾𝐾. 𝑡𝑡 . 𝑋𝑋i,i j,k,t − � � 𝐾𝐾. 𝑡𝑡. 𝑋𝑋ii,j,k,t )2 � (1)
𝑖𝑖

𝑖𝑖𝑖𝑖,𝑖𝑖𝑖𝑖≠𝑖𝑖

𝒌𝒌

𝒕𝒕

Constraints of the proposed model:

𝒌𝒌

𝒕𝒕

1- Each lesson should be included in the exam program only once
(Equation 2):
� 𝑋𝑋𝑖𝑖,𝑗𝑗,𝑘𝑘,𝑡𝑡 ≤ 1; ∀ 𝑘𝑘 = 1, … ,8; 𝑡𝑡 = 1, … 𝑁𝑁; 𝑗𝑗
𝒊𝒊

(2)

2-In each hour and each day (position) two lessons from one semester
should not be allocated (Equation 3):
� 𝑋𝑋𝑖𝑖,𝑗𝑗,𝑘𝑘,𝑡𝑡 ≤ 1; ∀ 𝑘𝑘 = 1, … ,8; 𝑡𝑡 = 1, … 𝑁𝑁; 𝑗𝑗 = 1, … , 𝐷𝐷
𝒊𝒊

(3)

3-Due to the limitation of the place of exams, a maximum of three
lessons should be allocated per hour and each day (position) (Equation
4):
� � 𝑋𝑋𝑖𝑖,𝑗𝑗,𝑘𝑘,𝑡𝑡 ≤ 3; ∀ 𝑘𝑘 = 1, … ,8; 𝑡𝑡 = 1, … 𝑁𝑁
𝒊𝒊

𝑗𝑗

(4)

5. Implementing the proposed model for planning the courses of
the Department of Industrial Engineering of Khayyam University
In this research, by collecting the required information related to the
timetabling problem from the Department of Industrial Engineering
of Khayyam University, the proposed model of the article was
implemented and reviewed; the following is information about the
model and the outputs of the model implementation.
6. Evaluating the results of the proposed model

Objective function of the proposed model

Considering that in individual semesters (October semester) the
emphasis of the Department of Industrial Engineering of Khayyam
University is on the priority of planning based on individual
semesters, so in this case studies due to time symmetry with
individual semesters, planning based on individual semesters the
person, which includes terms 1, 3, 5 and 7, is considered and the
output of the model is of course based on the results of the person's
terms. However, in the implementation of the proposed model, the
courses related to even semesters have been considered, and for this
purpose, these courses have been considered in one of the four
courses of semesters 1, 3, 5 and 7, according to the position of the tree.

The main innovation of the problem model is in its objective function.
Thus, assuming D of the exam day and N position in each day, it is
assumed that according to Table 1, in total in the total interval of
exams, the number of ND positions is available for assigning exams.
Therefore, in the objective function of the problem, it is tried to assign
the courses of each semester to these positions in such a way that the
maximum time intervals between the positions are established. In

Khayyam University exams are held in 13 working days, except for
the second and tenth days (which are for holding courses in the
Department of Education). Also, each day of the exam includes three
times of holding the exam as 8-10, 12: 30-10: 30 and 15-13. It is worth
mentioning that in the semester, 29 specialized exams related to the
industry group will be held. Tables 2 to 5 show the information about
the courses along with the desired semester.

Decision variable:

Xijkt: is a variable of zero and one, and if the i exam of the k semester
is held at t hour of day j, the value is one, otherwise it is zero.
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Table 2: Lessons related to semester 1
Lesson number
1
2

Term1=A
A1
A2

Name of Course
Economics 1
Industrial Design and Drawing 1

Table 3: Lessons related to semester 2&3
Lesson
number
1

Term3=C
Term2=B
B1

2

B2

3

C1

4

C2

5

C3

6

C4

7. Conclusions and suggestions

Name of Course
Computer Programing
Statics and Strength of
Materials
Theory of Statistics and
Probability
Material Science
Fundamentals of Electric
Engineering
Linear Algebra

Table 4: Lessons related to semester 4&5
Lesson
number
1
2
3

Term5=E
Term4=D
D1
D2
D3

4

E1

5

E2

6
7
8

E3
E4
E5

The test program resulting from the implementation of the proposed
model is shown in Table 6. As can be seen, due to the fact that the
focus of planning is based on individual semester courses 1, 3, 5 and
7, these courses are properly planned and allocated in 13 days with
the maximum time interval.

Name of Course
Manufacturing Processes
Engineering Economics
Operation Research 1
Production Planning and
Inventory Control 1
Project Management and
Control
Principles of Accounting
Motion and Time Study
Operation Research 2

Research shows that the timetable applies to a wide range of problems,
including training problems, sports competitions, transportation
problems, staff work schedules, meeting schedules, and production
process timetabling. The timetable can be used to schedule
educational problems in universities for timetabling, exams, and
additions, and in schools for timetabling lessons, exams, and
instructors to teach children with disabilities at home.
This paper examines the models and methods of curriculum planning
that are part of the complex optimization problems. One of the most
important and challenging problems in this field is the problem of
planning university exams. In this article, a model was presented in
this field, which is a relatively simple yet practical model with
sufficient accuracy. The main innovation of the proposed model is the
problem objective function, which maximizes students' exam
intervals, and the main purpose of the method is to provide sufficient
time for students to study for exams.
The proposed model was used to plan the exams of the Department of
Industrial Engineering of Khayyam University and the result was an
exam program with the ability to be implemented in the university.
For future research, the proposed model can be generalized and
applied to other timetabling problems.
Also, other objective functions can be added to the problem, such as
minimizing the number of exams in a given interval and considered
the problem as multi-objective.

Table 5: Lessons related to semester 6&7&8
Lesson
number
1
2
3
4
5
6
7
8
9

Term6=F Term7=G
Term8=H
G1
G2
G3
G4
F1
F2
F3
F4
F5

10

H1

11

H2

12

H3

13

H4

Declaration of Conflict of Interests

Name of Course
Principles of Marketing
Facilities Planning
System Dynamic
Technical English
Quality Control
Simulation
Production Planning
Decision Analysis
Maintenance Planning
Human Factors
Engineering
Design Of Industries
Management
Information System
Inventory Planning And
Control 2

Table 6: Exam program resulting from the implementation of the
proposed model based on individual semester planning
Day
1
2
3
4
5
6
7
8
9
10
11
12
13

8-10 p.m.

10:30–12:30 p.m.

D2
C2
G4

F4
B2

G1

D1
C1

F2
H3
D3

E2
F3

13-15 a.m.

E3
C4
E1
B1

G3
F5
H2

E5
G2
H1
H4
F1

A2

C3
A1
E4

The authors declare that there is no conflict of interest. They have no
known competing financial interests or personal relationships that
could have appeared to influence the work reported in this paper.
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