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 Scheduling problem is one of the Non-deterministic Polynomial (NP) 
problems. This means that using a normal algorithm to solve NP problems is 
so time-consuming a process (it may take months or even years with 
available equipment), and thus such an algorithm is regarded as an 
impracticable way of dealing with NP problems. The method of Memetic 
Algorithm presented in this paper is different from other available 
algorithms. In this algorithm the problem of a university class Scheduling is 
solved through applying a new chromosome structure, modifying the normal 
genetic methods and adding a local search, which is claimed to considerably 
improve the solution. We included the teacher, class and course information 
with their maximal constraints in the proposed algorithm, and it produced an 
optimized scheduling table for a weekly program of the university after 
creating the initial population of chromosomes and running genetic 
operators. The results of the study show a high efficiency for the proposed 
algorithm compared with other algorithms considering maximum 
Constraints. 
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1. INTRODUCTION 
Scheduling algorithms or Timetabling Problem (TTP) are generally difficult problems with high 

computational complexity, which are known as NP-Complete problems. One of the most complex scheduling 
problems is the university scheduling and programming. It is very difficult and even impossible to solve such 
a scheduling problem through normal algorithms because of very large state space and numerous parameters 
with various constraints. Indeed, scheduling problem has been known as a NP-hard problem, which is a type 
of decision making problem that is solved through polynomial scheduling NP algorithms [1]. In university 
scheduling problem, scheduling mainly means assigning teachers to courses and placing them in classes at 
specified time intervals considering necessary constraints. 

As stated above, using Genetic Algorithm (GA) technique to solve scheduling problem relying on 
Darwin evolutionary theory is one of the most popular and widely used algorithms which has been used in 
numerous cases and produced notable results [4, 5, 6, 7]; moreover, there are other methods for solving TTP, 
of which Memetic Algorithms, Graph Coloring Algorithms and Colony of ants are the most important [3, 8, 
16]. 

Genetic algorithms similar other algorithms in first run steps identification an area of problem state 
space that local and global optimums are located very well but act some slow at continue way, which we 
offer a Memetic algorithm with new ideas in genetic operators that we show performance improvement 
algorithm in this research. Genetic algorithms, like other algorithms, appropriately identify in the initial 
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running steps an area of problem state space in which local and global optimums are located, but, proceeding 
towards global optimum, they act rather slowly. The present study aims to contribute to algorithm 
improvement by offering a Memetic algorithm with new ideas in genetic operators. 

In the present paper, we attempt to efficiently solve the university courses scheduling problem with 
all the relevant constraints through a Memetic Algorithm, which is a combination of a new genetic algorithm 
and a local search. To this end, we determine the starting and finishing hours of the time table for each 
chromosome, and then divide it into small time intervals, in which teachers and courses are scheduled 
considering both soft and hard constraints. 

Numerous studies have been carried out in this field. Ben Paechter & R.C. Rankin have presented a 
method based on Memetic Algorithms along with effective local search which has been applied to the first 
timetabling competition in 1994 [8]. Edmund Burke, David Elliman, and Rupert Weare have proposed 
Genetic Algorithm at the Department of computer Science, University of Nottingham, which only applies to 
acceptable time intervals and is related to user interactively [3]. Khaled Mahar introduced a genetic algorithm 
for solving courses scheduling problem in 2006. He applied it to a university and reported its results [4]. 
Wilhelm Erben & Jurgen keppler also designed and implemented optimized tables of weekly courses 
utilizing Genetic Algorithms in 1995 [9]. In his proposed method, Michael W.Carter (2001) divides a 
problem into several sections and uses a greedy algorithm and an algorithm based on Lagrange function for 
allocating time intervals and classrooms, respectively[2]. 

Considering computational complexity of Genetic Algorithms, measures have been taken to increase 
their speed. Abramson D. &Abela J (1992) have taken advantage of parallel Genetic Algorithms to solve the 
problem of designing timetables for schools, reporting a relatively high time advantage compared with 
normal genetic algorithms [10]. 

Varac J et al. (2002) have presented a complete review on the application of genetic algorithms for 
designing to designing time tables [11]. Also, Moschopoulosa et al. (2008), in Belgians, have proposed and 
used an adaptive algorithm on the base of evolutionary computations for designing schedules in Greek high 
schools [12]. 
 
 

2. PROBLEM FORMULATION 
In university course scheduling problem, any response or timetable is regarded as a chromosome 

and accordingly we can consider the scheduling problem functionally as follows: 
 
F: T * C * P * L → {0, 1} (1) 

Where C, T and P refer to course set, teachers set, and allowed time of classes, respectively; L refers 
to place or class, and F (T, C, P, L) means presenting the course C, by teacher T, on time P, and in place L. 

We use the following formula to calculate chromosome size: 
 
�� = �� ∗ (C ∗ 2) (2) 

Where, ��  refers to chromosome size, C means course number, doubling of which creates teachers 
code according to each course, and ��  refers to the divided time credit number, which can be obtained from 
following formula. 

Calculating time periods number in each chromosome: 
 
�� = �(����� − �����) ∗ 4� ∗ � (3) 

Where, ��  refers to time period number which is assumed 15 minutes intervals witch show each 
time period(4*15=60min=1hour) and is changeable through changing the required coefficient rate (����� −

�����); �����  shows starting hour and �����  shows ending hour of scheduling, which is receivable from the 
user with 15 minutes precision. This means that the user can specify the opening and closing hours of classes. 
W represents those days of week which will be scheduled, and its rate is on the interval (0<W<8). 
 
2.1. Population size calculation 

When determining the population size (parents and children population) within the proposed 
method, if the population size is very large, the speed of algorithm run will greatly decrease. On the other 
hand, if the population size is small, the problem will converge into the answer which is not necessarily 
optimal. 
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The proposed solution is that population size is a function of the number of events and the length of 
chromosomes. This means that the more the number of events, the larger the population size is taken, and the 
longer the chromosomes, the smaller the population size is considered.  The population size can also be 
adjusted manually. 

 

����� =
�∗	�


��
∗ 	 , 
ℎ���� = ����� ∗ 1.3 (4) 

In the first equation, 
ℎ���� is the child population size, which is 1.3 times as large as parent 
population, which has been obtained through trial and error, and in the second equation, �����  the proposed is 
parent population. L stands for the existing class number; E refers to number of events in a chromosome;��  
is the desired time periods (equation 3), as mentioned before; and K is constant factor for regulating the 
population size, which has been calculated through trial and error and is approximately 45. 
 
 

3. CONSTRAINTS  
As mentioned above, there are some constraints in scheduling courses, which can be divided into 

two basic parts: hard constraints, which are totally considered in scheduling, and soft constraints, which are 
applied to problems as far as possible. In most papers involving Memetic and Genetic algorithms, only some 
of basic constraints have been used for scheduling [1, 6, 5, 4, 15].However, we attempt to use maximum 
constraints in scheduling to obtain the best possible response. 

Considering that the number of applied constraints could directly affect the algorithm speed and 
response finding, we attempt to minimize as far as possible the number of constraints through some methods. 
For this purpose, we deleted some of these constraints through establishing the initial population by using 
permutation method and applying genetic operators to chromosomes. Using permutation method implies that 
there should be no repeated gene in chromosome [14]. Therefore, deleted constraints due to the permutation 
maintenance in chromosomes during chromosome creation, genetic operations phases and isolation of 
specific1 and normal classes are as follows: 
 -  No course should be repeated twice a week. 
 -  Offering all of the presented courses: all of the presented courses should be offered for scheduling in 

chromosome. 
 -  Considering class type: each course which needs a specific class1 should be held in this unique class. 
 -  No class should be allocated for two courses at the same time. 

 

3.1. Hard Constraints 
 -  The coincidence of a teacher’s different class times: One teacher should not be allocated for two different 

courses at the same time. 
 -  Course interference of special entry students: The coincidence of the courses taken by the students of the 

same entrance 
- Presentation of courses to special entry students should not coincide. A heavy fine will be imposed on for 

this constraint. 
 -  Class capacity: class capacity allocated to a course should not be less than match the number of students 

enrolling on the course which is to be held in this place. 
 

3.2. Soft Constraints 
 -  Adapting class equipment to the course: when the course needs a special piece of equipment such as a 

computer or projector, it should be provided for  the class. 
 -  The number of intervals between the courses of a teacher: It would be better if there were no intervals 

between the courses.  
 -  Determining maximum daytime teaching period for students in a term: As far as possible, teaching time 

should not exceed 6 hours a day during a term; however, this time limit could be changeable. 
  - Determining maximum daytime teaching period for teachers in a term: More than 6 hours a day teaching 

period should not be allocated for teachers; however, this time limit could be changeable. 
  - Maximum and minimum constraints of course unit in a term for each lecture: Any teacher at any 

university department have constraint about the number of course unit which should Not be more than 
maximum rate in scheduling or less than minimum rate of course unit (e.g.) it is considered not more than 
23 units and not less than 16 units. For example, the number of course units taught by teachers ranges 
from 16 to 23. 

 -  Presentation of non-laboratory three- unit courses for 3 successive hours: important courses should not be 
taught for three successive hours because it causes teaching quality to decrease. 
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 -  Presentation of non-laboratory three- unit courses for one day: Besides the previous condition, specialized 
and important courses should not be taught in one day; rather, the time of teaching should be divided into 
two days. 

 -  Presentation of non-laboratory three- unit courses for two successive days: time of three-unit courses 
should be distributed during a week, including a one- hour and a two- hour time. 

 -  excluding intervals between courses: There should be no intervals between class times. There should not 
be vacancy among class times. 

 -  The days of a term during which the students and teachers are present: Considering the university 
schedule and other constraints, the students’ as well as teachers’ attendance days during a term should 
reach a minimum.  

 -  Constraint of the teacher’s attendance days: each teacher announces the days of his attendance in the 
faculty. 

 -  Constraint of the lecture's teacher’s attendance time on attendance days: teachers can inform attendance 
time constraint on attendance days. 

 -  Class availability: some classes may belong to special group or faculty at certain times. 
 -  Time intervals between taught courses over a term: There should be a time interval between the courses 

being taught during a certain term. For instance, for 6 successive courses, there should be a 15- minute 
interval. 

  -  Holding a normal class in a special class: If the normal class is held in the special class, soft constraints 
will be added to the fitting by low coefficient. The reason behind this is to prevent its occurrence as far as 
possible. 

 -  Teaching priority: paying attention to teachers’ preferences for the courses they are to teaches an 
important issue, which is done separately in each group, and is applied to the fitting with lower 
coefficient. 

 -  Meals time: The time which should be given to students and teachers to have a meal. 
In the case of the meal time, it should be mentioned that a half-hour interval is set to solve the meal 

time problem using the course scheduling chart so that no class should be met during this half-hour time in a 
given term, i.e. at first, courses of several terms from the chart at one half-hour, and students of the next 
several terms from the same chart at other half-hour, etc., are given meal time. The start and the end hours of 
meal serving are time intervals equal to the specified period in formula (3), which is determined by the user 
from beginning of desired meal time. 

In this method, not only is the students’ lunch time of is taken into account but also a considerable 
amount of time is saved for teaching the courses taken by the students of other terms. In the case of the meal 
time for teachers, it should be mentioned that at a certain meal interval, the taught courses of each teacher are 
checked so that a free time is made for having meal at this interval; otherwise, it will be added to the soft 
fitting in a lower coefficient. 

it is noteworthy that non-connectivity of course hours in some cases such as 3-hour laboratory 
courses and 3-unit courses 2 hours of which  should be connected is considered the very first time should be 
considered from the very beginning and we regard those course hours as successive courses. Moreover, there 
are some courses which are run two hours a week and these two hours should also be successive. Finally, 
total fitness includes the weight sum of hard and soft fines. Hard fines have more weight than the soft, and 
their computation method is presented in formula (5). 

 
 

4. SIDPLAYING OF CHROMOSOMES  
As mentioned in the formulation section, in this research each timetable has been assumed as a 

chromosome, and every chromosome is defined as a two-dimensional array. Indeed, producing a 
chromosome is defined as the transformation of phenotype space into chromosomes. As it is seen in figure, 
columns of this array specify the intended class by class code, in which two columns are considered one class 
(the first column of each class specifies the course code, and the second column specifies the teacher code of 
that course).The development of a chromosome is done through permutation. 

Is should be mentioned that specifying which group the presented is carried out by considering a 
predetermined course, which is extractable by using the course feature which has not been shown directly in 
chromosome. Lines of this chromosome are developed at two stages: dividing into the days of week is done 
at the first stage, and dividing the days into time intervals is done at the second stage. Formula (3) shows the 
method of setting time intervals, i.e. from the start of each day’s scheduling to its end, which is divided into 
changeable periods. 
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5. CROSSOVER OPEATOR

In the proposed algorithm, crossover is performed at three stages: at the first stage, we organize
population considering the fitness rate of any chromosome (formula 
population, the chromosomes of parent population, which are of low fitness, are transferred without making 
any changes to the next generation, i.e. 

At the second stage, we use the next 
(Sector Base-Partially Mapped Crossover)
run SB-PMX algorithm through selecting pare
permutation feature of genes is maintained in chromosomes. 
chromosomes with permutation,
courses will be in contact,   and the presented courses which a
to other free time in the same chromosome in order to solve the problem. 

It should be noted that if the restoration of
will be deleted and crossover is performed again. At the same time, 
and special classes is performed separately and in pairs, i.e. 
considered  a separate chromo
chromosome. 

At the third stage, we use cycle crossover algorithm 
population assuming that every gene
procedure for each of the constraints of normal and special classes in chromosomes 

 
 

 
 
 
 
 
 
 
 
 

 
 

Since the time of some courses may overlap in the method
PMX is performed on children created in cycle crossover.
 
 
6. MUTATION 

The task of Mutation operator is to 
algorithms into local optimized places. In the proposed method, our idea about
operator is to do mutation at three different states
operator, the mutation is performed in three different stages:
chromosome, three different mutation
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Figure 1.Displaying a chromosome 
 

 

Figure 2. Displaying crossover cycles 
 

CROSSOVER OPEATOR 
In the proposed algorithm, crossover is performed at three stages: at the first stage, we organize

fitness rate of any chromosome (formula 5), Then, as much as 10% of the child 
population, the chromosomes of parent population, which are of low fitness, are transferred without making 
any changes to the next generation, i.e. the better part of the parent population (Elitism). 

we use the next 40% of children population utilizing SB
Partially Mapped Crossover), which has been studied in detail by Enzehya

PMX algorithm through selecting parents randomly from total parent popul
permutation feature of genes is maintained in chromosomes. In SB-PMX, following the crossover of two 
chromosomes with permutation, chromosomes undergoes restoration, given that time intervals of presented 

and the presented courses which are in contact with other course
to other free time in the same chromosome in order to solve the problem.  

that if the restoration of the created chromosome is not possible, the created ch
will be deleted and crossover is performed again. At the same time, the crossover of the 
and special classes is performed separately and in pairs, i.e. the normal class part of first 

a separate chromosome, and it will only crossover with special class part 

At the third stage, we use cycle crossover algorithm (figure 2) and complete the last part of
that every gene together with its place from one parent gets to the chromosome. The 

constraints of normal and special classes in chromosomes is independent

Since the time of some courses may overlap in the method, the same restoration function as SB
PMX is performed on children created in cycle crossover. 

tion operator is to avert the homogeneity of population and entrapment of 
algorithms into local optimized places. In the proposed method, our idea about Implementation of mutation 
operator is to do mutation at three different states: In the suggested method, to implement the mutation 
operator, the mutation is performed in three different stages: when we say a mutation occurs in a 

three different mutations occurring in one chromosome are applied to the 
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In the proposed algorithm, crossover is performed at three stages: at the first stage, we organize the 
Then, as much as 10% of the child 

population, the chromosomes of parent population, which are of low fitness, are transferred without making 
population (Elitism).  

of children population utilizing SB-PMX algorithm 
which has been studied in detail by Enzehya (2002), in [13], and 

population, in which the 
PMX, following the crossover of two 

that time intervals of presented 
re in contact with other course are transferred 

created chromosome is not possible, the created child 
the constraint of normal 

normal class part of first chromosome will be 
some, and it will only crossover with special class part of a second 

and complete the last part of the 
gets to the chromosome. The 

is independent. 

restoration function as SB-

homogeneity of population and entrapment of 
mplementation of mutation 
to implement the mutation 

when we say a mutation occurs in a 
the children population 
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Figure 3. Display of mutation 

Figure 4. Display of mutation 

according to determined mutation rate, so that in fac
stages. 

Mutation 1: The primary
randomly replaced by the time of other course along with 
performed only in a special or normal class interval
this purpose, however, the presented class time is checked with second course time so that 
two genes would be possible. If interchange is not possible, the free time after and before each course will be 
checked, respectively, in order that there will be sufficient free time for interchange. 
genes requires that times of the courses be equal
them, so that there will be no interference and mutation in
interchange was not possible, the other two genes would be
repeated, as it is seen in figure (3).

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Mutation 2: In the second mutation, a number of 

other teachers in the same chromosome;
with the presented course and the skill of 
selected from teachers list; therefore
teacher pair is often possible. There is usually at least one 
their courses. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
However, if there is no such a possibility

mutation demonstrated in figure (4).
 
Mutation 3: In the third mutation, a free space is

one of the presented courses along with 
appropriate free time for mutation in chromosome, this stage of mut
sample of mutation. 
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Figure 3. Display of mutation 1 in a chromosome 

Figure 4. Display of mutation 2 in a chromosome 

according to determined mutation rate, so that in fact three mutation are considered

The primary mutation is the one in which time of a presented course and its 
replaced by the time of other course along with the teacher within acceptable limits

special or normal class interval, which leads to the elimination of irrelevant responses f
presented class time is checked with second course time so that 

e possible. If interchange is not possible, the free time after and before each course will be 
checked, respectively, in order that there will be sufficient free time for interchange. The interchange of two 

t times of the courses be equal, or there should be sufficient free time before and after 
no interference and mutation in the two genes. It is noteworthy that
, the other two genes would be randomly selected and operations w

in figure (3). 

In the second mutation, a number of teachers in each chromosome are interchanged by 
in the same chromosome; however, in this mutation, the course group of 

presented course and the skill of teacher for teaching a new course. A teacher 
therefore, the course interchange of each teacher pair is possible. A

possible. There is usually at least one teacher pair in each chromosome 

there is no such a possibility, this stage of mutation will not occur. A sample of this 
in figure (4). 

In the third mutation, a free space is randomly selected from successive time
along with teacher is transferred to it. It should be mentioned that if there is no 

appropriate free time for mutation in chromosome, this stage of mutation will not occur. Figure 5 
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three mutation are considered one mutation at three 

mutation is the one in which time of a presented course and its teacher is 
acceptable limits this action is 

ination of irrelevant responses for 
presented class time is checked with second course time so that the interchange of 

e possible. If interchange is not possible, the free time after and before each course will be 
The interchange of two 

or there should be sufficient free time before and after 
. It is noteworthy that if the 

and operations would be 

chromosome are interchanged by 
course group of teacher is considered 

teacher pair is randomly 
ir is possible. At least one 

pair in each chromosome to interchange 

, this stage of mutation will not occur. A sample of this 

from successive times and then 
transferred to it. It should be mentioned that if there is no 

ation will not occur. Figure 5 shows a 
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Figure 5. Display of 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
It is noteworthy that if the population moves toward homogeneity through repeating generations, 

mutation rate gradually increases in order to prevent
Implementation part). 
 
 
7. FITNESS FUNCTION 

Fitness function indicates
not following the above mentioned constraints

 
��
������� � ∑ �
 ∗ �

 
Where, n refers to the proposed chromosome;

related to the desired chromosome;
Sj stands for the total weight of violated so
constant for determining the pressure on soft constraints weight. We always have
 
 
8. SELECTION FUNCTION

In this section, we select once more the primary population from 
chromosomes after running genetic operators on chromosomes with respect 
chromosome. Considering various tests
obtained by integrating two single
is selected through creating a single
of each chromosome determines 
selected through choosing the tournament where Chromosomes compete with each other in pairs. It should be 
mentioned that selection is done from 1.3
according to formula (4).  
 
 
9. LOCAL SERACH 

A local search algorithm 
which is a chromosome. At every loop, the search starts with an initial 
located in the vicinity ofPi+1 area.
quality of every state and continues to find
Hill climbing, simulated flux and 
are employed in different presented Memetic algorithms

Considering that the local searches generally have
local search in the proposed algorithm. 
addressed in the ‘Constraints’ section, 
the chromosomes that have not violated
the previous conditions of the existing
detected chromosome will be used in making the necessary changes intelligently in the chromosome. 
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Figure 5. Display of mutation 3 in a chromosome 

It is noteworthy that if the population moves toward homogeneity through repeating generations, 
mutation rate gradually increases in order to prevent homogeneity (This will be discussed 

Fitness function indicates the acceptability rate of a chromosome. In this case, 
above mentioned constraints. Fitness is defined as follows: 

����� � ∑ �� ∗ ����� 

the proposed chromosome; Hi is the total weight of violated hard constraints 
the desired chromosome;	���� is a constant for increasing the pressure on hard constraints weight;

total weight of violated soft constraints related to desired chromosome, and 
constant for determining the pressure on soft constraints weight. We always have�	����

SELECTION FUNCTION 
In this section, we select once more the primary population from the created child

chromosomes after running genetic operators on chromosomes with respect to the 
chromosome. Considering various tests which performed through different methods, th

integrating two single-axis and tournament roulette wheel Method so that
single-axis Roulette wheel on total population. In this method,

of each chromosome determines the selection chance of each chromosome and the remaining
tournament where Chromosomes compete with each other in pairs. It should be 

mentioned that selection is done from 1.3- folds of the primary population, and children outnumber p

A local search algorithm (like figure 6) searches from an initial zero state to a 
which is a chromosome. At every loop, the search starts with an initial P state and extends to

area. In every stage, the search, relying on the fitness function, examines the
continues to find the best chromosome nearby. There are three local searches called
flux and uniform motion. These three types of searches, or a co

different presented Memetic algorithms used to deal with different optimization proble
Considering that the local searches generally have a high time complexity,

proposed algorithm. In the implemented method, considering the
addressed in the ‘Constraints’ section, by local search, the limitation of the adjacent chromosomes

violated these three constraints takes place, and regarding 
conditions of the existing chromosome and other constraints, the knowledge obtained from the 

will be used in making the necessary changes intelligently in the chromosome. 
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It is noteworthy that if the population moves toward homogeneity through repeating generations, 
will be discussed later in the 

chromosome. In this case, a fine is imposed on 

(5) 

total weight of violated hard constraints 
sure on hard constraints weight; 

ft constraints related to desired chromosome, and 	���� is a 

���� >	���� �. 

the created child population 
to the fitness of each 

rent methods, the best result has been 
o that 72% of the population 

axis Roulette wheel on total population. In this method, the fitness rate 
the remaining 28% are 

tournament where Chromosomes compete with each other in pairs. It should be 
and children outnumber parents 

state to a neighbor state Pi, 
state and extends to the search space 

In every stage, the search, relying on the fitness function, examines the 
re are three local searches called 

These three types of searches, or a combination of them, 
optimization problems.   

, we use an innovative 
considering the three hard constraints 

by local search, the limitation of the adjacent chromosomes for finding 
regarding the maintenance of 

, the knowledge obtained from the 
will be used in making the necessary changes intelligently in the chromosome. 
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Figure 6.Display of Local Search 
 

Implementing this method for generations improves the chromosomes, and in general, gives rise to the 
improvement of algorithm performance. 

 
 
 
 
 
 
 

 
 
 

 

 
 
 
10. INITIALIZATION 

To initialize the primary population chromosomes, we use possible method randomly and 
independently from fitness, but considering the effect of some of the hard constraints having permutation 
quality, we are to take into account some of the soft constraints during the creation of the primary population 
to obtain good results. Chromosomes generally suffer from low fitness in the primary population because soft 
and hard constraints are not applied completely to initialization. This is because if we want to apply all of the 
soft and hard constraints, it will be impossible to create the primary population, and if we consider none of 
them in creating the population, the speed and chance of finding optimized response will decrease; therefore, 
we do not consider any them in creating population; thus, we regard initialization as semi random rather 
completely random. 

Considering what was stated, some conditions are initially checked during the creation of the 
primary population. There is no need to solve them as constraints with respect to permutation in genetic 
operators. The constraints are as follows: 
- Each special or normal class is placed in its own part. 
- No course has time overlap with other course in a class. 
- Those courses are considered that should be scheduled totally or separately. Only the courses that should be 

scheduled totally or separately are counted. 
- All the presented courses should be included in chromosome, and if this is not possible, the user will be 

informed after searching and computation that this rate of courses cannot be scheduled in these numbers of 
classes. 

The Items that influence the finding of a response in non-random creating of the primary population 
are as follows: 
- Class capacity is taken into account during course allocation. 
- Teachers priorities for course presentation are taken into account as far as possible. 
- Class facilities and equipment are taken into account as far as possible. 
 
 
11. IMPLEMENTATION 

In this section, we deal with manner, order and stages of realizing the presented introduced 
algorithm. As we discussed in the initialization section, we initialize parents as the primary population semi-
randomly after determining the number of parent and child populations, then we compute the fitness rate of 
each chromosome according to formula (5), afterwards we run the target test function on the primary 
population. The target test function is a function that checks the fitness rate of chromosomes individually to 
specify whether the related chromosome response is optimal or not. Here, the criteria of the target test 
function are test whether or not the hard constraint fitness rate is zero, whether or not the fitness rate of some 
soft constraints is zero and whether or not the other constraints are minimized so that if the target 
chromosome is found in this function. At first, a sample of that chromosome is stored as a response, and 
before stopping the run, the algorithm is allowed to produce further generations so that the probability of 
creating optimal responses through running genetic operators on optimal chromosome could increase. 

In the next stage, we run the crossover operator on the primary population, and as we discussed in 
the section of crossover operation, after creating the child population, we run fitness run computation and 
target test functions on the population. Mutation operator is run only on the child population. Concerning the 
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mutation operator, it seems necessary to note that if
trapped in local maximum; therefore, 
order to avoid this problem. 

In the next stage, we run the local search on the child population so that the knowledge of 
chromosomes could be shared with one another,
function on chromosomes, the
chromosomes by using the method discussed in the section ‘
section, the child population size was obtained
child population has become 1.
creating a good response and selecting
seems that algorithm speed will gener
however, as we will observe in results of 
algorithm will lead to satisfactory results.

The above-mentioned stages are performed unti
ends, or the optimal response could
 
 
12. RESULTS OF IMPLEMENTATION

 In proposed Memetic algorithm, initialization is
structure, and through various tests, mutation and integration are treated differently
algorithms. The rate of mutation varies depending on the conditions.
different mutation states are satisfied.
in order to cause good chromosomes to be not lost
algorithm with genetic algorithm and proposed Memetic algorithm, 

In the following diagrams, horizontal axis indicates generation iteration and vertical axis indicates 
fitness function so that when fitness rate approaches zero, it shows good results. Also, blue lines show 
minimum fitness resulted from evaluation function, and red lines 
the tests, the facilities are equal; 
the specifications and information a
Engineering faculty of Tabriz University,
probabilities are performed on all chromosomes. It is noteworthy that the proposed 
on the courses offered in the Islamic
results. 

 
12.1. Running a Genetic Algorithm

We have opted for a completely random initialization in running 
the crossover rate 65% and mutation rate
children. In this stage, genetic operators are applied as follows:
- Mutation is done as interchanging
- Crossover as a 3-point crossover has been considered on 

taken into account. 
- New generation selection is realized through generational method in which total primary population i

replaced by children. 
 
 
 

Figure 7. Fitness curve of running genetic algorithm

 
As shown is figure (7), 

are 40 tables of this type, which is very low compared with fitness rates obtai
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it seems necessary to note that if mutation rate is constant, there will be the risk of being 
trapped in local maximum; therefore, the mutation rate is raised and is run on population with high rate in 

we run the local search on the child population so that the knowledge of 
chromosomes could be shared with one another, and finally, after running the fitness rate computational 

the selection function is run, replacing the initial population with
by using the method discussed in the section ‘selection function’. As stated in the

population size was obtained using the formula 
����� � ����� ∗ 1.3

child population has become 1.3-fold; therefore, creating more children and increasing the possibility of 
good response and selecting a new primary population from children become possible. Here, it 

seems that algorithm speed will generally decrease because of an increase in the number of children
we will observe in results of Implementation section, using this method in

algorithm will lead to satisfactory results. 
mentioned stages are performed until the specified rate for replicating generation 

could be found and stops after running several generations.

RESULTS OF IMPLEMENTATION 
n proposed Memetic algorithm, initialization is done semi randomly in the
and through various tests, mutation and integration are treated differently
. The rate of mutation varies depending on the conditions. it takes place in three forms so that 

tes are satisfied. One third of the population is directly replicated
in order to cause good chromosomes to be not lost. For the purpose of comparing a normal Memetic 
algorithm with genetic algorithm and proposed Memetic algorithm, a number of tests have been per

In the following diagrams, horizontal axis indicates generation iteration and vertical axis indicates 
fitness function so that when fitness rate approaches zero, it shows good results. Also, blue lines show 

tness resulted from evaluation function, and red lines indicate mean fitness of population. In all of
facilities are equal; (i.e. the faculty has 10 classes, 3 laboratories and 2 computer site

the specifications and information about courses, classes and teachers, extracted from courses set of 
Engineering faculty of Tabriz University, are similar. Moreover, integration and mutation with independent 
probabilities are performed on all chromosomes. It is noteworthy that the proposed algorithm has been 

Islamic Azad University, Sofian Branch and has produced acceptable scheduling 

a Genetic Algorithm 
We have opted for a completely random initialization in running the genetic

the crossover rate 65% and mutation rate 5%, and the number of primary population is equ
this stage, genetic operators are applied as follows: 

tion is done as interchanging two genes irrespective of the interference probability.
point crossover has been considered on the total population in which permutation is not 

New generation selection is realized through generational method in which total primary population i

 
 
 
 
 
 
 
 
 
 
 

Figure 7. Fitness curve of running genetic algorithm 
 

shown is figure (7), initial  tables have a very low fitness and even after 2000 generation
which is very low compared with fitness rates obtained from the proposed 
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mutation rate is constant, there will be the risk of being 
run on population with high rate in 

we run the local search on the child population so that the knowledge of 
fitness rate computational 

lacing the initial population with new 
As stated in the formulation 

3. This it means that the 
creating more children and increasing the possibility of 

new primary population from children become possible. Here, it 
rease in the number of children; 

using this method in the introduced 

l the specified rate for replicating generation number 
be found and stops after running several generations. 

the special chromosome 
and through various tests, mutation and integration are treated differently from normal genetic 

it takes place in three forms so that 
replicated in the next generation 

For the purpose of comparing a normal Memetic 
tests have been performed. 

In the following diagrams, horizontal axis indicates generation iteration and vertical axis indicates 
fitness function so that when fitness rate approaches zero, it shows good results. Also, blue lines show 

mean fitness of population. In all of 
faculty has 10 classes, 3 laboratories and 2 computer sites). Also all 

extracted from courses set of 
Moreover, integration and mutation with independent 

algorithm has been tested 
d acceptable scheduling 

the genetic algorithm. We assume 
of primary population is equal to that of 

interference probability. 
total population in which permutation is not 

New generation selection is realized through generational method in which total primary population is 

and even after 2000 generations, there 
ned from the proposed 
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algorithm. In contrast to the proposed method, 
no guarantee for losing optimal chromosome in each generation due to la
better chromosomes. Later, we will see
parts and adding a local search, the quality of the developed timetables increases considerably

 
12.2. Running Memetic Algorithm 

Although rates and information on
considered hard constrains in the
normal class and special class, and
chromosomes fitness is different in comparison with genetic algorithms.

 
12.2.1. Running conditions 

We consider initializatio
integration and mutation rates for initialization
the homogeneity of fitness rates 
and children population are equal.

 
12.2.2. Running genetic operators
- Mutation is done as displacement of two genes considering interference possibility.
- Crossover as PMX is considered 
- Selection of a new generation is implemented

child population to the primary
the population. 

- The Considered local search is 
 
 
 
 
 
 
 
 
 

Figure 8.

 
After running this algorithm as

algorithm. Fitness rate approached 21 after running 2000 generations and
descending. Furthermore, due to direct duplication of half of better population to parent population, the 
probability of optimal chromosomes 
 

12.3. The Results of Running
 Figure 9 shows the curve of results obtained from running the proposed Algo

courses. The results of this test is
mentioned above, in addition to hard constraints, some soft constraints have also been considered in creating 
primary population, which has caused the initial fitness 
testing with Memetic algorithms, fitness is limited to above 20 after about 2000 generation i
however, in running the proposed algorithm, fitness reaches below 20 after 
and finally it reaches 7. Since, in the proposed method, one
next generation, through the proposed method, 
fitness rate of the population in previous generations. Rather, there is
population. 
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proposed method, the fitness curve is not completely descending because there is 
no guarantee for losing optimal chromosome in each generation due to lack of direct duplication of some 
better chromosomes. Later, we will see that in a Memetic algorithm, by making some changes in

, the quality of the developed timetables increases considerably

Memetic Algorithm Considering Some Constraints  
Although rates and information on the problems and previous runs are the same

the initialization section, classes are scheduled into two separate parts, i.e. 
and a local search is run on population As seen in figure 8, the initial rate of 

chromosomes fitness is different in comparison with genetic algorithms. 

We consider initialization as semi-random in running the advanced genetic a
for initialization are assumed 65%, 3% respectively; the 

homogeneity of fitness rates is assumed to be a maximum of 8%, respectively. Also, primary population 
and children population are equal. 

Running genetic operators 
Mutation is done as displacement of two genes considering interference possibility. 
Crossover as PMX is considered in total population, in which permutation is taken into account.

is implemented through 50% direct transfer method from
primary initial population selection in the form tournament on the remaining 50% of 

local search is hill climbing. 

 
 
 
 
 

Figure 8. Fitness curve of running advanced genetic algorithm
 

After running this algorithm as shown in figure (8), the results seem better than
algorithm. Fitness rate approached 21 after running 2000 generations and, as it is observed

due to direct duplication of half of better population to parent population, the 
probability of optimal chromosomes loss is eliminated. 

Results of Running the Proposed New Algorithm  
Figure 9 shows the curve of results obtained from running the proposed Algo
The results of this test is better than using genetic and previous Memetic

mentioned above, in addition to hard constraints, some soft constraints have also been considered in creating 
which has caused the initial fitness rate of chromosomes to decrease. As you see, in 
c algorithms, fitness is limited to above 20 after about 2000 generation i

proposed algorithm, fitness reaches below 20 after about 1010 generation iteration,
, in the proposed method, one third of the population is replicated
proposed method, the fitness rate of the new population will not be less than 

population in previous generations. Rather, there is a fluctuation in 
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fitness curve is not completely descending because there is 
ck of direct duplication of some 

some changes in the genetic 
, the quality of the developed timetables increases considerably. 

previous runs are the same because we only 
two separate parts, i.e. 

seen in figure 8, the initial rate of 

advanced genetic algorithm. The 
umed 65%, 3% respectively; the variable in relation to 

8%, respectively. Also, primary population 

ermutation is taken into account. 
through 50% direct transfer method from the better part of the 

selection in the form tournament on the remaining 50% of 

Fitness curve of running advanced genetic algorithm 

seem better than those of the genetic 
as it is observed, the curve is 

due to direct duplication of half of better population to parent population, the 

Figure 9 shows the curve of results obtained from running the proposed Algorithm for the presented 
previous Memetic algorithm, and as we 

mentioned above, in addition to hard constraints, some soft constraints have also been considered in creating 
of chromosomes to decrease. As you see, in 

c algorithms, fitness is limited to above 20 after about 2000 generation iterations; 
about 1010 generation iteration, 

replicated directly in the 
new population will not be less than 

in the mean fitness of the 
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Figure 9. Fitness curve of running proposed Memetic algorithm
 
 

13. CONCLUTION 
The present paper examined Memetic algorithm properties as an appropriate tool 

responses. Then the problem of designing TTP for university courses was 
and a Memetic algorithm solution was represented to it. We prevented the algorithm from converging 
through creating changes in mutation, and desir
structure, obtained through integration; chromosome structure;
to the next generation; semi-random initialization and other changes applied to
Local search and genetic algorithm.  It was also shown 
as local minimums through manipulating mutation parameter increased

In particular, non-global
population uniformity and being trapped in a local optimum. The result
algorithm is effective in designing timetables for a college, and 
responses created through genetic algorithms and Memetic algorithms. 
efficiency of localized methods based on normal and standard evolutionary algorithm. 
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Figure 9. Fitness curve of running proposed Memetic algorithm 
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