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Abstract 

he issue of university course timetables for academic institutions is one of the most important 

and time-consuming problems. To solve this problem, it should be subject to the hard and soft 

constraints are attributed to time. The course is tabulated in the schedule of courses for the 

teachers and students predefined time (usually one week), so that a set of constraints and limitations 

respect. Solving this problem requires the hand of time, usually several days of work of an individual 

or group manager. In addition, the proposed solution may be some limitations and constraints 

manually are not satisfied. To solve the above problems in the time, many attempts have been made. 

Over the past few years, many papers have been published to solve this problem. In addition, several 

applications have been developed and successfully applied. This paper presents a Genetic Algorithm 

(GA) for solving the university course timetabling problem (UCTP). The experimental results indicate 

that the proposed Genetic algorithm is efficient for solving the UCTP. 
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1. Introduction 
Imagine that you are given the task of producing the semester schedule for your academic 

department. You would need to schedule courses in such a way that there would be an instructor, 
room, time and students for each course to be offered. This task is called timetabling, also referred to 
as academic scheduling. A timetable is a table that shows the time, room and instructor for a set of 
courses that are to be scheduled. The task of producing timetables is for the most part a time-
consuming and difficult task, because people building the timetable need to ensure that no 
scheduling conflicts will arise in any timetable. The problem of scheduling courses is also called the 
University Course Time- tabling Problem (UCTP). UCTP is concerned with the allocation of courses, 
instructors and students in a room and time slot, in such a way that it satisfies as nearly as possible 
the constraints imposed by a particular educational institution [1,2,3,4]. The schedule of courses, 
mainly targeting managers of educational institutions satisfy the constraints and achieve the optimal 
solution is correct them. These limits are trying to convey. Today the issue as a matter of common 
timelines for various planning (especially the educational system) has special importance. Since the 
problem is NP-complete problems are listed by category. Require the use of intelligent and 
innovative algorithms for solving the problem is decisive. One of these methods and intelligent 
algorithms, the genetic algorithm is used. 
 

2. Related Work 
The early days of research in educational timetabling investigated such approaches as graph 

heuristics [5] and integer linear programming [6]. Some of the early techniques are either impractical 
or too simple to solve complex or large timetabling problems. Constraint based techniques have 
been employed over the years to address timetabling problems [7]. Recently, meta heuristic search 
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techniques have been investigated and seem to have been very successful in solving a variety of 
timetabling problems. These include tabu search [8], simulated annealing [9] and evolutionary 
algorithms [1,2,3,10]. Various combinations of local-area-based and population based algorithms 
have been reported to solve timetabling problems in the literature [1,2,11]. In fact the quality of a 
solution produced by population-based algorithms may not be superior to local-area-based 
algorithms mainly due to the fact that population-based algorithms are more concerned with 
exploration than exploitation [12]. Population-based algorithms scan solutions in the whole search 
space without focusing on the individuals of good fitness within a population. Furthermore, 
population-based algorithms may experience premature convergence, which may lead to them being 
trapped into local optima. Population-based algorithms have another drawback of requiring more 
time. However, EAs have several advantages when compared with other optimization techniques 
[13]. For example, GAs can perform a multi directional search using a set of candidate solutions [14]. 
In [15] proposed a new method of Genetic algorithm with Search Bank Strategies namely local, 
guided and tabu searches. Local Search is used to increase the offspring or solutions. Guided Search 
is used to narrow the solutions by using Events Data Structure. Tabu search is used to remove the 
used solutions. In [16] showed that evolutionary based genetic algorithm approach as an effective 
solution to solve course timetabling problem. In [17] proposed method is a hybrid genetic algorithm 
(HGA).The results were compared with other available ones using the 11 datasets of Socha et al .In 
[18] a new hybrid algorithm (NHA) combining genetic algorithm with local search (GALS) and using 
events based on groupings of students is described to solve the university course timetabling 
problem. 
 

3. Problem explanation  
Formally, the UCTP consists of a set of n events E = {e1, e2, e3,...,en}  in our case these events are 

courses to be scheduled in a set of j time slots T ={t1, t2, t3,…,tj} placed in a set of l rooms {r1, r2, r3,…, 
rl} and with a set of k students S = {s1, s2, s3,…, sk} and a set of j instructors I = {i1, i2, i3,…. Ii}. Because of 
different criteria, and not a single application for all universities applied.  But there are noteworthy 
common characteristics of all. These include three factors, including the timing of the lesson, the 
teacher and the hardware and software features noted. The optimality criterion is based on a series 
of restrictions and constraints are divided into two categories: hard and soft. Severe restrictions on 
the rules that must be observed in the weekly schedule and their non-compliance will result in the 
application being invalid. Including strict limits can be cases [1, 2, 3, 5, 6, 7, 10]. 
In this paper we deal with the following hard constraints: 
 

•No more than one course at a time by a teacher. 
•Lack of a teaching period abroad free time 
•Lack of educational sessions in the form of inadequate educational facilities (classrooms, 
laboratories, audiovisual facilities and sites. 
•Failure to provide a lesson in an educational environment 
•Sufficient capacity for student classes and lessons offered 
•If you assign a class to a class, the class must have the necessary equipment and hardware and 
software. 

 

Soft constraints are constraints that contradict them should be minimized. These restrictions apply if 
the weekly program will enhance the quality of planning, but the lack of respect they are not the 
cause of the credit program. Including soft constraints can include: 
 

•No interference makeup courses per semester and inputs 
•distribution of classes at convenient times 
•minimization of the total hours of unused masters 
•minimization of the total hours of unused student program 
• Play sessions per week for each course, as appropriate Preferences master 

Homayun Motameni / Vol. 5(14) Jan. 2015, pp. 2062-2067                                                                   



 
 

 
2064 

 
International Journal of Mechatronics, Electrical and Computer Technology (IJMEC) 

Universal Scientific Organization, www.aeuso.org 

The final program was created to meet the hard constraints and soft constraints as possible to 
reduce. Manually prepared weekly program on a large scale at a university, so that the addition of 
restrictions, optimization also requires hard work and hours of work by the group manager. 
However, the program may not be desirable. For this reason, many attempts have been made to 
automate the process. 
 

4. Proposed Algorithm 
In proposed method is used of combination of genetics algorithm as a strategy for solving 

University Course Timetabling problem which improves searching in state space. 

  
4.1 Chromosome demonstration  

In this study, each chromosome of a timetable and a two-dimensional array is assumed. 

 Chromosome class-teacher: Chromosome class-teacher in a two-dimensional array to 
consider that the number of rows and columns of the class period during the week. When a 
gene assumes any master of putting together the final chromosome genes are formed. In 
this case, because of the high number of university courses may not exceed the length of the 
chromosome and the search space. 

 Chromosome Course – teacher: Chromosome master - class to consider the two-dimensional 
array of rows and columns of the number of professors intervals during the course of a week. 
In this case, genes and the genes along the chromosome the final build. 

 Chromosome week during-class: Chromosomes during the week - the class to consider the 
two-dimensional array of rows and columns that the number of class intervals during the 
week. 

To address these shortcomings, the new form is used to represent chromosomes. 

 The array of rows and columns respectively intervals during the week. The proposed method 
is to fill the empty houses of numbers where each master class is taught using arrays, we will 
use less space. Because genes are all masters in a cavity with a filling of vacant houses will be 
less. 

 This time in the form of rows and columns consider before filing for use of empty houses 
with the difference that we can use the course code. We are likely to spend more time with 
this look, but compared to the previous method is more efficient to achieve the optimum 
solution. 

After discussing all these methods, a new chromosome timing offer academic courses. The 
proposed chromosome array rows and columns of a master of time intervals during the week. Empty 
house divided into two parts and the number of classes and code modules to fill it. 
 

4.2 Fitness 
To determine the optimal amount of program and to assess the suitability of a chromosome and 

also recognize the need for a function to evaluate our final answer the value of this function indicates 
that failure to comply with certain restrictions. The value returned by this function indicates the 
relative amounts of hard and soft constraints are violated. The value of this function is to compare 
different programs to solve this problem is written. The final fitness function is calculated based on 
the following formula. 
 

 Si × N(softi F(x)( = 0.9 × ∑ Hi ×N (hardi (+ 0.1 × ∑ 
 

The formula Hi i is equal to the weight attributed to the hard constraints and soft constraints Si equal 
to the weight assigned to the i-th and N (hardi) limits the number of defects hard and N (softi) limits 
the number of defects is soft. That the value of this function is closer to zero, indicating the validity of 
the program is written. Strict limits that must be followed according to rules, based on the weight 
and importance are: 
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• No more than one course offered by a teacher and one day at a time 
• Interference courses offered to students of a particular input 
• interference over a course of a day and an hour in the classroom, laboratory or site 
• Failure to submit coursework outside the hours specified by the teacher 

 

Soft constraints considered are: 
 

• Courses for input successive interference 
• No interference lessons for all inputs 
• input on few weeks picking courses and tandem 
• less of the total hours of unused masters 
• less of the total hours of unused Students 
• In regard to teachers in planning lessons 

 

Soft constraint factor 0.1 and 0.9 times the rate of strict limits to consider. 
The proposed algorithm roulette wheel selection operator is used to select chromosomes. Select the 
wheel was first proposed by Holland. The main idea of the game is the wheel. Game wheel is as 
follows: There is a circle divided into several sectors and each sector a number (not necessarily 
identical) are given. Wheel is rotated. When the wheel stops, the person in front of the sector, 
belonging to his win. To implement the game, ranging between zero and one, and each frame is 
divided into not necessarily the same size as the one assigned a number between zero and one is 
chosen. Each person was given a number in the range is the winner. The conventional method of 
selection techniques and the methods of random selection are random selection methods; the 
probability assigned to the selection of each chromosome, the chromosome is proportional to the 
level of competence. The probability corresponding to each chromosome, which is calculated on the 
basis of fitness. 
  
4.3 Crossover-Over Operator  

In proposed algorithm, after selecting 2 parents for crossover operator, we select a random 
number in 1 to n interval ( n is number of operators ) and those genes which are in range of 0 to 
random number shifts from primary parent and similar genes of second parent are eliminated and 
reminded genes are inserted in empty houses ordinary. 
 
4.4 Mutation Operator  

After selecting parent chromosome from existent population, 2 randomized points in interval 1 to 
n (n is number of operators) are selected and available genes in the range of selected points one 
shifted to the left rotary. 
 
4.5 Maintaining the best chromosome 

When production ended in the new population, now for the best chromosome generation to 
happen before it manually put in place a new generation of worst chromosomes. With the rapid 
convergence of the algorithm and the optimum number of programs to find a suitable solution 
decreases. 
 
4.6 Stop constraint  

Given that the genetic algorithm is a stochastic search method must therefore be stopped by the 
terms of this algorithm. 
• achieve the fitness function value to zero 
• achieve a specified number of generations 
• Convergence of the population 
• Given the time constraints 
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5. Experiments  
The proposed algorithm is a genetic algorithm, a strategy used to solve the scheduling problem of 

academic courses. In the proposed algorithm, the initialization is done randomly into chromosomes. 
Integration rate and mutation rate of approximately 70 to 80 percent from 20 percent to 30 percent, 
which is achieved through trial and error. The initial population of 100 and 1000 times the number of 
generations considered. The new genetic algorithm is proposed to be carried out and compared with 
the standard genetic algorithm and normal. To compare the properties of the algorithm, the test 
data set is designed to cover the timing of university courses. This data set is named as UCTP- 
XX_C_L_S: 

 

XX: Number of samples tested 
C: number of classes 
L: number of laboratories 
S: Number of sites 

 

For example, the data set called UCTP 01 _10_2_4 show in data test 1, 10 classrooms, 2 laboratories 
and 4 site are exist. 
For implementation proposed algorithm it has been used C#.Net 2008 programming language. 
Algorithm applied on an Intel® Pentium ® processor 2.4 GHz and RAM 4.00 GB. Four series of test 
data have been defined for measuring effectiveness of proposed algorithm. The test data sets are 
divided into two groups: 
 

• Small sample 
Simulation results of the proposed algorithm is tested numerically GAUCTP on all data sets show 
.As the effectiveness of the proposed algorithm was tested on ten samples indicate proper output 
and performance is better than ordinary algorithms. 

 
Table 1: The results of the proposed method and normal on 10 samples of small test 

 

      Sample Test 

Common Genetic Algorithm GA proposed genetic algorithm GAUCTP 

Value target function Time in seconds Value target function Time in seconds 

4 _2_01_10 UCTP 01 21 44 24 

4 _2_01_12 UCTP 41 54 52 41 

4 _2_01_15 UCTP 41 45 22 54 

4 _2_01_14 UCTP 42 54 42 51 

4 _2_01_14 UCTP 21 20 01 22 

4 _2_01_10 UCTP 01 22 44 24 

4 _2_01_10 UCTP 40 50 44 54 

4 _2_01_12 UCTP 42 41 41 51 

4 _2_01_10 UCTP 01 42 01 41 

4 _2_01_01 UCTP 02 40 42 40 

 
Average function in normal algorithm to 58.4 times the average execution time is 35.5 seconds. The 
objective function of the proposed algorithm against average and 48 times the average execution 
time is 33.2 seconds. 
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 Large sample: In this sample, 40 classes, 8 and 16 lab site. 
 

       Table 2: The results of the proposed method and normal on 10 samples of large test 

Sample Test 

Common Genetic Algorithm 
GA 

proposed genetic algorithm 
GAUCTP 

Value target 
function 

Time in 
seconds 

Value target 
function 

Time in 
seconds 

00 _2_41_10 UCTP 041 201 21 01 

00 _2_41_12 UCTP 041 541 02 01 

00 _2_41_15 UCTP 040 411 40 44 

00 _2_41_14 UCTP 002 501 01 41 

00 _2_41_14 UCTP 001 221 01 42 

00 _2_41_10 UCTP 041 501 04 44 

00 _2_41_10 UCTP 041 501 24 01 

00 _2_41_12 UCTP 021 451 04 44 

00 _2_41_10 UCTP 000 541 04 41 

00 _2_41_01 UCTP 020 451 001 02 
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