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Abstract— One of the most valued resources in an educational institute is teachers. A structured environment is essential for 
the effective working of all resources in an institution. A well-planned and error free timetable is he critical factor behind the 
success of an institute. It takes several weeks of repeated trials and consultations until a final timetable is evolved. A teacher 
information system which has been developed as part of MSc dissertation, can contain information about the teachers, a 
timetable generator, a cover lessons scheduler and tests scheduler is developed using Genetic algorithm. 
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1. INTRODUCTION 
 
Timetabling is the allocation, subject to constraints, 
of given resources to objects being placed in space 
time, in such a way as to satisfy as nearly as possible 
a set of desirable objectives [1]. It can be described as 
the allocation of resources against a set of 
requirements so as to maximize the possibility of 
allocation and minimize the violation of constraints. 
There are broadly two types of requirements that are 
considered during the scheduling of a timetable. Hard 
constraints are the conditions to which a timetable 
must strictly adhere to and soft constraints are the 
requirements that would be preferred to be satisfied. 
Each institution has a different set of hard and soft 
constraints that must be addressed in the timetable. 
Hard constraints have been identified as: 
 A teacher can take only one class during a given 

time slot 
 A group of students can attend only one subject 

during a given time slot. 
 There can be only one subject in a classroom at a 

given time slot. 
 No classes can be scheduled during the two 

allotted break periods. 
 
Soft constraints have been identified as: 
 A teacher should not be assigned for more than 2 

lessons continuously. 
 A group of students should not have two 

timeslots of a subject on the same day. 
 No additional duties for teachers on full time 

table load. 
 Number of students must be less than or equal to 

the room’s capacity. 
 
The scheduling of a school’s timetable revolves 
around a set of time slots and a set of limited 
resources (teachers, students and class rooms). The 
main goal of scheduling is to assign time slots to the 
resources while satisfying all the hard constraints and 
minimizing soft constraints. When all the hard 
constraints are satisfied a feasible timetable is created 
but the quality of the timetable depends upon the 

extent to which the soft constraints are additionally 
satisfied. Therefore the basic aim is to create a 
feasible and quality ensured timetable. Various 
methods have been developed to solve the complex 
optimization problem of timetable scheduling. There 
are broadly four categories of methods developed: 
 

a) Sequential method such as the Graph 
colouring techniques [2] 

b) Clustering methods [3] 
c) Constraint based methods like Integer 

programming [4] 
d) Heuristic methods like Genetic algorithms 

[5], Tabu search [6], Ant colony systems [7], 
Sequential Annealing[8] 

 
Genetic algorithms are used popularly for solving the 
complex timetabling problems mainly because it does 
not include tough mathematical calculations; 
efficiency of the genetic operators makes the 
algorithm effective in global searches; flexibility in 
allowing for hybridization. Hence genetic algorithms 
have been chosen for the implementation of this 
project work. 
 
II. GENETIC ALGORITHMS 
 
2.1. Study of Genetic algorithm 
John Holland invented Genetic Algorithm in the early 
1970’s. In his book “Adaptation in natural and 
artificial systems” he described the application of the 
genetic algorithms. The algorithm has further been 
developed and it has now evolved as a very powerful 
tool for solving optimization problems. The basic 
technique of the algorithm is designed to mimic the 
processes of natural systems which follow the 
principles of Charles Darwin’s “survival of the 
fittest”. The process begins with a population (group) 
of randomly generated individuals (solutions) and this 
happens in generations (iterations). Within each 
generation individuals are tested for fitness using a 
method, multiple fit individuals are then selected and 
modified to form a new generation. Process is 
repeated until an optimal solution has been generated 
or the required fitness levels have not been achieved. 
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The figure (Fig 2) given below indicates the basic 
steps in genetic algorithms as shown in Kim-Fung, 
Kit and Sam’s Genetic Algorithms: Concepts and 
design book. 

a) Create and maintain a population set (search 
space) consisting of random solutions for the 
problem. 

b) Selection process to identify parents for the 
next generation by evaluating fitness. 

c) The selected fit parents will then create a child 
using methods such as crossover and mutation. 

d) Finally add the new child into the population 
by removing the old population and repeat the 
processes until the best solution has been 
derived. 

 

 
 
2.2. Strengths of Genetic algorithm 
 Multidirectional approach – Most algorithms 

explore solutions in single directional approach 
and therefore if the solution is not optimal then 
all the work gets wasted. 

 Genetic algorithms work on the fittest solutions 
from the pool of solutions and therefore find the 
most optimal one from the group of fittest 
solutions. 

 In single directional approach any updates made 
to a portion of the system requires updates 
applied to the entire system whereas in genetic 
algorithm each change leads to greater 
improvements in fitness of solutions. 

 Fast processing time in finding an optimal 
solution from the vast pool of solutions makes 
the genetic algorithm much stronger. 

 Crossover feature of the genetic algorithm 
enables the transfer of genetics from parents to 
off springs in order to include only the strengths 
of both the parents. 

 
2.3 Limitations of Genetic algorithms 
 Languages used to represent the genetic 

algorithm’s solution set must be robust enough to 
withstand the changes in genetic information 
caused due to crossover and mutation.  

 Fitness functions must be created and used 
appropriately in order to attain the most optimal 
solution in the least time. 

 All other factors (size of the solution set, 
crossover points, and selection criteria) involved 
in the process of genetic algorithm must also be 
chosen appropriately in order to avoid any 
disruption in the process of finding the most 
optimal solution. 

 
III. PROJECT REQUIREMENTS 
 
3.1. Functional/ Nonfunctional requirements 
 Login functionality with account management: 

The proposed system must provide 
functionalities to register a new user and to login 
with their accounts. The system must also verify 
the users’ identities.   

 Teacher profile creation and maintenance: The 
system must provide functionality to create a 
new teacher profile, view, modify and delete any 
profiles from the database. 

 Generate school and teacher timetable: A School 
timetable must be generated for the whole school 
based on the different subjects, grades, sections 
and number of teaching hours for each subject 
stored in the database. Individual teacher 
timetables will be generated for teachers whose 
profiles are created.   

 View and download the timetables generated: 
The timetables can be viewed for a particular 
grade and section or for a particular teacher. The 
timetables must be downloadable in excel sheet 
format and stored on to a computer drive. 

 Cover lessons Generator: The system must be 
able to generate cover lessons for teachers who 
are absent on a particular day of the week. It 
must initially check for availability of teachers 
teaching the same subject, if unavailable then 
allocate a free teacher.   

 Tests Scheduler: The system must be able to 
display the available dates for a class test within 
a specified from and to date range. 

 
3.2. Evaluation requirements 
The proposed system has user interfaces and 
registered users can directly interact with the system 
and database. 
The evaluation requirements of an end user can be 
summed up as: 
 

 The testing of the functionalities described 
must be evaluated by the end user who will 
be teaching or non-teaching staff. 

 The timetables generated must be 
downloadable separately for different grades 
and individual teachers. New timetables 
must override the previous ones. 

 Databases must be evaluated by the 
nonteaching staff to verify the data stored. 
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  Cover lessons must be generated 
appropriately. 

  Tests schedules must be displayed 
appropriately. 

 
IV. SYSTEM DESIGN 
 
4.1. Tools and technologies 
Java is platform independent and most of the IDEs 
used to implement it has free licenses. It can also 
perform genetic algorithm and therefore it has been 
chosen as the programming language for web service. 
Java Server Pages (JSP) is used to create dynamically 
generated web pages. Web browsers used for the 
testing purposes are Mozilla Firefox and Google 
Chrome. 
MySQL has been used for this project as it can be 
installed on all platforms such as Windows, Mac OS 
and Linux. 
The available web containers are Glass Fish and 
Apache. Extra java libraries and configuration are 
required for Apache therefore Glass Fish has been 
chosen as the web container. 
NetBeans has been chosen as the Java IDE for the 
project. 
 
4.2. UML representation of the system 
 

 
A use case diagram used to represent the interaction 
between the admin staff and the proposed system 
 
V. DEVELOPMENT 
 
5.1. Module specifications 
Module 1: Teachers information module The 
development of this module includes the 
implementation of new user registration, Login 
functionality and Teacher profile creation and 
maintenance. The new user registration functionality 
requires new users to register themselves so that the 
data gets stored on the database. The login data from 

the database allows further login and working on the 
system. The user must login with appropriate login 
details which will be verified against the data in the 
database. After successful login the username must be 
displayed on top along with the welcome message. 
The user must be able to enter teachers’ information 
into the system. The details entered must be viewable, 
able to modify and delete from the system. Module 2: 
Timetable generator The developments of this 
module include the implementation of school and 
teacher timetable generation and download the 
timetables generated. For generating school 
timetable, the system must obtain the data stored in 
the database. These entities will contain details about 
the subjects taught in the school, different grades in 
the school (grade 1 to grade 12), and different 
sections of each grade (12A, 12W, etc.) The system 
must delete existing timetables and create new ones 
each time the generate timetable option is selected. 
The system provides an option to download the 
timetables generated for the school and teacher. The 
timetables are downloadable in excel sheet format 
with the name of the grade and the section or the 
name of the teacher. 
Module 3: Cover Lesson and Tests Scheduler The 
developments of this module include the 
implementation of cover lesson generator and tests 
scheduler. The system aims at covering an absent 
teacher’s classes to another teacher who is free during 
that lesson. The system must first check for a free 
subject teacher, if unavailable then the system must 
check for other subject teachers and allot them to 
cover the lesson. 
 
5.2. Pseudocode of Genetic algorithm 
The working of Genetic algorithm is involved while 
creating timetables for the school and individual 
teachers. 
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VI. TESTING AND ACHEIVEMENTS 
 
6.1. Module 1 – Teacher Information 
Functionalities implemented are new user 
registration, Login, Teacher profile creation 

 
 

 
 
Individual timetables will be generated only for 
teachers whose profiles are created. School timetables 
will be generated for the whole school based on the 
subjects and grades. 
 
Module 2: Timetable Generation 
Genetic algorithm is used in timetable creation and 
the results of the algorithm are displayed on the IDE.  
 

 

A timetable will be displayed for each grade and 
section of the school and also for all teachers whose 
profiles are created.  
 

 
 
Module 3: Cover lessons /Tests Scheduler 
 

 
 
This module creates cover lessons for absent teachers 
by assigning teachers from the same department. If a 
teacher is unavailable from the department then any 
other free teachers are chosen to cover the lesson. 
 
6.2. Acheivements 
The system developed has the following 
functionalities: 
 Enables a new user to register in to the system 
 Enables login after verifying the user details 

from the database 
 Denies login access to unregistered users 
 Create, modify or delete teacher profiles 
 Teacher profiles created or modified are stored in 

the database, deleted profiles are removed from 
the database. 

 School timetables are generated independent of 
the data entered by the user 

 Teacher timetables are generated based on the 
teacher profiles created 

 Cover lessons generator which checks for the 
subject teachers’ availability to cover an absent 
teachers’ lessons. If subject teacher is 
unavailable then non subject teachers’ 
availability is checked.  

 Tests scheduler which provides the day of the 
week available to conduct the test for a specific 
grade. 
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