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Abstract

             Mobile agent technology represents a 
distributed computing paradigm that has been 
proposed as a means for increasing the efficiency of  
data aggregation tasks and addressing the scalability 
problem of centralized methods. A Course 
timetabling problem consists of scheduling a 
sequence of lectures between teachers and students in 
a prefixed period-of-time, satisfying a set of  
constraints of various types. Polytechnic Course 
Timetabling Problem is a hybrid optimization 
problem in the class of Non-Probabilistic hard 
problems. The aim of this research is to design a 
mobile agent system that generates a Course 
timetable for the Polytechnic system. Java  
programming language in conjunction with the 
MySQL database was used to develop the r esulting 
system. The resulting syst em of  the design is a  
Polytechnic course timetable system that abides by 
all the constraints of a standard Course Timetable. 

Keywords: Mobile agent, Course timetabling 
problem, Polytechnic system, Course timetable. 

1 Introduction. 

Mobile agent technology represents a 
distributed computing paradigm that has been  
proposed as a means  for increasing  the effi ciency o f 
data aggregation tasks and addressing the scalability 
problem of centralized methods. Nevertheless, the 
itineraries followed by t raveling mobile agents  
largely determine the overall performance o f the data 
aggregation applications. Mobile agents have been  
proposed as  a middleware solution for implementing  
efficient data aggregation schemes [1 ]. A mobile 

agent is an autonomous program moving from node 
to node and  acting on behal f o f the users  toward the 
completion of an assigned task [2 ]. The mobile agent 
paradigm is an emerging technology that promises 
many benefits in network computing. A mobile agent 
is a program that can migrate from one computer to 
another fo r remote execution. A mobile agent has the 
following properties: state, implementation, 
interactions and a unique identifier [3]. The state 
abstracts the agent functionality and represents the 
agent in the system. Agent implement ation denotes  
its behavior and interactions enable the agent to  
reason about its environment and to co-operate. A 
unique identifier is needed to address the agent  
globally. The agent can also have metadata related to  
its operation and interactions, such as security and 
privacy attributes. Mobile agents are expected to be 
able to roam over heterogeneous networks such as  
the Internet.  

Course timetabling is a difficult  
optimization problem which involves the process o f 
assigning times and rooms to classes, creating a 
course timetable for students while respecting various  
restrictions and preferences including Courses: size, 
room equipment, structure; Instructors: availability, 
preferred times; Students: curricula, pre-registrations 
and Others: number of rooms available and their 
sizes[4] . The definition timetabling is o ften  used  
when solving problems with some fo rm of personnel  
allocation, such as Polytechnic Course Timetabling. 
Due to the personnel allocations, many people are 
affected  by the timetables created. For the combined  
planning problems in the educational system, four 
main stakeholders are identi fied.  

a. The administration: solves the planning 
problems and sets the minimum standards 
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that the timetables must conform to, the 
capacity o f the room, consecutive exams, 
etc. 

b. The students: This is by far the largest in the 
volume of the four stakeholders. The 
students seldom have much in fluence on the 
outcome o f the di fferent planning p roblems. 
And due to the number o f students involved  
it is difficult to declare what is the best 
timetable fo r the students as they all might 
have different wants and needs. 

c. The teachers: The teachers have a little more 
influence on the out come than the students  
and they do also request a compressed  
timetable. Furthermore, they might have 
some restrictions on which day and time 
they want to give lessons or exams. 

d. The departments/sections: Oft en only  
relevant fo r polytechnics as the high schools  
rarely are organi zed with departments or 
sections. The department can have some 
restrictions or requests for the exam and  
course timetabling. 

For all the various planning problems some 
restrictions always apply, these are the so-called  
"First-order conflicts". For example, no person can be 
at more than  one pl ace at any time. These first-order 
constraints are always present in some form. Besides  
these constraints, there is a great variation between  
the problems, but also within a given problem there is 
great variation due to different polytechnics, high 
schools and/or the Ministries o f Education o f the 
respective countries. 

Polytechnic Course Timetabling Problem is 
a hybrid optimization problem in the class o f Non-
Probabilistic hard problems [5]. A Course timetabling 
problem consists of scheduling a sequence o f lectures  
between t eachers and students in a prefixed period-
of-time, satisfying a set o f constraints o f various  
types. It is the weekly s cheduling fo r all the lectures  
of a set o f Polytechnic courses, removing the 
overlaps o f lectures o f courses having common 
students. The primary objective in preparing  
timetable is obtaining a conflict-free schedul e for 
each activity sharing the same resources. 

With this current problem there a need to develop an  
agent based system for creation o f timetables to ease 

the problems associ ated with such. The mobile agent  
will be able to search through a database and gather 
the necessary info rmation needed fo r the creation of 
the timetable. The mobile agent system will then, 
based on the in fo rmation gathered, generate a 
timetable for the Polytechnic. The agent will be able 
to jump from one dat abase to another i f the 
information gathered for the creation o f the timetable 
is incomplete. The aim of the res earch is to design a 
mobile agent system that generat es a Course 
timetable for the Polytechnic system.  

2.0 Review of Related Works. 

An Agent is a so ftware el ement that is  
autonomous with intelligence, mobility while having  
the ability to collaborate well by other users, 
Intelligent Agents, and Systems. They hold 
responsibilities without constantly consulting the user 
with a dedication, on their behal f. They can  
effectively co-ordinate among agents, users  and  
software hosts. A searching agent that is competent to 
retrieve preferred  in formation on  behal f o f the users. 
The agent is sent  away to carry out the look fo r o ff-
line as well, after being told what to search fo r. 
Eventually, the agent can move back with needed  
output [6]. 

MA paradigm is an extension of 
client/server and remote evaluation paradigms that  
provides a new development way for distributed  
systems. Mobility is the novel concept that  
characterizes the paradigm. It is the migration 
capability o f an agent from a host to another one 
where it resumes its execution to achieve a task. They 
have a heterogeneous nature, operate asynchronously, 
adapt dynamically and react autonomously to 
changes Furthermore, MAs reduce the network load  
and overcome its latency  by acting locally. They are 
also robust, fault-tolerant and  they encapsulate 
communication protocols that facilitate their 
upgrading. Despite these notable advantages, the 
paradigm brings signifi cant p roblems especially  
security threats which have arisen because a mobile 
code generated by one party will move to and execute 
in an environment controlled by another party. This is 
posing multiple issues that must be taken into  
account, including authentication, authorization (or 
access control), intrusion detection, etc [7]. 

A mobile agent rep resents a p rogram capable o f 
migrating from one node to another in a network to 
perform cert ain designated t asks. The ability to 
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migrate code and processing functions to a remote 
node o ffers the potential benefits o f reduced network  
traffic and bandwidth requirements. The use o f 
mobile agents for network application management  
has been proposed and investigated by several  
researchers in recent years with the primary goal o f 
reducing network traffi c and building scalable 
systems. A Mobile Agent (MA) is a composition of 
computer so ftware and  data which can migrate 
(move) from one computer to another autonomously 
and continue its execution on the destination 
computer [8]. 

Mobile Agents are the p rograms that move 
between  computers o r nodes  o f a network, 
autonomously trying to ful fill some speci fi c goals  
given by users. Agents are different from other 
applications in that they are goal-o riented: they  
represent users and act on their behalf to achieve 
some set goals autonomously – i.e. they control  
themselves, as in the decision where and when they  
will move to the next computer or node. Mobile 
Agents do provide a viable means  o f perfo rming a 
network security assessment and analysis efficiently  
and effectively. Also, the mobile-agent is an  
execution unit that can migrate autonomously to 
another host and resume execution there, continuing 
from where it left o ff [9]. 

Mobile agents are so ft ware abstractions that  
can migrat e across the network, suspend action there 
and migrate from there to another node, and resume 
operations from where they left o ff on the previous  
node. It has the propensity of communicating in agent 
language. In concept, a mobile agent can move its 
complete virtual machine from one host to another. 
While, on a particular host, the mobile agent can  
carry out some tasks, and afterward, it can migrate to  
another host to continue operation from where it 
stopped action on the previous host. As an executing  
program, a mobile agent is made up of code, data and  
execution state and is embedded with some 
intelligence and the ability to autonomously migrate 
across the network. As it moves, the mobile agent can 
represent its owner in various tasks and satisfy its 
requests. It can communicate with the host as well as  
other agents on the host; it can sense its environment  
and carry out a set of activities to attain its mission 
and achieve its goals [10].  

[11] proposed Agent UML (AUML) which  
can be considered as the best-known UML-based  
extension for agents. AUML offers the possibility of 
describing the internal behavior o f an agent as well as 

its external behavior. The core parts o f AUML are 
agent class diagrams and interaction protocol 
diagrams which extend respectively UML class  
diagrams and s equence diagrams. It was initially 
developed to deal only with multi-agent systems, but 
its deployment and activity diagrams were ext ended  
thereafter [12] and [13], to support modeling of the 
agent mobility. The novel notations introduced by the 
AUML deployment diagram ext ension facilitate the 
modeling of an agent migration to different nodes  
and the locations concerned by the move. 
Furthermore, the issue o f time can be expressed by  
AUML activity diagrams, i.e. when an MA has to 
migrate. Multiple concepts and not ations have been  
developed  in this language [14], but the essential  
features o f MA-based applications are not t aken into  
account. The mobility, for example, is statically 
described and the security is entirely omitted. 

[15] and  [16] introduce Agent Modeling  
Language (AML); an extension o f UML that 
incorporat es di fferent concepts and features o f multi-
agent systems. AML is  currently considered as  the 
most complete published agent-ori ented modeling  
language. It covers the modeling of the static 
structure, dynamics, and behavior of entities in a 
multi-agent system. AML attempts also to provide 
modeling support fo r mobility by recogni zing and  
identifying the p roperties o f the agent envi ronment, 
host, and comportment (move and clone). The 
authors consider mobility only at the implementation 
level when the multi-agent system is deployed. This 
makes it unsuitable for modeling real MA-based  
applications. 

Polytechnic Course Timetabling problem is 
the task of assigning lectures o f courses to time slots, 
rooms and other resources, subject to constraints 
applied for the single student. The large size and  
structure o f polytechnics o ft en make the problem of 
solving the course timetabling so  complicated  that it  
is solved by several experts scattered across di fferent  
faculties and departments. Due to the complexity of 
the problem, it is quite common that the polytechnics 
re-use the solution from previous years when solving 
the problem. 

The Polytechnic Course Timetabling is often  
divided into two general approaches; the Curriculum-
based Polytechnic Course Timetabling and the 
Enrollment-based Polytechnic Course Timetabling. 
Courses that can be taken in combination, because 
they are needed to satis fy the degree rules o f the 
given study, are called curricula. And assigning 
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courses to time slots based on this is called  
Curriculum-based Course Timetabling. 

The problem consists of creating the weekly  
schedules of lectures where confli cts between the 
courses are set accordingly to the curriculum 
speci fied by the Polytechni c. The second approach is  
the Post Enrollment-based Course Timetabling. 
Based on the enrollment data o f each student, it is 
determined where courses are placed in the timetable 
such that all students can attend the events on  which  
they are enrolled. This approach has been given  
various names in the literature including the Class 
Timetabling Problem and Event Timetabling. The 
papers that worked on the Post Enrollment-based 
Course Timetabling include [17] and [18]. The two 
approached are not necessarily mutually exclusive. 
The polytechnics can use the curriculum-based  
approach in an early stage to get the basic structure of 
the timetable, and  then, later on, use the enrollment-
based approach to improve the timetable. 

3 The Architecture of Mobile Agent 
for Timetabling for the Polytechnic 

S ystem 

The mobile agent environment comprises a 
central  computer and some databases. The databases  
reside on a typical computer which is composed o f 
some hardware devi ces such as CPU, memory and so 
on, in which an operating system is running. Other 
categori es o f so ftware can be running on the 
computer. This includes front-end so ftware, back -end  
software, and utility software. The architecture o f the 
proposed mobile agent indicates that when the user 
searches for in fo rmation from Dat abase 1, it stores  
the inform ation of available lecturers and associated  
courses i f otherwise, it will automatically move to 
Database 2 and repeat the s ame process until it 
reaches the last Database n. When the data have been  
found, it will now report back to the central computer 
showing the information about the lecturers and  
courses found in the right category. The way  the 
system operates  is highlighted here with the 
migration agent (information retrieval agent) at work. 
The mobile agent environment is presented in Figure 
1 

 

                    Figure 1: System Architecture. 

The architecture of the proposed mobile 
agent is conceptualized in Figure 1. The platform is 
fo r the take-o ff o f the Agent Monitor at the central  
computer and the plat form for its landing at the target 
databases. At the central computer, the Agent  
Monitor is created and equipped with the code, data 
and other necessary paramet ers and dispat ched to the 
target databases. The Agent Monitor then navigate 
autonomously through the databases from the central  
computer and interact with the host operating system 
of the t arget dat abases and its utility programs as it 
retrieved the desired in fo rmation. The Agent Monitor 
moves from one database to another while carrying  
along with intermediate results. 
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              Figure 2 Agent Mobility of the System 

The results obtained by the mobile agent aft er 
success ful visits to a set of target databases are 
trans ferred to another dat abase, which is displayed on 
its screen or printed out for external analysis, 
interpretation, policy formulation and decision 
making by the User. The design of the Agent Monitor 
has three major components namely: 

a. Inputs: the input to the Agent monitor is the 
target machine identity, 

b. Agent Monitor, and 
c. Output report. 

4.  Development of Mobile Agent for 
Polytechnic Course timetabling 

In the retrieval o f info rmation from a 
database, there is the main issue to resolve. The 
system has to retrieve the in fo rmation from the 
speci fied databases and  store them in another 
database for processing on the central computer. 
Hence, we have a mobile agent (agent monitor). The 
agent is initiated to make the proposed system as  
presented in Figure 2. The Agent Monitor is a mobile 
agent dispatched from the central computer with its 
code, data and other parameters to other databases in  
the system. The major function o f the Agent Monitor 
is to go into the database and retrieve the related  
inform ation in the databases whose identities are 
known. At each database, the Agent Monitor stores  
the inform ation gotten at each database into another 
database which it carries along with it for the 
collection of in formation about the lecturer and  
associated courses. The info rmation collected at each  
database is placed in the database container o f the 

Agent Monitor fo r onward movement to the next  
database. Program flowcharts showing the flow of 
the agent in the system is in. Figure 3. 

 
                Figure 3: Agent flow in the System 
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The information retrieved from the database 
is veri fied to certi fy that the retrieval agent can  
collect all the necessary inform ation. The basic 
inform ation student has to input and submit to the 
system which enables the system to  register the 
student for the timetable creation process are: Course 
code, Course-name, Lectu rer identi fication number, 
Lecturer name 

The program was developed using the Java 
programming language as already mentioned. The 
Department o f Computer Science, Federal  
Polytechnic Ede was used this research. For any 
desktop computer to run a Java application program  
the most basic requirement will be to install a version 
Java Development Kit (JDK). For the purpose of this 
research we use JDK 8 fo r simplicity of purpose. 

The resulting system test results states 
exclusively the output gotten from the 
implementation and testing of the Mobile agent  
system on a computer system using Eclipse IDE as an 
Integrat ed Development Environment. The system 
was tested with various input device, valid test data 
were used to test the workability, reliability, and 
effici ency of the system. Some o f the interfaces  
obtained from the system during testing are as shown 
in Figures 4 and 5 respectively. 

 

                             Fig. 4: Connection test page 

 

                Fig. 5: Information Retrieval page 

5. Conclusion 

The role of ICT in production can be seen in 
three ways: as a tool, as an alternative, or as an agent  
of change. Policy-makers have o ften tended to view it 
in the first two guises: either as a supplement to  
existing services o r a potential substitute for such  
services. In this study, an Agent-based system for 
creating Course Timetables in Polytechnics has been  
presented. The records are protect ed and stored safely  
through the use of a password preventing an  
unauthorized person from intrusion. The timetables 
can also be easily accessed, and also printed if need  
be for the activities o f the decision-makers. With the 
advent o f IT and an increasingly diverse, new mobile 
technologies and  expanding opportunities it will be 
regarded as retardation to keep to the manual ways o f 
doing things. The provision of ICT facilities in the 
laboratories and libraries presupposes that lecturers  
and students alike can use them to improve 
awareness, adjustment, and learning. Investment in 
ICT facilities will help in counseling and other 
support services necessary for the effective delivery  
of an ICT-based curri culum and this should be 
utmost in government priorities. 

The importance o f this system cannot  be 
overemphasi zed and it eliminates redundancy of data 
due to RDBMS installation and also reduces time and 
effort wasted in preparing course timetables. The 
manpower and energy needed in the manual system 
can be di rect ed to another facet o f import ance within 
the Education system. It is hereby recommended that  
a more detailed study should still be made in case o f 
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a change in the system. Further works on Mobile 
Agent for Polytechnic Course Timetabling is planned 
to be in the three agent phases i.e. Retrieval agent, 
Database agent, and Timetabling agent. The advent  
of API and Graph QL is also advancem ent in 
distributed computing technology and should be 
considered in the development of distributed systems. 
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