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Abstract 

Software agents, nowadays has become most favorable 
technology in developing computer systems. Software 
agent can be used to quickly and easily build integrated 
agent-based systems where agents can be applied in all 
domains of interest and one of them is in education. In the 
higher learning institution, lecturers are optimize with 
workloads such as lecturing, lecture preparation, student 
consultation and lecture content/module preparation etc. 
Looking at the current ways of materials preparation done 
by lecturers, the process might take hours, days and even 
months in order to prepare impressive teaching materials 
for students.  In order to minimize the workload, therefore 
the author had proposed and developed a content provider 
agent (CPA) in order to assist lecturer in preparing 
teaching contents as requested. Evaluation is done by 
comparing the percentage of effective search process done 
by the CPA and the search done via search engines. The 
result is promising where the proposed agent satisfy the 
objectives of the CPA developed. 
Keywords: Software agents, CPA, Agent-based System, 
Agent technologies, Prometheus. 

1. Introduction 

According to [3], computer systems in the twenty-first 
century are dramatically different from those that have 
been in the norm over the last 50 years. Unlike previous 
changes, which have been seen improvements in 
computing capacity and power, modern computing is 
defined by the interconnection of computers and all that it 
brings.  The World Wide Web offers radically new intake 
on the information society and releasing information 
making it available to all. It also provided the basic 
infrastructure for the dynamic provision of online services. 

 
The key difference now is that there is an environment 
made up of computers in the infrastructure in support 
systems and embedded in a vast array of devices as well as 
on the traditional desktop [10]. More importantly these 
computers are typically networked and can interact 
dynamically to form new configurations of systems to suit 
current needs. One of the latest approaches that can be 
used to tackle the emergent problems and to manage 
complexity that arises is the agent technology. 

 
An agent or agent-based system is a s oftware based 
computer system that has several properties such as: 
autonomous, social ability, reactivity, goal-directed, 
mobility and collaboration [9]. Agents are used to make a 
user’s tasks easier. Every agent can perform its 
programmed tasks. Agents also can communicate with 
other users as well as other agents in a network. Agents are 
also helpful in exchanging data in cross-platform systems. 

 
Agents, one of the most exciting new developments in 
computer software technology, can be used to quickly and 
easily build integrated enterprise systems. Famous domains 
where software agent can be applied such as in e-business, 
e-commerce, medical and mobile computing as well as any 
other domains. 

 
In the above-mentioned domains, the natural next step is to 
use multiple software agents that communicate and 
cooperate with each other to solve complex problems and 
implement complex systems. Software agents provide a 
powerful new method for implementing these next-
generation multi-agent systems. However for this study, 
the author narrowed the scope only to develop one agent, 
the Content Provider Agent (CPA) and the agent is 
constructed using Java. 
1.1 Information Filtering and gathering 
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In the age of computers, information is readily available on 
the Internet, whether they are useful or useless. There is so 
much data available that we often claim to be "overloaded 
with information". Having too much data can cause as 
much trouble as having no data, as we must shift through 
so much information to get what we need [2]. We can 
categorize this information overload problem into two 
divisions: 

• Information filtering: We must go through an 
enormous amount of information to find the small 
portion that is relevant to us. 

• Information gathering: There is not enough 
information available to us and we have to search 
long and hard to find what we need. 

 

1.2 Software Agents 
 
An agent is a computer system that is situated in some 
environment, and that is capable of autonomous action in 
this environment in order to meet its design objectives [1].  
 
As defined above, agent should be autonomous, meaning 
that it not simply perform searching but agent can plan, 
arrange, compare, meaning that can carry out arrangements 
of all sorts that would normally be done by human user. 
There is a minimum set of common features that typify a 
software agent. The features are as mentioned: 

• A software agent is autonomous; the agent is 
capable of operating as a standalone process and 
performing actions without user intervention.  

• A software agent is communicative; it 
communicates with the user, other software agents, 
or other software processes.  

• A software agent is perceptive; it is  able to 
perceive and respond to changes in its 
environment. 

 

 
 

Fig. 1 Agent Environment 
 

Figure 1 show an agent and its environment which consist 
of percepts or also known as events while actions known as 
output. The agent takes sensory input from the 
environment, and produces as output actions that affect it. 
The interaction is usually an ongoing non-terminating one 
[1].  

Agents are meant to be autonomous meaning that it is 
automatically initiated without the intervention of human 
user. An agent also helps the user in tasks being 
programmed for them to be done [8].  I nstead of user-
initiated interaction via commands and/or direct 
manipulation, the user is engaged in a cooperative process 
in which human and computer agents both initiate 
communication, monitor events and perform tasks.   

The rest of the paper is organized as follows. Section 2 
relates to the study of the problem domain which covers 
why the study is proposed. Next, in section 3, it includes a 
brief presentation of the related work in the field of 
adopting software agents in legacy system in higher 
learning institutes and other domains too.  Section 4 
presents the design, architecture and its functionalities of 
the proposed agent. In section 5, example and promising 
result of the develop agent is discussed. Finally, section 6 
summarizes the conclusion and suggests future plans for 
improvements and enhancements of the proposed agent. 

2. Problem Statement 

In a higher learning institution, a lecturer is required a 
minimal of Master’s degree from a recognized university 
in his/her field of specialization. According to [7],the 
normal workload of lecturer shall include teaching; 
research, scholarly and creative activities; and service to 
the university in proportions of approximately 40%, 40% 
and 20% respectively of each lecturer's time.  

From this statement, it is clearly shown  that lecturer’s time 
are fully utilize not just in educating but they also carries 
big responsibilities in servicing their higher institution as 
shown in figure 2. 
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Fig. 2: Lecturer’s portions of workload, as in [7]. 

 

The general definition of workload is the amount of tasks 
that a p erson needs to complete. In the context of this 
study, workload is also defined as all activities related to 
lecturer’s professional responsibilities and interest. 

 

2.1.      Teaching Workload 

A lecturer’s responsibilities are mentioned in this 
subsection. From figure 2 above, the authors conclude that 
a lecturer’s time is fully utilized for each working day. A 
large portion of the time is contributed for teaching. 
Teaching workload includes all related teaching activities 
such as material preparation and actual teaching. Both of 
these activities are influenced by factors such as number of 
students in the course, contact hours per week, level of the 
course and method of delivering the lecture. This strongly 
agrees that lecturers are overload with workloads and this 
can reduces their performance. Therefore the authors 
proofed the necessity to propose and developed a content 
provider agent (CPA) in order to assist lecturer in 
preparing teaching contents as requested and at once 
minimize their workload. 

3. Related Works 

Utilization of agents is significant for providing 
intelligence in existing environment. Thus a lot of work 
has been done concerning these fields mainly focusing on 
adoption of agents to integrate legacy systems. According 
to [4], the need of users to have their search results 
effectively filtered is increasing important where the 
volume of information on the Internet growing at an 

exponential rate. Therefore in the above mentioned paper, 
the authors examines how a tree threshold function can be 
used in an information filtering agent (IFA) to extend the 
original keyword search to cover other related words 
within the domain, creating a keyword weighted semantic 
tree.  In order to recommend useful learning material to 
students, Andronico et al. [4] proposed a multi agent 
recommendation system that suggests educational 
resources to students into a mobile learning platform that 
supports mobile learning processes. The authors extended 
the Learning Management System (LMS) in order to 
incorporate mobile technologies, allowing users to interact 
with the systems using mobile devices. 
 
According to [5], the intelligent agent community has been 
used in the system to help learners finding out the adapting 
courses and learning path. The features of the systems 
include analyzing the cause of learning inefficiency, 
promoting learners learning efficiency by personalized 
coursed and learning paths through the information 
analyzed by agents, therefore learners will spend less time 
in making teaching materials for teachers.  

4.  The Content Provider Agent (CPA) 

4.1 Defining CPA 

 
This section introduces the Content Provider Agent (CPA) 
to assist lecturers (user) in preparing their teaching 
modules. The agent is programmed to filter information 
based on the request being entered.  
 
The CPA should be able to monitor and analyze the 
specified requirement of the lecturer in the environment, 
by which using its knowledge gathering abilities could 
independently make suggestion to the preparation of 
teaching materials. The CPA is responsible to match 
requests made by lecturer. The request is set by the lecturer 
for example notes preparation on topic such as 
‘Introduction to computers’. The request is then sent for 
next step. 
 
Lecturers are optimized with workloads such as lecturing, 
lecture preparation, student consultation and lecture 
content/module preparation etc. In order to minimize the 
workload, the Content Provider Agent is proposed.  
 
The purpose of the paper is to propose a content provider 
agent for filtering information required by user. Besides 
that to help user in preparing contents of their interest, the 
CPA will provide content based on best search and the 
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result of the search should only resemble what the user 
searched for. To verify this claim, the author compares the 
performance with and without the CPA component.  
 

 
 

Fig. 3: Content Provider Agent structure 
 

 
4.2 Research Methodology 
 
4.2.1 Introduction to Prometheus 
 
Referring back to the main purpose of this study, the 
functional requirements of the CPA should be identified. 
Therefore a detailed analysis is done in order to collect the 
functional requirements. The authors use the Prometheus 
Methodology to design and develop the CPA. Prometheus 
is best used for agent based system which means in 
creating a proactive system. This is due to its characteristic 
where it implies an iterative approach. Iterative allows the 
design and development of an agent as a whole without 
needing to integrate with the design of other agent in the 
system. Therefore for this study, focus only is on the CPA. 
Although this study is on the CPA, but it is  important to 
follow the three main stages of Prometheus methodology 
which is the system specification stage, architectural 
design phase and the detailed design phase.  
 

 
 

Fig. 4: Prometheus Methodology stages 
 

4.2.2 System Specification Phase 
 
Figure 4 shows three main stages of the Prometheus 
methodology. The first stage is the system specification 
which includes the scenarios, goals, functionalities, actions 
and percepts. Below, in figure 5 is the goal overview 
diagram of the study. The focus is on the CPA goal where 
the author will develop the CPA based on this design. 
 

 
 

Fig. 5 :Goal view diagram of CPA 
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Figure 5 shows the goals of the CPA. The main goal is to 
develop a Content Provider Agent. This CPA’s main goal 
can be refined into several sub goals. Three sub goals of 
the CPA are : 

i. Search the environment 
ii. Provide recommended contents 
iii. Display contents in consistent 

format 
 

While the ‘display contents in consistent format’ also can 
be refined into ‘result management’. Lastly is to store the 
result. 
 

 
 

Fig 6: Scenarios Diagram 
 
In figure 6 above, it is illustrated that the CPA consists of 
the following scenarios. There are five scenarios starting 
from the ‘arrival of lecturer’ scenario to the ‘lecturer 
search the environment’ scenario, where the lecturer will 
search for content of his/her teaching materials. The next 
scenario is the ‘provide recommended content’ scenario 
and the ‘display content of search result in a co nsistent 
format’ scenario. The content of the search result should be 
displayed to the lecturer. From this display, lecturer will be 
able to view the content and select only the content he/she 
requested for.  
 
 
 
 
 
 
 

Table 1:  Lecturer perform searching 
Name Search process by lecturer 
Descripti
on 

Lecturer enter requested keyword to be search 
by CPA 

Priority Not specified 
Actors - 
Initiated 
by 

system 

Trigger Recommends content to lecturer 
Steps # Ty 

pe 
Name Descp-

tion 
Data 
used 

Data  
produced 

1 Go 
al 

Search 
for 
conent 

The goal 
is to 
search 
the 
keyword 
entered 
by 
lecturer 

- - 

2 Per
cept 

Conten
t search 

This is 
the input 
which is 
entered 
by 
lecturer 
i.e 
content 
needed. 

  

3 Sce
nari
o 

Provide 
recom-
mende
d 
content 

The 
recomme
nded 
content 
will be 
sent to 
lecturer 
via GUI 

 Result of 
search 
process by 
CPA 

4 Sce
nari
o 

Display 
content 
in 
consist-
ent 
format 

Content 
will be 
displaye
d to 
lecturer 

 Display the 
content for 
lecturer to 
choose. 

5 Goa
l 

Store 
result 

Result 
stored in 
DB 

  

 

Variation - 
 
 
Table 1 shows the main scenario in the CPA which is the 
‘search environment’ scenario. The table summarizes the 
whole description of the scenario on how it p erforms its 
function until it achieves its goal. 
 
Figure 7 illustrates the system role diagram of the CPA. 
Once request has been made, the CPA will be invoked. 
Search process begins and recommended content will be 
collected and it will be displayed to lecturer. Result of the 
search process will be managed by the ‘result 
management’ scenario and will be stored.  
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Fig 7: System role diagram 
 
The second stage is the architectural design stage where 
the agent architecture will be identified. This stage 
includes the interaction diagrams, agent acquaintance, data 
coupling, messages, shared data, protocols and system 
overview and the agent descriptors. Figure 8, 9 and 10 
shows the agent architecture and functionalities. 
 
 

 
 

Fig 8: Data coupling diagram  
 
In this phase, the authors need to identify what types of 
data need to be stored in the system as beliefs. By carefully 
checking the functionalities, it can be seen that there is a 
need to keep the information of all request sent. The 
detailed capabilities are being discussed in design phase.  
 

 
 

Fig 9: CPA Agent Role Diagram 
 
The third stage is the detailed stage which includes process 
agent overview, agent descriptors, data descriptors and 
plan descriptors. Overall the advantage of using this 
methodology to design and develop the CPA is that the 
agent can perform autonomously without human 
intervention because during the design phase, the 
functional requirements of the CPA agent had been 
identified therefore it is easier to convert it into codes. 
 

 
 

Fig 10: CPA overview diagram 
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In order to visualize the system using the Prometheus 
methodology, the Prometheus Design Tool is used. 
The Prometheus Design Tool (PDT) supports the 
structured design of intelligent agent systems. It supports 
the Prometheus methodology, but can also be used more 
generally. 

5. Result and Discussion 

Upon completing this study, promising result gained. In 
order to test the CPA, the authors have developed an 
independent module and performed some test. Two 
evaluation tests have been performed. The first test is 
based on a s urvey to get lecturer’s feedback on the 
implementation of the CPA agent and the second 
evaluation was to compare the percentage of content 
accuracy with and without the CPA agent. The result is 
summarized in table 2 below.  
 
 
Table 2: Questionnaire given for lecturer’s survey 

Tick your selected value for each question 1 to 6 
Question NA 1 2 3 4 

Q1. Do you think the CPA will 
help you in you daily task? 

     

Q2. Rate how the CPA reduces 
your workload while preparing 
contents for  your lecture. 

     

Q3. Do you agree that the content 
provided by the CPA fulfills your 
needs? 

     

Q4. Is the CPA better than 
conventional search engines? 

     

Q5. Do you agree to integrate the 
CPA into the current environment? 

     

 
NA= “Not answered “, 1=”Poor”, 2=”Below average”, 

3=”Good” and 4=”Excellent” 
 

Table 3: Result of survey- Test 1 
Number of responses 

Q Not  
Answered 

Poor Below  
average 

Good Excellent 

Q1 2 1 1 18 8 
Q2 0 0 1 19 10 
Q3 0 2 2 15 11 
Q4 0 0 0 12 18 
Q5 0 0 4 19 7 
 

 
 

Fig 11: Graph of survey result  
 
From the above survey result, the authors summarizes that 
86.6% of the respondent agrees that the CPA will help 
them in their daily tasks and 96.6% respondents says that 
the CPA reduces their workload. Other than that, 86.6% 
respondents agreed that the content provided by CPA 
fulfills their requested needs. The result also shows that all 
respondents agreed that the CPA is better that the 
conventional search engines because contents are prepared 
based on their request. Finally, 86.6% of the respondents 
agreed to integrate the CPA into the current environment.  
 
For the second form of evaluation, the developed CPA is 
being tested. Evaluation is done by comparing the 
percentage of effective search process done by the CPA 
and the search done via search engines. The result is shown 
in figure 12, 13 and figure 14.  
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Fig 12: CPA interface 
 

 
 

Fig 13: Running mode after request sent 
 

 
 

Fig 14: Stopped mode and summary 
 
 

6. Conclusion 
This paper presented a C ontent Provider Agent in the 
higher learning institution.  The CPA agent which is 
constructed using Java Netbeans has been develop in order 
to meet the objectives of this study. Prometheus 
methodology and PDT tool has been used in the analysis 
and design of the CPA agent.  However, future work has to 
be done in order to improve the current agent for meeting 
exactly its desired goals. Instead of using Java, it is 
suggested the development of the agent system is done via 
the JADE platform.  
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