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ABSTRACT 

The success of mobile agents in e-learning environment has been well documented in literature. This research 
work attempts to propose an e-learning system architecture, which accommodates the tackling of certain pedagogical 
requirements of e-learners through the application of mobile agents. This research work also demonstrates that segregating 
different and restricted types of mobile agents will improve the computing performance of the system when compared with 
conventional client-server based e-learning systems. With strong footings on literature, this research proposes mobile 
agents that would serve the needs of the e-learners in providing appropriate learning objects in the form of pedagogically 
segregated e-contents called ‘objects’ that have already been stored as databases in the e-learning server. A collaborative 
agent in this e-learning server would invoke a separate/independent agent server located elsewhere, where from the mobile 
agents would originate. This research work presents experimental results obtained from simulation package for various 
trials (cases) of e-learner nodes and the three types of specific pedagogical requirements defined through the three types of 
instructional strategies namely ‘Factual’, ‘Procedural’ and ‘Solution’ which are handled by three independent mobile 
agents respectively. The segregated e-contents (objects) that are stored in the e-learning server would be searched for and 
delivered to the user nodes by these mobile agents. Four trial runs have been demonstrated and the documented values 
were computed based on Naïve Baye’s probability values. Naïve Baye’s theory has been applied so as to take the 
advantage of its conditional natures in terms of these three pedagogical components. The conditional probability ratios of 
these three are compared with the trend of reliability values of the required ratios of the three types of mobile agents. The 
novelty of the work is demonstrated through the suggestion of adaptation of these agents every time from previously 
obtained results. Important conclusions have been drawn from these experiments which will be of immense use to 
researchers and designers of e-learning systems as well as to mobile agent developers. 
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1. INTRODUCTION  

The concept of mobile agent provides a suitable 
and powerful way to describe a complex problem 
requirement in the internet environment that is capable of 
acting with a certain degree of autonomy in order to 
accomplish the tasks on behalf of its host. Mobile agent is 
hence an intelligent, autonomous and migrating software 
program, which is capable of travelling from node to node 
in heterogeneous networks; say a web based e-learning 
environment. While server-client paradigm was popular in 
e-learning applications, mobile agent based e-learning 
system is an emerging technology1. Mobile agent 
improves the computing performance compared to 
conventional client-server paradigm. Mobile agents 
mobiles the computing program to the data, rather than 
taking data to a program. A significant example of mobile 
agent applications is the management of commercial 
telecommunication (or e-learning system) networks2. A 
fundamental problem of client-server approach is the non-
provision of exact services to the customers, but can be 
tackled on the other hand by mobile agents. Some agents 
could run on standard platforms while others run on 
dedicated servers. From support of these various 
observations, the architecture of an agent based e-learning  
 

system has been proposed and depicted in Figure-1. As 
detailed out by1, different centers were preinstalled with a 
certain mobile agent base and connected through Agent 
Transfer Protocol, our proposed architecture also proposes 
a dedicated mobile agent server that is collaborated by a 
collaborative agent integrated with an e-learning server 
system (see Figure-1).  
 

 
 

Figure-1. Agent based E-Learning server. 
 

Users can browse from any node and the task of 
the mobile agents is to enable proper connection with 
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correctly requested e-course materials which are available 
with the e-learning system’s e-content databases. The task 
of the collaborative agent is to invoke the agent server. 

Figure-1 shows the proposed architecture of the 
e-learning system. An Interactive Agent eXtension (PIAX) 
on an open source framework, which integrates mobile 
agents’ paradigm (server) was demonstrated by2. Any 
collaborative agent (shown in Figure-1) actually facilitates 
exchange of required data between different agents3. But 
the uses and responsibilities of the performance of data are 
not of concern to the collaborative agent, which is the part 
of the e-learning system.  Once a handshaking (between 
collaborative agent and the mobile agents - see Figure 1) is 
established and the receiver is invoked, the handshaking 
will be eliminated1, and a mobile agent will be created to 
handle further tasks, while the intermediate results and 
information passing are reduced; and hence the network 
bandwidth consumption is reduced and the efficiency is 
improved. It was demonstrated that such a collaborative 
agent was found to be more effective in distributed 
computer networks. Collaborative agent of any e-learning 
system could be made to understand the e-learner 
characteristics and further make the mobile agents to serve 
the needs of the users through choosing appropriate 
learning objects in the form of texts, graphs, icons, 
animation, multimedia and virtual reality that have already 
been documented in files as databases in the system. These 
databases can be stored in e-learning servers or agent 
servers, where the mobile agents originate. There are 
advantages as well as disadvantages when these object 
data are stored either in the server of e-learning system or 
in the agent server and the performances are debatable. 
Research on such segregated techniques and on 
technologies through parametric studies might yield 
results. Advances in technology have facilitated the 
development of such educational agents (in this research it 
is termed as mobile agent): a significant progress in 
developing active pedagogical agents4. Agents in e-
learning systems can be analogous to instructor’s 
assistants that can provide the instructor with the learning 
portfolio or profiles of the students, which includes 
learning performances, understandings and 
misunderstandings, levels of efforts, and motivations of 
the students. But one of the drawbacks of such agents is 
that the work is rarely sharable and reusable5, because they 
have to deal with many learner characteristic factors, 
which are subjective and not logically definable. But 
intelligent automatic procedures on agents can be made to 
support the sharing and reusing of such works. This 
indicates learning objects could be designed in such a way 
so as to separate objects according to the user needs into 
pedagogically definable elements such as ‘factual’ or 
‘procedural’ or ‘conceptual’ or ‘problem solving 
(solution)’ etc. Such an attempt has already been made and 
demonstrated by the authors6. To deal with such problems, 
and for the proposed experiments the mobile agents are 
categorized as ‘Factual’, ‘Procedural’ and ‘Solution’ 
agents in our research. It is clearly demonstrated that such 

an agent based approach will increase the efficiency of the 
e-learning system that would create an effective learning 
atmosphere for preferred learning characteristics of the 
users. Some learners may prefer for ‘factual’ information, 
while others may prefer for procedural or problem solving 
of problem based subject contents: such as Computer 
Science and Engineering e-content. Factual knowledge is 
the knowledge of isolated pieces of information, such as 
definitions, syntaxes, or terminology of some topics of a 
subject area. Procedural knowledge is the knowledge of 
techniques, methods, procedures, or algorithms, and the 
knowledge about when and how to apply them to 
problems. Solution is problem solving methodologies 
explained with examples. After obtaining the learner 
characteristics (preferences of these objects), the mobile 
agents will act independently (see Figure-1) to deal with 
large number of user preferences. It is logical that a 
combined general approach will be very costly and hence 
forms the crux of the research problem. 

Under this background, the research work 
attempts to demonstrate the advantages of segregating 
applications into specific mobile agent tasks so as to 
improve the computational as well as bandwidth 
efficiencies: a novelty demonstrated by the research. This 
research work has relevance to the previously published 
paper on collaborative agent based e-learning system by 
the same authors. This research work forms a part of a 
whole research program. Conclusions drawn from the 
experiments described in the research work will be of 
immense use to adaptive e-learning researchers and also 
for agent based system designers. 
 
2. LITERATURE SUPPORT AND PROBLEM 
FORMULATION 

Agents were initially used to operate mostly in 
homogeneous and closed Unix platforms, with the help of 
‘crons’2. It was proposed to design a mobile agent based 
search tool between the user and the e-learning system. 
Mobile agents can be applied in network environments so 
as to conserve computational time as well as bandwidth7.  
Independent agents were deployed in groups and each 
group was restricted to specific application. At a particular 
instance of time the node location was randomly selected 
by a smooth random mobility model. Instead of 
developing a closed form solution, software simulation 
methodology (such as NS 2.0) was adopted for analyzing 
the complexity and also for reducing the computational 
costs. Work on computing reliability of independent 
mobile agents roaming around the nodes has been 
reported8. However each node might require for richer 
information of a particular agent. Information overloading 
is also becoming a common phenomenon in e-learning 
environment1 that demands for agent driven e-learning 
systems. Information search tools in most of the 
commercial e-learning systems lack in searching course 
information and found to have not explored the 
applications of mobile agents, while these agents are 
suitable for internet information retrieval. Mobile agent 
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utilization for retrieval of course materials in e-learning 
environment has been demonstrated. The e-learning 
system or even the collaborative agent need not require a 
continuous connection between the e-learners (users), 
while the mobile nodes might take care of their needs9. 
The mobile agent server can send an agent into the 
network and if the network is healthy, then it can even go 
offline, because the mobile agent can operate 
asynchronously and autonomously, while the user or the e-
learning system may even be unaware of these processes. 
A mobile agent middleware has been reported which is 
capable of self-adaptive to applications in wireless sensor 
network10. The application consists of evolving 
communities of agents. Using space abstractions of 
physical resources, the agent further evolves into cloning 
and migrating themselves in response to environmental 
changes. Thus adaptive agents also have been 
documented. With these specific and relevant literature 
supports, the research work formulates experimental 
research works for enhancing the performance of adaptive 
mobile agents in e-learning system. 
 
3. METHODOLOGY AND STRATEGY 

Experimental setup using NS 2.0 for various 
trails of arbitrarily chosen numbers of e-learner nodes has 
been simulated. Pre-processor to the NS 2.0 and for further 
documenting the results obtained from the simulation 
package has been created in Java. The segregated e-
contents (objects) that would be searched for and delivered 
to the user nodes by the mobile agents are not detailed out 
in this research want of space. Example of a segregated 
content is presented in6. Four trials have been delimited 
for the proposed experiments. Experiments were run first 
with arbitrary values so as to feed to the adaptive agents 
by simulation package NS 2.0. Instructional analysis on 
the e-contents from pedagogical point of view is beyond 
the scope of this research work. The movements of agents 
are arbitrarily chosen by randomizing the processes using 
the features of NS 2.0.  
 
3.1 Experimental Studies and Results 

The legends used for the experiments are detailed 
out. Af: ‘factual’ agents; Ap: ‘procedural’ agents; As: 
‘solution’ agents. NAf = No. of ‘factual’ agents available 
in one trial (no. of ‘factual‘ agent-process copies made and 
sent);  NAp = No. of ‘procedural’ agents available in one 
trial (no. of ‘procedural‘ agent-process copies made and 
sent); NAs = No. of ‘solution’ agents available in one trial 
(no. of ‘solution‘ agent-process copies made and sent); 
NA: Total no. of agents (process copies) generated by AS 
(Agent Station); Note: NA need not be NAf+ NAp+ NAs. 
F: No. of ‘factual’ objects requested by nodes; P: No. of 
‘procedural’ objects requested by nodes; S: No. of 
‘solution’ objects requested by nodes; NU: Total No. of e-
learners (Nodes); Note: NU need not be F + P + S. 

Example of a ‘factual’ Naïve Baye’s condition is 
presented below:  
 

 
From the first row of Table-1, the example (First 

trial) is taken as:  
NU = 700 and the total number of requests 

(randomly generated by NS 2.0) = 670; Ratio of (F+P+S) / 
NU = 0.957. 
The historical average ratio of  

NA (first trial of 189 is randomly generated by 
NS 2.0) / NU is λ = 0.27.  

Similarly the first randomly generated agent of 
the three classes, which attempted to users (nodes) were 
43, 76 and 54 by the NS 2.0. Requested ratios of F, P and 
S (randomly generated by NS 2.0) = 80: 415: 175 = 1: 5.2: 
2.2. The randomly generated first trial values of attempted 
agents were 43, 76 and 54.The reliability of an agent is 
computed as the ratio of the number of successfully visited 
(by agent) nodes to the number of desired nodes7. The 
reliability of agent ‘A’ accordingly equals to Nfs / Afs; 
similarly for P = Nfp / Ap and for S = NAs / As are also 
determined. In our case, for some of the nodes, the 
reliability value could be more than unity as the nature of 
requested objects is not known prior to the time of agent’s 
mobility; and the number of agents considered is actually 
the number of agent processes (copies of the agents); and 
also the application of mobile agent is in multiple orders. 
Besides, the number of agent processes generated by the 
mobile agent server may be much more than the number 
of e-users (nodes). But in the case of7, if the agent could 
have successfully visited all the desired nodes, then the 
reliability would have become 1 else it would be treated as 
zero. Current reliability factors of Af, Apand As are 0.54, 
0.18 and 0.31 respectively for the first trial. Current 
required factors are therefore equal to 0.46, 0.82 and 0.69 
respectively and the required ratios will thus become 1: 
1.78: 1.5. 

Naïve Baye’s Probability ratios (computed from 
the values) = 1: 15.2: 14.2. The trend of probability shows 
the similarity of the current reliability values of the 
required ratios. Hence according to the probability ratios, 
the new ‘λ’ will be arrived at from the normalized values. 
For 1 + 15.2 + 14.2 (i.e. 30.4) the required agents should 
be 670. Hence the required agent ratios should be 23:335: 
312. This ratio will thus become the number of new 
(attempts of) future agents for the next trial; while the total 
requested agents of the previous trial would become the 
next total number of agents. Results for the four trials are 
shown in Table-1. 
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Table-1. Computation of independent and conditional probability values for adaptive agents. 
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I 700 189 80 0.114 415 0.593 175 0.250 43 0.06 76 0.91 54 0.85 0.54 0.18 0.31 

II 650 670 76 0.117 315 0.485 225 0.346 23 0.05 335 0.528 312 0.376 0.30 1.06 1.38 

III 616 650 80 0.129 300 0.487 212 0.344 32 0.136 341 0.514 243 0.363 0.40 1.14 1.15 

IV 658 616 85 0.138 325 0.528 225 0.365 87 0.131 330 0.500 233 0.346 1.02 1.02 1.04 

 
In Table-1, the Naïve Baye’s Probability ratios of 

trial II are 0.05:0.528: 0.376 = 1:10.56: 7.52. This trend is 
similar to the reliability value ratios (see the table). Ratios 
of agents for the next trial will be 616/19.08; 
616/19.08*10.56; and 616/19.08*7.52. That will yield to 
32: 341: 243 (see the Table). Naïve Baye’s Probability 
ratios (for trial III) will become 0.136: 0.514: 0.363 which 
is equal to 1:3.78: 2.67. The trend is almost similar to the 
reliability value ratios. Ratios of agents for the next trial 
will be 650/7.45; 650/7.45*3.78; and 650/7.45*2.67. That 
will become 87:330: 233 (see the table). Table-1 show that 
the reliability values are almost converging to 1.0 after the 
four trials. This inference is well observed from Figures 2 
and 3. 
 

 
 

Figure-2. Distribution of reliability values of mobile 
agents. 

Observation 
Figure-2 clearly depicts the convergence of 

reliability values of all the three agents to unity after four 
trials after enough self adaptation. In the first trial, due to 
arbitrary initial values (randomly generated), the values 

were not even low but also haphazard as can be seen from 
the figure -2. After adapting previous values, the reliability 
values have almost become 1.0. 
 

 
 

Figure-3. Distribution of probability values of mobile 
agents. 

 
Observation 

Figure-3 shows the Naïve Baye’s conditional 
probability values for each trial. The intensity of values for 
each type of mobile agent for all the trials is proportional 
to the demand of usage by e-learners. This is clearly 
shown in Figure-3. The distinction between each agent 
type is clear from the figure for each trial. 
 
4. CONCLUSIONS 

It is clearly demonstrated that segregating the 
mobile agents into conditional objects (like 
‘factual’/‘procedural’/‘solution’) as suggested by the 
research work and also demonstrated by the experiments, 
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will largely reduce the computational overheads in 
generating unnecessary mobile agent processes in e-
Learning environment.  

Relying on conditional probability values has 
proved to be more accurate and helpful in predicting the 
required ratios of conditional mobile agent numbers for 
newer trial runs. 
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