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Abstract— Information overflow has been a hindrance to 

search for information even by computing experts and 

subject matter experts. The situation is worst with the 

persons who have limited computing knowledge and 

unfamiliarity in the relevant subject. We argue that 

technological advancements in computing could provide 

solutions for the said issue.  Our research has been 

inspired by the power of Multi Agent Systems (MAS) 

technology to model complex systems encompassing 

large number of distributed and interconnected entities 

that might change over the time. We have developed a 

Multi Agent System, MaSIO, to address the above issue. 

MaSIO mimics a scenario where an IT expert 

communicates with reliable subject matter experts and 

find information. In MaSIO, the roles of an IT expert and 

the subject matter experts have been implemented as 

Agents. MaSIO has been implemented as a Java-based 

generic solution. This paper presents customization of 

MaSIO for the domain of Agriculture. The paper also 

demonstrates how MaSIO extract reliable information 

regardless of the level of computing literacy of user.   
 

1. INTRODUCTION 

Information is the most valuable resource for the 

development of mankind. Multifaceted 
developments in computing technology have 

contributed to storing and processing of 

information beyond the expectations. In the 
modern world people are geographically 

distributed, yet they are connected as if everybody 

lives in a single village. Unlike those days, one 
does not necessarily goes to the source of 

information to access and the use of information, 

yet it can be done through a notebook computer 

or a mobile phone. Many information are also 
accessible free of charge. There is no central 

authority to control the dissemination of 

information, and this leads to an issue of 
reliability of information published by some 

people. More seriously, there is an information 

overflow in huge knowledge sources such as the 

Internet. As such, for example, a person with little 
or no knowledge in a certain subject area might 

be misled when searching for information on the 

Internet. Of course, technology itself made the 
world so resourceful, yet unfortunately everyone 

cannot be benefited. The issue of information 
overflow is analogous to the fact that 

development of complex road networks does not 

guarantee to improve transport facilities for 

everyone. Such road networks will be useful only 
for the people who know how it can be used. 

Undoubtedly, information overflow [1] is an 

issue arisen out of advancements of computing 
technologies. Therefore, we argue that solution to 

this issue should also come from the computing 

technology. However, solutions such as Search 
engines (e.g. Google [2], Yahoo [3] and Bing [4]) 

cannot amicably address the issue. Those 

solutions expect a person to have a certain level 

of IT skills and knowledge about the area, which 
is interested to the person. Therefore, such 

solutions work well only for the persons who are 

experts in both computing and the subject matter. 
It is evident that there are many subject matter 

experts who are not necessarily experts in 

computing. This needs not to be challenged. 
Our research has revealed that the Multi Agent 

Systems technology [5] has been able to model 

the interconnected distributed systems involving 

many entities that are in fact dynamically 
changing over the time. As such, we have 

postulated to exploit the power of Multi Agent 

Technology to enable easy access to the huge 
reservoir of knowledge on the Internet by a person 

who is neither a subject matter expert nor a 

computing expert. Our Multi Agent System –

MaSIO, an acronym for Multi Agent Solution for 
Information Overflow, for addressing the issue of 

information overflow can be customized for any 

subject area and persons with little computing 
skills. MaSIO also make ease of information 

searching by computing experts and the subject 

matter experts. This paper demonstrates how 
MaSIO has been customized to use for the 

Agriculture domain.  

MaSIO has been design through our own agent 

development framework, MaSMT [6], which is 
specially design for the development of Machine 
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Translation systems. MaSMT is a java based 
multi agent system development framework that 

provides two types of agents as ordinary agents 

and dispatcher agents. A dispatcher agent consists 
with number of ordinary agents within its control. 

The framework primarily implements object-

object communication, XML-based data passing 
and MySQL database connectivity for 

manipulation and use of the domain ontology.  

MaSIO consists of two dispatcher agents 

(GUI agent and context manager agent) and 
number of client agents (ordinary agents) which 

are available in the MaSMT framework. The GUI 

agent provides graphical user interface of the 
system. The context manager agent and its client 

agents are used to read the context from the 

internet. MaSIO system maintains user profile. 
Therefore user needs to login and complete the 

profile before access the searching tools. After 

user login to the system, MaSIO manager 

download and activate relevant user profile from 
its ontology (database). According to the user 

profile context manager agent creates its clients to 

access the internet at the initial stage. 
After client agents are being created context 

manager agent wait for input of key word(s) from 

GUI agent. If key word(s) are received from GUI 

agent, the context manager send the information 
to its clients. Clint agents use this key word(s) and 

find the relevant information from internet. At 

this point client agents can see what are the 
information another agent has been collecting. If 

same information is collected by another agents 

then, the agent tries to find some other 
information. In addition to the above client agents 

also recorded the successful visit to the page (if 

page consist of the result for a particular key 

word, system count as a successful visit). Hit ratio 
is calculated using the successful visit. If the 

particular site has more than 70% hit ratio then 

site is automatically added to the user profile. If 
hit ratio is less than 40% than system removes the 

particular web site from the user’s profile.  

The rest of the paper is organized as follows. 
Section 2 gives brief description about existing 

information systems, then section 3 gives multi-

agent approach to solve issues of the information 

overflow. Section 4 gives design of the MaSIO 
with brief description of each module. Then 

section 5 reports how systems work for the 

agriculture domain and finally section 6 gives 

conclusion and further work of the project. 

2.  EXISTING SYSTEMS 

At present billons of websites available on the 
internet and these sites consist of huge amount of 

data. According to lager number of data 
availability, it is difficult to identify which data is 

more relevant? In addition to the above, many of 

these existing search engines provides only 
keyword searching. Therefore, it is difficult to 

make sure that certain keyword is related to the 

real meaning of the text, how to remove garbage 
due to extensive usage of keywords and how to 

understand the context of the request etc. [7]. 

However, existing search engines (Google, 

yahoo) use different mechanism to search 
information from the web. 

Google[2] is the most popular search engine in 

the world that hunts text from publicly accessible 
documents offered by web servers [1]. In addition 

to searching the web, Google identify specific 

information which are available offline or on 
specialized sites [8]. To obtain search results 

Google uses search-results page which is based 

on a priority rank called a "PageRank". PageRank 

is a link analysis algorithm used by the Google 
Internet search engine that assigns a numerical 

weighting to each element of a hyperlinked set of 

documents [9]. 
Yahoo [3] is another popular search engine 

which was the 2nd largest search directory on the 

web. Sine 2009 Yahoo Search would be powered 

by Bing. Yahoo! Search ranks results according 
to their relevance to a particular query by 

analyzing the web page text, title and description 

accuracy as well as its source. Yahoo spider 
indexes the full text of web pages, up to a 500,000 

characters. 

Bing [4] is another search engine from 
Microsoft. Bing uses back-end search 

infrastructure, with the goal of delivering faster 

and slightly more relevant search results for users 

[1].  
In addition to the above, many other research 

have been done for the information searching on 

the web. Kanteev and others have developed 
Multi-agent based meta-search engine based on 

domain ontology [7][10]. This system search 

HTML pages via Internet, which is based on the 
semantic understanding of pages content by 

means of multi-agent technology. They have 

applied this development to the analysis of web-

pages related to car industry.  
Huang and zhongzhi had developed Multi-

agent based web search system using the 

heterogeneous semantics as a solution for the 
issues on keyword-based searching [11]. This 

system provides efficiency and reliability of 

search. 

Min-Huang and others [12] have developed a 
search engine named octopus, which was based 

on Internet Search Service (ISS). This octopus 
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system provides personalized search facilities for 
the users. In addition to the normal services, 

personal information-filtering agent is used to 

achieve the functionality of personalized search in 
a search engine.  

Enembreck and Barthes have developed 

Multi-agent based tool for internet search [13]. 
This open multi-agent system has been 

implemented with personal assistants, library 

agents, filter agents, and search agents.  

However, these existing solutions do not meet 
the user requirement when persons who have 

limited computing knowledge and unfamiliarity 

in the relevant subject. 
 

3. MULTI-AGENT SYSTEM TECHNOLOGY 

 

Multi Agent Systems technology has emerged as 

a new software paradigm, which exploits the 
power of message passing as the key strategy for 

problem solving.  Communication, negotiation 

and coordination among agents produce high 
quality solutions that cannot be generated by a 

single agent in its individual capacity. 

Multi-agent systems are used to handle 

complex knowledge. In general any multi Agent 
system contains four key components namely 

Multi-agent engine, virtual world, ontology and 

interfaces [5]. The Multi-agent engine provides a 
run time support for agents. The engine starts as 

the first step of the system. Virtual world is the 

environment of the Multi agent system. Using this 

virtual world agents cooperate and compete with 
each other as they construct and modify the 

current scene. The Ontology contains conceptual 

problem domain knowledge of each agent. 

Nowadays hundreds of well-established general 

purpose toolkits and frameworks are available for 

the development of Multi Agent Systems. Among 

others, JADE [14], Jason [15], SeSAm [16] and 
AgentBuilder [17] are the stranded Multi Agent 

System development frameworks. JADE (Java 

Agent DEvelopment Framework) is a software 
framework fully implemented in Java language.  

This framework provides supporting GUI tools 

for debugging and deployment phases in the multi 
agent development. Jason is an interpreter for an 

extended version of AgentSpeak [18]. 

AgentBuilder is an integrated software 

development tool that allows software developers 
to build agents quickly and easily without sound 

knowledge of multi agent technology. SeSAm  

(Shell for Simulated Agent Systems) is another 
framework that provides a generic environment 

for modeling and experimenting with agent-based 

simulation. These frameworks are especially 

designed to develop general purpose applications, 
machine learning and simulations of complex 

systems. To develop Natural language processing 

applications (especially Machine Translation 
Systems) we have developed our own Multi-agent 

System development framework, MaSMT. 

MaSMT is a java based multi agent system 

development framework, especially designed for 
development of Machine Translation systems. 

MaSMT provides two types of agents as ordinary 

agents and dispatcher agents. A dispatcher agent 
consists of number of ordinary agents within its 

control. Further, dispatcher agents can directly 

communicate with other dispatcher agents and the 
ordinary agents in the swarm that are assigned to 

a particular dispatcher agent. Agents in a swarm 

can directly communicate only with the agents in 

the own swarm and the relevant dispatcher agent. 
The framework primarily implements object-

object communication, XML-based data passing 

and MySQL database connectivity for 
manipulation and use of the domain ontology. 

Agent communication in the framework has been 

implemented to comply with FIFA-ACL 

specification [19]. 
 

4. DESIGN: MASIO 

 

MaSIO system has been designed through the 
MaSMT framework. MaSIO systems run in 

different locations and use single MySQL 

database as the ontology. Figure 1 shows the top 

level architecture of the MaSIO systems.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1: Design architecture of the MaSIO 
 

MaSIO system consists of two dispatcher agents 
(GUI agent and context manager agent) and 

number of client agents which are available in the 

MaSMT framework. The GUI agent provides 

graphical user interface of the system. This 
interface gives users to login, edit his/her user 

profile and change some system setting to internet 

access. Context manager agent is also a dispatcher 
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agent that handles all the context reading process. 
Figure 2 shows the design of the context manager 

agent. 

Context manager agent (java thread) manages 
its client agents. According to the MaSMT 

architecture, each manager can fully control its 

client agents. Therefore, dispatcher can create, 

remove or control its client agent(s). Dispatcher 
agent creates all its clients automatically at the 

initialization stage. This agent accesses the rule-

base in the database (used to create client agents) 
and assigns each rule for a client agent. It means 

that the dispatcher creates an agent for a rule in the 

rule base. In addition to the above, dispatcher can 
directly access each agent and send messages 

directly for its clients. The dispatcher agent reads 

input massages from the global message queue 

and provides relevant tasks for the client agents. 
Also dispatcher can control the priority of the 

client agent and the stage of the clients. This 

facility removes the unnecessary work load form 
its client agents. 
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Figure 2: Top level Design of the Context 
Manager 

 

The Ordinary/client agents work under the 

control of the dispatcher agent and each ordinary 

agent must have a dispatcher agent. Ordinary 
agent is a simple java program (Thread) which 

support limited task(s). These agents can 

communicate with each other through the 
messages space, through the use of peer-peer or 

object-object communication methods. This 

ordinary agent consists with local message queue, 

access rule, communication module and a 
ontology. Figure 3 shows the design of the 

ordinary agent.  These agents are responded for 

the messages which are available in its local 
message queue. Each agent has been assigned for 

only the simple task and it respond only for the 

assign task (task is available as an access rule).  

For instance, context agents respond only for 
the two messages which contain “get context” and 

“about you”. When the agent receive message 

“about you” from the message queue, it provides 

information about itself to the message sender by 
using message space. After receiving the message 

“get context”, it tries to do the context analysis 

with the support of the rule(s), site(s) and its 
ontology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Design of the context agent 
 

The communication module provides access to 

the ontology and the message spaces through the 
given media such as MySQL database Access, 

Objet-Object access, XML database access or 

network peer-to-peer access or client server 
access.   

Local message space is the visible area of  each 

agent in the local agent group (Swam). Each agent 

can directly communicate others through the local 

message space. This allows an object-object 
connection. Context agent can send or receive 

messages for this local message space. Each agent 

consists with a local message queue with public 
access. Dispatcher agent and other local clients 

can directly access this message queue to add 

messages. 
Global message space is the message space 

which can be used to communicate through the 

system. By sending messages to the global 

message space other agents (other system) can 
communicate through the dispatcher agents. This 

message space is visible only for the dispatchers 

who are in the MaSMT framework. Dispatchers 
send messages to other dispatchers through the 
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Ontology is the knowledge of the each agent 
(ordinary and dispatcher agents). Agent uses 

ontology to create the action. For instance, 

Context agent in the MaSIO system uses search 
domain, URL, and request parameter (GET 

method) as its ontology. Context agent points of 

view and each rule is also stored in its ontology.  
Messages used to communicate with each 

other have been developed by using FIPA ACL 

message stranded [19]. ACL Message consists 

with Participant in communication: sender, 
receiver, reply-to, Content of message: content, 

Description of Content: language, encoding, 

ontology. Control of conversation: protocol, 
conversation-id, reply-with, in-reply-to, reply-by 

etc. MaSMT messages are compatible with the 

FIFA ACL messages. 
Moreover, context agent also stores the 

number of visits to the site and number of 

successful visits. Hit ratio is calculated through 

number of successful visits. 
 

𝐻𝑖𝑡 𝑅𝑎𝑡𝑖𝑜 =  
𝑆𝑢𝑐𝑒𝑠𝑠𝑓𝑢𝑙 𝑣𝑖𝑠𝑖𝑡

𝑇𝑜𝑡𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑣𝑖𝑠𝑖𝑡
 𝑋 100 

 

If hit ratio is more than 70% and the total 

number of visits is more than 25, then the 
particular site is added to the particular domain (to 

public access) or else stored in the user specific 

domain. If hit ratio is less than 40% and total 
number of visits are more than 25, then the 

particular site is removed from public access 

domain and or particular user specific domain.   

After collecting available information on the 
web source, context agent communicates with 

other agents to remove duplicate contexts. If 

duplicates do not exit then the agent send the 
context to the GUI agent through the context 

manager agent. The GUI agent which received 

this information through the global message space 
and creates the output web page to show the 

information. Finally GUI agent displays the 

above created web page through the web browser. 

To communicate with a browser GUI agent uses 
its web server engine. 
 

5. HOW SYSTEM WORKS 

MaSIO system has been implemented using Java 
application and can run on PCs. System requires 

internet access to search information and 

communicate with its ontology. A new user can 
be created through the system and the system uses 

available information to create its initial ontology. 

Figure 3 shows the user interface of the MaSIO. 
After user successfully login to the system, 

GUI agent download and activate relevant user 

profile from its ontology (database). According to 

the user profile, context manager agent 
(dispatcher agent) creates its clients to access the 

internet (By default, system consist of 3 agents to 

search information: namely Google agent, Yahoo 
agent and Wikipedia agent). Context manager 

agent creates all its clients automatically at the 

initialization stage. 

After the client agents creation, Context 
manager agent wait for a keyword(s) input from 

GUI agent. The GUI agent send user entered 

keyword(s) to the context manager through the 
global message space. If user gives keyword(s) to 

search, Context manager agent gets these key 

word(s) from the GUI agent. After receiving 
keyword(s), context manager agent send these 

keywords to the context agents. In the initial stage 

Google agent, Yahoo agent and Wikipedia agent 

get the keywords and try to search the context. 
Google and yahoo agent get reference from its 

search pages and search the original context what 

actually its available (this process is same as a 
person reading the Google search page using 

actual reference). 

 

 
Figure 4: GUI of the MaSIO 

 

If information is available then agent marks 
the URL and also update the hit ratio. This update 

process is used to update profile automatically. In 

addition to the above, MaSIO also support adding 
new web resources into the its user profile 

manually. As an example, a user can add some 

online resources according to its domain. This is 

the way how MaSIO system can be customized 
for any selected domain. In the agriculture 

domain it has been done by adding new 

agricultural information sites for the user profile 
such as Wiki Goviya [20], web site of the 

department of agriculture, Sri Lanka [21] and 

Goviya [22].   

After collecting the information, MaSIO provides 
output result as a web page therefore user can 

easily read the given web context as well as 

search more information from the web through 
the given reference links. 
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6. CONCLUSION AND FURTHER WORKS 

This paper has reported, a multi-agent solution, 
MaSIO for addressing the issue of information 

overflow. The MaSIO system can be customized 

for any subject area and for people with little 
computing skills.  MaSIO also makes information 

searching easy by using computing experts and 

the subject matter experts. MaSIO system has 
been designed using MasMT framework. 

Through the MaSIO system we have successfully 

tested the customization ability of the domain of 

agriculture. As a conclusion MaSIO is capable to 
use as a tool for the information searching which 

gives a reasonable solution for the problem of 

Information overflow.  Use of the MaSIO system 
as semantic handling tools in the English to 

Sinhala Machine Translation has been considered 

as further work of this project. 
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