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Abstract: Agent is an autonomous entity and has the ability
to act on behalf of others, can understand the changes in
the environment and react according to environment with
the help of features like mobility, learning ability etc. An
agent can be a person, a machine, a piece of software.
Agents are autonomous, flexible and active according to the
environment. We can say that Agents are acute and suitable
for pro-active and social behavior. In this paper discuss about
agents, starts from definitions, types of agent, architecture
of agent and mobile agent with distributed environment.
For developing latest pattern software application we can
use software agents. So agent-based computing is best for
software development and new revolution in software.
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1. INTRODUCTION

Artificial Intelligence (AI) and agent systems are very closely
related to each other [1]. Al is based on the mechanism of
intelligence e.g., the ability to learn, plan but Agents are based
on integrating these same mechanism. This difference will be
seen to all the problems that are associated with agents.

II. AGENTS CLASSIFICATION

The main classes of agents are defined as follows:
e Reactive agents
e Goal-based agents
e Utility-based agents
e Interface agents
e Mobile agents

e Information-gathering agents

e Multi-agents

e C(ollaborative agent systems

Some agents are hybrids, which exhibit properties of more than
one of the categories listed above [2]. The eventual aim of most
intelligent agent research is to develop smart agents, which
would be fully autonomous and able to learn and cooperate
with other agents.

A. Reactive Agents

Reactive agent (Reflex agent) is a production system where
inputs from the environment are compared with rules to
determine which actions to carry out. They work on the basis of
defined rules [3]. An example of a reactive agent is the automatic
mail filter that many e-mail systems now possess. This mail
filter examines each e- mail as it arrives and compares it against
a set of rules, or templates, and classifies it accordingly. A
common use for such systems is to reject so-called “junk mail”
or “spam” [4]. A reactive agent does not tend to perform well
when its environment changes or when something happens that
it has not been told about. Example, an e-mail-filtering system
might have problems when it receives an e-mail that is entirely
in Chinese. This type of situation can be handled by written
new rules but agents can deal with such type of situations.

B. Goal-Based Agents

These are very complicated as compared to reactive agents.
This type of agents following a predetermined set of rules,
a goal-based agent acts to try to achieve a goal. This can do
with searching Technology and through planning. For example,
be given the goal of finding pages on the Internet that are of
interest to an Artificial Intelligence researcher. This can do with
the searching technique and through planning.
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C. Utility-Based Agents

These worked as goal-based agents, but they used to increase
their utility value with achieving goal. This value can be used as
the happiness of the agent or how successful it is being. It may
also take into account how much work the agent needs to do to
achieve its goals. Let us go to our example from the previous
section of an agent that searches for pages on the Internet that
are of interest to Artificial Intelligence researchers [5]. The
utility-based agent can use knowledge about the Internet to
follow the most worthwhile paths from one page to another.
This can be done by using heuristic-based search techniques to
minimize the time.

D. Interface Agents

An interface agent can be thought of as a personal assistant.
These are independent agents; carry out tasks on behalf of a
human user. Interface agents collaborate with the user, but do
not need to collaborate with other agents although in some cases,
interface agents can learn by seeking advice from other agent
[6]. For example for using new software package used for help
as manual guide. Such an agent has the ability to observe what
the user does and make suggestions for better ways to perform
those tasks [7]. It is also able to assist the user in carrying out
complex tasks, possibly learning as it does so.

E. Mobile Agents

These types of agents are able of moving from one place to
another. In the case of mobile robots, this literally means
moving in physical space. In the case of mobile software agents,
this mobility usually refers to the Internet or other network [8].
An agent that is not mobile is static. Mobile agents travel from
one computer to another, gathering information and performing
actions as needed on the basis of that information [9]. A
computer virus can be thought of as a form of mobile agent,
although most viruses are not intelligent, merely autonomous.
Without intervention of human these types of agents can work
or they work independently [10]. They follow a fixed set of rules
that tells them how to infect a computer and how to reproduce.
The main advantages of mobile agents are in efficiency [11].

Using a large amount of bandwidth, which can be avoided if
the agent is able to physically move to the remote server and
query it locally.

F. Information-Gathering Agents

The Information agents known as the information-gathering
agents, are usually used on the Internet so these are also

sometimes called the Internet agents [12]. An information
agent is used to help a user find, filter, and classify information
from the vast array of the sources available on the Internet.
Information agents may be static or mobile. Some information
agents are capable of learning, whereas the behavior of others
is fixed. Additionally, information agents can be collaborative
or can work independently of other agents [13]. The distinctive
feature of an information agent is the function that it provides,
rather than the way it works.

G. Multi-Agents

These systems are composed of multi-agents that interact with
each other to achieve a common goal. These systems worked on
artificial intelligence, economics and sociology.

H. Collaborative Agent Systems

These types of agent systems are Multi-agent systems in which
the agents collaborate with each other to achieve goals. This
property, of cooperating to achieve a common goal, is known
as benevolence [14]. Collaborative agents typically do not
have the ability to learn, although some have simple learning
abilities [15]. As with multi-agent systems, the idea is that a
combination of many simple agents can solve a problem that
each agent individually would not be able to solve.

III. AGENT ARCHITECTURE

Agent architecture is the basic study of independent components
that carries effective behavior. These range from purely reactive
or behavioral architectures that operate in a simple stimulus
— response fashion, such as those based on the subsumption
architecture, at one extreme, (BDI) model, at the other extreme
to more deliberative architectures. In between the two lie hybrid
combinations of both, or layered architectures, which attempt
to involve both reaction and deliberation in an effort to adopt
the best of each approach [16]. So agent architectures can be
divided into four main groups: logic based, reactive, BDI and
layered architectures [ 17]. Logic-based (symbolic) architectures
draw their foundation from traditional knowledge-based
systems techniques in which an environment is symbolically
represented and manipulated using reasoning mechanisms.
The advantage of this approach is that human knowledge is
symbolic so encoding is easier, and they can be constructed to
be computationally complete, which makes it easier for humans
to understand the logic. The disadvantages are that it is difficult
to translate the real world into an accurate, adequate symbolic
description, and that symbolic representation and manipulation
can take considerable time to execute with results are often
available too late to be useful.
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A. Reactive Architectures

Implement decision-making as a direct mapping of situation
to action and are based on a stimulus — response mechanism
triggered by sensor data. Unlike logic-based architectures,
they do not have any central symbolic model and therefore
do not utilize any complex symbolic reasoning [18]. The key
ideas realized this architecture are that an intelligent behavior

can be generated without explicit representations and abstract
reasoning provided by symbolic artificial intelligence techniques
and that intelligence is an emergent property of certain complex
systems. Subsumption-designed agents perceive conditions and
act, but do not plan. The advantage of this approach is that it
will perform better in dynamic environments as well as that
they are often simpler in design than logic-based agents. Fig. 1
shows subsumtion architecture for robot navigation.
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Fig. 1: Subsumption Architecture for Robot Navigation

B. BDI (Belief, Desire, Intention) Architectures

BDI are probably the most popular agent architectures
[19]. They have their roots in philosophy and offer a logical
theory which defines the mental attitudes of belief, desire and

intention using a modal logic. One of the most well-known
BDI architectures is the Procedural Reasoning System (PRS).
Fig. 2 defines the PRS agent architecture. This architecture is
based on four key data structures: beliefs, desires, intentions
and plans, and an interpreter.
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Fig. 2: The PRS Agent Architecture

In the PRS system, beliefs represent the information an agent
has about its environment, which may be incomplete or
incorrect. Desires represent the tasks allocated to the agent and
so correspond to the objectives, or goals, it should accomplish.
Intentions represent desires that the agent has committed to
achieving [20]. Finally, plans specify some courses of action that
may be followed by an agent in order to achieve its intentions.

These four data structures are managed by the agent interpreter
which is responsible for updating beliefs from observations
made of the environment, generating new desires (tasks) on
the basis of new beliefs, and selecting from the set of currently
active desires some subset to act as intentions [21]. Finally, the
interpreter must select an action to perform on the basis of the
agent’s current intentions and procedural knowledge.



16 Journal of Applied Information Science

Volume 11 Issue 2 December 2023

C. Layered (Hybrid) Architectures

Allow both reactive and deliberative agent behavior. To enable
this flexibility, subsystems arranged as the layers of a hierarchy
are utilized to accommodate both types of agent behavior. There
are two types of control flows within a layered architecture:
horizontal and vertical layering. In horizontal layering, the
layers are directly connected to the sensory input and action
output which essentially has each layer acting like an agent. The
main advantage of this is the simplicity of design since if the
agent needs n different types of behaviors, then the architecture
only requires n layers. However, since each layer is in effect an
agent, their actions could be inconsistent prompting the need
for a mediator function to control the actions.

The vertical layer architecture eliminates some of these issues
as the sensory input and action output are each dealt with
by atmost one layer each (creating no inconsistent action
suggestions). The vertical layered architecture can be subdivided
into one-pass and two-pass control architectures [22]. In one-
pass architectures, control flow from the initial layer that gets
data from sensors to the final layer that generates action output.
In two pass architectures, data flow up the sequence of layers
and control then flow back down. The main advantage of
vertical layered architecture is the interaction between layers is
reduced significantly to m 2(n-1). The main disadvantage is that
the architecture depends on all layers and is not fault tolerant,
so if one layer fails, the entire system fails.

IV. MOBILE AGENTS

Can be also defined as computational software those are capable
of roaming different WANs. While on tour, a mobile agent
interacts with foreign hosts and gathers information on behalf
of its owner who has initiated it. After performing its duties set
by the owner, the mobile agent comes back to the originating
source/owner [23]. In mobile computing environment, users
can access information independent of their location. But
accessing this information should not restrict mobility of users.
From data management point of view, mobile users can handle
only fraction of data since mobile devices are having limited
resources. The development of low cost and yet portable mobile
devices have enabled mobile users to work from anywhere, at
anytime. Distributed Environment itself is a term which covers
all types of environments where distribution is done over any
of the functional or non functional parts are distributed or over
the whole system [24]. It may be distributed systems, client/
server system, distributed database management system,
distributed computing, remote execution etc. In my work the
term “Distributed Environment” is used as I have stressed on
the distributed database system which is non-homogeneous
(i.e. heterogeneous). There are different significant benefits of
using mobile agent in applications those are generally works in
distributed environment. It is not so that the applications which
are built using the mobile agent concept cannot build without

mobile agent (using static agent). But the use of static agent will
make the cost on higher side.

A. Mobile Code Paradigms

There are four basic types of Mobile Code Paradigms.

e C(lient/Server

e (Code on Demand

e Remote Evaluation

e Mobile Agents
In case of all the systems mentioned above, the basic elements
are:

Data: This basically contains the result-set fetched by the
system while in execution.

Code: Code is the section with which different modules
necessary for the functionality of the system.

Program Stack: 1t contains the current status of the program.
(i) Client/Server Paradigm

It is the most widely used paradigm. Here, in this paradigm the
services are offered by a server and the service is consumed by
one or more, generally remote clients.
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Fig. 3: Client/Server Paradigm

The Fig. 3 depicts the client/server paradigm. Here in the
figure, in the client side, the “CODE” form which a procedure
in the server is called and the server executes the procedure
and returns the results back to the client. Few examples are
RPC, Web-Services, CORBA, EJBs etc. [25]. Here, in client/
server system, the data element is mobile and both the code
and the program stack element are static. The systems, which
follow the Mobile Agent and distributed environment [9, 11].
Client/server paradigm, are easy to implement and hence this
paradigm is very popular and wide-spreading.

(ii) Code on Demand Paradigm

In this paradigm, the server has different procedures for service
to the client and client will get the service from the server. But
the service, the client wants, is transferred to the client from the
server. When the code for the particular processing is received
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by the client, the code is executed to perform the task for the
client. Fig. 4 represents the Code on Demand paradigm. Here,
in the figure, the “Code-1" is responsible for the request, from
the client, for “Code-2" in the server. The server, on receiving
the request, transfers the “Code-2” to the client. Client, on
receiving the “Code-27, it executes the code to carry out the
task. Fig. 4 depiticts the code on demand paradigm. In this
paradigm, the data element and the program stack is static
but the code element is mobile. Centralized code base and
simplicity in updating the software are main advantages of such
type of systems.
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Fig. 4: Code on Demand Paradigm

(iii) Remote Evaluation Paradigm

In this paradigm, the client has the code for execution but
transfers the code to the server and the server executes the code
and returns the results to the client.
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Fig. 5: Remote Evaluation Paradigm

The Fig. 5 represents the Remote Evaluation paradigm’.
Here in this paradigm, the “Code” (in the client side), that is
to be executed, is transferred to the server and the server, on
receiving the “Code” executes it and sends the results back to
the client. In this paradigm, the data element and the program
stack is static but the code element is mobile.

(iv) Mobile Agent Paradigm

The Mobile Agent paradigm actually derives from two different
disciplines and they are Artificial Intelligence and Distributed
Systems. The artificial intelligence helped in creation the

concept of an agent and the distributed system defines the
concept of code mobility across a network. According to
standard definitions, mobile agents have everything that
a non-mobile agent has; agents are autonomous, reactive,
proactive and social. In addition to these mobile agents are
also movable, i.e. they can migrate between platforms in
order to accomplish the assigned task. In this paradigm, the
case lies in remote execution of component. The component
sends itself or another on-behalf of itself, to a remote host.
The component moves with its code and data. In case of state
of the state it may remain intact or modified depending upon
the implementation. Unlike the case with remote execution,
the component (i.e. mobile agent) will be deciding for itself
that whether it wishes to move to an alternate location or not.
There are number of advantages of mobile agents over their
static counterpart. Thus mobile agents include some of the
benefits like reduction in communication costs, limited local
resources, easier coordination, asynchronous computing etc.
Mobile agents, sometimes called mobile objects, constitutes
of Code (behavior), Data, Execution State and Itinerary. These
elements are bundled together and are able to move as single
unit. In case of stationary objects, which only consist of Code
(behavior) and Data. In case of both, the behavior is represented
by interfaces but in case of stationary objects as they do not
move, the Code and Data can be platform dependent. Mobile
agents, on the other hand, can move and therefore, their code,
data, execution state and itinerary must all be portable, or at
least convertible from and into portable forms.
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Fig. 6: Mobile Agent Paradigm

Fig. 6 represents the concept of mobile agent paradigm. In the
figure, the code in the client in initialized and after initialization
the code is transferred to a server. When the mobile code
receives the server the Mobile Agent System executes the code.
After executing the code, the server then sends the code to
another server for execution. And thus after reaching the last
server the code is again executed and the overall result of all the
executions is sent back to the client.
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V. DISTRIBUTED ENVIRONMENT

A distributed database is logically a single database but actually
it spreads in different computers in a network. In case of
distributed database there must be multiple DBMSs running at
each computer and there exist co-operation between them.

Distributed Database Envirormments

Homogeneous Heterogeneous
Autonomous Nonautonomous Systems Gateways
Full DBMS Functionality Partial-Multidatabase

Federated Unfederated
Loose Integration Tight Integration

Fig. 7: Distributed Environment

The Fig. 7 represents the range of distributed database
environments.

A. Homogeneous Distributed Database

This environment architecture is very simple and therefore it
is much easy to design and manage. In this environment all
sites/node must have the same DBMS. Also all the sites should
agree to cooperate in processing user requests. This type can be
divided into two categories:

o Autonomous: In autonomous kind, each DBMS at each
node/site works independently. They pass messages back
and forth to share data updates.

e Non Autonomous: In non autonomous kind, there must
be a central or master DBMS, who coordinates database
access and update across the nodes/sites. But in general,
each site/node has to surrender some part of its autonomy
in case of right change the schema or these software.

Global User
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DEMS DBMS
Softwvare Software -
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Fig. 8: Non-Autonomous Homogeneous Distributed Database
Environment

The Fig. 8 depicts a non-autonomous homogeneous distributed
database environment. There are few characteristics those
define this kind of environment and they are as follows:

e Data can be distributed across all the nodes.
o At each node/site same DBMS is used.
e The distributed DBMS manages all data.

All users access the database through one global schema
(database definition). This global schema is just the union of all
the local database schemes.

B. Heterogeneous Distributed Database

In this kind of distributed database environment, the sites/nodes
are not bound to use the same schema and software. Since
there are differences in schemas at the sites/nodes, therefore
problem arises in the processing of queries and transactions.
Also, the sites may not be aware of each other. Heterogeneous
systems are useful when each of the sites/nodes may have their
own hardware, software and data structure which may not be
compatible. In heterogeneous system, translations are required
to allow communication between different sites/nodes. Systems
Supports some or all of the functionality of one logical database.
Full DBMS Functionality supports all of the functionality of
a distributed database; Partial-Multi database supports some
features of a distributed database. Federated Supports local
databases for unique data requests. Loose Integration Many
schemas exist, for each local database, and each local DBMS
must communicate with all local schemas. Tight Integration
One global schema exists that defines all the data across all
local databases. Unfed rated requires all access to go through a
central coordinating module.
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Fig. 9: Non-Autonomous Heterogeneous Distributed Database
Environment

DBMS-2

The Fig. 9 represents a heterogeneous environment which can
be defined by the following characteristics:

e Gateways: Gateways are simple paths created to other
databases.
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Data are distributed across all the nodes. Different
DBMSs may be used at each node. Some users require
only local access to databases, which can be accomplished
by using only the local DBMS and schema. A global
schema exists, which allows local users to access
remote data [9]. The adoption of a particular Distributed
Database Environment for the design development of a
system is basically depends on the conditions/flexibilities
demanded by the system to be developed.

V1. CoNCLUSION

So we conclude that the agents focused on the part of many
sub-fields of computer science and artificial intelligence. Agents
are being used in a more and more wide variety of applications,
ranging from comparatively small systems such as email Filters
to large, open, complex, mission critical systems such as air
traffic control.
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