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Abstract

Mobile agent paradigm offers several potential 
advantages for distributed computing. Intelligent 
mobile agents are excellent propositions for open and 
distributed multi-agent systems where agents carry out 
the assigned tasks on behalf of their human 
counterparts efficiently. However, agent migration 
itself increases network traffic, thereby making these 
agents inefficient for the purpose over the Internet. 
The problem can be addressed through a modular 
design of the agent behaviours which can be invoked 
on-the-fly. Towards this end, the paper presents a 
Behaviour Helper design pattern and suggests pattern-
based design to improve mobility and capability of 
these mobile agents. 
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1. Introduction

Multi-agent system (MAS) is very appealing for 
building open and distributed applications [1]. Mobile 
agents provide a novel and useful paradigm for an open 
and distributed MAS [2, 3, 4]. They migrate to remote 
locations on a computer communication network such 
as the Internet, carry out local interactions with other 
agents available there and help reduce communication 
overhead. These mobile agents need to posses varied 
degree of intelligence in order to interact with other 
agents to meet their assigned goals. The degree of 
intelligence increases with diversity of knowledge and 
capability of the agent. They move from host to host 
and display intelligent behaviour that is dynamic and 
location based. For example, electronic commerce that 
has been recognized as a very promising application 

area for software agents is perceived as open, 
distributed and complex. In agent-based e-commerce 
the intelligent mobile agents representing human 
buyers and sellers need to visit from marketplace to 
marketplace on the Internet. They need to carry out 
successful multi-agent interactions while displaying 
adaptive intelligent behaviour based on market 
dynamics to deal with e-commerce negotiations.  As 
their capability to deal with different types of markets 
and market mechanisms increases, these agents 
necessarily become bloated with rich intelligent 
behaviour. Consequently, their mobility is hindered by 
network factors like heavy traffic and low bandwidth. 

In addition to e-commerce negotiation, intelligent 
mobile agents find their application in several other 
areas such as network management [27], information 
retrieval and knowledge discovery [28], military 
command and control [29] etc. The problem of 
mobility and dynamic capability of these agents in a 
distributed environment can be addressed with a 
modular, robust and reliable design. As software design 
patterns have been proved to be very useful within the 
object-oriented paradigm for engineering better 
software, agent research community is investigating 
agent design patterns to capitalize and diffuse design 
experience on multi-agent systems. Effective use of 
design patterns in multi-agent systems can cut down the 
development time and cost for these systems leveraging 
reuse. On this backdrop, we propose a Behaviour 
Helper design pattern for intelligent mobile agents and 
evaluate its performance in a prototype system for 
agent-based e-marketplace.

The rest of the paper is structured as follows. 
Section 2 provides a brief overview of research and 
developments on design patterns for agent-based 
systems found in literature. The proposed Behaviour 
Helper pattern is described in section 3 and its formal 
specification is discussed in section 4. Section 5 briefs 



on the implementation of the pattern in a prototype 
system and presents the simulation results. Finally, the 
paper concludes in section 6.

2. Agent Design Patterns 

A software design pattern describes a reoccurring 
design problem and provides a solution for it in a 
context. Design patterns have been very successful in 
object-oriented system development [5, 6]. As agents 
provide better abstraction, they allow easier 
identification of reusable parts in an agent-based 
system. Thus, patterns can be extremely successful in 
MAS and provide a strong software engineering 
foundation for MAS development.

Several proposals on design patterns for agents and 
multi-agent systems have been found in literature 
during the past decade [7, 8, 9, 10, 11, 12]. In [7], Y.
Aridor and D.B. Lange have discovered useful patterns 
for mobile agent applications and conceptually divided 
into three classes: traveling, task, and interaction. 
Traveling patterns such as Itinerary, Forwarding and 
Ticket encapsulate mobility management of an agent 
for one or more destinations. Task patterns such as 
Master-Slave and Plan are concerned with the break-
down of task and how these tasks are delegated to one 
or more agents. Interaction patterns such as Meeting, 
Locker, Messenger, Facilitator, and Organized Group 
are concerned with locating agents and facilitating their 
interactions.

The proposal in [8] presents several patterns of 
intelligent and mobile agents based on a layered 
architecture conceived by the authors for the agent 
behaviour. However, these patterns consider mobility 
and intelligence separately. In [9], the author has 
proposed eleven agent-oriented patterns and applied 
them to analyze, design and implement a running multi-
agent system. All the patterns are based on stationery 
agents only. Social patterns based on social and 
intentional characteristics of an agent are proposed in 
[10]. These patterns focus on social interactions from 
organizational perspective and ignore mobility as well 
as intelligence. In [11], the authors discuss patterns 
specific to coordination task in a MAS.  The presented 
patterns do not consider mobility of the agents. A set of 
seven patterns related to agent communication 
mechanisms are discussed in [12]. While these patterns 
consider agent mobility, they do not take into account 
the intelligence and mobility together.

To improve the understanding and usage of agent-
oriented design patterns, it is necessary to classify the 
patterns, agree upon a comprehensive pattern 

description language and disseminate the experience 
gained from the use of patterns. In [13], attempts have 
been made to classify the patterns. The authors in [14, 
15, 16] have discussed for a comprehensive pattern 
description language. Attempts to integrate the patterns 
in agent-oriented methodologies and development 
frameworks are shown in [17, 18]. Also, there have 
been patterns for domain specific applications like e-
commerce [19, 20]. 

Our work is different from the above in a way that it
considers intelligence and mobility together. We 
propose a design pattern that balances domain forces 
like efficient mobility and behaviour adaptability for an 
intelligent mobile agent in a distributed and open multi-
agent system.

3. Behaviour Helper Pattern

A pattern language is very important to describe and 
document the design patterns for agents. It helps agent 
design patterns to be positioned properly within the 
space of existing patterns and used successfully by 
software engineers. We describe the proposed pattern 
as follows:

3.1 Intent 
To provide dynamic, on-demand behaviour to a 

mobile agent with adequate degree of intelligence 
while making it lightweight for efficient mobility.

3.2 Applicability 
The pattern is used:

 When mobile agent requires intelligent 
behaviour, which may be loaded at runtime 
based on dynamics of the multi-agent 
environment where it has migrated.

 When an intelligent mobile agent needs to be 
dispatched to an environment efficiently.

 When the user of the agent wishes to control 
the behaviour of an intelligent mobile agent 
in multi-agent environments.

3.3 Forces
The following are the domain forces that a design 

needs to consider.

 Adaptability: The agent design has to consider 
the openness and dynamics of the distributed 
multi-agent system where agents display 
adaptive behaviours that follow protocols. 
These behaviours are temporal and location 
based.

 Mobility: Efficient mobility of the agent is a 
key factor in the system.



 Task: The agent needs to perform different 
tasks rich in intelligence.

 Control: There is a need to control the 
behaviour of the mobile agent

3.4 Participants
The agents and objects participating in this pattern 

are described as follows:

 A generic Agent specifies an interface for 
creating different types of agents.

 A Helper implements generic Agent’s 
interface. It is situated at the user’s location 
and keeps track of the behaviour objects.

 A Traveler implements generic Agent’s 
interface and moves from host to host in a 
network like the Internet. Based on the multi-
agent interaction requirements in different 
hosts, it loads behaviour objects dynamically, 
which it receives from the Helper agent from 
time to time.

 The generic Behaviour provides an interface 
for creating specific type of behaviour objects.

 The Concrete Behaviour is a temporal 
behaviour, which the Traveler agent exhibits 
during the multi-agent interaction required by 
a network host.

Figure 1: Class Diagram for Behaviour Helper Pattern

A class diagram representing the structural 
relationship of the participants in the Behaviour Helper 
pattern is shown in Figure 1. Since agent is different 
from object in many aspects, we take an agent
stereotype to represent agents. An agent performs tasks 
encapsulated in behaviours which have separate threads 
of execution within the agent. So, a behaviour 
stereotype is also suggested in the class diagram.

3.5 Collaboration
The collaboration among the agents is shown in an 

agent interaction diagram (Figure 2) following [21]. 
This diagram depicts sequences of messages used by 
them for sending and receiving behaviours. The 

messages are specified using FIPA-ACL (Agent
Communication Language) [22].

 When the Traveler agent arrives at a host, it 
checks with the environment as to what type 
of behaviour is required for interaction.

 It then sends a request message to the Helper 
agent to send that behaviour.

 On receiving the request, the Helper sends the 
behaviour object using an inform message and 
refuses if not available.

 The Traveler extracts the behaviour object 
from the message and loads the behaviour.

 After successful extraction and loading, the 
Traveler sends a confirm message to the 
Helper, otherwise a failure message which 
triggers the Helper to resend the behaviour 
object.

Figure 2: Agent Interaction Diagram

3.6 Consequences
Behaviour Helper pattern may have the following 

consequences:

1. The pattern enables protocol adaptability. It 
allows the mobile agent to use different 
protocols as desired by the host environments 
for interaction with other agents residing in it.

2. It enables strategy adaptability. Multi-agent 
interactions require different intelligent 
strategies, which may be specific to an 
interaction. The mobile agent uses these 
strategies dynamically to exhibit intelligent 
behaviours.

3. The pattern decouples agent behaviour from 
the agent, thus making the mobile agent 
lightweight. This ensures efficient mobility of 
the intelligent agent in case of adverse 
network conditions like low bandwidth and 
heavy traffic.

4. The human user of the agent can control the 
behaviours of the mobile agent through the 
helper agent.

5. The pattern may introduce some 
communication overheads due to remote 



interactions among agents and human 
interference. Thus it may increase the overall 
time taken by the mobile agent to complete 
the task delegated to it.

6. Since the mobile agent depends on the helper 
agent for behaviour loading, the computer 
hosting the helper agent must stay connected 
to the remote computer where mobile agent 
has migrated until the required behaviour is 
dispatched successfully.

4.  Formal Specification

We follow a formal specification language, BPSL 
(Balanced Pattern Specification Language) which is 
proposed in [23] for object-oriented design patterns 
and adapt it to accommodate agent concepts.  BPSL 
uses a subset of FOL (First Order Logic) to specify the 
structural aspects and a subset of TLA (Temporal 
Logic of Actions) [24] to specify the behavioural 
aspects of a design pattern.

 A BPSL specification contains four blocks, a 
variable declaration block that declares agents, 
behaviours, objects, classes, attributes, and methods 
appeared in the pattern; a static relation block that 
contains specifications for structural relationships 
defined using primitives derived from object and agent 
concepts; a temporal relation block that contains 
specifications for temporal relationships which change 
during execution; and an action block that contains 
specification for actions to specify agent interactions as 
well as agent to object associations.

In the specification (see Figure 3), Ag is a set of 
Agents, B is a set of behaviours, and M is a set of 
methods. The relationship primitive, Defined-in (m, c)
indicates that m is defined in c. The primitive 
Reference-to-many (c1, c2) indicates that c1 has one-
to-many relation with c2. The primitive Inheritance 
(c1, c2) indicates c1 inherits from c2. The temporal 
relation Located (helper [1], concrete-behaviour [*]) 
Λ Loaded (traveler [1], concrete-behaviour [*])
indicates when required many concrete-behaviours are 
located by one helper and many concrete-behaviours 
are loaded by one traveler. The specification Initially: 
¬ Located (helper, concrete-behaviour) Λ ¬ Loaded 
(traveler, concrete-behaviour) means at the beginning, 
no concrete-behaviour is located by helper and also 
loaded by traveler. In the specification,
request (traveler, helper)  → locateBehaviour() Λ (

       (Located (helper, concrete-behaviour)
               → inform (helper, traveler) ) V
       ( ¬Located (helper, concrete-behaviour)

               → refuse (helper, traveler) ) )   means the 
traveler sends a request communication to the helper 
which triggers locateBehaviour() action and if 
concrete-behaviour is located by the helper, an inform 
communication is sent by the helper to the traveler 
otherwise, a refuse communication is sent.

-------------- Variable Declaration -------

agent, helper, traveler Є Ag;
behaviour, concrete-behaviour Є B;
setup, sendMessage, receiveMessage Є M;
locateBehaviour, doMove,  loadBehaviour Є M;
action Є M;
---------------- Static Relations ------------

Defined-in (setup, agent) Λ
Defined-in (sendMessage, agent) Λ
Defined-in (receiveMessage, agent) Λ
Defined-in (locateBehaviour, helper) Λ
Defined-in (loadBehaviour, traveler) Λ
Defined-in (doMove, traveler) Λ
Defined-in (action, behaviour) Λ
Reference-to-Many (helper, concrete-behaviour) Λ
Reference-to-Many (traveler, concrete-behaviour) Λ
Inheritance (helper, agent) Λ
Inheritance (traveler, agent) Λ
Inheritance (concreate-behaviuor, behaviour).
--------------- Temporal Relations -------

Located (helper [1], concrete-behaviour [*] ) Λ
Loaded (traveler [1], concrete-behaviour [*] ) .
----------------- Actions --------------------

Initially: ¬ Located (helper, concrete-behaviour) Λ
              ¬ Loaded (traveler, concrete-behaviour).
request (traveler, helper) → locateBehaviour() Λ (
       (Located (helper, concrete-behaviour)
              → inform (helper, traveler) ) V
       ( ¬Located (helper, concrete-behaviour)
               → refuse (helper, traveler) ) )    Λ
inform (helper, traveler) → loadBehaviour() Λ (
       (Loaded (traveler, concrete-behaviour)
              → confirm (traveler, helper) ) V
       ( ¬Loaded (traveler, concrete-behaviour)
              → failure (traveler, helper) ) ) Λ
failure (traveler, helper) → locateBehaviour() Λ 
             inform (helper, traveler).

Figure 3: Formal Specification

5. Implementation

We have implemented this pattern in an e-
marketplace prototype, using JADE (Java Agent 
Development) framework [25] and simulated a simple 



auction process using Contract Net Interaction Protocol 
[26].

5.1 System Overview
The prototype is a distributed system having three 

subsystems namely buyer subsystem, seller subsystem 
and marketplace located in different network nodes. 
The buyer subsystem and the seller subsystem 
represent the human buyer and seller in an e-
commerce. The proposed pattern is used to design 
these two subsystems. However, the marketplace 
subsystem has all agents which are stationary and thus 
void of this design pattern.

 The buyer subsystem runs in the computer of a 
human buyer. It has two agents: Buyer Interface Agent 
and Mobile Buyer Agent. The human buyer interacts 
with the Buyer Interface Agent to control the mobile 
buyer behaviour and submits his preferences. The 
Buyer Interface Agent is responsible for creating the 
Mobile Buyer Agent and sends it to the marketplace. 
The Mobile Buyer Agent on reaching the marketplace 
takes part in the e-commerce process on behalf of the 
human buyer. The Buyer Interface Agent remains 
stationary and receives communications from the 
mobile agent to send the required behaviour objects 
encapsulating in an ACL message as and when 
required. We have used Java API for dynamic loading 
of agent behaviours during run-time.

The seller subsystem runs in the computer of a 
human seller. Similar to buyer subsystem, it has also 
two agents: Seller Interface Agent and Mobile Seller 
Agent. They function in the same way as buyer 
interface agent and mobile buyer agent.  

The market subsystem runs in the market server on 
the network. It contains two primary agents: Registrar 
and Matchmaker. Registrar performs authentication 
and allows entry of the incoming mobile buyer and 
seller agents at the market server. It maintains a registry 
of products and services to be transacted by the mobile 
agents. The Matchmaker matches buyers with suitable 
sellers and initiates negotiation process. It utilizes the 
registry maintained by the Registrar for the purpose. 

5.2 Simulation Result
We simulated the prototype in a local-area network 

with a population of around 220 computers spread over 
a 5-storied college building. The market agents such as 
Registrar and Matchmaker were created in a computer 
representing the marketplace. The computer had a 
configuration of Pentium-4 CPU with 2.40 GHz and, 
512 MB RAM running Microsoft Windows XP 
operating system.  Buyer and seller agents were created 
in different other computers and dispatched to the 

marketplace.  We run the prototype to evaluate the 
relative performance of the design pattern in terms of 
agent migration time. The simulation was repeated for 
10 times during different traffic conditions and the 
mean migration time (MMT) of the agent was 
computed with respect to its file size (FS). The 
simulation result is presented in Table 1. It shows that 
the mobility time is less in case of agents implementing 
the design pattern.

Table 1:  Mobility Performance

Mobile Buyer 
Agent

Mobile Seller 
Agent

Agents MMT
(ms)

FS
(kb)

MMT
(ms)

FS
(kb)

Without 
Pattern

7.26 6.15 9.76 8.24

With Pattern 5.31 4.19 7.11 6.57

6. Conclusion

In this paper, we have proposed a design pattern for 
intelligent mobile agents. It helps in efficient mobility 
of these agents, which are more often bloated. It 
enables dynamic on-demand behaviour specific to a 
network host environment. We have described the 
pattern using a suitable pattern template and reported 
the results of its implementation in a prototype multi-
agent system for e-commerce domain. Although the 
mobility performance in the simulation result is not 
very significant, we are sure that it improves with 
increase in file size of the bloated agent. We shall carry 
out more simulations with rich intelligent behaviours 
involving argumentation-based negation [30] in order 
to justify it. We are confident that the results of our 
experience can be generalized into a pattern-driven 
design for intelligent mobile agents in other relevant 
domains. We also believe that mobile agent-based 
systems will benefit from this pattern.
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