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ABSTRACT 

This paper deals with comparison of Java based Mobile Agents i.e. Voyager, Aglets and 

Concordia. With a long list of mobile agent frameworks existing, some from the industry and 

most of them  are  contributions  from  the  research  community;  selection  of  a  mobile  agent 

framework among the existing ones (around 60 of them are listed in the mobile agent list) is a 

difficult decision to make and require methodical assessment.  

 

Experimental results help us isolate the performance characteristics of mobile agent platforms 

examined, and lead us to the discovery and explanation of basic performance  

properties of mobile agent systems. They provide a solid base for the assessment of the  

relative merits and drawbacks of the platforms mined from a performance perspective.  

 

The  detailed  qualitative  study  highlights  the  strengths  of  different  mobile  agent 

frameworks. We observe that Voyager supports almost the super set of functionalities and 

features as compared with the other two. Voyager's multicast and publish subscribe features 

facilitate development of scalable system.  Also Voyager support advanced messaging and direct 

Java messaging to remote objects. The integration of security and naming service help in 

developing real life applications.  

   
Key words: Mobile Agent, Voyager Mobile Agent, Aglets Mobile Agent, Concordia Mobile 

Agent. 
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INTRODUCTION 

Different applications have different mobility patterns and requirements.  For some applications, 

the overall performance is of concern, for others the economy of usage of resource could be 

important.  We argue that application’s inherent   pattern plays an important role in choosing an 

agent framework for its implementation. Use of a very generic framework or a framework which 

is meant for applications in some other domain will result in a deteriorated performance and just 

portraying the use of a new paradigm rather than highlighting on its strength [1]. The need is to 

identify specific mobile agent frameworks, which suits best for e-commerce application. 

Towards this end we perform qualitative  and  quantitative  evaluation  of  three  popular  Java  

based  mobile  agent framework viz. Aglets, Concordia and Voyager.  
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A QUALITATIVE EVALUATION 

 

Comparison parameters 

Study of the agent framework in Chapter 3 provides us with architectural insights and the  

feature supported by these mobile agent frameworks. For a detailed comparison of these  

three mobile agent frameworks, we have performed a qualitative comparison across these  

frameworks [2].  We have identified the following parameter of interest for qualitative 

evaluation.  

 

A. Category  

The category of framework classifies whether the framework is specifically design for mobile 

agents or provides an additional support for mobility.  

 

B. Form of mobility  

Does the MA framework support weak or strong mobility.  

i. Strong mobility : the code, the data state (values of internal variables) and the 

execution state (stack and the program counter) of the moving entity are transferred to 

the new location  

ii. Weak  mobility  :  Only  code  and  data  state  of  the  moving  entity  are transferred 

to the new location  

 

C. Java messaging  

Framework's support for sending regular Java messages to other agents, even if they are 

moving and regardless of where they are in the network.  

 

D. Multicast  

Support for multicast messaging i.e. addressing a message to large number of host.  

 

E. Publish / Subscribe  

Framework's support to send a message or event to all objects in a group which are registered 

subscribers, interested in message of the selected subject.  

 

F. Scalability  

Feature to support large number of agents and host interactions. Scalable architecture provides  

support  for  multicast  messaging,  distributed  events,  publish/subscribe features.  
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G. Authentication and Security  

Support to prevent unauthorized code from executing a preset variety of operations. To 

support access restriction on objects operations to provide a secure computing environment.  

 

H. Agent persistence  

Framework's feature to have a backup copy of the agent in a database. A persistent agent is 

automatically recovered if the agent is terminated or if it is flushed from memory to the 

database.  

 

I. Naming service  

Support for naming service that enables connecting to an existing object, based on a name. 

This is particularly useful for launching a mobile agent from one application to another and 

then locating it after it moves.  

 

J. Remote agent creation  

The ability to create agents at remote sites i.e. the place where a request is made and where 

and agent is instantiated are two different node on the network.  

 

K. Messaging modes between agents  

Framework's support for different messaging modes for agent communication  

i. Synchronous:  the caller blocks until the message completes and the returns a value.  

ii. One-way: A one-way message does not return a result and the caller does not block.  

iii. Future message: A future message immediately returns an object, which is a 

placeholder to the return value. 

 

L. Database integration  

Support for performing transaction and firing queries to popular databases.  

 

M. Execution environment  

Terminologies and divisions used for agent execution environment  

 

N. Group / Collective  

Grouping of agents into physical or logical units as a means to manage, locate, and 

communicate  with  agents.  Are  these  groupings  defined  by  an  agent's  physical location, 

or are the groupings logical.  
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O. Proxy auto-update on agent migration  

Automatic proxy update when an agent moves and not an update using forwarding.  

 

P. Garbage collection  

Facility for distributed garbage collection of agents when there is no local or external 

reference to the agent.  

 

Qualitative Comparison Table 
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A QUANTITATIVE EVALUATION 

To analyze the performance of these three mobile agent frameworks, Aglets, Concordia and 

Voyager; and to understand the importance of application's mobility pattern, we have performed 

comparative experiments for applications having e-commerce characteristics across this 

framework [3]. The experiments are designed in such a way as to isolate the performance 

properties and parameters of interest at different level of detail and come up with a performance 

analysis result.  

 

With the goal to identify a mobile agent framework which suits most for an e-commerce 

application we have performed comparative qualitative performance analysis across these mobile 

agent frameworks.  

Results from quantitative performance analysis will help improving the performance and 

scalability of a system. Such quantitative analysis can identify application bottlenecks and 

determine the best implementation strategy that enhance application performance and would  

reduce  the  network  load  as  a  whole.  The  issue  of  performance  is  also  very important  in 

emerging Internet-systems:  numerous  studies show that performance of systems and application 

determines to a large extent the popularity of Internet services and user-perceived Quality of 

Service [4].  

 

Issues in quantitative comparison  

Large number of factor influence the performance of a mobile agent system, because of 

numerous  component  involved.  Hence  the  quantitative  evaluation  of  such  a  system 

becomes more complex [5]. Issues such as the following need to be considered while carrying 

out a performance study.  

 

i. The absence of global time, control and state information: this makes it hard  

to  define  and  determine  unequivocally  the  condition  of  a  particular  MA-system 

at a particular moment.  

ii. The  complex  architecture  of  MA  platforms,  which  makes  it  difficult  to describe  

performance  properties  with the  familiar, simple  metrics  used in parallel and 

distributed  systems.  

iii. The variety of distributed computing models that are applicable to mobile  

agent applications dictates the design of a variety of experiments to explore  

different performance problems that may arise under different  circumstances.  

iv. The dynamic nature of MA systems running on Internet, which makes it hard  

to establish a concise and stable representation of the set of system resources a  

MA performance.  

v. The additional complexity introduced by issues that affect the performance of  

Java, such as interpretation versus compilation, garbage collection, etc.  

 

The quantitative evaluation setup 

We have chosen a typical application from the domain of e-commerce to quantitatively evaluate 

the three framework. The characteristic of the experimental applications are chosen such that 

they are common and recurring patterns of e-commerce applications. The experimental 

application represent the basic application pattern of any e-commerce applications, isolating 

other features which are not of interest in determining the choice of an application framework.  
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To  analyze  the  performance  of  mobile-agent  frameworks,  we  have  developed  an  

approach for capturing basic performance properties of these platforms. These properties  

are defined independently of the various ways each particular mobile-agent API can be  

used to program and deploy applications  and systems  on Internet. To this end, our  

approach focuses on identification of basic elements of mobile agent system involved in  

an application. The interaction of these basic element result in a mobility pattern, which  

in turn decides an implementation strategies. Our experiment also seeks to expose the  

performance behavior of these functionalities by identifying the parameters involved and  

measuring them against our performance metric viz. the user turn-around time.  

 

The application  

The application for our experiment is of product discovery in a typical e-commerce scenario viz., 

that of a single client searching for information about a particular product from the catalogs of 

several on-line stores.  

 

We assume that the client requires a highly customized search which the on-line store does not 

support and hence the filtering logic is carried along with the mobile agent to each host it visits. 

At each shop the mobile agent only uses the basic operation provided by the shop's database 

engine. The lager part of filtering is done by the logic that the mobile  agent  carries  along  with  

it,  which  represents  a  user's  specific  taste  and requirement for a give product in request.  

 

Basic elements  

The basic entities involved in all these mobile agent framework in consideration and their 

functionalities for performance behavior are identified as  

i. Buyer's shopping agent  

ii. Shop  

iii. Buyer's site  

iv. Agent behavior  

 

Application's mobility pattern 

The  arrangement  and  the  fashion  in  which  the  basic  elements  interacts  decide  the  

application's mobility pattern. The performance traits of an application depend on the  

characteristics of its basic elements, how these elements are combined and influence each  

other. For our performance analysis experiment the pattern is that of an agent searching  

for a product in a given order over various shops across a local area network.  

 

Experimental test bed  

The experiments were carried out on P-III, 450 MHz workstations connected through a 10 Mbps 

LAN with typical student load. We have experimented with  three Java mobile agent frameworks 

namely  Voyager, Aglets and Concordia. These agents run with within hosts, which were free of 

additional processing load from other applications. 

 

Experimental parameters  

In  order  to  capture  the  intrinsic  performance  properties  of  basic  elements,  we  have 

considered agents with limited functionalities and interface, which carry the minimum amount  
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of  code  and  data  needed  for  their  basic  behavior.  An  agent  execution environment for 

different agents sit at each host. We have considered the following parameters for performance 

analysis.  

 Number of stores (varies from 1 to 26)  

 Size of catalog (1 MB)  

 Processing time for servicing each request ( 20 ms )  

 Network latencies on different links  (assumed constant since all workstations were on 

the same LAN)  

 Message size (kept constant for all three frameworks)  

Our performance metric is the user turnaround time, which is the time elapsed between a user 

initiating a request and receiving the results. This includes the time taken for agent creation, time 

taken to visit shops and carry out the filtering operation from the shop's catalogs, carrying 

forward the desired result to the next host to make its final decision of choosing the best deal and 

returning back at the clients site.  

 
Fig.1 : Synchronous message exchange cost for Voyager, Aglets and Concordia. 

 

 
Fig.2: Code shipment cost for Voyager, Aglets and Concordia 
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EXPERIMENTS  

 

The most basic feature that need to be provided by an agent framework are  

 Agent mobility and  

 Messaging for agent communication  

These features are responsible for output performance of a mobile agent application. Our 

experiments examine :  

 

i. Message transfer cost for different mobile agent framework  

A small message of fixed size was send in synchronous mode across two nodes in the same 

LAN and the user turn-around time for this was observed.  The number of message was varied 

from 1 to 500 and the turn-around time observed.  

 

ii. Code shipment cost for different mobile agent framework  

A mobile agents of each of the system was made to visit varying (1 to 26) number of shops 

and the user turn-around time was measured.  

 

RESULTS 

 

 Message transfer cost for different mobile agent framework  

Fig 6.1 shows our result for cost of synchronous message exchange for Voyager, Aglets and 

Concordia. We observe that Voyager has a much better and more responsive message transfer 

support as compared to the other two frameworks. Voyager performs comparatively very well 

as compared with other two. Aglets show a better performance than Concordia.  

 

 Code shipment cost for different mobile agent framework  

Fig 6.2 shows our result for cost of mobile agents shipment for Voyager, Aglets and  

Concordia.  Concordia  gives  the  best  performance  for  code  shipment compared  to  the  

other  two.  Concordia  and  Voyager  both  uses  RMI  and serialization for agent transfer, but 

still we see a large difference between the two.  

 

CONCLUSION 

 

Experimental results help us isolate the performance characteristics of mobile agent  

platforms examined, and lead us to the discovery and explanation of basic performance  

properties of mobile agent systems. They provide a solid base for the assessment of the  

relative merits and drawbacks of the platforms mined from a performance perspective.  

 

The  detailed  qualitative  study  highlights  the  strengths  of  different  mobile  agent 

frameworks. We observe that Voyager supports almost the super set of functionalities and 

features as compared with the other two. Voyager's multicast and publish subscribe features  

facilitate  development  of  scalable  system.  Also Voyager support  advanced messaging and 

direct Java messaging to remote objects. The integration of security and naming service help in 

developing real life applications.  
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Voyager being an ORB has advanced messaging support and hence performs much better than 

Aglets and Concordia. Aglets performs better than Concordia because of weak messaging 

architectural support of Concordia.  

Concordia and Voyager both uses RMI and serialization for agent transfer, but still we  

see a large difference between the code shipment performance of the two this is because  

 

 Voyager is not specifically designed as a mobile agent framework. Voyager is an ORB 

with support for mobility and autonomous agents.  

 

 Difference in performance between Concordia and Voyager is also because of the  

large set of functionality supported by Voyager.  

 

Aglets uses it own agent transfer protocol for shipping agents and performs worse than 

Concordia and better than Voyager.  
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