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ABSTRACT

This paper investigates how a framework for sharing objectsin a
distributed setting can provide the same support for mobile agents
as a framework made specific for this purpose. The paper de-
scribes experiences from migrating amulti-agent system using the
JavaSpaces framework from Sun and that was originaly imple-
mented using the Aglets agent framework from IBM. Our mobile
agent system is named CAGIS DIAS and consists of four main
parts: agents, agent meeting places, workspaces and repositories.
In this paper, we describe how we had to modify the agents and
the agent meeting placesto use JavaSpaces as the underlying tech-
nology for mobility and agent coordination. Our experiencesindi-
cates that the JavaSpaces technology is useful for building mobile
agent systems. In addition, the experiences shows some advan-
tages and short comings of using this approach.

Keywords: Mobile Agents, Distributed objects, JavaSpaces,
Aglets.

1 INTRODUCTION

In the last couple of years many researchers have focused
on distributed and mobile technology, resulting in various
implementations. Most of these implementations are based
on Java, and varioustechnol ogiesare used to providedistri-
bution of data and executional components. Some systems
only provide distribution of data, while others enable mo-
bility of both data and programs. In 1999, we implemented
a mobile, multi-agent architecture using the Aglets frame-
work from IBM in Japan [8, 4] as underlying technology
for mobility. When our implementation was finished, we
discovered that IBM was not going to proceed further de-
velopment of the Aglets framework. This made it hard to
continue to use Aglets, due to problems with integration
of other products and new versions of Java. We therefore
decided to look for aternative technologies to provide dis-
tribution and mobility support. We then initiated a small
project where two last year master students where going
to migrate our mobile, multi-agent system from Aglets to
Sun’s JavaSpaces. In thiswork, the goal wasto investigate:
“Can a framework for sharing objectsin a distributed set-
ting provide the same support for mobile agentsasa frame-
work made specific for this purpose?”.

The JavaSpaces technol ogy was chosen becauseit provided
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simple high-level APl and concepts, and provided aframe-
work for mastering a dynamic, distributed environment of
Java-objects.  JavaSpaces was not originally designed to
support mobile agents, but provide mechanisms for trans-
ferring Java objects between machines in a network. This
paper describes how weimplemented amobile, multi-agent
architecture using JavaSpaces, reports the experiences we
gained from using the JavaSpaces and identifies some ad-
vantageous and disadvantageouses with this approach.

The rest of the paper is organised as following: Section
2 describes the core mechanisms in JavaSpaces, section 3
describes our mobile, multi-agent architecture, section 4
describes how we implemented the agent architecture us-
ing JavaSpaces, section 5 reports experiences from using
JavaSpaces to implement a mobile agent system, section 6
relate our to similar research, and section 7 concludes the

paper.

2 JAVASPACES

JavaSpaces [6] from Sun is based on Java RMI and JINI,
and isaframework for handling and managing exchange of
distributed objects. JavaSpaces technology uses a unified
mechanism for dynamic communication, coordination, and
sharing of objects between Java technol ogy-based network
resources like clients and servers. A JavaSpace is a vir-
tual space between providers and requesters of network re-
sources or objects. This alows participantsin a distributed
solution to exchangetasks, requests, and information in the
form of Java technology-based objects. There are four pri-
mary operations on a JavaSpace (illustrated in figure 1):
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Figure 1. The four primary JavaSpaces operations



1. Write an entry (Java Object) into a JavaSpace.

2. Read an entry from aJavaSpace that matches some spec-
ified parameters.

3. Takean entry from a JavaSpace that matches some spec-
ified parameters (removing it).

4. Notify a specified object when entries that match some
specified parameters are written into this JavaSpace.

An entry is in JavaSpace terminology a typed group of ob-
jects, expressed in a class for the Java platform. JavaSpace
technology offers much of the same functionality required
in a mobile multi-agent system (MAS); movement of ob-
jects, message handling, sharing of objects, etc. Maybe the
most useful functionality in this respect, is the support for
searching for objects with certain properties.

3 MOBILE SOFTWARE AGENT ARCHI-
TECTURE FOR COOPERATIVE SOFT-
WARE ENGINEERING

Our mobile software agent architecture is named CAGIS
Distributed Intelligent Agent System (DIAS), and can be
used to implement process support for cooperative software
engineering (CSE). By cooperative software engineering
we mean large-scale software development and mainte-
nance work where in a distributed organisation where peo-
ple must cooperateto producetheir products. CAGISDIAS
can be used to implement support for distributed, coop-
erative activities between roles such as resource negotia-
tion, brainstorming, voting, coordination of artifacts etc.
Thefirst version of the multi-agent architecture wasimple-
mented in Java, using the IBM Agletsframework to provide
mobile agents, KQML was used for inter-agent communi-
cation, and ORBIX CORBA was used to offer communi-
cation to other applications and other agent systems. The
CAGIS DIAS consist of the following four main compo-
nents (also shown in figure 2):

e Agents: An agent is set up to achieve a modest goal,
characterised by autonomy, interaction, reactivity to en-
vironment, as well as pro-activeness. We have identified
three main types of agents: (1) User agents that interact
with users and perform the tasks they are defined to do
for the users, (2) Interaction agents that assist with co-
operative work between workspaces (negotiation agents,
coordination agents), and (3) System agents that give sys-
tem support to other agents and Agent Meeting Places
(monitor agents, mediation agents, etc.).

Agent Meeting Place (AMP): AMPs are where agents
meet and interact. AM Ps support agentsin doing efficient
inter-agent communication. There can be different types
of AMPs for different purposes. Each AMP will have a
defined ontology, which the agents have to follow. We
can perceive special AMPs for negotiation, coordination,
information exchange, selling and buying services etc.

e Workspaces: A workspace is atemporary container for
relevant data (artifacts, models etc.) in a suitable for-
mat to be accessed by tools, together with the process-
ing (work) tools. It can be private, as well as shared.
Files stored in arepository can be checked in and out to a
workspace.

e Repositories; Repositories can be global, local, or dis-
tributed, and are persistent storage of data. Experience
Bases are one specific type of repository, that we can
use in our multi-agent architecture to support community
memory.
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Figure 2. The CAGIS DIAS Architecture
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A more detailed description of the multi-agent architecture
can be found in [10, 9, 3].

4 |IMPLEMENTING A MOBILE, MULTI-
AGENT SYSTEM USING JAVASPACES

This section describes how we implemented a mobile,
multi-agent system using the JavaSpaces platform. There
were two main challenges when changed the underlying
technology of our mobile MAS from Aglets to JavaSpaces.
First, we had to change the way we implemented mobile
agents to adopt to how JavaSpaces manages movement of
Java objects. Second, we had to change our Agent Meeting
Places to use JavaSpaces as the underlying mechanism for
moving objects in a distributed environment.

41 MOBILE AGENTS IMPLEMENTED US
ING JAVASPACES

The JavaSpaces technology makes it possible to distribute
virtual spaces over several machines in a network, and read,
take and write object from/to these spaces. In addition, a
notification service is provided to detect new objects ap-
pearing in a JavaSpaces. We used the four basic operations
in the JavaSpaces framework (read, take, write and notify)
to facilitate agents to move around in a network.

Java objects in a JavaSpace are inactive. To be activated,
a Java object must be read or taken (see section 2) from
the JavaSpace and then executed. We use a Receiver Agent
to check if there are agents in the JavaSpace waiting to be
executed. The Receiver Agent registers a listener in the



JavaSpace which detects incoming mobile agents (user or
interaction agents) and notifiesthe agent. All mobile agents
have some defined characteristic to make it possible for the
listener to recognise them. When a listener has recognised
that a new mobile agent have appeared in the JavaSpace
(as a passive object), this agent is taken out of the JavaS-
pace. The Receiver Agent will then activate the mobile
agent by invoking a startAgent method defined in the mo-
bile agent code. The classes UserAgent and InteractionA-
gent have a super class called SuperAgent with properties
like agent 1D, agent Type, and destination ID. In addition,
the SuperAgent class has the methods startAgent() and dis-
poseAgent(). The Receiver Agent therefore register listen-
ers for the Java objects with the class SuperAgent as a super
class. It is also possible to use listeners that look for spe-
cific agent properties defined in an agent ontology.

42 AGENT MEETING PLACES IMPLE-
MENTED USING JAVASPACES

The Agent Meeting Places (AMPs) are responsible for en-
abling agents to exchange information and services, and
make it possible for agents to move between AMPs. We
have chosen to run one JavaSpace for each AMP, used to
transfer agents from one AMP to another.

Agent migration between AMPs Agent migration be-
tween two AMPs (A and B) can be split in five steps like
shown in figure 3. The agent that want to move (Agent A),
must first notify a Dispatcher Agent. The Dispatcher Agent
must be informed of the agent’s destination specified by the
name of JavaSpace (unique) of the AMP. The Dispatcher
Agent notifies (1) AMP A that Agent A is leaving, and and
will write (2) the agent to the specified JavaSpace (AMP B)
as a Java object with preserved state. A Receiver Agent on
AMP B, will listen (3) for incoming mobile agents in the
JavaSpace. Agent A will be taken (4) from the JavaSpace
and invoked in the AMP B. Finally, the Receiver Agent will
inform AMP B that Agent A is present (5). In addition to
the five steps above, the current location of the moved agent
will be registered in the AMP where the agent first time was
initiated (origin AMP). An agent is identified with an agent
ID and origin AMP ID. In this way, it is always possible to
locate an agent’s whereabout if the agent ID is known.
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Figure 3. Moving Agent A from AMP Ato AMP B

Communication among agents Communication among
agents is managed by system agents called Communication

Agents. If the two agents are situated at the same AMP, the
message is exchanged directly. If the agents are situated at
different AMPs, the message will be exchanged according
to the five steps shown in figure 4. The figure shows how
Mobile Agent A in AMP A can send a message to Mo-
bile Agent B in AMP B. First, Mobile Agent A deliver (1)
the message to the Communication Agent in AMP A. The
Communication Agent need to know the agent ID of the
receiver. From the receiver’s ID, the Communication agent
can locate Agent B (as described in last paragraph). Next,
the Communication Agent write (2) the message as a mes-
sage object into the JavaSpace belonging to the AMP where
the receiver is located (here AMP B). The Communication
Agent at the receiver side, will use listeners to listen (3) for
incoming message objects. As soon as the message object
arrives in the JavaSpace, the Communication Agent takes
(4) it out of the JavaSpace. The Communication Agent will
then look for the receivers ID and deliver (5) the message to
Mobile Agent B. If Mobile Agent B has left AMP B before
the message has been delivered, the Communication Agent
has to locate Mobile Agent B’s new location and the steps
2-5 are repeated. This is not a big problem, since the mo-
bile agents usually stay at one AMP for some time before
moving to another one.
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Figure 4. Message exchange between agents at different
AMPs
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Other system agentsat AMPs There are also other sys-
tem agents running at AMPs that have not been mentioned
above. A Manager Agent is responsible for creating and de-
stroying AMPs, for exchanging agent information between
AMPs, and for initiating other system agents. Registra-
tion agents are responsible for sending information about
an agent’s location to its origin AMP. This information is
received and managed by a Localisation Agent. In addition
there are other optional system agents to provide services
for monitoring agent activity, managing repositories etc.

5 EXPERIENCES FROM USING THE
JAVASPACE IMPLEMENTATION OF
THE MAS

To test the JavaSpace implementation of our mobile, multi-
agent platform, we implemented parts of a conference or-
ganising scenario [7, 1]. In this scenario we have focused
on how to provide distributed cooperative support for or-
ganising conferences where the program committee mem-



bers participate in decisions using mobile agents. Mobile
agents are therefore used for allocating reviewers to papers,
by letting the reviewers select the papers they are interested
in. In case of conflicts between reviewers, the agents will
follow a negotiation strategy to make sure that all papers
have allocated three reviewers. In the same way we have
also implemented similar support for group papers into ses-
sions, and assign timeslots for sessions.

We discovered two different ways to implement a mo-
bile agent allowing the reviewers to select the papers they
wanted to review. The first solution was to implement a
mobile paper selection agent that moved itself from one
user to another. This means that the selection agent op-
erates in a sequential manner, and only one user can se-
lect papers at a time. When moving around from one user
to another, the selection agent can warn the user if her/his
selection has been selected by too many already based on
knowledge from earlier selections. The other solution was
to implement a mobile paper selection agents that work in
parallel. This means that all users select papers they want
to review at the same time. In the JavaSpaces framework,
the operation read is used to move multiple copies of a Java
object from a JavaSpace to an application. This approach
was used to implement the parallel selection agents. If the
operation take is used in a JavaSpace, only one instance of
the Java object will be moved from the JavaSpace to the ap-
plication. This is because the Java object will be removed
when taken. We used this approach to implement the se-
quential selection agent. A screenshot of a mobile paper
selection agent is shown in figure 5. To implement the allo-
cation process of the paper (including negotiation between
reviewers), both the serial and the parallel approaches were
used.
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Figure 5. Screenshot from a mobile Paper Selection Agent

The code for the mobile agents to support the scenario
above was simple. It consisted of a part to implement the
GUI (used the Swing library), a part to define how the agent
should move (e.g. a sequential route or in parallel etc.), and
a part containing the logic (control) of the agent.

When the implementation of agents to support the sce-

nario was finished, we ran the scenario on different ma-
chines in a network. The mobile agents travelled around
prompting different users for input through a GUI, and
the papers, sessions and timeslots were allocated accord-
ing to the defined negotiation strategy. From running the
scenario we discovered advantages and disadvantageouses
compared to our old Aglets implementation. First, the con-
figuration of the JavaSpace based agent system was a lot
simpler and could be done dynamically, since JavaSpaces
automatically detects new AMPs were added to the net-
work. Also when AMPs crashed or lost network connec-
tion, this was detected and managed by the agent system.
JavaSpaces is based on JINI, and JINI provides services
for dynamically detecting network resources. However, to
run several JavaSpaces on the same machine was very de-
manding on computer resources (both CPU and memory)
compared to Aglets. In practise, this means that we have to
spread AMPs out on different machines instead of running
several on one. In the documentation of JINI, it is not writ-
ten explicitly over what distances JINI can detect network
resources. We discovered that from our machines running
in Norway, that JINI was able to detect machines running
JavaSpaces in Germany and in the USA. To ensure con-
nection over long distances, we have implemented a spe-
cial AMPs that are used to exchange agent information,
agents and Java objects between sites distributed in WANS.
In Aglets, we did not have the network distance problem
because all connections between Aglets servers had to be
explicitly specified.

Our experiments with JavaSpaces discovered one problem
with implementation of mobile agents. In the prototype we
included some JComponents from the javax.swing pack-
age. Our experiments showed that there is a problem with
serialisation of JComponents. This problem can be solved
by replacing JComponents with ordinary Java components.

6 RELATED WORK

In [5], McKim and Pomerleau presents a JINI technology
based mobile agent framework that uses JavaSpaces to sup-
port agent coordination and management. This framework
also defines agent places where agents are executed. The
main difference between this approach and our approach
is that they mainly use JavaSpaces as a general facility for
storing agents, while in our approach every agent meeting
place (AMP) has its own JavaSpaces for coordination of
agents. McKim and Pomerleau also state that their frame-
work is not expandable to the entire Internet due to JINI
technology discovery protocols. Our framework has over-
come this problem as described in previous section.

In [2], Cabri et. al describes the Mobile Agent Reactive
Spaces (MARS) coordination architecture, based on the
definition of Linda-like tuple spaces. These tuple spaces
are exploited by agents to coordinate themselves with other
application agents and to access local resource. The tu-
ple spaces acts similar to blackboards where applications



can share data and coordinate their actions. A MARS tu-
ple space is realized as a Java object, which implements
the MARS interface. This MARS interface is an extension
of the JavaSpace interface with two additional operations
defined: readAll (retrieve all matching tuples from space)
and takeAll (to extract all matching tuples from the space).
The main difference between the MARS architecture and
our approach is that the MARS architecture provides an in-
frastructure for coordinating agents in general, while our
approach coordinates agents in a specific way (in meeting
places).

7 CONCLUSION

The paper we have presented how we migrated our mo-
bile agent system from Aglets to JavaSpaces. In our first
agent system implementation (with Aglets), two last year
students spent about four months to finish the implemen-
tation based on some fixed requirements. The second im-
plementation (using JavaSpaces) was also executed by two
last year students, and they used three and a half months
based on the same requirements. The students spent about
the same time on studying the technologies before starting
on the implementation (two months). Both implementation
featured the same functionality, but there was one signifi-
cant difference. It was harder to configure and initiate the
Aglets version of the agent system, because the underly-
ing JINI technology in JavaSpace automatically took care
of detecting running JavaSpaces. In the Aglets implemen-
tation, the detection of Aglets servers had to be hard-coded
using URLSs or similar. Our experiences show that JavaS-
paces can well be used to provide the same functionality
as that provided in other mobile agent frameworks like,
e.g. Aglets. It is necessary to make some adaptions in or-
der to use JavaSpaces as a basis for mobile agents. These
adaptions are quite simple to make and does not require
much extra work. In addition, the API in JavaSpaces is
very high-level, making it efficient to provide distributed
services. The Aglets framework in comparison provides
a low level API, requiring the programmer to also config-
ure the distribution of Aglets servers. For static systems
this is not a considerable amount of work. However, if you
want to develop a dynamic system that can handle a chang-
ing environment, a lot of effort must be spent on changing
the system to adapt changes. By using JavaSpaces, JINI
deal with dynamic changes of the environment providing
the system developer to consider the important parts of the
system.

By using the JavaSpaces framework, the agent architecture
also gets a mechanism for sharing objects for free as de-
scribed in the last section. Future work will explore the

possibilities of sharing objects will give.
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