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ABSTRACT

Runtime management of a distributed Multi-Agent System
is a complex task. Tools that offer a generic solution for this
problem and that are intuitive to use only exist in a very
limited way so far. In this paper, we take the example of a
Drag-And-Drop migration feature to show a concept and a
prototype implementation for an intuitive to use user action.
This triggers an interaction between the Multi-Agent Sys-
tem and the visual management application, resulting in a
migration of a mobile agent between different Agent Nodes.
The example shows how the software agent metaphor, used
in AOSE concepts at design time, can be sustained and elab-
orated in runtime tools for Multi-Agent Systems.

1. INTRODUCTION

Distributed Multi-Agent Systems (MAS) are, in general,
rather complex systems used to solve complex tasks. Physi-
cal distribution as well as large numbers of agents become se-
rious issues when monitoring running MAS. Classical moni-
toring tools, applying user interface elements like log file out-
puts and tables of entities, are unintuitive and become con-
fusing with rising numbers of elements. The software agent
approach provides concepts for dealing with distributed and
highly dynamic infrastructures, in which entities are added
and removed in large numbers and at different locations. An
user interface (UI) has to keep up with these aspects, giv-
ing the user overview and manipulation abilities to assert
control over the MAS at runtime. Text based interaction,
for displaying system information or issuing commands, is
less than optimal. Simple user interactions can provide easy
access to complex functionalities and the dynamics of MAS
allow agents to react to infrastructure changes as conducted
by an administrator.

We propose to provide insight into a running MAS in-
frastructure, by providing an approach of intuitive interac-
tion for MAS administrators relying on graphics, common
metaphors and real-world knowledge of users. Major ele-
ments of this approach are user interactions that allow an
user to change his perspective or manipulate entities in the
running MAS, e.g. stopping a specific agent. In this pa-
per we focus on agent migration by Drag-and-Drop as an
example of a concept, design and implementation of such
an user interaction. Agent migration is well known con-
cept that can be used to achieve goals like load balancing
or administrative tasks. This example provides an excel-
lent opportunity to show the connections between a sim-
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ple metaphor known to any user, the concept of how this
metaphor is integrated into the UI and the implementation
details of the resulting software components. The following
user interaction approach example relies on the Advanced
Structured Graphical Agent Realm Display (ASGARD) [11]
which provides the foundation for the MAS visualization.
The example implementation uses the JTAC V framework
and is implemented in Java. In JIAC V agents can be mo-
bile to support several types of migration (weak/strong) and
can be cloned in order to create similar redundant agents.
In ASGARD agents are represented as boardgame play fig-
ures that can be dragged and dropped from node to node,
similar to a real life boardgame.

The details of this concept and implementation are de-
scribed in the following sections and are structured as fol-
lows: The next section provides an overview of related work
in MAS monitoring. This allows a more accurate place-
ment of our approach in comparison with given concepts.
Related work is followed by a general concept description
providing details over the different aspects of this approach.
Subsequently the prototype implementation describes how
the concept was realized and finally a conclusion section dis-
cusses evaluation, results and future work.

2. RELATED WORK
2.1 Shell-based Monitoring and Interaction

The classical and most frequently used approach to in-
teract with running applications by developers is the use of
command shells and their input and output functionality.
These command shell applications are usually provided by
the operating system. Their main advantage is that com-
mand shell output (and by a lesser margin input as well) is
easily implemented in any application. This is contrasted
by the fact that command shell interaction is not intuitive.
There is no way for the user to judge the importance of a
textual log output on first look, and keyboard commands (if
available) tend to be of a rather cryptic nature. Further-
more, as waiting for keyboard input might block an appli-
cation or is rather complex to implement in a non-blocking
way, most developers only offer the process of stopping an
application, reconfiguring it and restarting as a mean of in-
teraction.

Those disadvantages of shell-based interaction get even
more significant in a distributed MAS, as the usual ap-
proaches either require the developer to watch a dedicated



shell console for each processing entity in the MAS or try to
differentiate the log outputs of each entity in a single console.
Providing live interaction for the MAS is almost impossible
by those means.

2.2 Tools for Post Mortem Analysis

Several monitoring tools that use a more visual approach
are available for various MAS implementations. One of these
is the ADAMS3D [4] tool that visualizes interaction between
agents on the base of 3D technology, using the third dimen-
sion as a temporal axis. The Brahms Agent Framework
[9] provides it’s own visualization tool as well, which visu-
alizes property changes and communication between agents
over time. Both of these tools rely on log output that is
collected in a database, so they can only be used for post
mortem analysis of a MAS and thus cannot provide any suf-
ficient live management functionality.

2.3 Live Management Tools

There are few generic solutions for the problem of provid-
ing live management for a MAS so far. The JIAC Node
Monitor [6, p. 126] for the JIAC Agent Framework [3] is a
first attempt at solving this problem and can be seen as the
predecessor to the ASGARD concept, but is limited to a sin-
gle Agent Node' and thus does not represent the distributed
nature of a MAS. It’s main disadvantage is the limited scal-
ability of it’s visualizations, and it’s management functions
were not intuitively designed. However the Node Monitor
shows that a visual monitoring and management applica-
tion does improve the workflow during the implementation
process of a MAS application. A developer can use the ex-
isting monitoring solution to check his entities instead of
having to implement his own interface for monitoring and
management.

3. CONCEPT

Herein metaphors for the user interaction, the migration
concept and the management aspects for our approach are
described.

3.1 Metaphoric understandability

A key requirement in the creation of an easy-to-use man-
agement solution is that it provides an intuitive interface, so
that the user will understand visualizations and interactions
because of prior experiences and knowledge. To achieve
this effect, a common attempt is the use of metaphors [1].
Metaphors provide a mental bridge between the abstract
nature of the software “world” and concrete objects in the
real world. As this link is essential for understandability, a
good metaphor should always have a lot in common with
the represented software entity.

In the JIAC V3] framework, there is a set of basic entities
that provide the infrastructure (see section 4). To create
a visualization of these structures in ASGARD, the most
important JTAC V entities are replaced with metaphors ac-
cording to their role. Agents, as the entity that provides
all application-specific processes in the MAS, can easily be
visualized by an abstract human figure such as a play figure
from common board games. Agent Nodes as the providers
of a runtime environment for agents are consequently repre-
sented by rectangular platforms, as a “floorboard” for agents.

Isee section 3.1 or [3]

Agents are placed on these platforms to make the hierarchic
relationship between agents and Agent Nodes instantly vis-
ible. Communication is a straightforward choice as well.
The image of a letter envelope is one of the most common
metaphors to indicate a message. To add even more under-
standability and the possibility to trace the communicating
entities, a path between those entities is shown.

States of entities are a bit more diverse. Some states like
the life cycle of an entity can best be visualized by coloring
parts of the corresponding metaphor, such as an agent head
being colored green or red to indicate a running or stopped
state. This choice of colors is straightforward as it relates to
the common experience with traffic lights. Other states and
capabilities are better visualized by adding icons to an entity,
such as the suitcase icon in figure 1 indicating migrateable
agents and nodes that support migration.

3.2 Migration

The migration of agents is a process which allows an agent
to move from a source node to a target node by sending a
mobile agent description as message. This process extends
the agent’s life cycle. Thus a new class of agents are estab-
lished on JIAC V platforms — mobile agents.

Mobile Agents extend common agents on JIAC V. A mo-
bile agent is aware of its own configuration, library depen-
dencies and feature requirements.

A mobile agent has the capability to invoke his own migra-
tion to an other Agent Node, but is not designed to avoid his
migration. A mobile agent creates an abstract description
of itself, so called Agent Image.

This description is a message that can be transmitted.
The agent image differs from a simple Agent Description
which contains agent name, unique identifier and agent ad-
dress for communication.

In JIAC V we distinguish between different modes of mi-
gration. In the first step the process always creates an agent
image. The migration modes vary from each other in how
thorough the agent image reflects the migrating agent. The
agent image has to contain enough data to perform the spec-
ified mode of migration, e.g. for starting with a clean state,
or one that maintains the complete state the agent was in
right before the migration was triggered.

In the process of migration the Agent Node’s task is well-
defined: It has to handle the migration on the agent node
level. The agent nodes supporting mobility are grouped by
using a reserved message bus. This bus is supposed to find
other nodes with mobility support and exchange their ad-
dresses. It is furthermore an abstract facility. Intermediate
agent nodes on the route of a message (e.g. nodes acting as
a network gateway) are hidden.

While migrating an agent, the two involved agent nodes
communicate directly to move the agent from one to the
other. The individual addresses of the partner node is known
from the message bus.

The migration process (see figure 5) starts with the send-
request of the mobile agent to the source Agent Node. The
request consists of the complete requirements of the mo-
bile agent. Alternatively an upper authority can request
the migration for a distinct agent, e.g. a node management
component.

The target node is able to accept or reject this request. In

2A more detailed discussion of JIAC entities and their
metaphors in ASGARD can be found in [11].
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Figure 5: Interactions between Agent Nodes and agents for migration process

case of an acceptance the agent can be transported to the
target node. In doing this, the complete agent image will
be send from source to target node. After completing trans-
mission the agent will be reconstructed from the transmitted
image. The source node will be informed about success or
failure of the transportation process. Finally the agent re-
ceives feedback about the whole migration process. In case
of migration without cloning the original agent is shut down,
which completes the migration process, whereas in case of
cloning, the process is already completed upon receiving the
success or failure message. During the whole process, notifi-
cations are send over the management interface that contain
information about the current state of the migration process.
This enables a monitoring tool like ASGARD to keep track
of the migration process.

The visualization of this migration process makes use of
the metaphors mentioned in section 3.1. The existing meta-
phors for agents and Agent Nodes are used as a base to
visualize this process. To show the initiation of a migration
process from one node to another, a translucent copy of an
agent shape, a “ghost agent”, is placed on the target node
first. The migrating agent’s representation on the source
node is then animated to shrink, whereas the ghost agent
is filled by a regular agent object growing inside of it, as
visible in figure 3. As this visualization alone does not em-
phasize the communication aspect of the migration process,
a path between the positions of the agents on source and
target Agent Node is shown as well. This path indicates
the direction of the migration and makes it easy to spot the
corresponding partners in situations with a lot of migrations
occurring.

3.3 Management using Drag-and-Drop

Distributed MAS are usually long lived infrastructures
providing services for users or other software systems. Demon-
stration, maintenance or other reasons sometimes demand
the ability to migrate agents from one node to another in
a running platform. However, short of writing a quick pro-
gram to trigger such a migration, there generally are no

direct manipulation options for a MAS administrator that
could accomplish such a trivial task (trivial once the rather
complex process of migrating a mobile agent is already im-
plemented). Thus a simple user action is required that al-
lows a user to trigger migrations at will and the well known
Drag-and-Drop metaphor is an obvious choice.

The Drag-and-Drop process has evolved to a standard
feature in all modern user interfaces. It is based on the
metaphor of moving an object from a source location to a
target location, and thus used for all kinds of processes that
change the physical or logical location of an entity, such as
moving files between folders. The usual implementation is
that the user uses the mouse to select an object and move it
to the target while holding the mouse button down (Drag)
and releasing the button once the target is reached (Drop).
The common acceptance of Drag-and-Drop in user inter-
faces makes it an optimal metaphor to manage migration
processes as well, as a migration process in a MAS is char-
acterized by being a location change of an agent.

To make use of this, ASGARD offers control over migra-
tion by dragging an agent from the source node onto a target
node using the mouse. Migrateable agents are easy to iden-
tify for the user by the suitcase icon on agents, showing the
migration ability, Agent Nodes with support for migration
are similarly marked. To indicate that an agent is being
dragged, a ghost agent is attached to the mouse cursor and
moved along with it (see figure 1). Once the agent has been
dropped onto a target Agent Node that supports migration,
a standard GUI dialog (figure 2) asks the user which kind
of process (Strong/Weak Migration or Cloning) is required.
ASGARD then initializes the migration process and visual-
izes it’s progress in the same way as an internally triggered
migration would be visualized (figure 3).

The separation of the interaction and visualization has
the advantage of offering a base for automatically visualiz-
ing errors. If an error occurs during the initiated migration
process, the migration animation will not be shown and the
user will see that the migration process was not executed
as anticipated. This concept can even be extended to offer



detailed information about the occurred error, by reading
out the involved entities’ properties and presenting them in
a textual or graphical way to the ASGARD user.

3.4 Other interaction metaphors

In it’s current state, ASGARD offers several other con-
cepts of interactions using metaphors. One of them is the
idea of showing a greater level of detail when using the zoom
feature on a selected entity. This matches the users knowl-
edge. He can see far more details of an object if he watches it
from a close point of view than from far away. The adaptive
level of detail has the advantage of solving a scaling prob-
lem as well, as a visualization of every detail in every entity
would be way to complex and space-consuming to still be
intuitive and understandable.

Other planned features is the use of Drag-and-Drop be-
tween ASGARD and a visual editor for agent and Agent
Node configurations (AWE [7]) to deploy new agents in the
MAS, and a similar way to remove agents and Agent Nodes
from the running system. The latter could be done by drag-
ging an entity onto a waste basket, as this metaphor for
removing an object is common in current operating systems
as well.

4. IMPLEMENTATION

In order to implement the concept of Drag-and-Drop mi-
gration the Java based Intelligent Agent Framework ver-
sion V (JIAC V) was used. JIAC V combines agent tech-
nology with a service-oriented approach and provides a wide
range of basic functionalities for agent deployment, commu-
nication, management and dynamically changing distributed
environments. JIAC V MAS consist of a hierarchical struc-
ture as shown in figure 6.

A Platform consists of a range of different Agent Nodes
that provide the environment for the execution of agents.
An Agent Node is roughly equivalent to a Java VM with an
agent infrastructure. Individual Agents are implemented as
Java objects in an Agent Node and consist of several core
components and optional Agent Beans. These beans are
used to provide concrete functionalities as plug-in compo-
nents for agents. The JIAC V foundation is used in a wide
range of projects, ranging from service delivery platforms
to simulation environments. The following sections elabo-
rate on three specific components of the JIAC V framework
relevant for Drag-and-Drop migration.

4.1 Migration Implementation

JIAC supports basic migration capabilities by adding mo-
bility support to the Agent Nodes and instantiating a new
mobile agent. JIACs Agent Migration API provides strong
migration. The MAS developer only has to use the Java an-
notation @Migratable for migratable fields. Only the state-
ful information in the Agent Beans has to be marked. There
are three ways for the developer to mark the migratable
agent properties in an Agent Bean, in order to provide a
solution that is usable in all combinations of field access lev-
els. The Developer does not have to stick to a fixed naming
scheme for getter and setter methods.

In order to realize strong migration an agents state has to
be archived. We do not transfer the whole execution stack
of an agent out of a Java VM. The JTIAC V API collects all
stateful information of all agent properties. The agent en-
gineer marks all stateful information about the agent beans

belonging to the mobile agent.

As described in section 3.2 an agent creates its own im-
age. The agent is aware of its configuration and correspond-
ing implementation, e.g. Java classes. Creating a complete
image of an agent for strong migration is a complex and ex-
pensive process. Due to this we adopted Java Annotations
as a simple way for realizing migration support. Each Java
field, constituting a migratable state, is marked with the an-
notation, which is only being evaluated in the case of strong
migration. For this purpose, every Java class implementing
an agent feature requires a scanning for annotations. This
process will be done if an agent image is needed within a
strong migration.

A mobile agent is equipped with a scanner, validator and
collector for agent properties. For every Java class related to
an agent feature the scanner collects Java fields annotated
with @Migratable. The output of the scanner is a list of Java
fields comprising field names and field types. The scanner
furthermore determines potential setter and getter methods.
Subsequently, each agent property requires validation.

The validator uses the list of collected Java fields. Every
field will be approved to be accessible and serializable. A
field is accessible, if it is public writeable or it has public set
and get methods. Java fields which do not pass the valida-
tion will be dropped, while we call the remaining ones Agent
properties. These are accessible and serializable properties
which can be read and set for the agent.

Finally a collector iterates over the validated agent prop-
erties and collects their current values. The collector creates
a list of agent properties, comprising their names and val-
ues. The set of all collected agent properties constitutes the
reconstructible state of the agent.

4.2 Management Interface JMX

The binding element between the migration implemen-
tation in the JTAC V Framework described above and the
ASGARD visualization implementation described below is
the JTAC V management interface. Since JIAC V is im-
plemented in Java, the application of the standard man-
agement interface concept JMX [10] was an obvious step.
This adds the ability to access the JIAC V infrastructure
and analyze an agent Nodes internal data. It can be used
by standard tools like JConsole, as well as by proprietary
implementations like the ASGARD tool. Standard infras-
tructure elements in JIAC V, like Agent Nodes, agents and
their Beans, provide JMX based access methods that allow
remote access to their internal state, data and some func-
tionalities. Agent Nodes are located in the LAN subnet by
multicast messages that use a special management channel
on the message bus. Last but not least remote JMX clients
can register for specific notifications in order to prevent in-
efficient polling mechanisms.

JMX relies on managed beans (MBeans) that effectively
are Java interfaces. By implementing such an interface a
class gains the ability to register with a local management
component (also called “agent” in JMX terminology) and
provides remote access to the attributes and methods (termed
“services” in JMX) and notifications through the JMX “agent”
component. JMX based client classes can then access the
specified interface remotely, usually through the RMI pro-
tocol. The JIAC V framework provides a range of standard
JMX clients for specific infrastructure elements like Agent
Nodes, agents, etc., that ASGARD utilizes as described in
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the following section.

4.3 ASGARD

The ASGARD application provides the user interface to
the management functions of a JJAC MAS. Using the JMX-
based management interface to retrieve information about
the current state of the MAS, ASGARD generates a meta-
phoric visualization at runtime, which is used to provide
information to the user as well as a base for user interaction
with the system. To create the visualization, ASGARD has
to locate the JIAC entities in the network infrastructure.
This feature is currently implemented by receiving multicast
discovery packets and reading out Java RMI registries. The
information received this way consists of JMX service URLs,
which are used to connect the management clients to the
MAS entities.

As two-dimensional graphic engines and raster images have
the problem of not being scalable quite well, ASGARD uses
3D graphics to visualize the structure of JIAC V applica-
tions. For this purpose, a 3D engine called Java Monkey
Engine (JME)[5] is used. It offers bindings to the OpenGL
APIT for most common operating systems, so that ASGARD
can be used on a large variety of systems. Furthermore, JME
provides a lot of functionality for creating and managing
three-dimensional objects and for user interaction. These
features turn JME into a solid base for a graphical and in-
teractive application.

ASGARD uses the data from polling the management
clients and receiving JMX notifications to generate a tree
structure of object instances containing the metaphoric rep-
resentation of a connected JIJAC MAS. The reason why both
polling and notifications are used is that the JIAC V man-
agement interface provides notifications only for events and
property changes that are quite frequent to happen. This
provides instant knowledge of their occurrence. Properties
that are changed rarely or never can be retrieved by polling
with a low frequency. The combination of those techniques
offers a good tradeoff between network load and up-to-date
information about the managed system’s state.

The visual representation objects are built up in an Model-
View-Controller (MVC) [8] pattern style to provide easy
adaption and a separation of data, visual implementation
and interactions. This separation is performed by creating
three different objects for each entity. The entity controller
manages creation and deletion handling for the object and
polls the management interface for data. Furthermore, it
registers as receiver for both JMX notifications and user in-

teraction events such as mouse clicks. The data retrieved
over the management interface is stored in the data model.
It acts as a buffer for value properties of an entity and pro-
vides the base to generate a visualization as well as for a
textual presentation of the data in a property table. The vi-
sualization is generated and managed in a third object that
represents the “view” part of the MVC pattern. This object
uses the data from the data model to generate and adapt
the visualization to the current state of the entity.

As ASGARD uses a three-dimensional space for the visu-
alization, finding the entity that the user is currently point-
ing at with the mouse cursor has to be done by an algorithm
called ray intersection. This is done by sending a virtual
ray from the camera position in the direction of the mouse
cursor into the scene and checking which object’s bounding
box® is intersected by it. ASGARD then forwards mouse
over and mouse click events to the foremost entity that got
intersected, so that mouse events get handled by the corre-
sponding entity controller class.

The visualization of a migration process is based on the
JMX notification mechanism. The Agent Node controller in-
stances in ASGARD register as notification receivers. The
migration implementation sends notifications containing the
current state of the migration process and identifiers for the
involved Agent Nodes and agents, Upon receiving those mi-
gration notifications, the representations for the involved en-
tities are identified in ASGARD'’s internal entity tree. The
visualization handler instances then create the visuals and
animations which are shown in figure 3.

By extending the user action event handler mechanism
to special Drag-and-Drop events, ASGARD is able to pro-
vide the functionality to offer migration per Drag-and-Drop
to the user. The drag animation is implemented pretty
straightforward by moving a “ghost” copy of the entity ac-
cording to the mouse cursor motion (see figure 1). If the
user releases the mouse button, the entity that was below
the dragged entity gets identified by ray intersection and re-
ceives a drop event that contains a reference to the dragged
object. Thus, the drop handler can provide different han-
dling for different entities. In case of the dragged entity
being a migrateable agent and the agent Node supporting

3The ray/box intersection and the use of bounding volumes
for collision checks are common algorithms in 3D computer
graphics. Intersection checks are usually performed by solv-
ing linear equations to find the intersection point or plane.
Further details can be found in [2].



migration®, the Agent Node controller will trigger the migra-
tion process (see figure 3) by calling the appropriate method
of the JMX management system. The migration process is
then executed in the same way as if an internal event in the
MAS had triggered it, so that the same visualization algo-
rithm that shows all occurring migration processes in the
MAS will provide a visualization without further adaptions.

S.  EVALUATION AND CONCLUSION

5.1 Evaluation

The implementation of a visualization for JIAC V’s mi-
gration feature and the subsequent adding of the Drag-and-
Drop migration management has shown to be successful dur-
ing an initial institution-wide testing process. The test users
were able to instantly connect the visualized process with
migration. The migration visualization shows clearly when
a migration process is occurring in a MAS application, the
current state the migration process is in, and which entities
are involved. Using ASGARD during debugging processes
has helped to identify migration-related problems such as
failed migrations or agents migrating onto a wrong target
node.

The implementation of triggering a migration using Drag-
and-Drop has proved successful as well. Instead of having
to add functionality to offer a user-triggered migration man-
ually to each JIAC V application, developers can now rely
on being able to test migration processes by just dragging
agents between nodes in ASGARD’s visualization of their
implementation. As this feature is available in the JIAC V
environment for all migratable agents as part of the manage-
ment interface without any further work for the user, it saves
a lot of implementation effort for testing and demonstration
processes.

A standardized test of the whole ASGARD application
with a larger and more diverse group of users is still to be
conducted once the prototype implementation reaches a sta-
ble state.

5.2 Conclusion

In this paper we presented an example for mapping user

actions to agent infrastructures, the Drag-and-Drop Migra-
tion. We motivated why graphical user interfaces provide
added value for administrating MAS and which major tech-
nologies are involved in our example. We compared our
approach with related work and gave a deeper insight into
the concepts of the metaphors, migration and Drag-and-
Drop concepts used herein. Afterwards we provided more
insight into the implementation details of our example and
described the different components involved. We conclude
with a results evaluation and provide some hints for future
work in this concluding section.
The resulting concept shows how user actions can be used to
trigger complex operations in a MAS infrastructure, through
the application of graphical user interfaces. This requires
carefully selected metaphors and an extensive framework to
rely on. The result is a visual interaction method that is con-
venient for administrators as well as intuitive to understand
for other observers, e.g. for demonstration purposes.

4Both of these abilities are identified using JMX when the
entity data and information is gathered.

5.2.1 Future Work

As the concept and initial implementation of Drag-and-
Drop migration in ASGARD has proved to be successful dur-
ing everyday use, more management functionality should be
offered to users in a similar way. The integration of agent de-
ployment and removal by Drag-and-Drop already mentioned
in section 3.4 are two of them. Other interaction metaphors
will be used for life cycle and property influence of entities
and to make visual navigation and locating certain entities
easier to handle.
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