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ABSTRACT
The vision of the Internet as a tremendous pool of compu-
tational resources is fairly dim relative to its recognition as
a great knowledge base of limitless proportions. The reason
can be succinctly summarized as being due, chie
y, to the
problems of describing and locating large numbers of compu-
tational resources suitable for hosting equally large numbers
of diverse agents or software components. It is also due to
the seemingly{limitless time and energy required to phys-
ically install all of the software and libraries on which the
software depends, on the target systems. Still, a third aspect
of the di�culty is the problem of any one administrator to
properly monitor the runtime status of his agents and the
constantly-changing availability of the platforms on which
to run the agents. The solution of all of these problems
put together is what we call multi-agent system con�gura-
tion management. In this paper we present the RETSINA
Con�guration Manager, RECoMa, which is our �rst step at
addressing this type of scalability problem. 1

Categories and Subject Descriptors
D.2.9 [Management (K.6.3, K.6.4)]: Software con�gura-
tion management; D.2.9 [Management (K.6.3, K.6.4)]:
Life cycle; K.6.4 [System Management]: Centralization /
decentralization

General Terms
Management, Design, Theory
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1. INTRODUCTION
It is generally acknowledged that the Internet is the great-
est knowledge base of limitless proportions that ever existed,
and will continue to grow. But hardly anybody is ready to
identify it as the greatest pool of computational resources
that ever existed, despite its continued growth. That is be-
cause nobody can imagine the process of installing millions
of di�erent programs on millions of di�erent computers as
any activity that can be accomplished in any useful time.
The problem and the vision of how to achieve this scale of
resource allocation is what we refer to as the problem and
the vision of con�guration management [CM] for multi-agent
systems [MASs].

Part of the problem of con�guration management for open,
multi-agent systems has its origins in what is called the
connection problem[4] | �nding the computer with the re-
sources that match an agent's con�guration requirements.
Inherent in its solution are the di�culties of how to repre-
sent the descriptions of the computational resources o�ered,
those required, and the algorithms and locations of the ser-
vices that will help one perform such matches on a world
wide scale. Such concerns have been the subject of study
for multi-agent systems of much smaller dimensions in [14,
13, 15].

Another facet of the problem is how to empower a single
person to control the programs on a wide variety of dis-
tributed and remote computers from a single point of com-
mand. In consideration to the complexity of attempting to
launch many hundreds of agents on heterogeneous, remote,
and distributed computers, there are the problems of how to
check for correct resource allocation matches cheaply and ef-
�ciently, before risking to crash the destination computer or
any of its services. Finally, once the programs are launched
on the myriad of remote machines, there are the problems
of how to monitor the status of the launched programs and
how to track the availability of the computational resources
as they either become available, or are no longer available,
on the target platforms.

In this paper we present the RETSINA Con�guration Man-



ager, RECoMa. RECoMa is a prototypical system that
attempts to address the above problems in terms of their
functionality: how to locate, describe, and match resource
descriptions. And, although it is not yet possible to access
millions of machines on which to test launching millions of
programs, RECoMa is capable of controlling and monitor-
ing the status of a fair number of agents on a fair number
of computing platforms.

2. THE RECOMA GOALS
RECoMA is an ongoing project that has a set of long term
goals. Some of those goals consists of:

� Minimize the time consumed in con�guration tasks.
The process of allocation of software components in
across local and Internet is time consuming when there
are not procedures and software tools to support those
tasks.

� Minimize the number of errors. The process of con�g-
urating a system with many components in a network
of heterogeneous computers can be a�ected by human
errors.

� Increase the quality of service is a goal computer sys-
tems. With a better control of resources and services
the quality of service provided for the system might
improve.

� De�ne policies and process to manage software and
hardware items. Those policies will support software
platforms to manage MAS applications.

� Provide an information system to MAS managers to
minimize memory overload while they create and mon-
itor an application with many agents.

� Provide means to user to balance the load in the com-
puters to increase the e�ciency of resources usage.
The use of resources includes local networks and the
Internet.

3. THE RECOMA ARCHITECTURE
ReCoMa is a software prototype that makes easier to users
the tasks of creating and launching MAS applications. We
wanted to focus the software in the users. The design of this
toolkit is based on the following set of user tasks. To create
a MAS application a user must perform the following tasks:

� Domain analysis is the data model of the application.
For example, in a manufacturing facility, the software
analyst describes entities, relationships between enti-
ties, draws 
owcharts of the activities performed by
the domain experts

� The main task is divided into subtasks that can be
performed by agents in the system. The granularity of
the division is not well de�ned but might be based in
the existing agents.

� The user selects agents to perform the tasks. To achieve
the task the user needs to read the agent pro�le, which
describes the agent requirements, dependencies, and
the functionality.

Figure 1: The RECoMa Architecture

� The user allocates agents in the hardware platforms
based on the agent requirements, which are described
in the agent pro�le. The agent pro�les are compared
to platform pro�les. The user allocates the agent in
one machine when they are compatible.

� Monitor infrastructure agents. For example, a user can
display the naming services, and matchmakers avail-
able in the agents platform.

� Monitor agents in the platform and the services adver-
tisments.

� The user is able to shutdown the MAS application from
the main console.

� Create, edit, and delete new agent pro�les in the sys-
tem.

ReCoMa does not supports the domain analysis and it was
designed to support MAS managers instead of end users.
The RECoMa architecture, as illustrated in �gure 1 has �ve
components the: Agent Repository, System Registry, Dis-
cover, Launcher, and the Monitor.

3.1 RECoMa Graphic Interface
Figure 2 shows RECoMa graphic interface. The interface
contains three tabs to separate the con�gurations view, the
ANS view, and the Matchmaker View. The top panel (con-
�guration view) contains two tree controls. The left side con-
trol tree contains the agent platform information. The tree
control in the right side contains the agent repository. The
panel in the bottom contains a table that allows users to see
the agents that are going to be launched. This graphic in-
terface allows users to maintain the agents repository. From
this component, the user can create, delete or update agent
pro�les. Users can also update the information about the
machines connected to the network by sending a registry
query. The components of this graphic interface are ex-
plained in detail in the following paragraphs.

3.2 The Agent Repository
The agent repository is a database of agent pro�les, which
contain metainformation about the agents installed in the
agents platform. Figure 3 show the information included in
the agent pro�le used in the current prototype. A manager
creates an agent pro�le to register new agents in the repos-
itory, when he/she installs an agent provided from external
groups or vendors. The agent respository and the agent pro-
�les are represented in the system using XML. The use of
XML to represent the repository objects makes RECoMa a



Figure 2: The RECoMa Graphic Interface

system easy to modify. Also the information used by RE-
CoMa is easier to share by using standard formats.

The graphic interface provides operations to add, delete, or
edit pro�les. A user working in the graphic interface does
not need to know the XML syntax. Figure 2 shows some of
the data included in the agent pro�le consists of:

� shell command to launch the agent in the host ma-
chine. This information includes the command string
along with the parameters used to execute the agent;

� hardware constraints to execute the agent. For exam-
ple, the resolution needs to display the graphics pro-
duced by the agent;

� execution dependencies are included in the pro�les.
For example, some agents need a browser to be ex-
ecuted; and

� the use of discovery is speci�ed in one slot. This in-
formation is used by RECoMa to assign values to pa-
rameters such as ANS and Matchmaker servers.

3.3 The System Registry
The system registry is a database with information about
the software installed in each machine. The machine reg-
istries are necessary to verify prerequisites and dependencies
of a agents before allocating them in one machine.

The system registry is a local database in every machine.
Such database contains the following inputs: environment
variables, java variables, retsina agents, other agents, and
support software. Every agent installed in the local machine
must be registered in the registry.

Figure 3: The Agent Pro�le
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The registry is implemented using a client-server architec-
ture as can be seen in Figure 4. The central registry is
updated on demand. A server is installed in each machine
to answer RECoMa queries. When the server receives the
query executes a program that updates the machine pro�le
and send it back using XML as representation. RECoMa
executes a client program that sends queries to every ma-
chine in the network and displays the information for the
user.

3.4 The RECoMa Launcher
A con�guration is de�ned in this work as a set of pairs agent-
machine. The search space of con�gurations is large when it
is considered the number of combinations of machines and
agents. However, only a subset of the total set of con�gu-
rations is valid. A con�guration is valid in this work when
there is not con
ict between the agent requirements and the
machine pro�le.

The launcher operations are classi�ed in two groups: the
con�guration management and the launcher.

Con�guration Manager

The con�guration manager allows users to create new con�g-
urations based on the information presented in the graphic
display about agents and machines. Before launching a MAS
system the launcher veri�es that the agent descriptor and
the registry in the local machine satis�es the constraints
written in the agent prerequisites, and software dependen-
cies.

The user can save agent con�gurations to use them latter.
When the system loads a con�guration saved previously:
RECoMa �rst veri�es with information in the registry and
the agent the repository to provide feedback to the user
about the con�guration consistency. The system provided
feedback to the user rendering with di�erent color the com-
ponents that are not consistent in the con�guration. The
user does need to read the complete set of information in
the agent pro�le and the machine registry to allocate the
agent to one machine. The GUI provides visual feedback
to users when one agent matches a machine registry. When
the agent and the machine match in their requirements and
features, they are rendered with a di�erent icons to pro-
vide feedback to users. Users only need to read the agent
and machine pro�les when they have to decide between two
pro�les that match.

The Launcher

The architecture of this component is based also in the client
server pattern. Currently two protocols are designed to
launch a valid MAS con�guration. The two protocols are
XML-RPC (XML remote procedure call) and RMI (remote
method invocation).

Figure 5 displays the model used to support the agents
launching once the MAS con�guration was built using the
GUI. Every computer in the network is running two servers,
one to support XML-RPC and one to support RMI. The
launcher runs the client and requests the machine to launch
the agents and other components. The client in the launcher

ReCoMa

XML-RPC
Client

RMI Client

Local
Computer

Local
Computer

XML-RPC
Server

XML-RPC
Server

RMI Server RMI Server

Figure 5: The RMI and XML-RPC Client/Server

Model

Figure 6: Messages Exchanged by Agents Using Dis-

covery

builds an XML with the request to the remote machine. The
requests are sent from the client to the servers as XML �les.
The server side in the XML-RPC and RMI protocols inter-
prets the parameters used in the request and translates the
XML in actions in the host machine. The actions performed
include changing environment variables and to execute soft-
ware components located in the local machine.

Agents that start from a local computer without being launched
from RECoMa work together with agents launched form the
central desk; however, they are not registered in the RE-
CoMa con�guration. Future versions of RECoMa will reg-
ister those agents.

The system provides feedback to users when an agent could
not be started.

4. DISCOVERY
Discovery is used to provide location transparency to end-
users. Instead of launching an agent with the ANS and
other infrastructure services as parameters the agent dis-
cover them. The MAS manager does not need to know in
advance the infrastructure services to launch agents.

Launching an agent uses discovery in order to �nd the direc-
tory services used in the platform. Every RETSINA agent
uses discovery in order to �nd services in the platform.



Figure 7: ANS Services Monitor

Figure 6 shows the messages exchanged when and agent is
executed. When the agent does not �nd services available
�nish its execution. As can be seen in Figure 6, this agent
is looking for two services (ANS and Matchmaker). When
the services grow up the number of messages exchanged is
larger.

RECoMa useds discovery to obtain the whole list of infras-
tructure services in the system. RECoMa uses the informa-
tion obtained to launch agents which do not support dis-
covery. RECoMa uses discovery services are to update the
information about new infrastructure services in the system.

Discovery also makes the infrastructure services more tol-
erant to faults. When a server goes down, every agent has
a list of servers in the discovery cache to register with and
of them. However, in the remote case that all the services
are down the agent can try to discover again the services
needed.

4.1 Monitoring
RECoMa provides monitoring functions in order to manage
the MAS applications during run-time. The user can see
every agent running in the agent platform. However, users
can use �lters to see only some categories of agents. For ex-
ample, they might decide to see only the information agents
instead of the complete set of agents.

Figure 7 displays the agent monitor interface. This interface
contains a tree with the agent name services (ANS) available
and a table that allows users to see the agents registered in
every ANS. Also the manager can inspect the matchmakers
to see wether they are working properly. To get informa-
tion about the agents running the local agent platform, RE-
CoMa queries the infrastructure agents services available.
To get information about the hardware platforms perfor-
mance some entrees in the registry will be created and the
launcher can display to the end user the load in every ma-
chine in the network.

5. PRELIMINARY EVALUATION
The current prototype allows managing MAS application at
creation time and at run-time. However, more work will
be done to cover these two stages under the umbrella of
con�guration management. The con�guration management
of MAS will include development, deployment, installing,
and run-time management.

6. RELATED WORK
Although there exist a fair number of multi-agent system
implementations that solve con�guration management prob-
lems of other domains[1, 2, 6, 7, 8, 10, 11, 16], ironically
very few systems attempt con�guration management for the
MASs, themselves. The literature that does begin to address
CM for multi-agent systems does so either in the context of
communications network management agents organized in
two tiers[8], or as a proposal for distributed service manage-
ment in the absence of a particular MAS architecture[12].
Nor is there much speci�c help from the software engineering
community[9, 3] and in the proceedings of a recent con�g-
uration management conference[5].2 Historically, con�gura-
tion management emerged from the communications world,
and is consequently very biased towards the performance-
oriented management of very simple hardware devices or
connections[12] 3. For multi-agent systems, however, the
requisites and desiderata for con�guration management are
very di�erent when considering the existence of agent com-
munication languages [ACLs] with context-speci�c seman-
tics, middle and infrastructure agents4, discovery services5 ,
logging and visualization services6, and the reality that they
are implemented in a variety of languages and protocols, and
need to operate in a variety of computing environments.

7. FUTURE WORK
A control language will be developed to allow agent applica-
tions to recon�gure dynamically. For example, the language
can help coordination of the agents under the events of fail-
ures.

Another future research topic will be the creation of stan-
dard representations of machines and agents to allow RE-
CoMa to be used with di�erent agent frameworks. The cur-
rent model will be evaluated with users trying to integrate
applications using MAS technology. Launcher users will cre-
ate and launch an application. The time used to solve the
task will be evaluated along with the quality of the user
solution.

Future research includes designing policies for management
of multiagent systems based on agents and components. The
dependences and prerequisites model will be evaluated based
in how well they supported consistent MAS applications.

Models to obtain more information at run-time will be de-
veloped; however, the system must avoid minimizing the
system performance by sending a large number of messages
over the network.

Another addition to the current prototype includes a module
that allows users to create their own agents when agents in
the repository are not available or when they try to wrap
an agent inside a RETSINA agent. The agent should be
created interactively allowing users to select the protocol to
use and the coordination paradigms.

2Not sure how to place Breugst and Choy.
3SNMP, CMIP, etc.
4ANS, MM papers
5SSDP, SLP, our ANS paper
6Martin's paper



8. CONCLUSIONS
In conclusion, we identify and characterize multi-agent sys-
tem con�guration management as a distributed computing
con�guration management problem that is unique to multi-
agent systems both in the number and type of �gures that
the process must encompass and in the life cycle, granular-
ity, and heterogeneity of the components to which it must
be applied. As interest in multi-agent systems increases, the
resolution of the MAS con�guration management problem
will also become more critical. After many years of experi-
ence and attempts at solving this problem, we feel that we
have properly characterized it and provide a road map by
which future MAS CM may be pursued.
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