Hot Topics

LNAI 3446

First International Workshop, MMAS 2004
Kyoto, Japan, December 2004
Revised Selected and Invited Papers




Tp1é-$§3

[ - ;
M 5@ Toru Ishida Les Gasser
_ g0\ Hideyuki Nakashima (Eds.)

Massively
Multi-Agent Systems I

First International Workshop, MMAS 2004
Kyoto, Japan, December 10 — 11, 2004
Revised Selected and Invited Papers

E200501575

@ Springer



Series Editors

Jaime G. Carbonell, Carnegie Mellon University, Pittsburgh, PA, USA
Jorg Siekmann, University of Saarland, Saarbriicken, Germany

Volume Editors

Toru Ishida

Kyoto University

Department of Social Informatics
Yoshida-Honmachi, Kyoto, 606-8501, Japan
E-mail: ishida@i.kyoto-u.acjp

Les Gasser

University of Illinois at Urbana-Champaign
Graduate School of Library and Information Science
501 East Daniel St., Champaign, IL 61820, USA
E-mail: gasser@uiuc.edu

Hideyuki Nakashima

Future University - Hakodate

116-2 Kameda-Nakanocho, Hakodate, Hokkaido, 041-8655, Japan
E-mail: h.nakashima@fun.ac.jp

Library of Congress Control Number: 2005927899

CR Subject Classification (1998): 1.2.11,1.2, C.2.4, H.4, H.5.3

ISSN 0302-9743
ISBN-10 3-540-26974-6 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-26974-8 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springeronline.com

© Springer-Verlag Berlin Heidelberg 2005
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 11512073 06/3142 543210



Lecture Notes in Artificial Intelligence 3446
Edited by J. G. Carbonell and J. Sieckmann

Subseries of Lecture Notes in Computer Science



Preface

We are now in the era of ubiquitous computing and networking: millions of electronic
devices with computing facilities in the public space are connected with each other in
ad hoc ways, but are required to behave coherently. Massively multiagent systems
(MMAS) can be a major design paradigm or an implementation method for
ubiquitous computing and ambient intelligence. As the infrastructure of massively
multiagent systems, technologies such as grid computing together with semantic
annotation can be combined with agent technologies. A new system design approach,
society-centered design, may be realized by embedding participatory technologies in
human society. Applications include large-scale navigation, scientific or social
simulations, e-homes, e-offices, e-cities, and e-science.

The 1st International Workshop on Massively Multiagent Systems (MMAS 2004),
was held from December 10 to 11 in Kyoto, Japan. The workshop consisted of 12
invited talks, 3 chair talks, 20 oral and poster presentations, and excursions to world
heritage sites in Kyoto. Participation in the workshop was by invitation only, and was
limited to around 50 professionals who have made significant contributions to the
topics of the meeting. Attendees were from many countries including Algeria,
Australia, China, France, Korea, Luxembourg, the US, and Japan. This volume
includes 25 of the papers presented at the workshop. The papers cover the area of
massively multiagent technology, teams and organization, ubiquitous computing and
ambient intelligence; all are related to massively multiagent systems in the public
space.

At the end of the workshop, we had discussions on why MMAS should be the
focus of attention rather than just MAS. Massively multiagent systems create
applications for society as a whole; this raises the possibility of having a new
structure in our social life via mass-support rather than individual-support. “Massive”
means “beyond resource limitation”: the number of agents exceeds local computer
resources, or the situations are too complex to design/program given human cognitive
resource limits. The discussion will be continued at the next workshop, which will be
held in 2006.

March 2005 Toru Ishida
Les Gasser
Hideyuki Nakashima
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Agent Server Technology for Managing Millions
of Agents

Gaku Yamamoto

IBM Research, Tokyo Research Laboratory,
1623-14, Shimo-tsuruma, Yamato-shi,
Kanagawa-ken 242, Japan
+81-462-73-4639
yamamoto@jp.ibm.com

Abstract. In this paper, we describe technologies for an agent server capable of
hosting millions of agents. The agent server needs a thread management
mechanism, a memory management mechanism, and a recovery management
mechanism. We have developed a framework and agent execution environment
named Caribbean. First, we describe the programming model of Caribbean.
Following the description, we explain technologies for managing millions of
agents. Some application scenarios of real commercial systems using the
technology are also introduced. We describe what we learned from the
development of the real applications.

1 Introduction

We used a multiagent programming model for a real commercial system in 1998. The
application is a service that provides information on airline tickets to consumers
through the Internet. In this service, consumers have their own computer agents.
Consumers input their query conditions on flights. In the system, travel agencies also
have their own computer agents providing airline ticket information. A travel
agency’s agent has the agency’s own sales policies. When a consumer inputs his or
her query conditions, the consumer’s computer agent sends a query condition
message to the travel agency’s computer agents. A travel agency’s agent replies with
a message containing airline ticket recommendations in accordance with its sales
policies. The consumer’s agent shows the airline ticket recommendations from the
travel agency’s agents using a Web browser. The agent also retains the input query
conditions and the airline ticket information, and can show the information anytime
when the consumer uses the agent again. The lifetime of a consumer agent is one
week.

Through the development of the system, we found that the multiagent
programming model is flexible, and it is easy to design and develop a system.
However, we had to solve the serious problem that there was no multiagent platform
that managed a very large number of agents. Since each consumer has an agent in the
system and each agent lives in the system for a week in the commercial system, the
number of consumer agents may be in the tens of thousands. Therefore, we developed
our first multiagent platform that manages tens of thousands of agents on top of the

T. Ishida, L. Gasser, and H. Nakashima (Eds.): MMAS 2004, LNAI 3446, pp. 1-12, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 G. Yamamoto

Aglets framework, a mobile agent framework [1]. In 2000, we redesigned the
platform and developed a new multiagent platform named Caribbean, which can
manage hundreds of thousands of agents on a single platform [2-9]. In 2003, we
added a server clustering function to Caribbean so that millions of agents can be
managed in one system.

In this paper, we describe the technologies for a multiagent platform capable of
hosting millions of agents. We call the multiagent platform that manages many agents
the “agent server” in this paper. In Section 2, we describe the programming model of
Caribbean. Section 3 describes the runtime structure of a Caribbean agent server. A
server clustering mechanism of Caribbean is introduced in this section. Several
application scenarios will be introduced in Section 4. The lessons learned from
developing real applications will be described in Section 5. Conclusion is written in
Section 6.

2 Caribbean Programming Model and Framework

2.1 Programming Model

In the Caribbean programming model, an agent is responsible for given roles and
performs its tasks to meet its design objectives. In the typical application scenario
shown in a later section, an agent is a proxy of a user. All agents are created in a
server and stay in the server for a long time. Agents in Caribbean are reactive agents
that execute jobs by receiving messages or events. This means that the agent does not
own a thread. Occasionally, an agent requires a special service like a timer service.
Such a service is provided by a “Service Object.” A service object can own threads.
An agent communicates with other agents by using asynchronous peer-to-peer
messaging. Messages sent by an agent are put into the message queue of the
destination agent. A Caribbean agent server creates a message queue for each agent.
An agent server delivers a message stored in a queue to the destination agent at an
appropriate time. When a message is delivered to an agent, a callback method of the
agent’s methods will be invoked. In that method, the agent performs its job and may
send messages to other agents.

An agent server provides agents with fundamental functions such as agent creation,
agent removal, and messaging. An agent server must host a large number of agents. If
each agent owns a thread, the agent server will be overloaded. If too many agents are
in memory, an agent server will also fail because of the resulting memory shortage.
Therefore, an agent server must manage the activities of agents to control thread
assignment and memory usage.

An agent server does not provide intelligent agent capabilities. If an application
requires intelligent agent capabilities, the capabilities can be added as agent logic.

2.2 Framework

Figure 1 shows an overview of the Caribbean framework.
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Context

Fig. 1. Caribbean Framework

ObjectBase. The base class of agents is the “ObjectBase” class. An agent is an
instance of a class extended from this class. An agent is identified by a unique
identifier whose class is “OID.” An agent can belong to an agent group. An
application can define an agent group in a system configuration file. In the
configuration file, properties for an agent group can be defined. An agent can obtain
the properties from “Context.” An agent must not deliver to other agents an object
reference to itself. Instead, it delivers its own identifier. Instead of method calls, an
agent sends other agents messages, which are instances of either the “Message” class
or a class extended from the “Message” class. An agent program is based on a
message-driven programming model. When an agent receives a message, a callback
method “handleMessage” of the agent will be calledbacked. The delivered message is
handled as an argument of the method. The agent executes the task corresponding to
the message within a short period. An agent excepting an instance of the
ServiceObject class described later must not own any threads. Because of memory
limitations, an agent might be moved into storage by an agent server and loaded from
storage back into memory. The methods that an agent must implement are as follows;

public void onCreation(Object arg)

arg: an argument of Context#create()
public void onDisposing()

This method is called by an agent server just before this agent is disposed.
public void onActivation()

This method is called by an agent server just after this agent is loaded into
memory.

public void onDeactivating()

This method is called by an agent server just before this agent is stored into
storage.

public boolean handleMessage (OID sender, Message msg,
MessageManager msgman)

sender: an agent identifier of a sender agent
msg: a message
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msgman: an object reference to the message manager which the sender agent
used to send the message.
This method is called to handle the message.
The following methods are provided by the “ObjectBase” class.
public Context getContext ()
Get an object reference to a context.
public String getGroup()
Get the name of the group to which this agent belongs.
public OID getOID()
Get an agent identifier.
public Properties getProperties(OID oid)

oid: an agent identifier
Get properties of a group to which the agent specified by an agent identifier
belongs

Context. Agents invoke use the agent server’s functions provided through the
“Context” interface. The interface provides methods for creating agents, disposing of
agents, getting lists of agents in an agent server, etc. “Context” provides the following
methods:

public OID create(String classname, Object arg)

classname: a class name of a created agent
arg: an argument passed to the onCreation method of ObjectBase.
Create an agent. Return the identifier of the created agent.

public OID create(String classname, String agentgroup,
Object arg)

classname: a class name of a created agent

agentgroup: an agent group name

arg: an argument passed to the onCreation method of ObjectBase.

Create an agent. The created agent belongs to the agent group. Return the
identifier of the created agent.

public void dispose(OID oid)

oid: An agent identifier
Dispose of an agent.

public OID[] getAllOIDs ()
Get an array of the identifiers of all agents in this agent server.
public OID([] getAllOIDs(String agentgroup)

group: an agent group
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Get an array of the identifiers of all agents belong to the agent group. Return an
array of agent identifiers.

public String getGroup(OID oid)

oid: an agent identifier
Get the name of the agent group to which an agent belongs

public MessageManager getMessageManager (String name)

name: the name of the messaging manager
Get an object reference of a messaging manager.

public SimpleMessageManager getSimpleMessageManager ()
Get an object reference to the default messaging manager.
public ServiceObjectBase lookupService(String name)

name: a name of a service object
Get an object reference to the service object.

MessageManager. A MessageManager is an object that provides messaging
functions to agents. It provides an asynchronous messaging function and a multicast
messaging function to agents as fundamental functions. “MessageManager” class is
an abstract class. The Caribbean package provides “SimpleMessageManager” class as
a default message manager. An application can define an application-dependent
MessageManager and can plug it into an agent server. For example, an application
may need an anonymous messaging function that distributes a message to an
appropriate agent in accordance with a message name. An application-dependent
MessageManager is defined in a system configuration file. An agent server registers it
into a message manager repository at system startup time. An agent obtains an object
reference to a MessageManager from Context, and sends messages using those
messaging functions. Context manages multiple MessageManager objects that are
identified by names. The methods provided by “SimpleMessageManager” class are as
follows;

public void post(OID[] oids, Message msqg)

oids: an array of identifiers of destination agents
msg: a message
Multicast a message to destination agents.

public void post (OID oid, Message msg)

oid: an identifier of a destination agent

msg: a message

Post a message to a destination agent. This method does not wait until the
destination agent handles the message.

ServiceObjectBase. A “Service Object” is the object that provides agents with
services. A service object is an instance of a class extended from
“ServiceObjectBase” class, a subclass of “ObjectBase” class. A service object has all
the functions of agents. It can send messages to other agents. It also can receive



