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Abstract
Coordinated action for a team of robots is a challenging problem, especially in
dynamic, unpredictable environments. Robot soccer is an instance of a domain where
well defined goals need to be achieved by multiple executors in an adversarial setting.
Such domains offer challenging multiagent planning problems that need to
coordinate multiagent execution in response to other agents that are not part of our
team plans. In this work, we introduce the concept of a play as a multiagent plan that
combines both reactive principles, which are the focus of traditional approaches for
coordinating robot actions, and deliberative principles. We further introduce the
concept of a playbook as a method for seamlessly combining multiple team plans. The
playbook provides a set of alternative team behaviors which form the basis for our
third contribution of play adaptation. We describe how these concepts were
concretely implemented in the CMDragons robot soccer team. We also show
empirical results indicating the importance of adaptation in adversarial or other
unpredictable environments.
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Abstract
Today’s service-oriented systems realize many ideas from the research conducted a
decade or so ago in multiagent systems. Because these two fields are so deeply
connected, further advances in multiagent systems could feed into tomorrow’s
successful service-oriented computing approaches.This article describes a 15-year
roadmap for service-oriented multiagent system research.
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Abstract
This paper introduces a new area of advice that is specific to advising a multiagent
team: Coordination Advice. Coordination Advice differs from traditional advice
because it pertains to coordinated tasks and interactions between agents. Given a
large multiagent team interacting in a dynamic domain, optimal coordination is a
difficult challenge. Human advisors can improve such coordination via advice. This
paper is a preliminary look at the evolution of Coordination Advice from a human
through three different domains: (i) disaster rescue simulation, (ii) a self-maintaining
robotics sensors, and (iii) personal assistants in a office environment. We study how
the useful advice a person can give changes as the domains change and the number of
agents and roles increase.
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Abstract
Many classes of applications require multiagent navigation control algorithms to
specify the movements and actions of heterogeneous groups containing thousands of
characters. The scale and complexity of these interacting character groups require
navigation control algorithms that are both generalizable and specifically tuned to
particular character platforms. We propose a technique called simulation level of
detail (LOD) that provides a simulation-based interface between navigation control
algorithms and the specific mobile characters on which they operate. A simulation
LOD efficiently models a character's ability to move given its dynamic state and
provides this simplified version of the character to navigation controllers for use in
run-time search algorithms that compute locomotion actions. We develop our
simulation LOD algorithms on groups of physically simulated human and alien
bicyclists and demonstrate reusable controllers that provide improvements in path
following and herding tasks.
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Abstract
Online auctions are becoming an increasingly important channel for electronic
commerce. There exist more than 150 online auction sites on the Internet. It is
difficult for users to attend, monitor, and bid at multiple auction sites simultaneously.
The authors propose BiddingBot which is a multi agent system that supports users in
attending, monitoring, and bidding in multiple auctions. BiddingBot monitors prices
of goods in several online auction sites to get reasonable market prices of goods, and
uses a new cooperative bidding mechanism to effectively bid in auctions.
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Abstract
Agents in a multiagent system may need to share information and services. For this,
they need to be able to interleave deliberative planning with execution of actions. The
deliberative planning is needed to decide which actions to perform to achieve an
objective, whereas execution of some of the actions is needed to make a more
informed decision on the other actions and to access services provided by other
agents.
HITaP is a planner that interleaves planning and execution: using HITaP an agent
can, during planning, gather information by either direct inspection of the domain or
by firing queries to other agents and recording their answers. Interleaving planning
and execution, as provided by HITaP, plays a crucial role in an agent's ability to
construct shared plans with other agents and to manage the negotiation process that
leads to agreement with the agent's teammates on these plans.
HITaP is implemented and currently used as planning module for agents in the
RETSINA multiagent system. These agents cooperate to solve problems in different
domains that range from portfolio management to command and control decision
support systems.\footnote{The authors thank Dirk Kalp and Anandeep Pannu for
their contribution to the initial implementation of the planner. In addition we are
grateful to Josepth Giampapa for the stimulating discussions on team behavior. This
research has been sponsored in part by ONR grant.
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Abstract
In this paper, we discuss Profit-sharing, an experience-based reinforcement learning
approach (which is similar to a Monte-Carlo based reinforcement learning method)
that can be used to learn robust and effective actions within uncertain, dynamic,
multi-agent systems. We introduce the cut-loop routine that discards looping



behavior, and demonstrate its effectiveness empirically within a simplified NEO
(non-combatant evacuation operation) domain. This domain consists of several
agents which ferry groups of evacuees to one of several shelters. We demonstrate that
the cut-loop routine makes the Profit-sharing approach adaptive and robust within a
dynamic and uncertain domain, without the need for predefined knowledge or
subgoals. We also compare it empirically with the popular Q-learning approach.
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Abstract
We consider an environment where agents' tasks are tightly coupled and require real-
time scheduling and execution. In order to complete their tasks, agents need to



coordinate their actions both constantly and extensively. We present an approach
that consists of a standard operating procedure and a look-ahead coordination. The
standard operating procedure regulates task coupling and minimizes communication.
The look-ahead coordination increases agents' global visibility and provides
indicative information for decision adjustment. The goal of our approach is to prune
decision myopia while maintaining system responsiveness in real-time, dynamic
environments. Experimental results in job shop scheduling problems show that (1)
the look-ahead coordination significantly enhances the performance of the standard
operating procedure in solution quality, (2) the approach is capable of producing
solutions of very high quality in a real-time environment.
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Abstract

The validity of simulation results remains an open problem in multiagent-based
simulation (MABS). Since such validity is based on the validation of computational
models, we propose a cross-element validation method that validates computational
models by investigating whether several models can produce the same results after
changing an element in the agent architecture. Specifically, this paper focuses on
learning mechanisms applied to agents as one of the important elements and
compares three different MABSs employing either an evolutionary strategy (ES), a
learning classifier system (LCS), or a reinforcement learning (RL). This type of
validation is not based on the between-models addressed in conventional research
but on a within-model. A comparison of the simulation results in a bargaining game,
one of the fundamental examples in game theory, reveals that (1) computational
models are minimally validated in the case of ES- and RL-based agents; and (2)
learning mechanisms that enable agents to acquire their rational behaviors differ
according to the knowledge representation (i.e., the strategies in the bargaining
game) of the agents. Concretely, we found that (2-a) the ES-based agents derive the
same tendency in game theory but the LCS-based agents cannot in the case of
employing continuous knowledge representation; and (2-b) the same ES-based
agents cannot derive the same tendency in game theory but the RL-based agents
derive it in the case of employing discrete knowledge representation.
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Abstract

Various Computational Intelligence (CI) tools have been devised to depict the
essential learning or adapting processes people adopt when they are making
decisions. If the learning process people possess is indeed well described by some CI
algorithms, then there arise an interesting question: what will people do if they are
provided the results computed by the algorithms describing their inner process? This
paper attempts to create an experimental environment in which human subjects are
provided certain CI tools, which is feasible in modern e-Commerce now and in the
future. Observing their decisions may helps us understand more about peoples
decision process as well as the rationality human have.
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Abstract

Distributed Problem Solving (DPS) is concerned with a group of agents, each with
only local views, that cooperate and coordinate to solve a given problem in a coherent
and efficient manner. As networked computer systems and practical concurrent
processing architectures develop, DPS research has seen increasing realization in real
world problems. As opposed to using sophisticated agents in problem solving, DPS
approaches based on simple reactive agents have received growing interest. These
reactive agents are simple in the sense that they do not have representations of their
environments and they act by stimulus and response. They are embedded in the



environment and follow simple patterns of behavior that can be easily programmed.
Generating sophisticated group behavior from coordination and integration of
activities of simple individuals has potentially great significance.

This thesis presents DPS approaches based on reactive agents, and applied to
scheduling in the domain of manufacturing job shops. In general, scheduling deals
with organizing possibly related activities over time and limited resources.
Scheduling problems occur in many domains, such as manufacturing, transportation,
computer processing, communication, services, health care, education, etc.
Distributed scheduling typically in concerned with coordinating among resources
over processing of related activities in environments where knowledge and control
distribution are desired. The objective of this work is the problem solving efficacy of
reactive agents in terms of computational cost and solution quality. Our thesis is that
multi-agent coordination techniques can provide substantial gains in terms of
problem solving efficiency and solution quality.

The main contributions of this research are the coordination schemes and the DPS
techniques implemented in the two effective multiagent scheduling systems, CORA
and COFCAST. In addition, CORA and COFAST are shown to provide equivilent or
superior performance to competing centralized scheduling techniques, and therefore,
enrich viable approaches to scheduling problems. In a broader view, this work
supplements DPS research with innovative approaches to tightly coupled problems
and successful demonstration of competetive performance. This work also provides
an essential component for larger-scaled DPS research in manufacturing
management and control.
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Coalition formation is one of the key problems in multiagent systems. One would
prefer a coalition structure that maximizes the sum of the values of the coalitions, but
often the number of coalition structures is too large to allow exhaustive search for the
optimal one. This paper focuses on nding a worst case bound on how good the
optimal coalition structure is compared to the best coalition structure that a
nonexhaustive search finds.

We show that none of the previous coalition structure generation algorithms can
establish any bound because they search fewer nodes than a threshold that we show
necessary for establishing a bound. We present an algorithm that establishes a tight
bound within this minimal amount of search, and show that any other algorithm
would have to search strictly more. The fraction of nodes needed to be searched
approaches zero as the number of agents grows.

If additional time remains, our anytime algorithm searches further, and establishes a
progressively lower tight bound. Surprisingly, just searching one more node drops the
bound in half. As desired, our algorithm lowers the bound rapidly early on, and



exhibits diminishing returns to computation. It also drastically outperforms its
obvious contenders. Finally, we show how to distribute the desired search across self-
interested manipulative agents.
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Abstract:

Agent-Oriented Software Engineering is the one of the most recent contributions to
the field of Software Engineering. It has several benefits compared to existing
development approaches, in particular the ability to let agents represent high-level
abstractions of active entities in a software system. This paper gives an overview of
recent research and industrial applications of both general high-level methodologies
and on more specific design methodologies for industry-strength software
engineering.
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In this paper we present the use of distributed value function techniques to reach
collaboration in a multiagent system. We apply this method in two different
simulation environments: a mobile robot planning/searching task and an intelligent
traffic system in an urban environment. In the case of the intelligent traffic system,
results show an improvement with respect to a standard fix-time controller and local
adaptive controllers. Trajectories for optimal search in an obstacle environment are
obtained in the mobile robot case. Some variations to the actual algorithm are
pointed out to suit our cases. We conclude discussing our future work.
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Abstract

A common challenge for agents in multiagent systems is trying to predict what other
agents are going to do in the future. Such knowledge can help an agent determine
which of its current action options are most likely to help it achieve its goals. Ideally,
an agent could learn a model of other agents' behavior patterns via direct observation
of their past actions. However, that is only possible when agents have many repeated
interactions with one another. We explore the use of agent models in an application
where extensive interactions with a particular agent are not possible, namely robotic
soccer. In robotic soccer tournaments, such as RoboCup (Kitano et al., 1997), a team
of agents plays against another team for a single, short (typically 10-minute) period.
The opponents' behaviors are usually not observable prior to this game and there are
not enough interactions during the game to build a useful model. We introduce
"ideal-model-based behavior outcome prediction" (IMBBOP). This technique
predicts an agent's future actions in relation to the optimal behavior in its given
situation, This optimal behavior is agent-independent and can therefore be computed
based solely on a model of the world dynamics. IMBBOP does not assume that the
other agent will act according to the theoretical optimum, but rather characterizes its
expected behavior in terms of deviation from this optimum.
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Abstract

Recently, reinforcement learning has been proposed as an effective method for
knowledge acquisition of multiagent systems. However, most research on multiagent
systems applying a reinforcement learning algorithm, focus on a method to reduce
complexity due to the existence of multiple agents and goals. Although these pre-
defined structures succeeded in lessening the undesirable effect due to the existence
of multiple agents, they would also suppress the desirable emergence of cooperative
behaviors in the multiagent domain. We show that the potential cooperative
properties among the agent are emerged by means of profit-sharing (J. Grefenstette,
1988; K. Miyazaki et al., 1994) which is robust in the non-MDPs.

23. Agent Interoperation Across Multiagent System Boundaries
@inproceedings{Giampapa_2000_3281,

author = "Joseph Andrew Giampapa and Massimo Paolucci and Katia Sycara",

title = "Agent Interoperation Across Multagent System Boundaries",

booktitle = "Proceedings of the Fourth International Conference on Autonomous
Agents (Agents 2000)",



month = "June",

year = "2000",

publisher = "Association for Computing Machinery",

address = "ACM, 1515 Broadway, New York, NY, 10036, USA",

note = "ISBN: 1-58113-230-1"
b
Abstract
Recently the number of autonomous agents and multiagent systems (MAS) that have
been developed by different developers has increased. Despite efforts for the creation
of standards (eg. in communication languages, registration protocols etc.), it is clear
that at least in the near term heterogeneous agents and MASs will be prevalent.
Therefore, mechanisms that allow agents and/or MASs to interoperate and transact
are needed. In this paper we report on a case study and lessons learned of an
interoperator agent we developed. We discuss requirements for interoperation
mechanisms, resulting challenges and our design decisions and implementation of
the RETSINA-OAA InterOperator\footnote{The authors thank David Martin, Adam
Cheyer and Didier Guzzoni at SRI for their support and help. Marcus Huber of OGI
was instrumental in explaining the operation of the OAA-KQML Bridge. In addition
we are especially grateful to Martin Van Velsen for his help with the graphical display
of the RETSINA and OAA systems and with the data collection for the evaluation
section.
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Abstract
In most multiagent systems with communicating agents, the agents have the luxury
of using reliable, multi-step negotiation protocols. They can do so primarily when
communication is reliable and the cost of communication relative to other actions is
small. Conversely, this paper considers multiagent environments with unreliable,
high-cost communication. This paper presents techniques for dealing with the
obstacles to inter-agent communication in such environments. A successful prototype
system is fully implemented and tested in the simulated robotic soccer domain.
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Abstract

Market price systems constitute a well-understood class of mechanisms that under
certain conditions provide effective decentralization of decision making with minimal
communication overhead. In a market-oriented programming approach to
distributed problem solving, we derive the activities and resource allocations for a set
of computational agents by computing the competitive equilibrium of an artificial
economy. Walras provides basic constructs for defining computational market
structures, and protocols for deriving their corresponding price equilibria. In a
particular realization of this approach for a form of multicommodity flow problem,
we see that careful construction of the decision process according to economic
principles can lead to efficient distributed resource allocation, and that the behavior
of the system can be meaningfully analyzed in economic terms.
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Abstract
Intelligent human agents exist in a cooperative social environment that facilitates
learning. They learn not only by trialand
-error, but also through cooperation by sharing instantaneous information, episodic
experience, and learned knowledge. The key investigations of this paper are, "Given
the same number of reinforcement learning agents, will cooperative agents
outperform independent agents who do not communicate during learning?" and
"What is the price for such cooperation?".
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We present our experiences using the RoboCup soccerserver simulator and Biter, our
own agent platform, for the teaching of a graduate multiagent systems' class. The
RoboCup simulator and Biter are both described. We argue that the combination of
RoboCup and Biter forms an e_ ective platform for the teaching of multiagent systems



and the distributed mindset. Results from two semesters using these tools are
presented. These results con_rm our claims. Finally, we characterize this work within
the framework provided by the STEELMAN Draft of the Computing Curricula 2001
initiative.
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Abstract

This paper proposes a new multiagent planning approach to coordination synthesis
that views distributed agents as discrete-event processes. The connection between
discreteevent control synthesis and coordination planning is first established, thereby
enabling the exploitation of the vast body of knowledge and associated software
synthesis tools from

"The Supervisory Control of Discrete-Event Systems' for automatic coordination
synthesis of distributed agents. Importantly, these coordinating agents designed
collectively generate a behaviour guaranteed not to contradict any specified inter-
agent constraint, is nonblocking and optimal. A simple planning methodology is
proposed in terms of procedures supported by CTCT, an existing, freely available
design tool developed based on the control synthesis framework. A simple example
illustrates the use of the CTCT-based methodology to synthesize coordination
modules for distributed agents. Discussions in relation to previous work examine the
relative significance of the new multiagent planning framework.
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In this paper we briefly describe the initial work of the proposed AgentCities Working
Group on Health Care. Issues that are particularly relevant to the adoption of an
agentoriented approach to developing software systems in health care are discussed:
the characteristics of health care domains, agent-based solutions, and the research
and development challenges inherent in employing agents to solve problems in health
care. We conclude that multi-agent systems do have an increasingly important role to
play in health care domains in that they significantly enhance our ability to model,
design and build complex, distributed health care software systems.
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Abstract

Actualmente existe un considerable nuimero de personas con enfermedades
cardiovasculares que sufren complicaciones en ambitos donde el auxilio médico
puede llegar demasiado tarde. Por otro lado la medicina cardiologica ha incorporado
recientemente herramientas diagnosticas y prondsticas potentes y no invasivas
basadas en el procesamiento de senales obtenidas del sistema cardiovascular
utilizando herramientas matematicas avanzadas. El presente trabajo propone un
sistema multiagente que vincula estas herramientas y técnicas de inteligencia
artificial para realizar la monitorizaciéon inteligente de pacientes con patologias
cardiovasculares, como asi también, para coordinar las acciones y gestionar los
recursos de las tres partes fundamentales que deben intervenir en caso de una
emergencia, a saber, el propio paciente y su familia, su médico de cabecera, y la
institucién de salud respectiva. Se utilizan sistemas de razonamiento basado en casos
y basado en reglas para decidir el accionar de acuerdo a la situacién de cada paciente.
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Abstract
The cardiology medicine has recently incorporate powerful non invasive diagnostic
tools based in the processing of signals obtained from the cardiovascular system. The
heart rate variability (HRV) is one of them and it has very valuable information
referred to cardiovascular pathologies, the state of the autonomic nervous system and
to the prognostic of the sudden cardiac death. In this work is presented a clinic
application of a library of functions developed in Matlab (Matlab Toolbox) for the
mathematical analysis of the HRV. The functions of this library contain tools for time
and frequency domain analysis, as well as, tools for the study of the non linear
dynamics of the cardiovascular system. A group of patient with characteristic
cardiovascular pathologies is used for the clinic application. The results are compared
with those of other works and they are presented numeric and graphically.
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Abstract

El anélisis de la variabilidad de la frecuencia cardiaca (VFC) constituye una de las
herramientas més prometedoras para el estudio y diagnostico de patologias
cardiovasculares y del sistema nervioso autébnomo, y para el prondstico de la muerte
subita cardiaca. En este trabajo se presenta una biblioteca de funciones para analizar
la VFC en el dominio temporal y frecuencial, como asi también en el estudio de
dindmicas no lineales. Se describen las funciones mas importantes y se efectiia una
aplicacion practica sobre un registro de Holter de 24 horas de un paciente sano. Se
presentan los resultados en forma numérica y grafica.
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Abstract

The multiagent plan coordination problem arises whenever multiple agents plan to
achieve their individual goals independently, but might mutually benefit by
coordinating their plans to avoid working at cross purposes or duplicating effort.
Although variations of this problem have been studied in the literature, there is as yet
no agreement over a general characterization of the problem. In this paper, we
describe a general framework that extends the partial-order, causal-link plan
representation to the multiagent case, and that treats coordination as a form of
iterative repair of plan flaws that cross agents. We show, analytically and empirically,
that this algorithmic formulation can scale to the multiagent case better than can a
straightforward application of the most advanced single-agent plan coordination
technique, highlighting fundamental differences between single-agent and multiagent
planning
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Abstract

Systems composed of interacting autonomous agents offer a promising software
engineering approach for developing applications in complex domains. However, this
multiagent system paradigm introduces a number of new abstractions and
design/development issues when compared with more traditional approaches to
software development. Accordingly, new analysis and design methodologies, as well
as new tools, are needed to effectively engineer such systems. Against this
background, the contribution of this article is twofold. First, we synthesize and clarify
the key abstractions of agent-based computing as they pertain to agent-oriented
software engineering. In particular, we argue that a multiagent system can naturally
be viewed and architected as a computational organization, and we identify the
appropriate organizational abstractions that are central to the analysis and design of
such systems. Second, we detail and extend the Gaia methodology for the analysis
and design of multiagent systems. Gaia exploits the aforementioned organizational
abstractions to provide clear guidelines for the analysis and design of complex and
open software systems. Two representative case studies are introduced to exemplify
Gaia's concepts and to show its use and effectiveness in different types of multiagent
system.
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Abstract

In this paper we describe a dynamic, adaptive communication strategy for multiagent
systems. We discuss the behavioral parameters of each agent that need to be
computed, and provide a quantitative solution to the problem of controlling these
parameters. We also describe the testbed we built and the experiments we performed
to evaluate the effectiveness of our methodology. Several experiments using varying
populations and varying organizations of agents were performed and are reported. A
number of performance measurements were collected as each experiment was
performed so the effectiveness of the adaptive communications strategy could be
measured quantitatively.
The adaptive communications strategy proved effective for fully connected networks
of agents. The performance of these experiments improved for larger populations of
agents and even approached optimal performance levels. Experiments with non-fully
connected networks showed that the adaptive communications strategy is extremely
effective, but does not approach optimality. Other experiments investigated the



ability of the adaptive communications strategy to compensate for “distracting”
agents, for systems where agents are required to assume the role of information
routers, and for systems that must decide between routing paths based on cost
information.
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Abstract

We examine whether and how the Multiagent Plan Coordination Problem, the
problem of resolving interactions between the plans of multiple agents, can be cast as
a Distributed Constraint Optimization Problem (DCOP). We use ADOPT, a state-of-
the-art DCOP solver that can solve DCOPs in an asynchronous, parallel manner using
local communication between individual computational agents. We then demonstrate
how we can take advantage of novel flaw-assignment strategies and plan coordination
algorithms to significantly improve the performance of ADOPT on representative
coordination problems. We close with a consideration of possible advances in
framing our DCOP representation of the Multiagent Plan Coordination Problem.
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Abstract
Advances in Information Technology have created opportunities for business
enterprises to redesign their information and process management systems. The
redesigned systems will likely employ some form of workflow management system.



Workflow management systems exactly enact business processes described in a
process description language. Unfortunately, such strict adherence to the prescribed
workflow makes it impossible for the system to adapt to unforeseen circumstances.
We firmly believe that the historic trajectory of software development paradigms and
IT advancements will establish multiagent systems as the workflow enactment
mechanism of the future. In this paper we provide a critical survey of workflow,
workflow description languages, web services and agent technologies. We propose
that workflow description languages and their associated design tools can be used to
specify a multiagent system. Specifically, we advance the idea that the Business
Process Execution Language for Web Services (BPEL4WS) can be used as a
specification language for expressing the initial social order of the multiagent system,
which can then intelligently adapt to changing environmental conditions.
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Abstract

Learning in a multiagent environment is complicated by the fact that as other agents
learn, the environment effectively changes. Moreover, other agents‘ actions are often
not directly observable, and the actions taken by the learning agent can strongly bias
which range of behaviors are encountered. We define the concept of a conjectural
equilibrium, where all agents‘ expectations are realized, and each agent responds
optimally to its expectations. We present a generic multiagent exchange situation, in
which competitive behavior constitutes a conjectural equilibrium. We then introduce
an agent that executes a more sophisticated strategic learning strategy, building a
model of the response of other agents. We find that the system reliably converges to a
conjectural equilibrium, but that the final result achieved is highly sensitive to initial
belief. In essence, the strategic learner‘s actions tend to fulfill its expectations.
Depending on the starting point, the agent may be better or worse off than had it not
attempted to learn a model of the other agents at all.
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Abstract

In this paper, we examine the Multiagent Systems Engineering (MaSE) methodology
and its applicability to developing organization-based multiagent systems, which are
especially relevant to context aware systems. We discuss the inherent shortcomings
of MaSE and then present our approach to modeling the concepts required for
organizations including goals, roles, agents, capabilities, and the assignment of
agents to roles. Finally, we extend MaSE to allow it to overcome its inherent

shortcomings and capture the organizational concepts defined in our organizational
model.
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Abstract

A central issue in the design of cooperative multiagent systems is how to coordinate
the behavior of the agents to meet the goals of the designer. Traditionally, this had
been accomplished by hand-coding the coordination strategies. However, this task is
complex due to the interactions that can take place among agents. Recent work in the
area has focused on how strategies can be learned. Yet, many of these systems suffer
from convergence, complexity and performance problems. This paper presents a new
approach for learning multiagent coordination strategies that addresses these issues.
The effectiveness of the technique is demonstrated using a synthetic domain and the
predator and prey pursuit problem.
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Abstract

Despite all the research done in the last years on the development of methodologies
for designing MAS, there is no methodology suitable for the specification and design
of MAS in complex domains where both the agent view and the organizational view
can be modeled. Current multiagent approaches either take a centralist, static
approach to organizational design or take an emergent view in which agent
interactions are not pre-determined, thus making it impossible to make any
predictions on the behavior of the whole systems. Most of them also lack a model of
the norms in the environment that should rule the (emergent) behavior of the agent
society as a whole and/or the actions of individuals. In this paper, we propose a
framework for modeling agent organizations, Organizational Model for Normative
Institutions (OMNI), that allows the balance of global organizational requirements
with the autonomy of individual agents. It specifies global goals of the system
independently from those of the specific agents that populate the system. Both the
norms that regulate interaction between agents, as well as the contextual meaning of
those interactions are important aspects when specifying the organizational
structure.
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Abstract

This paper proposes a new multiagent planning approach to coordination synthesis
that views distributed agents as discrete-event processes. The connection between
discrete-event control synthesis and coordination planning is first established,
thereby enabling the exploitation of the vast body of knowledge and associated
software synthesis tools from yThe Supervisory Control of Discrete-Event Systemsy
for automatic coordination synthesis of distributed agents. Importantly, these
coordinating agents designed collectively generate a behaviour guaranteed not to
contradict any specified inter-agent constraint, is nonblocking and optimal. A simple
planning methodology is proposed in terms of procedures supported by CTCT, an
existing, freely available design tool developed based on the control synthesis
framework.Asimple example illustrates the use of the CTCT-based methodology to
synthesize coordination modules for distributed agents. Discussions in relation to



previous work examine the relative significance of the new multiagent planning
framework.
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Abstract

Given a large group of cooperative agents, selecting the right coordination or conflict
resolution strategy can have a significant impact on their performance (e.g., speed of
convergence). While performance models of such coordination or conflict resolution
strategies could aid in selecting the right strategy for a given domain, such models
remain largely uninvestigated in the multiagent literature. This paper takes a step
towards applying the recently emerging distributed POMDP (partially observable
Markov decision process) frameworks, such as MTDP (Markov team decision
process), in service of creating such performance models. To address issues of scale-
up, we use small-scale models, called building blocks that represent the local
interaction among a small group of agents. We discuss several ways to combine
building blocks for performance prediction of a larger-scale multiagent system.We
present our approach in the context of DCSPs (distributed constraint satisfaction
problems), where we first show that there is a large bank of conflict resolution
strategies and no strategy dominates all others across different domains. By modeling
and combining building blocks, we are able to predict the performance of five
different DCSP strategies for four different domain settings, for a large-scale
multiagent system. Our approach thus points the way to new tools for strategy
analysis and performance modeling in multiagent systems in general.
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Abstract

Modeling and simulation of human-influenced ecosystems require the integration of
natural and decision-making processes. In such ecosystems, natural resource
management aims at protecting natural areas while enabling human activities that
contribute to these area characteristics. The object of this research is the modeling
and simulation of the hydraulic management of the Camargue ecosystem with a
multiagent system. The authors first present the problematics of this hydraulic
management, its objectives, and a formalization of the different decision processes
centered on a social contract and associated with two main phases: the contract
elaboration phase and the contract realization phase. They present conceptual
modeling and multiagent modeling of these two phases with details on agent models,
agent behaviors, and negotiation models.
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Abstract

There has been a growing interest in Al in the design of multiagent systems,
especially in multiagent cooperative planning. In this paper, we investigate the extent
to which methods from single-agent planning and learning can be applied in
multiagent settings. We survey a number of different techniques from decision-
theoretic planning and reinforcement learning and describe a number of interesting
issues that arise with regard to coordinating the policies of individual agents. To this
end, we describe <i>multiagent Markov decision processes</i> as a general model in
which to frame this discussion. These are special <i>n-</i>person cooperative games
in which agents share the same utility function. We discuss coordination mechanisms
based on imposed conventions (or social laws) as well as learning methods for
coordination. Our focus is on the decomposition of sequential decision processes so
that coordination can be learned (or imposed) locally, at the level of individual states.
We also discuss the use of structured problem representations and their role in the
generalization of learned conventions and in approximation.
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Abstract

We present here Extended Markov Tracking (EMT), a computationally tractable
method for the online estimation of Markovian system dynamics, along with
experimental support for its successful contribution to a specific control architecture.
The control architecture leverages EMT to simultaneously track and correct system
dynamics.Using a widespread extension of the Markovian environment model to
multiagent systems, we provide an application of EMT-based control to multiagent
coordination. The resulting coordinated action algorithm, in contrast to alternative
approaches, does not eliminate interference among agents, but rather exploits it for
purposes of synchronization and implicit information transfer. This information
transfer enables the algorithm to be computationally tractable. Experiments are
presented that demonstrate the effectiveness of EMT-based control for multiagent
coordination in stochastic environments.

47. Knowledge in multiagent systems: initial configurations and
broadcast

@article{359527,

author = {Alessio R. Lomuscio and Ron van der Meyden and Mark Ryan},

title = {Knowledge in multiagent systems: initial configurations and broadcast},
journal = {ACM Trans. Comput. Logic},

volume = {1},

number = {2},

year = {2000},

issn = {1529-3785},

pages = {247--284},

doi = {http://doi.acm.org/10.1145/359496.359527},

publisher = {ACM Press},

address = {New York, NY, USA},

)
Abstract
The semantic framework for the modal logic of knowledge due to Halpern and Moses
provides a way to ascribe knowlegde to agents in distributed and multiagent systems.
In this paper we study two special cases of this framework: full systems and
hypercubes. Both model static situtations in which no agents has any information
about another agent's state. Full systems and hypercubes are an appropriate model
for the initial configurations of many systems of interest. We establish a
correspondence between full systems and hypercube systems and certain classes of
Kripke frames. We show that these classes of systems correspond to the same logic.



Moreover, this logic is also the same as that generated by the larger class of weakly
directed frames. We provide a sound and complete axiomatization, SSWDn of this
logic, and study its computational complexity. Finally, we show that under certain
natural assumptions, in a model where knowledge evolves over time, S5WDn
characteristics the properties of knowledge not just at the initial configuration, but
also at all later configurations. In this particular, this holds for homogeneous
broadcast systems, which capture settings in which agents are intially ignorant of
each others local states, operate synchronously, have perfect recall, and can
communicate only by broadcasting.
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Abstract

This paper investigates a relatively new direction in Multiagent Reinforcement
Learning. Most multiagent learning techniques focus on Nash equilibria as elements
of both the learning algorithm and its evaluation criteria. In contrast, we propose a
multiagent learning algorithm that is optimal in the sense of finding a best-response
policy, rather than in reaching an equilibrium. We present the first learning
algorithm that is provably optimal against restricted classes of non-stationary
opponents. The algorithm infers an accurate model of the opponentys non-stationary
strategy, and simultaneously creates a best-response policy against that strategy. Our
learning algorithm works within the very general framework of n-player, general-sum
stochastic games, and learns both the game structure and its associated optimal
policy.
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Abstract

Self-Stabilization is an important concept for distributed computing and
communication networks. It describes a system's ability to recover automatically
from unexpected failure. It is also an important issue for multiagent systems, as they
are distributed and communicative systems. Therefore, we investigate self-
stabilization for multiagent systems and how it can be achieved. We define the
functionality of an agent society and the task to be achieved in terms of roles which
agents may fulfill. Self-Stabilization can thus be achieved by ensuring role adopting
and role fulfillment within an agent society.
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Abstract

Methodologies for multiagent system development should assist the developer in
making decisions about those aspects of the analysis, design and implementation,
that are crucial for multiagent systems, namely, social and cognitive concepts (e.g.
norms and goals). In this paper, we review existing agent-oriented methodologies.
We conclude that there is a big gap between the analysis and design models and the
implementation. We identify some open issues for multiagent system development.
We introduce our vision of a development methodology for multiagent systems,



based on the OperA analysis models and the agent-oriented programming language
3APL.
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Abstract

A multiagent application consists of an environment and a number of agents. The
environment contains information that the agents use and manipulate to do their
work. When a multiagent system is distributed over a number of different hosts (i.e.
more than one execution platform is used), the environment has to be distributed as
well. The distributed layout of the environment can influence the performance of
agents and of the system.In this paper we discuss when a distributed environment
can dynamically change its distribution layout. Our focus is on a distributed
environment in which mobile agents move around and are aware of the distributed
nature of the system.Changes to the layout of the distribution are not only triggered
by the agents (like other, application-specific actions), but they can also be triggered
by external events, and the environment itself has the ability to pro-actively change
its distribution layout over the different hosts when this improves the behavior and
efficiency of the application.Using a specific application (solving distributed
constraint satisfaction problems) as an example, we indicate the usefulness of
changes to the distribution layout and how they can be incorporated easily into a
multiagent application design. It turns out that for some problems, the improvement
in efficiency can be more than 30%.
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Abstract

Multiagent systems is an attractive problem solving approach that is becoming ever
more feasible and popular in today's world. It combines artificial intelligence (AI) and
distributed problem solving to allow designers (programmers and engineers alike) to
solve problems otherwise deemed awkward in traditional approaches that are less
flexible and centralized. In the Fall semester of 2002, I introduced a new game-based
technique to my Multiagent Systems class. The class was aimed for seniors (with
special permission) and graduate students in Computer Science, covering some
breadth and depth of issues in multiagent systems. One of the requirements was
participation in four Game Days. On each Game Day, student teams competed
against each other in games related to issues such as auction, task allocation,
coalition formation, and negotiation. This article documents my designs of and
lessons learned from these Game Days. The Game Days were very successful.
Through role-playing, the students were motivated and learned about multiagent
systems.
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Abstract

We introduce the Multiagent Agreement Problem (MAP) to represent a class of
multiagent scheduling problems. MAP is based on the Distributed Constraint
Reasoning (DCR) paradigm and requires agents to choose values for variables to
satisfy not only their own constraints, but also equality constraints with other agents.
The goal is to represent problems in which agents must agree on scheduling
decisions, for example, to agree on the start time of a meeting. We investigate a
challenging class of MAP - private, incremental MAP (piMAP) in which agents do
incremental scheduling of activities and there exist privacy restrictions on
information exchange. We investigate a range of strategies for piMAP, called
"bumping" strategies. We empirically evaluate these strategies in the domain of
calendar management where a personal assistant agent must schedule meetings on
behalf of its human user. Our results show that bumping decisions based on
scheduling difficulty models of other agents can significantly improve performance
over simpler bumping strategies.
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Abstract

Despite the significant progress in multiagent teamwork, existing research does not
address the optimality of its prescriptions nor the complexity of the teamwork
problem. Thus, we cannot determine whether the assumptions and approximations
made by a particular theory gain enough efficiency to justify the losses in overall
performance. To provide a tool for evaluating this tradeoff, we present a unified
framework, the COMmunicative Multiagent Team Decision Problem (COM-MTDP)
model, which is general enough to subsume many existing models of multiagent
systems. We analyze use the COM-MTDP model to provide a breakdown of the
computational complexity of constructing optimal teams under problem domains
divided along the dimensions of observability and communication cost. We then
exploit the COM-MTDP's ability to encode existing teamwork theories and models to
encode two instantiations of joint intentions theory, including STEAM. We then
derive a domain-independent criterion for optimal communication and provide a
comparative analysis of the two joint intentions instantiations. We have implemented
a reusable, domain-independent software package based COM-MTDPs to analyze
teamwork coordination strategies, and we demonstrate its use by encoding and
evaluating the two joint intentions strategies within an example domain.
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Abstract



Businesses should promptly respond to their dynamic environments. Environmental
scanners are thus essential for the businesses to discover and monitor environmental
information of interest (IOI). In this paper, we explore user-centered, continuous and
resource-bounded environmental scanning (UCRES). Upon receiving information
preferences of managers, new IOI should be continuously detected in a timely and
complete manner without consuming too much resource (e.g. bandwidths of
computer networks and services of information servers). We develop a multiagent
framework AESA to tackle the challenges of UCRES. Each agent is a simple entity. All
agents collaboratively adapt their population and resource consumption to several
dynamic aspects of UCRES: information preferences of individual users, resource
limitation of environmental scanning, distribution of IOI in the environments, and
update behaviors of the IOI. The delivery of AESA to businesses may constantly
provide a larger amount of important and timely IOI without exhausting the Intranet
and the Internet communities.
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Abstract

The present work proposes a model for a Multiagent System capable to deal with
music. Through such a Musical Multiagent System many Computer Music problems
may appear. This proposal is based on a community of agents that interact through
musical events (MIDI), simulating the behavior of a musical group. The result is the
implementation of an intelligent accompaniment system, where agents "listen" and
interact with each other. Agents with musical cognition were able to play their
instruments with synchronism and satisfy their internal goals.
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Abstract

Performance measurement of large distributed multiagent systems (MAS) offers
challenges that must be addressed explicitly in the agent infrastructure. Performance
data is widely distributed and voluminous, and poor data collection can impact the
operation of the system itself. However, performance metrics are essential to internal
system function, e.g., autonomous adaptation to dynamic environments, as well as to
external assessment. In this paper we describe the tools, techniques, and results of
performance characterization of the Cougaar distributed agent architecture. These
techniques include infrastructure instrumentation, plugin-based instrumentation of
agents, and dynamic control of metric collection. We introduce multiple redundant
"channels" for metric delivery, each serving separate quality of service requirements.
We present our techniques for instrumenting the agent society, justify the metrics
chosen, and describe the tools developed for collecting these metrics. We also present
results from distributed agent societies comprising hundreds of agents.
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Abstract

While there is a recognized need among medical clinicians for assistance in
monitoring and diagnostic tasks, the domain is extremely complex. Teams of
distributed agents and interchangeable logic modules can address practical issues in
a fielding of MAS technology. IM-Agents employ dynamic inference through a hybrid
approach of fuzzy logic, connection networks, trend analysis and qualitative logic.
Decision functionality in test cases involves emergency trauma scenarios, with
particular focus on stabilizing hemorrhagic shock.
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This paper describes Intelligent Monitor Agents (IM-Agents), a project that utilizes
intelligent multiagents to assist patient health care. Clinicians must simultaneously
audit and interpret an overwhelming amount of information regarding a patient
during the process of monitoring, performing diagnostics and determining
therapeutic intervention. Multiple IM-Agents coordinate as a team with each agent
performing specialized monitor and diagnostic tasks. Fuzzy logic, connection
networks, trend analysis and qualitative logic methods are used within the dynamic
decision modules of all IM-Agents. The agents are autonomous, interactive, mobile
and capable of performing dynamic intelligent inference during execution. Decision



functionality is demonstrated in preliminary prototype test cases involving
emergency trauma scenarios, particularly focusing on stabilizing hemorrhagic shock.
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Abstract

The aim of the Agent Cities project is to build agent-based information services for
mobile users. In the framework of this project it is interesting to consider the
possibility of deploying agents that provide Health Care-related services. In this
paper we report the design and construction of a multi-agent system (MAS) that is
composed of agents that provide medical services. The MAS contains agents that
allow the user to search for medical centres satisfying a given set of requirements, to
access his/her medical record or to make a booking to be visited by a particular kind
of doctor.
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Abstract

The control of the right application of medical protocols is a key issue in hospital
environments. For the automated monitoring of medical protocols, we need a
domain-independent language for their representation and a fully, or semi,
autonomous system that understands the protocols and supervises their application.
In this paper we describe a specification language and a multi-agent system
architecture for monitoring medical protocols. We model medical services in hospital



environments as specialized domain agents and interpret a medical protocol as a
negotiation process between agents. A medical service can be involved in multiple
medical protocols, and so specialized domain agents are independent of negotiation
processes and autonomous system agents perform monitoring tasks. We present the
detailed architecture of the system agents and of an important domain agent, the
database broker agent, that is responsible of obtaining relevant information about the
clinical history of patients. We also describe how we tackle the problems of privacy,
integrity and authentication during the process of exchanging information between
agents.
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Abstract

This paper presents and discusses the use of an agent-oriented context-aware
platform to support communities of practice (CoPs) in the health care domain. Our
work is based on a scenario where CoPs are applied in a hospital to enhance the
knowledge sharing among the staff members who share interests and goals. Here, we
test the support of an agent-oriented modeling language (AORML) for the analysis of
the proposed application for the test case scenario.
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In this paper we present the telemedical environment based on VMDs implemented
with Java mobile agent technology, called aglets. The agent based VMD
implementation provides ad-hoc agent interaction, support for mobile agents and
different user interface components in the telemedical system. We have developed a
VMD agent framework with four types of agents: data agents, processing agents,
presentation agents, and monitoring agents. Data agents abstract data source,
creating uniform view on different types of data, independent of data acquisition
device. Processing agents produce derived data, such us FFT power spectrum, from
raw data provided by the data agents. Presentation agents supply user interface
components using a variety of user data views. User interface components are based
on HTTP, SMS and WAP protocols. Monitoring agents collaborate with data and
processing agents providing support for data mining operations, and search for
relevant patterns. Typical example is monitoring for possible epileptic attacks. We
have applied VMDs to facilitate distributed EEG analysis. We have found that the
flexibility of distributed agent architecture is well suited for the telemedical
application domain. This flexibility is particularly important in the case of an
emergency, enabling swift system reconfiguration on the fly.
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Abstract

This research presents an agent-based, bottom-up modelling approach to develop a
simulation tool for estimating and predicting the spread of the Human
Immunodeficiency Virus (HIV) in a given population. HIV is mainly a sexually
transmitted disease (STD) causing a serious problem to human health. The virus is
transmitted from an infected person to another who was previously healthy through
different biological, social and environmental factors. The research develops the
simulation tool by modelling these factors by agents. Although research has and is
being conducted to estimate and predict the spread of the HIV epidemic, the
proposed research seeks to investigate the spread using a different approach. The
previous models used a top-down modelling approach. They are built from the
general characteristics and behaviours of the population. They have not explored the
potential use of agent technology. This research attempts to investigate the flexibility
that the multiagent system offers. Agent-based models are close to the situations that
exist in a given real system that consists of autonomous components interacting with
each other. The modelling approach has the advantage of observing the interaction
made between agents, which is a difficult task in the top-down modelling approach.
The research investigates the performance of the tool and presents the first results
obtained.
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Abstract

Information that is available on the world wide web (WWW) is already more vast
than can be comprehensibly studied by individuals and this quantity is increasing at a
staggering pace. The quality of service delivered by physicians is dependent on the
availability of current information. The agent paradigm offers a means for enabling
physicians to filter information and retrieve only information that is relevant to
current patient treatments. As with many specialized domains, agent-based
information retrieval in medical domains must satisfy several domain-dependent
constraints. A multiple agent architecture is developed and described in detail to
efficiently provide agent-based information retrieval from the WWW and other
explicit information resources. A simulation of the proposed multiple agent
architecture shows a 97% decrease in information overload and an 85% increase in
information relevancy over existing meta-search tools (with even larger gains over
standard search engines).
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Abstract
Autonomic computing is an entirely new philosophy for the development of
computing systems. This paper first presents the basic concept and principle of
autonomic computing. Then, an architecture is proposed for autonomic computing



systems. Finally, design issues of amulti-agent autonomic

collaborative environment for e-medicine are presented.
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architecture and the

Vast amounts of life sciences data are scattered around the world in the form of a
variety of heterogeneous data sources. The need to be able to co-relate relevant
information is fundamental to increase the overall knowledge and understanding of a
specific subject. Bioinformaticians aspire to find ways to integrate biological data
sources for this purpose and system integration is a very important research topic.
The purpose of this paper is to provide an overview of important integration issues
that should be considered when designing a bioinformatics integration system. The
currently prevailing approach for integration is presented with examples of
bioinformatics information systems together with their main characteristics. Here,
we introduce agent technology and we argue why it provides an appropriate solution

for designing bioinformatics integration systems.



