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The aim of AgentLink News is to provide an 
informal way of communicating both what is 

happening in AgentLink and the agent world generally.

AgentLink News offers a range of articles including 
features, reports on conferences and workshops, 
informal description of research results and new 

software, book reviews, and website developments.

In order to provide the most relevant news, we invite 
you to contribute. If you are interested in writing an 

article for the newsletter, please contact us at 
editor@ecs.soton.ac.uk

.
The next closing date for the submission of articles is

19th June, 2005

AgentLink is the European Coordination 
Action for Agent-based Computing,          
a network of researchers and developers with a 
common interest in agent technology. It is funded 
by the European Commission, so membership is 
free, but you can only take  advantage of AgentLink 
activities if you are a member. If your organisation is 
engaged in agent-related activities, you should join. 
Contact the coordinator or administrator for details,   
or visit www.agentlink.org.
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The Simulation of Agent Systems

Brian Logan
Nottingham University 

United Kingdom
bsl@cs.nott.ac.uk

More recently there has been an increasing 
adoption of ideas from the “mainstream” 
simulation community, and in particular 
work in discrete event and distributed simu-
lation.  For example, the SPADES system 
(which forms the basis of the new Robo-
Cup 3D simulator [1]) builds on ideas from 
discrete event simulation and the JAMES 
system [2] uses the DEVS Discrete Event 
System Specification modelling formalism 
widely used within the simulation com-
munity.  These systems utilise a hybrid dis-
crete event simulation approach (sometimes 
called “Software in the loop”), in which the 
“agents” to be simulated may be models 
of agents (e.g., situated automata), or they 
may be implementations of agents or agent 
components in a simulated environment, or 
a mixture of the two.  Agent components 
with difficult to predict latencies, such as 
deliberation, are not modelled but called di-
rectly from the simulation, with the actual 
computational time (possibly scaled) being 
used to determine the time of the next event.  
Alternatively, the nominal time required to 
execute each primitive action performed by 
a (simulated or implemented) agent can be 
mapped into logical times for events in the
simulation.

At the same time, as researchers have at-
tempted to simulate larger and more complex 
MAS, distributed approaches to simulation 
have become more attractive.  The computa-
tional requirements of simulations of many 
large multi-agent systems far exceeds the 
capabilities of a single computer.  An agent 
may be a complex system in its own right 
(e.g., with sensing, planning, inference, etc. 
capabilities), requiring considerable compu-
tational resources, and many agents may be 
required to investigate the behaviour of the 
system as a whole or even the behaviour of 

The simulation of agent systems has tradi-
tionally played an important role in agent 
research and development.  Simulation al-
lows a degree of control over experimental 
conditions and facilitates the replication of 
results in a way that is difficult or impossible 
with a prototype or fielded system, freeing 
the agent developer or researcher to focus on 
the key aspects of a system.

One of the best known simulations in the 
agents community is the RoboCup simula-
tion league, in which two teams of 11 au-
tonomous software agents play each other 
using the RoboCup soccer server simulator 
(www.robocup.org). However, a wide range 
of agent simulators and testbeds have been 
developed (MICE, Tileworld, DGensim, 
Swarm/RePast, JAMES, MACE3J etc.), and 
simulation has been applied to a wide range 
of MAS research and design problems, from 
models of complex individual agents em-
ploying sophisticated internal mechanisms 
to models of large scale societies of relatively 
simple agents which focus more on the inter-
actions between agents.

Early agent simulators were often fairly ad-
hoc, and typically adopted a centralised, 
asynchronous or time-driven approach to 
simulation.  In a centralised simulator, all 
the agents are either simulated by a single 
process or connect to a single process which 
simulates the environment and manages in-
teractions between the agents.  Such simula-
tors are (relatively) simple to build and, in 
the case of asynchronous simulation where 
CPU or wall clock time is taken as a measure 
of simulation time, easy to integrate with ex-
isting agent code.  However for simulations 
of MAS with thousands or tens of thousands 
of agents, the scalability of centralised simu-
lators is an issue.

a single agent. Distributed simulation ap-
proaches exploit the natural parallelism of 
MAS, allowing simulation components to 
be distributed so as to make the best use of 
available computational resources.

Distribution also promotes inter-operability 
of simulations and simulators. At present, 
simulations developed for different simula-
tors typically don’t inter-operate, making it 
more difficult to re-use simulation compo-
nents. Combining a simulation of an agent 
architecture developed for one simulator 
with a simulation of an environment devel-
oped for another typically involves reimple-
mentation of one or both components.  The 
last decade has witnessed an explosion of in-
terest in distributed simulation as a strategic 
technology for linking simulation compo-
nents of various types at multiple locations 
to create a common virtual environment.  
The culmination of this activity was the de-
velopment of the High Level Architecture 
(HLA), a framework for simulation reuse 
and interoperability developed by the US 
Defence Modelling and Simulation Office.  
Using HLA, a large-scale distributed simula-
tion can be constructed by linking together 
a number of geographically distributed 
simulation components (or federates) into 
a single, larger simulation (or federation).  
The federates may be written in different 
languages and run on different machines.  
HLA (with minor revisions) has been adopt-
ed as an IEEE standard (IEEE 1516) and 
is likely to be increasingly widely adopted 
within the simulation community.  As such, 
HLA-compliance will be an increasingly im-
portant feature of agent simulators, allow-
ing inter-operation with other simulations, 
re-use of agent simulation components and 
the distribution of agent and other simula-
tion components across multiple comput-

ALSO IN THIS SECTION...

Collusion in Agent Based Systems 
System Innovation Award at CIA2004, Erfurt
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ers to increase the overall performance of a 
global simulation.  HLA-compliant agent 
simulators are now starting to appear, e.g., 
the HLA_AGENT system developed at 
the University of Nottingham (http://www.
agents.cs.nott.ac.uk/simulation/hla_agent) 
and HLA-RePast developed at the Univer-
sity of Birmingham.

However, while conventional distributed 
simulation can bring real benefits from an 
inter-operability point of view, the speed-
ups that can be attained in practice (par-
ticularly for situated MAS) are often more 
limited.  The simulation of situated agents 
(e.g., robots situated in a physical environ-
ment, or characters in a computer game or 
interactive entertainment situated in a vir-
tual environment) presents particular chal-
lenges which are not addressed by standard 
parallel discrete event simulation (PDES) 
models and techniques.  While the model-
ling and simulation of agents, at least at a 
coarse grain, is relatively straightforward, it 
is harder to apply conventional PDES ap-
proaches to the simulation of the agent’s 
environment.

In a conventional decentralised event-driv-
en distributed simulation the simulation 
model is divided into a network of Logical 
Process (LPs).  Each LP maintains its own 
portion of the simulation state and LPs in-
teract with each other in a small number 
of well defined ways.  The topology of the 
simulation is determined by the topology 
of the simulated system and its decomposi-
tion into LPs, and is largely static.

In contrast, the interaction of agents in a 
multi-agent system is often hard to predict 
in advance.  Different kinds of agent have 
differing degrees of access to different parts 
of the environment at different times.  The 
degree of access is dependent on the range 
of the agent’s sensors (read access) and the 
actions it can perform (write access).  For 
example, what a mobile agent can sense is 
a function of the actions it performed in 
the past which is in turn a function of what 
it sensed in the past.  As a result, it is dif-
ficult to predict which parts of the simula-
tion state an agent can or will access with-
out running the simulation.  This makes it 
hard to determine an appropriate topology 
for a MAS simulation a priori, and simula-
tions of MAS typically have a large shared 
state, the agents’ environment, which is 
only loosely associated with any particular 

process.  This shared state can form a bot-
tleneck, limiting the speedups that can be 
attained.

The efficient simulation of systems with 
large shared state is therefore a key problem 
in the distributed simulation of MAS.  In 
our own work on the PDES-MAS project 
[3], we have been investigating a new ap-
proach to parallel discrete event simulation 
of MAS in which both the agents and the 
environment are distributed. In PDES-
MAS, the shared state is loosely associated 
with a group of special Communication 
Logical Processes (CLPs), and the distribu-
tion of state (i.e., its allocation to CLPs) 
changes at run time in response to the 
events generated by the agents during the 
simulation.  This approach facilitates load 
balancing and data distribution, by moving 
state computationally closer to the agents 
which access it (see http://www.cs.bham.
ac.uk/research/pdesmas).

Together, these developments point to the 
emergence of new software engineering 
models for agent based systems in which 
simulation, rather than being seen as a tool 
for a particular stage or phase in develop-
ment (e.g., proof of concept or pre-deploy-
ment), plays a central role throughout the 
development process.  In the future we can 
envisage a development process which starts 
with abstract models of a small number of 
agents which are progressively refined and 
extended to give more complex models of 
larger numbers of agents in which progres-
sively more of the agent’s functionality is 
implemented by “real code” rather than be-
ing simulated.  Successive stages of refine-
ment and elaboration ultimately result in 
the deployed system.  Such approaches re-
quire the ability to model at multiple scales, 
the integration of different models of time, 
and the ability to seamlessly transition mod-
els from simulated implementations to real 
ones.  This is an extremely challenging and 
ambitious goal, but some initial progress 
has been made.  For example, the MACE3J 
system [4] simulates MAS models seamless-
ly across a variety of scales and architecture 
types, from single PCs to heterogeneous 
distributed GRID environments, allowing 
the developer to progressively relax control 
over uncertainty, bringing the simulation 
closer to reality.  Such simulation-based 
approaches complement more formal ap-
proaches to agent development, such as 
proof based and model based verification, 

as they can be applied to larger and more 
complex systems whose behaviour is hard 
to formalise.

In addition to feeding back into agent re-
search and development, work on agent 
simulation technology is also having an 
increasing impact on “mainstream” simula-
tion, and there is an increasing cross-ferti-
lisation between the agent simulation and 
‘classical’ simulation communities (e.g., the 
MAMABS’04 Workshop [5]).  For the sim-
ulation community, MAS-based approach-
es provide both a new way of organising 
and managing large scale simulations, e.g., 
agents which discover and configure com-
ponents and services in large scale GRID-
based simulations (see www.cs.bham.ac.uk/
research/projects/dsgrid), and an imple-
mentation technology for the simulations 
themselves.  Multi-Agent Based Simulation 
(MABS) has emerged as a key tool in in-
ter-disciplinary studies of complex systems, 
from supply chain management to models 
of pleistocene hominid food sharing.

As deployed agent systems become larger 
and more complex and increasingly interact 
with other systems and user communities, 
the need for agent simulation methodolo-
gies and tools will only increase.  However 
we can look forward to the emergence of 
flexible, efficient and generic platforms for
simulation of multi-agent systems.
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Collusion in 
Agent Based Systems

Nearly all agent based systems that have been 
proposed, designed or implemented can 
be divided into one of two classes: those in 
which the agents act cooperatively and those 
in which the agents are selfish. In cooperative 
systems the agents are assumed to be duti-
fully acting in the best interests of the system. 
Whilst in selfish agent scenarios, the agents 
are assumed to be self interested and thus will 
compete with other agents in order to maxi-
mize their own utility, regardless of how this 
behaviour affects the system as a whole. An 
interesting and important sub-class occurs 
at the intersection of these two. Specifically, 
what happens when agents, that are expected 
to be selfish and competing, form coalitions 
in order to collude and cooperate with one 
another?

Much of the motivation for designing a sys-
tem in which the agents are assumed to be 
selfish is derived from the fact that these 
agents are often owned by different stake-
holders and thus have specific and individual 
goals. As such, the goal of the system designer 
is to ensure that the system as a whole exhibits 
desirable global properties, despite the selfish 
actions of the individual agents. A promising 
approach to this problem uses game theory, 
economics and especially mechanism design 
to engineer systems with predictable global 
properties [1]. However, an important pro-
viso of this methodology is that whilst these 
predicted properties can only be realised if the 
agents are competing with one another, the 
agents are often able to derive an immediate 
benefit if they can instead collude and cooper-
ate. Thus, it is important to understand both 
how this collusion might arise and also how it 
might be prevented.

Nicholas R. Jennings
University of Southampton

United Kingdom
nrj@ecs.soton.ac.uk

Many examples of collusion that are relevant 
for such agent based systems come from the 
field of auctions. These are important since 
the methods derived from mechanism de-
sign are typically founded on auction proto-
cols which have proved to be attractive solu-
tions for resource allocation in agent based 
systems. When agents collude in these auc-
tions they effectively agree not to bid against 
one another, and thus, most importantly for 
the system designer, the auction then fails 
to allocate the resources efficiently (i.e. the 
resources are not allocated to those agents 
who value them most).

The most high profile examples of this type 
of collusion arose in the open auctions held 
to assign radio spectrum licenses to mo-
bile phone operators. As described in Paul 
Klemperer’s review of ‘What Really Matters 
in Auction Design’ [2], these auctions were 
designed with the assumption that the mo-
bile phone operators would compete with 
one another with the intention of generat-
ing maximum revenue for the vendor gov-
ernment. However, this did not always go to 
plan. A classic case is the account of the Ger-
man radio spectrum auction held in 1999. 
In this auction, the part of the radio spec-
trum to be sold was divided into ten blocks 
and the specific rules of the auction were 
that bids on any block must exceed the pre-
vious high bid by at least 10%. There were 
two major companies seeking to acquire 
these licenses, Mannesman and T-Mobile, 
and the expectation was that competition 
between these two would be fierce leading 
to the generation of impressive revenues. 
However, in practice, the opposite occurred. 
Mannesman’s first bids were 18.18 million 

DM per MHz on blocks 1-5 and 20 million 
DM per MHz on blocks 6-10. T-Mobile 
bid even less. Now, any tacit agreement to 
collude in these auctions would have been 
challenged legally. However, the bidding be-
havior of Mannesman represented a signal 
and was interpreted by T-Mobile as an of-
fer. Specifically, 18.18M plus 10% is 20M. 
Thus the initial bid suggested that should T-
Mobile offer 20M for the licenses in block 
1-5, both companies would have an equal 
division of the licenses and it would serve 
neither party to continue pushing up the 
price. This is exactly what happened and 

Alex Rogers
University of Southampton

United Kingdom
acr@ecs.soton.ac.uk

TAC 2005
TRADING AGENT COMPETITION
Edinburgh, Scotland

The Trading Agent Competition 
(TAC) is an international forum de-
signed to promote and encourage 
high quality research into the trad-
ing agent problem. The TAC 2005 
finals will be held during the IJCAI-
05 conference in Edinburgh, Scot-
land (July 30 - August 5). 

Rounds 
13 June Qualifying (2 weeks) 

11 July Seeding (2 weeks) 
1-3 August Finals at IJCAI 

Edinburgh, Scotland

http://www.sics.se/tac/
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the auction closed, much to the consterna-
tion of the organisers, with both companies 
paying the same low price.

Other examples of this implicit collusion 
occurred in the American FCC radio spec-
trum auctions. Here, the problem was exac-
erbated by the fact that a very large number 
of licenses were sold and the same few com-
panies faced each other time and again. As 
before, signaling and implicit cooperation 
between the bidders was observed, but both 
became more sophisticated over the course 
of the auctions. Companies began attaching 
ZIP codes to the trailing digits of their bids, 
in order to signal to other bidders which li-
censes they particularly favoured. In addi-
tion, bids were submitted not with the in-
tention of winning a license, but to increase 
the price and thus punish competitors who 
had reneged on previous offers. 

These examples are particularly relevant 
for agent based systems, since it is exactly 
this form of repeated auction with a small 
number of bidders who encounter one an-
other on a regular basis, that are suggested 
by auction based resource allocation. The 
repeated nature of the interactions allows 
the set of signals and punishment strategies 
to expand and evolve over time. Whilst, 
in the case of spectrum auctions, some of 
these bidding strategies may be challenged 
legally, in both cases, it would be far supe-
rior to develop auction mechanisms which 
prevented their use in the first place. 

To this end, recent research has begun to ap-
ply some of these ideas to the realm of agent 
systems. In the absence of real instances of 
these large resource allocation auctions, 
this work has focused on online computer 
tournaments where software agents com-
pete against one another in some game. 
Researchers from the Cambridge Univer-

sity Computer Laboratory showed that in 
a league or round robin tournament, as is 
typically implemented in these competi-
tions, even a small number of players may 
manipulate the outcome through collusion 
[3]. 

Independently, researchers at the Univer-
sity of Southampton used colluding agents 
in an online tournament held to mark the 
20th anniversary of Axelrod’s work on the 
Iterated Prisoner’s Dilemma (see panel). 
This competition invited researchers to 
enter strategies (or in this case agents) that 
would participate in a round robin tourna-
ment where each strategy would compete 
with every other strategy in separate IPD 
games. To stimulate novel research, the or-
ganisers had extended the rules of the Axel-
rod’s original tournament and had includ-
ed noise (i.e. the moves of the players are 
not entirely deterministic, but  subject to 
small random variations - thus an attempt 
to cooperate may be misinterpreted by the 
opponent as a defection) and allowed the 
entry of teams of strategies. Southampton 
entered a team of agents consisting of a 
‘master’ and several ‘slaves’. The ‘master’ 
played a standard strategy that was expect-
ed to do reasonably well but was unlikely 
to win the competition by itself. However, 
the actions of the slaves were intended to 
manipulate the tournament outcome in 
favour of the master. Whenever the slaves 
encountered other competing strategies, 
they would act to minimise the score that 
these strategies achieved (specifically, by 
defecting in each round of the IPD game). 
However, when the slaves met the master, 
they changed their behaviour to ensure that 
the master achieved the maximum possible 
score in these interactions (i.e. the slaves 
would cooperate whilst the master continu-
ally defected against them).

As with the auctions, explicit external forms 
of communication were not allowed, and 
thus the agents had to signal their identities 
to one another using a covert channel. In 
this instance, they used the initial sequence 
of moves in each game to form a ‘secret 
handshake’. Since the moves in each round 
are restricted to just two choices – cooper-
ate or defect – this secret handshake consti-
tuted a binary code word which identified 
each agent. Thus, whilst the agents appeared 
to be playing the game conventionally, they 
were actually signaling to one another and 
changing their behaviour depending on the 
nature of the signal that they observed. In 
practice, this signaling was further compli-
cated by the fact that other competing strat-
egies would accidentally make the sequence 
of moves that corresponded to these code 
words. In addition, the noise in the compe-
tition meant that these code words would 
often be corrupted and thus interpreted in-
correctly. Fortunately, many of these prob-
lems are identical to those encountered 
when trying to communicate over a noisy 
channel, and have been extensively studied 
in information theory. As such, the agents 
were able to use error correcting codes to 
reliably and covertly signal in this noisy en-
vironment, with the result that the master 
did indeed win the competition.

Most notable about this result is that when 
there are sufficient colluding agents, there 
is no longer a need for a specific master 
agent. Each colluding agent can simply act 
cooperatively with other colluding agents 
and all thus share the benefit equally. This 
is illustrated in Figure 1 where a spatial var-
iant of the IPD game is shown. In this case, 
each agent is placed in a square on a grid, 
and at each generation plays against each of 
its neighbours. In the subsequent genera-
tions, each agent adopts the strategy of its 
most successful neighbour. The sequence of 

Figure 1: Sequence of frames showing colluding agents (red) taking over and dominating a population that was previously 
occupied by a competitive population of strategies playing generous tit-for-tat (grey) and tit-for-two-tats (blue).
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Axelrod’s Iterated Prisoner’s  
Dilemma 

 Tournaments      
 

The Iterated Prisoner’s Dilemma is a simple 
game that has become the canonical mod-
el of how cooperation can arise in popula-
tions of selfish individuals. It has generated 
a vast literature and has been used to de-
scribe the behaviour of individuals in fields 
as diverse as biology, politics, sociology 
and computer science [6,7]. Despite this 
apparent complexity, it is based on the sim-
ple Prisoner’s Dilemma game, in which two 
players have a choice of either cooperating 
or defecting. Each must choose and reveal 
their moves simultaneously. Depending on 
the combination of moves revealed, each 
receives the payoff indicated in the table 
below.
     

  Player 1

C D

Player 2
C 3,3 5,0

D 0,5 1,1

  
Thus, if both players cooperate, they re-
ceive three points each. However, should 
either player defect and the other cooper-
ate the defecting player receives five points 
whilst the cooperator receives nothing. 
Since, the players can not coordinate their 
moves neither player can risk cooperating, 
in case the other player defects. Thus, even 
though mutual cooperation is preferable, 
both players are forced to make the rational 
decision, and, thus, they must both defect.

The Iterated Prisoner’s Dilemma, extends 
this by simply repeating the game indefi-
nitely. Whilst there is still the immediate 
temptation to defect, behaving in this way 
is tempered by the possibility of coopera-
tion in future rounds – the `shadow of the 
future’. Thus, in order to perform well in an 
IPD game, a player must find some way to 
establish mutual cooperation with the op-
ponent, whilst simultaneous deterring de-
fections.

In 1981 Robert Axlerod, a political scientist, 
held two computer tournaments and invited 
researchers to enter strategies for playing 
the Iterated Prisoner’s Dilemma. Famously, 
both competitions were won by a very sim-
ple strategy called tit-for-tat. This was based 
on the notion of reciprocity and started by 
cooperating and then defect whenever the 
opponent defected in the previous move. 

8

frames shows the colluding agents (shown 
in red) rapidly taking over and dominating 
a previously stable population of compet-
ing strategies.

How we view this collusion depends on our 
role. As designers of a system whose proper-
ties are dependent on the selfish competition 
of individual agents, then, as the organisers 
of the spectrum auctions, we should be look-
ing for methods to detect and preferably pre-
vent such collusion. However, as designers of 
agents, these dynamic coalitions where self-
ish agents are able to come together and act 
cooperatively for their mutual benefit, are 
particularly appealing and clearly resemble 
the norms and institutions that occur in the 
real world. As such, there is much research 
effort focused on these virtual organizations. 
Specifically, understanding the principles 
behind their formation, the conditions nec-
essary for their stability, and the technology 
that will be required in order to implement 
them in practice [5].
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Integration vs. Scalability
The Cooperative Information Agents 
workshop, organized for many years by 
Matthias Klusch has established a tradition 
of awarding the System Innovation Awards 
(donated by Whitestein Technologies) for 
innovative, fully functional multi-agent sys-
tems and prototypes. In past years this prize 
has been awarded to University College of 
Dublin, Fujitsu, Osaka University,  Sonera 
Corporation and University of Parma. This 
year, the prize went to the Agent Technolo-
gy Group at the Gerstner Laboratory of the 
Czech Technical University for their multi-
agent integration platform, A-Globe.

Despite the current trend toward interop-
erability and FIPA compliancy of agent 

based systems, the A-Globe team has been 
motivated by other practical functionality 
requirements. Funded in part by the US Air 
Force and Office for Naval Research devel-
opment, their system is targeted at support-
ing:

•  scalability,

•  simulation, and

•  mobility.

Let us briefly discuss each of these require-
ments in turn. Current agent systems either 
approach full FIPA compliancy or are cus-
tom-tailored and therefore more computa-
tionally efficient. Compliance with FIPA 
standard specifications very often requires 
significant computational overheads that 

are not necessarily inevitable from the de-
signed operation of the system. On the 
other hand, requirements on efficiency 
and very large populations of agents trivi-
alize the agent characteristics within the 
system, resulting in simple models of agent 
community. In A-Globe, the fully fledged 
agents (similar to JADE) are conceptually 
open and can integrate into various soft-
ware/hardware systems, while the interac-
tion and agent management is optimized 
such that high numbers of agents can oper-
ate on a limited number of CPUs.

Testing and debugging agent systems is a 
hot topic these days. In many application 
areas it is difficult to carry out live testing 
of agent-system functionality (e.g. nuclear 
power-plants, defense systems, autonomous 
vehicle controls, etc.). A-Globe agents are 
designed such that they can interact with 
simulation environments. In various appli-
cations we have experimented with the en-
vironment, by simulating the dynamics of 
the agent interaction infrastructure (e.g. by 
simulating communication lags and drop-
outs, and physical mobility of the hosts as 
with ad-hoc networks).

Lastly, there was a need to implement per-
sistency of agent state and full mobility of 
agent code. This is particularly important 
for techniques to manage agent communi-
cation inaccessibility and negotiation with 
incomplete information.

A-Globe Architecture
The A-Globe system integrates several agent 
platforms. The A-globe design is shown in 
Figure 1, its operation being based on sev-Figure 1: A-Globe – System Architecture Structure

9
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eral core components, described as follows:
The Agent Platform provides the basic com-
ponents necessary to run one or more agent 
containers: the container manager and the 
library manager. The container manager 
is responsible for starting, managing the 
execution of, and 
terminating these 
mutually independ-
ent containers. The 
library manager is 
responsible for the 
libraries installed 
in the platform and 
monitors which 
agents or services 
use which library. The platform is imple-
mented as an application running on Java 
Virtual Machine (JVM version 1.4 or high-
er is required). Several platforms can run 
simultaneously on one computer (up to a 
maximum of 1000), each in its own JVM 
instance.

The Agent Container is a skeleton entity 
that provides basic functions such as com-
munication and storage for agents. It con-
tains and integrates: (i) the container core, 
which starts and shuts down all container 
components, (ii) the store, which provides 
permanent storage via an interface that 
shields users from the underlying file sys-
tem, (iii) message transport, which sends 
and receives messages from/to the container, 

(iv) the agent manager, which controls the 
creation, execution and removal of agents 
on the container, and (v) the service man-
ager, which starts and stops services present 
in the agent container and their interfaces 
to one another. A special Container GUI is 

also available.

The Services provide common functions 
for all agents in a container. Services are 
bound to a particular container by their 
identifier and react to function calls from 
local agents, and to received messages. The 
same service may be available on several 
containers and can be deployed from one 
container to another. The agents (and serv-
ices or container components) have two 
means to communicate with a service — ei-
ther via normal messages or by using the 
service shell. The service shell is a special 
proxy object that interfaces service func-
tions to a client such that they appear to 
be synchronous function calls, but the calls 
are actually handled in the service thread 

thereby preventing deadlocks and synchro-
nization overhead.

The Agents represent basic functional en-
tities in specific simulation or deployment 
scenarios. The agents are autonomous en-

tities, each with a 
unique name, the 
ability to migrate 
and running with-
in its own thread. 
Agents can be de-
ployed on remote 
containers and can 
migrate between 
containers. Migra-

tion management controls the transport of 
agent code, libraries (including library ver-
sion management) and internal state.

Simulation support in A-Globe
The A-Globe platform is primarily aimed 
at large scale, real world simulations with 
fully fledged agents. To support this goal, 
it includes a special infrastructure for en-
vironmental simulation. While designing 
these simulations in the A-Globe platform, 
we use agents not only to play roles in the 
simulated world — actor agents, but also 
to implement the world where the actor 
agents act. The agents used for the world 
simulation are all located in a dedicated 
master container and are called Environ-
ment Simulation (ES) agents.

These agents only rarely use messages to 
communicate with actor agents. Instead, 
they communicate by topic messaging: 
container-to-container messaging specifi-
cally reserved for environmental simula-
tion, as shown in Figure 1.

Topic messaging is managed by the Geo-
graphic Information System (GIS) Service 
— a special service that is a part of the A-
Globe platform and which can be started 
in a container by specifying an appropriate 
startup parameter. This parameter value de-
termines whether the container is a master, 
server side container or a client — a nor-
mal container with actor agents (Figure 1). 
Client agents subscribe to the GIS client 
service to receive various topics. If such a 
topic is received by the container, it is dis-
tributed to all subscribed agents. Note that 
all agents in the container receive the same 
value — this is appropriate in our opin-
ion, as the environment perception shall be 
identical for all collocated agents. In addi-Figure 2: Topic messaging in A-Globe 

The A-Globe platform is primarily aimed at large 
scale, real world simulations with fully fledged 
agents. To support this goal, it includes a special 
infrastructure for environmental simulation.
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tion, the agents who wish to act on the environment can 
submit topics to the GIS service. These topics are then sent 
to all ES agents in the master container subscribed to receive 
the topic.

In the nominal configuration, each ES agent manages an 
internal model of the environment, updates the model with 
the actions received from actors and submits the environ-
ment status to actors in their containers. Each ES agent can 
handle one or more topics and more then one agent can 
handle one topic. Specialized ES agents can also subscribe 
to receive local topics from other ES agents. Typically, many 
specialized ES agents can receive position information from 
a position agent and use this data to submit appropriate 
localized environment information to other agents.

This approach scales fairly well with the community size. 
However, when the environment becomes more complex, 
it is often uneconomical to handle the environment simula-
tion in the ES agents, as the interactions become too cum-
bersome and internal models too complicated. In this case, 
the server can use an appropriate GIS server with an ES 
agent wrapper for simulation purposes. 

ES agents can be responsible for nearly any simulation layer, 
depending on the wishes of the developers. However, ac-
cessibility agents, which control the presence of communi-
cation links between containers holding the actors, occupy 
a privileged place between ES agents. A-Globe messaging 
uses this information to prevent the sending of messages 
between inaccessible nodes. Accessibility simulated by the 
system can depend on many factors, typically including the 
distance and simulated link reliability.

A-Globe Applications
A-Globe has been successfully used for many projects real-
ized by the Gerstner Laboratory Agent Technology Group 
and cooperating partners. Examples include the NAIMT 
project, where the agents solve cooperative communication 

Figure 5: NAIMT - Naval Automation and Information Manage-
ment Technology simulation

Figure 4: The commercial visualizer in the ACROSS scenario.Figure 3: ACROSS scenario. The geography of the island is mod-
elled after the real Java island in Indonesia, with necessary simpli-
fications.

channel building in the inaccessible environment (Figure 5) 
and the ACROSS scenario, used for inaccessibility, trust, 
meta-reasoning and coalition formation research in a large 
agent community. In the scenario, we simulate a simplified 
economy on an island based on Java (Indonesia) geography 
(Figure 3 and 4). Agents cooperatively solve a logistics-plan-
ning problem to serve the simulated trade between agents. 
Recently, A-Globe has been used for the research of virtual 
organization, manufacturing process simulation and pro-
duction planning.
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oday, the interconnection of heterogene-
ous business services is a common task 

in IT system development. The reasons are 
manifold. Outsourcing and B2B eBusiness 
requires the integration of business applica-
tions across enterprise boundaries. Integrated 
and interconnected services along the supply 
chain promise great benefits regarding trans-
action costs and efficiency. However integra-
tion tends to be very complex, due to the large 
number of processes and entities involved. 
Additionally the interactions become more 
and more dynamic as companies are forced 
to immediately react to changing market situ-
ations. This flexibility respectively is also re-
quired by the underlying IT systems.

Integration concerns however are not limited 
to business to business interactions. Integra-
tion is also required within enterprises. The 
reasons for the need for integration of appli-
cations within companies – widely known as 
EAI - are to a great extent historical. 

The first business applications were built to 
partially or fully automate the work of em-
ployees. These systems were mostly designed 
to solve the specific needs of organizational 
departments. The accounting department was 
equipped with bookkeeping software, while 
the marketing department was equipped with 
a CRM system. The growing complexity of 
the delegated tasks required a more process 
oriented approach. As processes usually span 
over more than one functional unit of a com-
pany, integration of the departmental IT sys-
tems became necessary. As these systems were 
not designed to be either extensible or inter-
operable, this task was very resource consum-
ing, as illustrated by the figure overleaf.

This might sound as EAI is mostly a conse-
quence of bad software design. This is partial-
ly the case, however it is not the only reason. 
Better and more extensible software design 
will not eliminate the requirement for EAI. 
Enterprise integration will always be part of 
the IT infrastructure development. The main 
reason is that there is no single solution that 
fulfills the requirements of all departments in 
an optimal way. Different applications fit the 
need of different functions in a company. To 

The Value of Agents
in Business Integration

support organizational processes these appli-
cations have to be integrated. 

Although B2B and EAI scenarios for business 
integration may look different at first glance, 
they have a lot in common. Problems in both 
domains can be solved with the same technol-
ogy. In both scenarios a set of autonomous 
entities cooperate in a loosely coupled way 
with each other. The structure of the overall 
system is likely to change and evolve over 
time. The size and the different types of inter-
action make these systems very complex and 
difficult to manage. The following issues are 
relevant in both scenarios:

• Design of systems with complex interac-
tions between autonomous systems.

• Implementation of loosely coupled and 
stable integration logic.

• Implementation of interactions in hetero-
geneous systems.

Design of Complex Systems
System design in the above scenarios repre-
sents a big challenge. Traditional software 
techniques do not properly support modeling 
of these systems. Although good designers are 
able to develop proper tools and methodolo-
gies, supporting these during development 
would make their effort much more efficient. 
In addition to mastering the complexity of 
the software system, communication between 
stake holders is a vital success factor. The 
communication problem is mostly caused 
by the different abstraction layers offered by 
software design methods and business process 
modeling techniques.

Looking at the evolution of programming 
languages we notice a significant increase in 
the layer of abstraction. At the same time the 
complexity of the problems to be handled 
increases as well. Agent-oriented design ap-
proaches use artifacts that are much closer 
to reality, enabling non software experts to 
design large, complex IT systems. This in-
creased level of abstraction, not only eases 
the development of these systems, it also 
eases maintenance and adoption of those 
systems.

Implementation of Loosely Coupled      
Integration Logic
Multi-agent systems are described in the 
literature [1] as being composed of autono-
mous, proactive, reactive and social entities. 
These characteristics perfectly match the enti-
ties in business integration scenarios. A set of 
autonomous software systems either triggers 
or reacts to events that are created by other 
entities in the system. In order to achieve a 
certain goal – or fulfill a business process – the 
interaction of multiple entities is required. As 
the characteristics of both systems respective-
ly perfectly match, technologies developed in 
the area of multi-agent systems are likely to be 
applicable to business integration problems, 
and existing research results can be exploited 
to master those problems. For example, Role-
base design and representation of IT systems 
as social interactive systems offer a means to 
ease communication between domain experts 
and software developers. 

Implementation of Interaction in Hetero-
geneous systems
Interconnection of business applications has a 
long history in system development. Besides 
development paradigms like object-orienta-
tion and component-orientation, communi-
cations between applications was subject to a 
significant evolution. The first forms of inte-
gration however were very simplistic. Simple 
file-based batched data exchanges where su-
perseded by distributed computing technolo-
gies. RPC, Corba, RMI and .Net are promi-
nent examples. As coupling between systems 
was still was too high, the next step was to 
introduce a message-based means of commu-
nication. However, just applying these tech-
niques does not automatically create loosely 
coupled systems. The following criteria have 
to be fulfilled for the design of a loosely cou-
pled system:

• Design of stable and adequately granular 
service interfaces.

• Implementation independent representa-
tion of communication content.

• Explicit information structure. 

• Explicit semantics of communications.

Alois Reitbauer
Profactor, Austria
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starting point here. Although they have some 
weaknesses, they offer a good reference for 
implementing interactions. Relying on some 
standards also ensures that developers do not 
end up developing proprietary solutions that 
again complicate integration.

However, one still has to keep in mind that 
specific domains have their own standards for 
protocols and information structure. The au-
tomotive domain has different standards than 
the eGovernment or healthcare sectors. Any-
how, there is a trend towards increased usage 
of XML as the data interchange format. Do-
main independent languages like OWL-S [6], 
eBusiness XML [7] will gain in importance. 
Especially when thinking of integration, a 
certain domain independence is required. 

Although agent orientation proves to be suit-
able for some parts of IT system develop-
ment, it is not an appropriate means for all 
layers of application development. It is an 
appropriate means when several services have 
to be combined and are likely to be modified 
over time. In case parts of the overall system 
are beyond the control of the system designer, 
agent technologies also provide the means to 
design proper interactions between them.

When a system does not have these attributes, 
agent technology can easily become overkill 
in application development. In business inte-
gration, the process layer can most likely be 
implemented using agent-oriented concepts. 
The agent-oriented layer represents the proc-
ess middleware. The layers below consisting 

As the design of stable and loosely coupled 
systems has already been addressed above, let 
us focus on the other three criteria. In the rep-
resentation of content in an implementation 
independent format, XML is the currently 
most widely adopted solution. Proper APIs 
for XML manipulation today exist for nearly 
every programming language. However XML 
is only a format for content representation. 
More advanced mechanisms that provie ad-
ditional meta information on the communi-
cated content are required. Here, the concept 
of ontologies provides a proper means to 
represent information structures explicitly. 
In the area of multi-agent systems, ontologies 
are used to explicitly describe the semantics 
of transmitted information. Ontologies today 
are getting more widely adopted: W3C stand-
ards [3] such as XML-based RDF [2] and 
OWL [4] are gaining industrial relevance.

Besides an explicit semantics for the com-
municated content, an explicit semantics 
for the control flow of communication is 
also required. Multi-agent systems research 
here provides two major supporting means. 
Speech acts as defined in [5] provide a means 
for communicating the purpose of a message 
sent. Especially in loosely coupled systems the 
intrinsic semantics of message becomes more 
relevant. FIPA offers a large number of speech 
acts. Most applications requirements can be 
satisfied with a small subset.

At the next level of granularity, the semantic of 
a whole communication has to be addressed. 
The FIPA Interaction protocols offer a good 

of applications providing business services 
need not necessarily be agent-oriented. There 
are multiple reasons for this. First, it may not 
necessarily be possible. Making old legacy 
systems agent-oriented would require sub-
stantial effort. Changing the application logic 
will very likely also affect their stability. Sec-
ondly, agent-oriented methods might simply 
be inappropriate for certain types of applica-
tions. Especially the logic of a simple business 
service can be very well implemented using 
conventional approaches. A third reason is 
that most developers are not used to build 
agent-oriented systems respectively, they lack 
the necessary experience. Additionally, the in-
troduction of new technology also increases 
complexity. The benefit of using these con-
cepts should be clearly evaluated to ensure it 
is higher than the accompanied costs.

Business integration can profit much from 
agent-orientated concepts, especially at a 
conceptual level. To guarantee success, ap-
plication areas for agent technology have to 
be chosen carefully and from a pragmatically 
oriented view. Standardization in the area 
of agent technology, and also semantic web 
technology, promises easier integration in the 
future. However standardization has to focus 
on industrial requirements and has to respect 
domain specific requirements, otherwise wide 
adoption cannot be assured.
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cative Act Library Specification No. 
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[6] OWL Service Coalition, OWL-S Seman-
tic Markup for Web Services, http://www.
daml.org/services/owl-s/1.0/owl-s.html.

[7] ebXML Technical Architecture Project 
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Architecture Specification v1.0.4, http://
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Introduction
The provision of services by Virtual Or-
ganisations (VOs) is central to the vision of 
the Grid. A typical service in this context 
comprises of a combination of things such 
as specialised processing, access to data re-
positories, large-scale storage requirements, 
shared use of network-connected devices, 
and complex interactions among groups 
of people. This kind of service needs to be 
assembled and operated dynamically: com-
ponent services must be identified and se-
lected, operations must be monitored and 
failures must be recovered. Recent work has 
identified a number of research challenges in 
realising this vision [1], including: 

• The need to define an integrated service 
architecture capable of supporting au-
tonomous behaviours in VOs, including 
well-defined interfaces for key compo-
nents such as VO management, negotia-
tion, and monitoring. For example, what 
operations should a service interface 
support in order to be able to participate 
in a robust monitoring framework, or 
negotiate to meet some part of a client’s 
request? 

• The VO life-cycle is still ill-defined: it is 
unclear what constitutes a VO formation 
episode, how to operate and — where 
necessary - reform a VO, and what VO 
dissolution involves. For example, what 
defines the identity of a particular VO? 
If a VO undergoes a reformation epi-
sode, is the result the same VO or a new 
one? 

• Principles and mechanisms need to be 
developed to manage trust and reputa-
tion, so that choices in VO formation 
and operation can be made rationally 
on an open network in the absence of 
perfect trust. For example, how does a 
disparity in the delivered quality of serv-
ice compared to the promised QoS affect 

the reputation of a service provider? 

• Better support is required for govern-
ing and troubleshooting VO operations, 
to prevent — or else detect and resolve 
— failures, either malicious or acciden-
tal. For example, what service level agree-
ments or other forms of contractual ar-
rangement are desirable or even feasible 
in a Grid context? How can trouble be 
pin-pointed in reasonable time when not 
all operations of a network are fully-ob-
servable? 

• Although a wider problem, semantic in-
teroperability problems impede almost 
all aspects of VO research and develop-
ment, from service discovery to compo-
sition, operation, and management. For 
example, what roles do ontologies and 
schemas play in VOs at different levels 
of abstraction and various degrees of for-
malisation? 

This article illustrates some ways in which 
these research challenges are being addressed 
in the Conoise-G project (Grid-enabled 
Constraint-Oriented Negotiation in an 
Open Information Services Environment). 
Conoise-G brings together a combination of 
technologies from agent-based computing, 
AI, and distributed computing, to tackle 
the formation and operation elements of the 
VO life-cycle. VO formation is grounded on 
three key technologies [2]: decision-making 
by constraint satisfaction, auctions for al-
location of contracts, and service discovery 
incorporating quality of service (QoS) as-
sessment. Chief among the concerns of the 
project are to ensure that VOs are both agile 
(can adapt to changing circumstances) and 
resilient (can achieve their aims in a dynamic 
and uncertain environment). To this end, 
Conoise-G considers issues of contract man-
agement, trust between VO participants, 
and policing of contracts. 

Conoise-G: Supporting the VO Lifecycle
Conoise-G provides a collection of compo-
nents to manage VO formation and opera-
tion. Each component has well-defined in-
terfaces; as an implementation choice, some 
of these components are currently imple-
mented as FIPA-compliant agents with mes-
saging interfaces, while others are software 
modules with APIs. The overall architecture 
is shown in Figure 1. The agent components 
include system agents and service provid-
ers (SPs). The former are those needed to 
achieve core system functionality for VO 
formation and operation, while the latter are 
those that represent the services involved in 
the VOs themselves. For simplicity, Figure 1 
omits some infrastructural components that 
perform basic functions, such as a Yellow 
Pages (YP) agent. 

To be available to participate in a VO formed 
by Conoise-G, a service provider must first 
advertise its service types to the YP. In the 
Grid context, these will include the kinds of 
service types mentioned in the introduction: 
specialised processing services, computation 
clusters, managed data repositories, storage 
networks, interfaces to shared devices, and 
similar facilities. An SP will normally pa-
rameterise its service type advertisements 

Agents in Conoise-G

VOM – Virtual Organisation Manager

SP – Service Provider

RA – Requester Agent

YP – Yellow Pages Agent

QA – Quality Agent

CA – Clearing Agent

QoSC – Quality of Service Consultant                                                     
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with instantiated attributes indicating spe-
cific service characteristics, such as perform-
ance, capacity, or pricing information.
 
During VO formation, multiple service pro-
viders may offer broadly similar services, each 
described by multiple attributes. We therefore 
need to determine how the relevant services 
for a given service request may be discovered, 
and how an optimal package may be selected, 
based on the SPs’ bids. During VO operation, 
however, the services available may change 
over time: new services may become avail-
able, or providers may alter the way in which 
existing services are offered. Quality of service 
and provider reputation may also change over 
time. There is thus a need to monitor the per-
formance of the members of a VO in terms 
of their trustworthiness, quality of service and 
conformance to contract, and to restructure 
the VO when necessary so that the integrity 
and usefulness of the VO are maintained. 
Thus, a poorly performing service may be 
replaced, a contract-breaking service may be 
dropped, and a new user requirement may be 
accommodated. 

Note that the Conoise-G architecture is ag-
nostic to the kinds of service advertised by 
the SPs: for example, these may be Grid 
services, Web services in general, Website 
HTTP APIs, FIPA, or other agent services. 
All that Conoise-G requires is a descriptive 
service advertisement — the detail of how 
the precise type of service is to be invoked, 
orchestrated or choreographed with other 

services is being addressed elsewhere and is 
not of concern here (e.g. see http://www.daml.
org/services, http://www.globus.org/wsrf, http://
www.omg.org/mda, http://www.wsmo.org). We 
also assume that appropriate monitoring 
mechanisms are available to measure the ac-
tual performance of the service in terms of 
the service attributes; whether this is done 
through logging, callbacks, packet-sniffing, 
or whatever other mechanism is also not our 
concern here. 

Assuming that service providers have already 
advertised their services to a YP, the VO for-
mation process starts with a particular SP act-
ing on behalf of a user, the Requester Agent 
(RA), which analyses the requester’s service 
requirements, locates the relevant providers 
through the YP, and then invites the identi-
fied providers to bid for the requested servic-
es. The quality and trustworthiness of the re-
ceived bids are assessed by the Quality Agent 
(QA) and the trust component, respectively, 
and the outcome is combined with the price 
structure by a Clearing Agent (CA) to de-
termine which combination of the services/
providers will form an optimal VO (in terms 
of price, quality and trust) for the requester. 
At this point, the VO is formed and the RA 
takes on the role of VO Manager (VOM), 
responsible for ensuring that each member 
of the VO provides its service according to 
contract. 

During the operational phase of the VO, 
the VOM may request the QoS Consultant 

(QoSC) to monitor any services provided by 
any members of the VO, and any member 
of the VO may invoke the Policing agent 
to investigate any potential dispute regard-
ing service provision. Ultimately, our aim is 
for monitoring to take place to inform the 
user when the actual service level diverges 
from the agreed service level. At present, 
however, this is achieved by configuring the 
levels of QoS for each service that will cause 
the QoSC to alert the VOM, using prede-
termined service provision and quality level 
simulations. When the QoS provision of a 
service in the VO falls below an acceptable 
level of service, or some breach of contract is 
observed, the QoSC alerts the VOM, which 
initiates a VO re-formation process; relevant 
information is fed into the trust component 
to ensure that the provider concerned is pe-
nalised to an appropriate level by updating 
its record of trust. 

In this re-formation process, the VOM is-
sues another message to the YP requesting 
a list of SPs that can provide the failed serv-
ice. As before, the YP identifies possible SPs, 
bids are received and evaluated, resulting in 
the CA determining the best SP to replace 
the failed provider. At this point, the VOM 
re-forms the VO with the new SP replacing 
the old one, and instructs the QoSC to stop 
monitoring the old SP and to monitor the 
new one instead. 

Managing VO Formation
Three technologies work together in VO for-
mation decision-making. Firstly, when an SP 
is asked to contribute a bid for the provision 
of a service, this agent must check its current 
resource use (by prior commitments as a re-
sult of already successful bids), and decide if 
it can make an offer to provide the new serv-
ice. To do this the SP uses Constraint Satis-
faction Programming (CSP), making use of 
constraint reification to find a maximal set 
of satisfiable commitments [3]. It may also 
examine the collective resources available if 
it is in an existing VO, and make a new bid 
on the VO’s behalf. Alternatively, it may de-
cide that the provision of this new resource is 
more beneficial than its prior commitments 
and decide to break some or all of these to 
allow the successful creation of a bid for the 
new service provision. It can also form a new 
VO to cater for the provision of the resourc-
es. These options are shown in Figure 2. 

When an SP decides that it is beneficial to 
bid for the provision of a certain task, it sub-
mits the bid to the RA that initiated the call 
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for bids. Since multiple bids for the same 
request are possible, the bids received from 
the SPs must be cleared. That is, we must de-
cide which ones to accept (and hence which 
partners to select) in the formation of the 
VO. Part of this process involves gathering 
information on past quality of service deliv-
ered by each bidder on the advertised types 
of service. At this stage, the QA is asked 
to assess how well each bidder can actually 
provide the service at the quality level they 
claim, using a novel expectation-based qual-
ity calculation model [4]. 

The final step in VO formation decision-
making is to select the best combination of 
bids. Given the open nature of the environ-
ment and the lack of a preordained struc-
ture, we believe this selection process is best 
achieved using some form of marketplace 
(auction). Two sets of clearing algorithms 
have been developed: one with polynomial 
complexity that has been shown to produce 
a solution within a finite bound of the opti-
mal, and another that is not polynomial but 
is guaranteed to produce the optimal alloca-
tion [5]. 

Policing VO Operations
While trust and reputation ratings are able to 
reduce the likelihood of poorly performing 
(or malicious) service providers becoming 
part of a VO, they do not offer any mecha-
nism for minimising the impact of undesir-
able behaviour, such as an agent contracting 
to provide services it does not deliver. The 
goal of the policing system is to determine 
whether a party is in breach of a contract, 
determine if any corrective action (as stipu-
lated in the contract) should be taken, and 
inform the trust mechanism to allow sanc-
tions to be imposed. Given the scalability 
concerns inherent in large, open distributed 
systems, the Conoise-G system responds to 
reported exceptional circumstances, rather 
than monitoring operation. 

The policing system initiates an investiga-
tion following the receipt of a complaint 
from a VO participant. The process begins 
by obtaining the relevant contract at the 
centre of the dispute, and gathering evidence 
to determine the actual state of affairs. This 
can take on a number of forms, including 
reports from agents in the system and other 

Figure 2: Deciding whether and what to bid
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Managing Trust and Reputation

In Conoise-G, trust is taken to be a particular 
level of the subjective probability with which an 
agent assesses that another agent will perform 
a particular action, both before they can moni-
tor such an action and in a context in which it af-
fects their own action [6]. This probabilistic view 
of trust allows us to determine the subjective 
probability by considering the outcomes of pre-
vious encounters (known as direct interaction-
based trust). However, in an open community 
it is likely that an agent will interact with many 
unknown entities with which it may not share an 
interaction history. In the absence of this shared 
history, the Conoise-G trust system uses repu-
tation information to establish the level of trust 
to place in another. Reputation can be defined 
as a commonly held set of opinions about an 
entity, and it is the aggregation of these com-
mon opinions that forms a level of trust. 

The trust and reputation system consists of two 
parts. The first part is a trust component, which 
is internal to all agents that require a trust met-
ric in their decision-making process. Its function 
is to provide its owner agent with a level of trust 
for a given service and service provider. As the 
agent interacts with others in the community, 
the outcomes of these interactions are stored 
in this component, and are used to determine a 
trust value when required. Outcomes can either 
be successful or unsuccessful, where a suc-
cessful interaction is defined as one for which 
the service provider has delivered the service 
specified by the contract. In addition to calculat-
ing trust, the trust component calculates a level 
of confidence to be placed in that trust value, 
used by the trust component to reason about 
whether an agent has adequate evidence or 
whether it needs to obtain further (reputation) 
information from other agents. 

The second part of the trust system is a repu-
tation-brokering agent, and several of these 
agents in the system may serve as a distribut-
ed store of reputation information. Each broker 
obtains its information using a subscribe and 
publish mechanism, by which the broker sub-
scribes to agents in the community which then 
publish their internal information (based on 
their individual direct experiences) to the bro-
ker. In the Conoise-G model, it is not assumed 
that reputation is necessarily accurate, and 
thus Conoise-G allows for the possibility that an 
agent may intentionally mislead. In such cases, 
the trust component assesses the likelihood 
that a reputation provider supplies accurate 
information, based on accuracy of information 
supplied in the past. 



April 2005|AgentLink News 17

AGENT RESEARCH OVERVIEW

April 2005|AgentLink News 17

Acknowledgements
CONOISE-G is funded by the DTI and 
EPSRC through the Welsh e-Science Cen-
tre, in collaboration with the Office of the 
Chief Technologist of BT. 

References/Further Reading
[1] I. Foster, N. R. Jennings, and C. Kes-

selman. “Brain meets brawn: Why Grid 
and agents need each other”. In Pro-
ceedings of the Third International Joint 
Conference on Autonomous Agents and 
Multi-Agent Systems, pp. 8-15, 2004. 

[2] T. J. Norman, A. Preece, S. Chalmers, 
N. R. Jennings, M. Luck, V. D. Dang, 
T. D. Nguyen, V. Deora, J. Shao,W. A. 
Gray, and N. J. Fiddian. Agent-based 
formation of virtual organisations. 
Knowledge-Based Systems, 17:103-111, 
2004. 

[3] S. Chalmers, A. Preece, T. J. Norman, 
and P. M. D. Gray. “Commitment man-
agement through constraint reification”. 
In Proc. 3rd International Joint Confer-
ence on Autonomous Agents and Multi-

Agent Systems, pp. 430-437, 2004. 

[4] V. Deora, J. Shao, G. Shercliff, P. Stock-
reisser, W. Gray, and N. Fiddian. “Incor-
porating QoS specifications in service 
discovery”. In Proceedings of Second In-
ternational Web Services Quality Work-
shop (WQW 2004), 2004. 

[5] V. D. Dang and N. R. Jennings. “Polyno-
mial algorithms for clearing multi-unit 
single item and multi-unit combinato-
rial reverse auctions”. In Proceedings of 
the Fifteenth European Conference on 
Artificial Intelligence, pp. 23-27, 2002. 

[6] D. Gambetta. “Can we trust trust?” In 
Trust: Making and Breaking Coopera-
tive Relations, chapter 13, pages 213-
237. Basil Blackwell, 1988. 

[7] T. Bench-Capon, J. B. Freeman, H. Ho-
hmann, and H. Prakken. “Computational 
models, argumentation theories and legal 
practice”. In C. A. Reed and T. J. Nor-
man, editors, Argumentation Machines: 
New Frontiers in Argument and Compu-
tation, pages 85-120. Kluwer, 2003. 

The Conoise-G Demonstrator
The Figure (below) shows the Conoise-G demonstrator user interface. A “traffic light” display 
shows the agents registered in the VO as a column of dots for each agent, each dot representing 
a distinct service provided by that agent. When the VO is re-formed, the new SP is incorporated 
into the traffic light display. The monitored (simulated) quality of service providers is also repre-
sented as dynamically expanding line graphs. Individual agents have been implemented on vari-
ous FIPA compliant platforms including JADE and Zeus. Agents communicate via RDF messages 
expressed against a set of ontologies, covering aspects of the VO world such as generic services, 
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artefacts; it is recursive, in that one piece of 
evidence may have further evidence support-
ing or rebutting it. Furthermore, agents can 
submit evidence in support of or against a 
conclusion. The evidence gathered, there-
fore, constitutes a set of defeasible argu-
ments in support of and in defence of the 
complaint. Our approach borrows ideas 
from computational models of legal reason-
ing and legal argumentation [7]. 

Monitoring QoS
QoS data is central to the Conoise-G ap-
proach to VO formation and operation, 
being used by the QA, trust component, 
and policing agent. The monitoring of QoS 
provision is carried out by the QoSC, which 
is designed to perform three main tasks. 
The first entails the recording and gather-
ing of QoS data, a continuous activity that 
contributes to a QoS database. Here, data 
collection is performed through the use of 
network sensors and, for simplicity, we also 
assume that the QoS at any point on the link 
from the provider to the consumer is the 
same. The second task involves the moni-
toring of the QoS level. The current level of 
service provision is calculated from the data 
that is collected from the network sensors 
and compared to the QoS level stated in the 
service level agreement. Any service whose 
QoS has dropped below the level required is 
then reported to the VOM concerned. Since 
QoS data can be generated continuously at 
a very fast speed, and needs to be processed 
with respect to dynamic, ad-hoc monitoring 
requests from individual VOMs, we adopt 
a data stream approach to QoS monitoring 
in constructing the QoSC agent. The third 
task to be performed by the QoSC is that of 
alerting the VOM to any anticipated drop 
in QoS. 

Conclusion
To meet the requirement for robust and 
resilient virtual organisations on the Grid, 
Conoise-G aims to provide mechanisms 
to assure effective operation of VOs in the 
face of disruptive and potentially malicious 
entities in dynamic, open and competitive 
environments. Our solution is in the form 
of a service-oriented architecture comprising 
integrated mechanisms for decision-making, 
trust and reputation management, policing, 
and QoS monitoring. A proof-of-concept 
demonstrator has been produced, and evalu-
ation is now underway on the various indi-
vidual components and their interactions. 
For further information, see: http://www.co-
noise.org 
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t’s not always easy to figure out ex-
actly what is grid computing and ‘the 
Grid’.  It was originally about joining 

computing resources together in order to do 
new things that demanded substantial scale of 
computation and data – using ‘middleware’ to 
hide the heterogeneity of the underlying sys-
tems.  As things have evolved, it’s still about 
joining things up and about middleware that 
meets the needs of grid applications.  How-
ever, the Grid is now fundamentally service-
oriented, and the emphasis has shifted to the 
notion of the Grid as being about ‘virtual or-
ganisations’ (VOs). 

In 2001, the ‘Semantic Grid report’ was 
published, which observed the gap between 
the ambitions of Grid computing and the 
practice in the Grid and e-Science world at 
that time.  We advocated not only 
a service-oriented approach, but 
also the adoption of techniques 
from the world of software agents 
and the application of knowledge 
technologies.  We felt strongly 
that these things were necessary 
to achieve the full richness of the Grid vision 
– the essential, automated joining up of re-
sources.

At that time grid practitioners were increas-
ingly adopting a service-oriented approach. 
Grid Services — an enhancement of Web 
Services to address Grid requirements such as 
lifetime management, inspection and moni-
toring  – came along, first in Globus Toolkit 
3 and now in the form of WSRF, the WS-
Resource Framework.  Grid practitioners 
were also increasingly using metadata and 
have begun turning to Semantic Web tech-
nologies for this, as Resource Description 
Framework (RDF) tools have become avail-
able off-the-shelf in a timely manner.  We are 
seeing the gap being filled along the lines we 
anticipated.

Well, almost.  So what happened to Agents 
and the Grid?  A key part of their appeal 
back in 2001 was the service-orientation: 

agents are producers, consumers and indeed 
brokers of services.  Web and Grid Services 
have gone some way to provide this, and 
bring also a promise of take-up in the enter-
prise that perhaps was not evident through 
agent deployments.  But agents also brought 
some other things, and it could well be that 
the Grid community is beginning to discover 
it needs these.  The reason this has not hap-
pened sooner is that the Grid community has 
been very focused on delivering the technol-
ogy for the large scale service-oriented Grid 
world but has focused less on what will hap-
pen when this world exists – when there are 
large numbers of services, with variable avail-
ability, qualities of service and cost.  This is 
when the other aspects of agency become in-
credibly useful.

The first of these is negotiation. In Grid in-
frastructure and applications, it would be 
wrong to make assumptions about constant 
availability of resources.  In a service-oriented 
world it is necessary to organise sets of avail-
able services on demand in response to dy-
namic requirements and circumstances.  The 
agents’ research community has a wealth of 
expertise in this area.  In the Grid, people 
are taking the first steps along this road, for 
example in WS-Agreement and WS-Negotia-
tion.  The grid community is also taking its 
own steps in ‘Grid economies’, which again 
could be better informed by the agents com-
munity, with its longstanding engagement 
with economists.

The second is autonomy – a behaviour not 
provided by Web Services but absolutely ‘a 
given’ when working with agents. Automa-
tion is fundamental to the Grid but currently 
is not handled very flexibly.  In contrast to 
Grid Services, autonomous agents work to 

achieve their individual objectives and they 
interact to meet their objectives in their com-
mon environment – techniques which direct-
ly address the Grid requirements.

The third point is architectural.  In agent ap-
plications the agents often work with content 
which is not itself communicated in the agent 
communication language, as exemplified by 
information agents on the Web.  This separa-
tion of the coordination architecture is also a 
Grid characteristic - in Grid applications, the 
high throughput requirements are still met by 
established Grid technologies while the Web 
services are used to control them rather than 
replace them. 

In my view the autonomy argument is com-
pelling, but Agents might not yet have all the 

answers. A large-scale, dis-
tributed system such as the 
Grid demands configuration 
and its components inevita-
bly exhibit failures. People 
talk of the need for the grid 
to be self-healing, self-man-

aging or self-organising – to exhibit ‘auto-
nomic’ behaviour.  The need for this increases 
as Grids become interconnected and decision-
making becomes decentralised. Autonomy is 
part of this picture but there is more – it’s also 
about giving up control, about self-organisa-
tion. It’s fair to say that the agents community 
has yet to establish best-practice approaches 
in large-scale, decentralised self-organising 
multi-agent systems.  The Autonomic Grid is 
perhaps a job of work for both communities 
and beyond, drawing on biologically-inspired 
computing, complex adaptive systems and 
cybernetics.

Some existing work is immediately applicable. 
The Semantic Grid vision promotes the ap-
plication of Semantic Web technologies both 
on and in the Grid.  The current research and 
development activities with agents and the 
Semantic Web fit the first category.  Many 
real Grid applications – for example those in 
e-Science – have been shown to benefit from 

The Grid was originally about joining
 computing resources together in order to do 

new things that  demanded substantial scale of 
computation and data

I
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Semantic Web technologies at the content 
and applications levels, and they also stand to 
gain from applications of agency at this level.  
Pushing down a level, Grid applications work 
with very large volumes of data and there is 
a significant data management and curation 
task which can be automated through agents.
Further down inside the Grid middleware, 
these ideas are coming together in the world 
of Semantic Web Services – or ‘Semantic Grid 
Services’.   Researchers are now able to look 
at emerging solutions – such as OWL-S and 
WSMO – and investigate them in the Grid 
context, with Grid use-cases.  For example, 
will these approaches already accommodate 
the enhanced Web Services developed for 
Grid applications?  The relationship between 
agency and Semantic Web Services is already 
a subject of research and this needs to extend 
to Semantic Grid Services.

So, agents have much to offer the grid and in 
my view the timing is better than ever.  What 
does the Grid offer agents researchers and de-
velopers?  The key thing is real applications 
and real deployments, and a robust infra-
structure for achieving this.  I would not wish 
to imply that all agents researchers should be 
interested in this, but for those who believe 
that agents can make the world a better place 
there is definitely an opportunity here to try 
this out and inform future agents research.   

Significantly, the Grid community is actu-
ally quite open to new technologies that help 
them with the many challenges they have – 
they are motivated by real applications.  They 
need to know what is ‘off the shelf ’ and what 
is research, but they’re willing to put some 
effort into trying new solutions if they offer 
results, as evidenced by the spectrum of ac-
tivities in the Global Grid Forum. For Multi 
Agent Systems researchers, the results of this 
engagement may well transcend Grid com-
puting per se – it is often observed that, in the 
fullness of time, Grid requirements might not 
be so different to those of other Web services 
application domains such as e-Business.

One way of engaging with the Grid commu-
nity is via the Global Grid Forum.  The mis-
sion of GGF is to lead the pervasive adoption 
of grid for research and industry. It achieves 
this through engagement with a broad in-
ternational community for the exchange of 
ideas, experiences, requirements and best 
practices, coupled with defining grid specifi-
cations that lead to broadly adopted standards 
and interoperable software.  The Semantic 
Grid Research Group is one of the communi-
ty-oriented groups, tracking the development 
of relevant technologies and reporting these 
to the GGF membership, and bringing the 
communities together to do work that will 
lead to new Grid solutions.  

Further reading

“The Semantic Grid: Past, Present, and Fu-
ture” by David De Roure, Nicholas R. Jen-
nings and Nigel.R. Shadbolt, Proceedings of 
the IEEE, Volume 93, Issue 3, March 2005.

“Brain Meets Brawn: Why Grid and Agents 
Need Each Other” by Ian Foster, Nicholas R. 
Jennings and Carl Kesselman, in Proceed-
ings of 3rd Int. Conf. on Autonomous Agents 
and Multi-Agent Systems (AAMAS 2004), 
New York, USA, 2004.

“The Semantic Grid: Myth Busting and 
Bridge Building” by Carole Goble and David 
De Roure, in Proceedings of the 16th Eu-
ropean Conference on Artificial Intelligence 
(ECAI-2004), Valencia, Spain, 2004.

See http://www.semanticgrid.org for the Se-
mantic Grid Community Portal

At GGF13 in March we had presentations on 
Semantic Web Services and on Agents and 
the Grid.  Meanwhile, last year saw two calls 
to arms for the agents audience: the ‘Brain 
meets Brawn’ paper at AAMAS’04 and the 
‘Bridge-Building’ paper at ECAI’04.  The 
time has come for some serious – and mu-
tually beneficial - engagement between these 
communities.
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MATES 2005
The German conference on Multi-Agent System Technologies 

11th – 13th September, 2005
Koblenz, Germany

The German conference on Multi-Agent System TEchnologieS (MATES) provides an interdisciplinary 
forum for researchers, users and developers, to present and discuss latest advances in research work, 
as well as prototyped or fielded systems of intelligent agents and multi-agent systems. The conference 
aims to promote theory and application and covers the whole range of agent- and multi-agent technolo-
gies. 

The MATES ’05 will be collocated with the 28th German Conference on Artificial Intelligence, KI 2005.

In addition, the MATES 2005 conference will incorporate the 9th international workshop on Coopera-
tive Information Agents, CIA 2005. Therefore, the topics of interest of MATES 2005 include the domain 
of intelligent information agents and agent based information systems for the Internet, Web and se-
mantic Web. 

http://ki.informatik.uni-wuerzburg.de/MATES2005/mates05.php
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Introduction
Since Europe defined its Lisbon strategy, re-
search in Europe has been compelled to con-
tribute essentially to the general objectives in 
accordance with the commitment to bring 
about economic, social and environmental 
renewal in the EU. As we reach the mid-
term point in it’s ten years strategy, the bilan 
(outlook) is quite negative. All indicators 
show that we have already progressed too far 
to achieve a more dynamic and competitive 
economy. It seems that the European struc-
tural characteristics need an appropriate de-
velopment and implementation of TICs and 
related new technologies. Under the Lisbon 
strategy, a stronger economy is designed for 
driving job creation alongside social and en-
vironmental policies that ensure sustainable 
development and social inclusion [1].

As an implementation field, the EU FP6 call  
defined priorities and objectives, built in-
struments and appropriate support organi-
sations, selected proposals, and is currently 
driving the refinements and adaptations of 
the all previous taken actions.

Although, in my view, various research areas 
are concerned with the placement of intel-
ligent agent research and development ac-
tivities, I will present only the eGovernment 
area, characterised by its ambiguity and di-
versity, for its power to show the otherness of 
our societal relations, where I am convinced 
Agent Research can find an exemplary op-
portunity to show its potential and power to 
create and revise knowledge.

eGovernement
It’s not easy to be short and describe this 
recent technological and scientific area. 
Several sets of quantitative and qualitative 
parameters could be summarized in 20% 
connectivity and network infrastructure, 
10% business and legal environment, 10% 
education and skills, 15% policies and vi-
sion, 15% democracy, 15% public services 
for citizens and 15% public services for 
business [2]. 

The analysis of existing e-government por-
tals and services show that this area naturally 

Be eGov agent !
Anastase Adonis

Objective Networks
 France

aadonis@objective-networks.com

gravitates towards technology and in particu-
lar, digitalisation. Without it, e-government 
initiatives will be incomplete. However, the 
objectives of eGovernment initiatives appear 
to be limited to digitalisation and demate-
rialisation and tend towards the multiplica-
tion of online platforms that allow support 
for societal expression and activities.  Most 
European countries appear to have these 
basic principles in place, creating a founda-
tion for e-government progress that perhaps 
belies overall a quite negative perception. 
Countries leaders, like Denmark or UK, 
have tailored their IT-centric e-government 
plans to serve the broader objectives of bet-
ter government and economic transforma-
tion. Other countries have been joined to a 
basic strategy of the government to improve 
the country’s economic prospects. Smaller 
and relatively resource – poor states have 
made stable decisions to use government co-
ordination and initiatives to transform the 
state’s services provision, and thus provide 
platforms for domestic business, similar to 
the roadmap followed by Singapore a decade 
ago.

In general, infrastructure and Internet access 
remain yet limited; traditional information 
and service delivery systems retain a critical 
role, and some barriers persist for a large de-
ployment of classic eGov systems: 

• Complex administrative procedures and 
dispersed service provision. 

• Services like building or environmental 
permissions have difficulties to obtain 
the same score than employment search-
ing or incoming taxes. 

• Strong difficulties in including and en-
couragin users / citizens / actors to parte-
cipate.

Simply overlaying electronic platforms on 
woefully inefficient administrative opera-
tions may compound rather than ease the 
problems, wasting significant public funds 
in the process. The point of e-government, 
in addition to streamlining administrative 
processes, is to create channels of service de-
livery and information exchange that work 
better than the existing ones. 

The EU’s Research and Development 
work on eGovernement 
The work concerns the eGovernment re-
search strategy is structured around two core 
challenges:

• The first one is related to advanced 
eGovernment services for business and 
citizens which are interactive, secure and 
user-driven. It comprises studies on new 
services which include the new relation-
ship modes as they arise from the net- 
and k-economy. 

• The second one addresses organisational 
transformations in the public sector to-
wards dynamic, interoperable and serv-
ice-driven public organisations in Eu-
rope.

Even if the EU’s view adopts the commer-
cial wishes of the major ICT actors ( beyond 
placing traditional public services on-line, 
and using digital technologies for enabling  
new services which could be mobile, pan-
European, and individualised), there are im-
portant R&D fields where Agent Research 
could demonstrate once again its relevance 
and could renegotiate its place within such 
R&D frameworks. 

We can observe that:

• Access to such services requires a large 
set of solutions, covering multi-modal 
access, authentication, citizen-relations-
management, user-driven information 
management, open source solutions and 
multi-lingual issues.

• The application areas to be covered form 
a very large space to be occupied.

• A few selected projects have the big chal-
lenge to give results / orientations and 
policies.

• Efficient links with the R&D conversion 
mechanisms are required and not yet im-
plemented. 

Through such priorities, the EU aims to re-
form our public administrations. EU serv-
ices have started to re-think basic services 
and roles for administration through the 
limitations and the possibilities painted by 
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ICTs. It’s obvious that once again, the phi-
losophy to mobilise sciences for resolving so-
cietal problems still remain the same. Once 
again, the EU fails in its methodology to 
mobilise scientists and skills. Within the so 
formed R&D space, and even if these EU 
views and approaches occult by some way 
the R&D work of social sciences, the scien-
tific pragmatism cannot ignore the place and 
relevance of potential cooperation aimed at 
the modelling and design of basic compo-
nents we miss today.

The EU aims rely on organisational trans-
formation in the public sector, within and 
across departments, and within and across 
Member States. Other than a strong back 
office integration which will support the fu-
ture Governance, there is question of related 
organisational re-engineering and inter-or-
ganisational networking which is a new chal-
lenge. In that direction, it is expected that 
the proposed FP6 related work will enable 
eGovernement policy development. Em-
bryos of such policies have appeared, but the 
intention of achieving the fixed objectives 
by the 2010 horizon, and also the eEurope 
2005 horizon, seems compromised.

Looking at the current EU eGovernment 
Projects, I was expecting a very different ap-
proach to the emerging R&D and societal 
needs in the area of eGovernement. If you 
look at the Cordis site for learning on these 
on-going projects, it is surprising how lit-
tle Agent technologies have been taken into 
account, and have been involved in these 
projects.

Agent Technology and eGov
Within this very generic image of the eGov 
situation, we can note that real time interac-
tivity, social dialog, mediation, citizen rela-
tionship management, debate management, 
and eDemocracy applications which neces-
sitate equitable involvement and participa-
tion, eInclusion, etc, don’t receive the same 
attention than digitalisation and dematerial-
isation. However, a certain focus is made on 
the ICT-centric analysis or revision of citi-
zen (consumer) behaviours and exchanges. 
It seems that topics and services which can 
be associated to the users’ actions and behav-
iour still remain apart. 

Human activities are difficult to measure 
and understand with precision. Related sci-
ences, such as psychology, sociology or poli-
tics, use approximate models and indicators 
for understanding the waves generated by 

pressure groups and masses. More and more 
these disciplines (and many others) show 
their importance for the progression or the 
development of informatics.

One of the reasons for this, explained in 
some way by this situation, is due to the ap-
proaches used for viewing problems and vi-
sioning advancements. Faced with this reali-
ty, I instinctively decided to accept that some 
progression is situated in the conjunction 
with other disciplines. For instance, work on 
‘how build a system able to provide media-
tion in politics’ leads us to think about ‘how 
to measure the entropy of a system or group’. 
Any right scientific approach will lead us to 
consider that relevant solutions have been 
built for some decades, by our homologues 
in social sciences. Better than that, they can 
provide ready-to-implement models which 
are conceived for more relevant and realistic 
application scenarios than we could imagine. 
We do not need to prove the importance of 
compared research in epistemology and sci-
ences where common reference models, ap-
proaches and evaluation grids are used with 
intelligence and in conformance with the 
research challenges and questions.

I still believe that the contribution of the 
Intelligent Agent community can be signifi-
cant for ensuring such high level objectives:

• Firstly, it can contribute to the overall 
roadmapping with the provision of ele-
ments and marks.

• Secondly, it can play a significant role by 
interfacing with human sciences.

• Thirdly, it can be more active and par-
ticipative in the fulfilment of the current 
R&D frameworks by demonstrating that 
existing knowledge can be completely 
integrated for demonstration and proof 
within innovative experiments and test 
beds.   

Roadmapping is an essential, yet missing 
component in the EU’s R&D activities. My 
personal conviction on how to do it is quite 
different. eGovernment is not only a com-
position of digitalisation - dematerialisation 
– policeïsation and automation actions. 
Governance still remains the first objective 
whilst good governance must be the ulti-
mate one [4].
  
I still believe that the AgentLink commu-
nity could participate more actively for the 
design of global R&D roadmaps under the 
condition that our community will be ac-

tively open to social sciences for a permanent 
observatory and inventory of cooperation 
opportunities. Agent technology is a strate-
gic technological element for such flexible 
roadmaps. In the interaction with the user it 
has the capacity to develop and integrate in 
systems what we call intelligence. But more 
than that, it’s situated at the observation and 
measure field, offering simple autonomy in 
deduction and in action.
 
So, what other technologies cannot do easily 
can be summarised in two words: complex 
measurement and deduction. In human be-
ings, what we understand / appreciate and 
decide on, is not calculated formally, and 
there are a large set of very complex process-
es to understand, modelling and implement. 
Agent technology brings concrete solutions 
in such fields. For instance, in eGovern-
ment area, agents can offer their capability 
to construct monitors, to observe, to track 
and in generally to ensure at least observabil-
ity. Also, agent technology could bring smart 
eGov for concrete administrative functions 
and missions. Such smart eGov pieces could 
ensure interoperability, management and 
service provision. It is one of the very rare 
technologies which could link with social 
sciences trough a large set of common ob-
jects / paradigms and concepts.  

Measurement systems are needed for every-
thing in automation and Intelligence. Sys-
tems which need to interact with humans 
must be equipped with mechanisms allow-
ing analogous measurements. Agent tech-
nology is appropriate for that. 

The last time I checked was during an exper-
iment where we tried to build a prototype 
for the measurement of social skills. All the 
skills? Surely not. We implemented a basic 
subset: reactivity, assertivity, commitment, 
etc. The application area seems very large: 
scholars, students, professionals, disable 
people, prisoners, etc. Using any threshold, 
we can associate measure / evaluation / con-
trol or assistance. Over such basic pieces we 
can adapt any interface scenario, game, or 
interaction application. After basics, let the 
human spirit to show its grace. I was happy 
to set-up a prototype where we demonstrate 
that agent-based action-based analysis of hu-
man beings is mature and realistically pos-
sible [5].

Undoubtedly, agent technology demonstrates 
that it is a discipline which holds some po-
tential relevance for providing knowledge, 
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and contributes towards its valorisation and 
exploitation, essentially in the area of societal 
activities. I don’t think that we need to prove 
that or make relative reference here. Agent 
technologies refer to a solution-oriented 
ensemble of capabilities, including natural 
language processing, autonomous reasoning, 
proactive computing, discourse modelling, 
knowledge representation, action-oriented 
semantics, multimodal interaction, environ-
mental awareness, self awareness, and distrib-
uted architectures. Is there something differ-
ent to the eGov needs? [6]. 

Epilogue
Close to human beings, agent technology 
tries to cover a space that becomes more and 
more wide. This tendency could be supported 
by scientists from other scientific disciplines 
essentially coming from human sciences (so-
ciology, psychology, politics, ergonomy, etc). 
This could concern everything related to the 
user and his real environment. What are the 
next steps we expect to achieve and pass suc-
cessfully?  Are there some dependencies or 
requirements for collaborating with other 
scientists from other disciplines? Are the 
standardisation programmes sufficient for re-
sponding to such questions? Digital activities 
know an unprecedented expansion. Is the 
place of Intelligent Agent Research appropri-
ate within these socioeconomic and political 
transformations or consequences of this vast 
expansion? What the point of it? Govern-
ance rhymes between others with preserve, 
guarantee, adapt, testify, support or main-
tain, which are expressions of our human ac-
tivities. For that, governance, for its perma-
nence, induces the necessity to be equipped 
with appropriate and powerful measurement 
mechanisms. Keeping in touch with social 
activities, in the name of visibility, the role 
of agents within measurement systems seems 
ideal. Measurement is an important and key 
activity, essentially when expansion brings 
a progressive loss of observability. Without 
appropriate observation tools, any activity is 
compromised. Our agents are not yet intel-
ligent. However they have become more and 
more efficient. The taking of initiative, their 
aptitude to cooperate, their mobility, their 
capacity to integrate external skills, their 
ability to elaborate dynamic and interactive 
cartographies, their aptitude to manage time 
and space make them the most appropriate 
tool to be deployed for the design and de-
velopment of the basic components of our 
digital world. Even if agent design becomes 

complex and uncertain, there are some pos-
sibilities to remedy without compromising 
the existing development and deployment 
modes. For example, agent association could 
be one of the design fields which overcomes 
of such difficulties. Work over this consensus 
could let agents of any generation take ben-
efit of a longer life-time. A quick look in that 
direction could reveal that the economic and 
social exploitation of agent technologies serve 
only in an application category. Is there pure 
mimesis or the evidence that certain locking 
persist towards R&D addressing other activi-
ties sectors? It’s obvious that it proves certain 
limitations of the applicability of agent tech-
nologies. However the political and socioeco-
nomic openness showed that there in a large 
number of sectors, we note a need for govern-
ance / cohesion / coherence / participation / 
observability, and in our R&D frameworks, 
we have no appropriate candidate projects.

Our persistent focus on R&D questions 
leads us to believe that significant work is 
required for measurements of agents in a 
heterogeneous data space. In that sense, we 
have aimed experimentation to investigate 
the solution development belonging histori-
cally to sociology. The work which is done on 
the evaluation of social skills of an individual 
seems promising: Scholars’ evaluation, work 
programmes conformity checking, workpost 
adaptation, collaborative spaces building and 
mastering dialog forums management, etc., 
are potential application areas which can be 
used for exploitation of results and valida-
tion. This is the way I see for acting urgently 
and for maintaining the development of our 
Intelligent Agent technologies within the Eu-
ropean R&D activities, while I note here that 
these fields need to be better investigated. Ac-
tion, individual or collective, governmental 
or civil, private or public, can present a ma-
jor interest for intelligence and survey. Today, 
over these R&D topics, the realised work is 
not at the desirable scale, and there are seri-
ous advancements to realise. 

Do you agree on the urgency re-design the 
architecture of our R&D activities with more 
appropriate axes to our social needs and im-
plement some measures to our European 
instances?  Are you willing to include there 
suitable roadmap properties and steps for 
more adapted R&D policies, allowing a bet-
ter place of MAS technologies and a better 
taking into account of technological possi-
bilities for resolving societal problems? 

CWS-05
International Workshop on       
Context for Web Services    
July 5th, 2005  
Paris, France   

Web services are nowadays emerging 
as a major technology for deploying 
automated interactions between dis-
tributed and heterogeneous applica-
tions. Various standards support this 
deployment including WSDL, UDDI, and 
SOAP. These standards respectively 
support the definition of Web services, 
their advertisement to the community 
of potential users, and finally their bind-
ing for invocation purposes. In general, 
composing Web services rather than 
accessing a single service is essential 
and provides better benefits to users. 
Composition primarily addresses the 
situation of a user’s request that cannot 
be satisfied by any available service, 
whereas a composite service obtained 
by combining available services might 
be used. 

http://www710.univ-lyon1.fr/
~dbenslim/CWS05/
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Following the first meeting in Rome, the Sec-
ond AgentLink III Technical Forum (AL3-
TF2) took place in Ljubljana, Slovenia, dur-
ing what turned out to be the chilliest days 
of the past winter. Despite this, the adversi-
ties of external conditions had virtually no 
negative impact on the event (perhaps with 
the sole exception of one of the co-chairs, 
who was stranded at his airport of departure 
for all of the first day…), the overall techni-
cal success of the event, and the unobtrusive 
– comfortable, thoughtful, and caring – or-
ganisation of the event by the local host, the 
Jozef Stefan Institute of Ljubljana.

Under the almost invisible orchestration of 
the AgentLink III staff, and the local organ-
isers, AL3-TF2 experienced a flawless un-
folding of the choreography of the meetings 
of six TF Groups: 

• Towards Semantic Web Agents: Knowledge 

Web and AgentLink (SWA)

• Self-Organisation in Multi-Agent Systems 

(SELFORG)

• Agent-Oriented Software Engineering (AOSE)

• Environments for Multiagent Systems (ENV)

• Programming Multi-Agent Systems (PRO-

MAS)

• Multiagent Resource Allocation (MARA)

In addition, three plenary sessions were 
dedicated to first reports by the TFG Chairs 
upon completion of their meetings, presen-
tations of AgentLink III Roadmapping Ac-
tivities (by Michael Luck), and a live dem-
onstration of the AgentLink III Publication 
Clearinghouse (by Terry Payne).

The success of AL3-TF2 confirms the value 
of, and demand for these opportunities as a 
means to actively pursue the exchange, con-
frontation, and shaping of scientific progress. 

The meeting also offered, as a real-world ex-
perience, a few opportunities to learn how to 
further improve the management of a TFG 
event, regarding individual fora (e.g., how to 
make best use of the “online” time between 
the preparatory phases and post-event activi-
ties downstream, finding a successful third 
alternative to frontal presentations and un-
focused debates) as well as overall support 
(e.g., in assisting the groups over their whole 
lease of life). 

For this issue of the AgentLink III News-
letter, all six AL3-TF2 groups have sum-
marised their meeting activities for the 
AgentLink audience. By reading the reports, 
one should get some clues and appreciation 
of the vibrant and intense discussions, the 
stimulating atmosphere, and the achieve-
ments of the TFGs. Long reports will appear 
shortly on the AgentLink III web site, and 
a Special Issue of the “Informatica” journal 
(http://ai.ijs.si/informatica/) is currently under 
development, which will collect a number 
of selected scientific contributions from the 
AL3-TF2 groups.

Any event as successful as AL3-TF2 – out 
of the 58 evaluation forms gathered, 95% 
reported interest to attend future TFGs – re-
quires considerable organisational and sup-
port work, beforehand, during the event, 
and subsequently. Much of this support 
takes place behind the scenes. We therefore 
wish to thank Lili Lasic and Mitja Lasic for 
their help with finding our way in Ljubljana, 
as well as Peter McBurney, Catherine Ather-
ton, Adele Maggs, Serena Raffin, Rebecca 
Earl, Michael Luck, and Terry Payne for 
their invaluable help in pro-actively address-
ing issues well before they could be even per-
ceived as problems by the scientific organisa-
tion.  The event would not have been such a 
great success without all their help. 

The next Forum – the Third AgentLink 

III Technical Forum (AL3-TF3) – will be 

the last of the current (third) incarnation of 

AgentLink. 

It will take place in Budapest, Hungary, 

from the 15th to the 17th September 

2005, and will be co-located with one of the 

prime European agent events, CEEMAS 

2005 http://www.ceemas.org/ceemas05). 

Participation will again be free, and anyone 

interested in agent technology is welcome 

to attend.  While we expect, given their suc-

cess, that many of the established TFGs 

will bid again for a further chance to meet, 

we strongly encourage new groups to seri-

ously consider the possibility of preparing 

and submitting proposals for new TFGs. All 

proposals for the AL3-TF3 should be sent 

by the 15th of June 2005, to:

tf3-chair@agentlink.org

For the Call for Proposal and further details 

about AL3-TF3, please visit the AgentLink 

III web site at: 

http://www.agentlink.org/activities/al3-

tf/tf3/
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The PROMAS TFG aimed at building 
bridges between industry and academy by 
creating an informal platform where they 
can present their works and discuss MAS im-
plementation issues. As in previous editions, 
speakers were invited from both industry and 
academy. The meeting was organized into 
seven sessions that dealt with both research 
and industry hot topics. The topics were 
formulated in terms of questions that made 
available to both speakers and attendants 
before the meeting. During the sessions, the 
speakers and attendants had the opportunity 
to discuss and answer questions.  Each ses-
sion included one or two small presentations 
of about 15 minutes, followed by a dedicated 
discussion panel of about an hour where at-
tendants expressed and shared opinions. An 
average of thirty attendants participated in 
the various sessions, and made a valuable 
contribution leading significantly to a suc-
cessful PROMAS TFG.

The topic of the sessions and the speakers are 
summarized below. More details about the 
topics, questions, and the program can be 
found on the PROMAS TFG webpage http://
www.cs.uu.nl/~mehdi/al3promas.html.

1) The role of Artificial Intelligence in MAS 
developments, by Ana García Serrano 
from the Universidad Politecnica de Ma-
drid and Gabriel Marchalot from Thalès 
group.

2) Development costs of MAS, by Jorge 
Gomez-Sanz from Universidad Com-
plutense de Madrid.

3) Imperative vs. declarative languages for 

PROMAS
Programming Multi-Agent Systems

MAS implementation, by Joao Leite from 
Universidade Nova de Lisboa.

4) Formal methods in MAS, by Rafael Bor-
dini from University of Durham.

5) Implementation of concrete MAS issues, 
by Birna van Riemsdijk from Utrecht 
Universiteit and Allessandro Ricci from 
Universita di Bologna a Cesena.

6) IDEs for MAS creation, presented by Gre-
gory O’hare from University College 
Dublin, Juan Manuel Serrano from Uni-
versidad Rey Juan Carlos, and Lars Brau-
bach from Universität Hamburg.

7) Programming principles in MAS, by Amal 
El Fallah-Seghrouchni from University of 
Paris 6.  

Although Artificial Intelligence can be used 
as a way of improving agent behavior by 
making agents able to learn, plan or reason, 
it also brings its classical problems, among 
which the problem of perception and gen-
erating internal representations of the world. 
In applying AI and trying to think about 
the implementation of MAS, declarative 
languages can be helpful, especially such 
languages as PROLOG, Lisp, and Haskell. 
Declarative languages are interesting because 
they facilitate the implementation of mental 
state and reasoning capability of agents, and 
also the implementation of formal methods 
applied to MAS. However, current research is 
still at a theoretical level and the maturity of 
declarative languages still has not convinced 
most MAS developers, who seem more de-
voted to imperative languages. During the 
event, it was clear that formal techniques 

such as model checking are needed to test, 
debug and verify properties of implement-
ed multi-agent systems. There were several 
opinions about which improvements should 
be addressed first: scalability, deployment, 
or debugging of MAS. Despite the need 
for such improvements, there also seems to 
be a need for defining the real difference in 
implementing systems using agent-oriented 
or object-oriented programming languages. 
It was argued that most multi-agent sys-
tems are implemented with object oriented 
languages; hence, where is the difference? 
Moreover, speakers and participants em-
phasized the role of MAS development en-
vironments which should help the develop-
ment of complex multi-agent systems, new 
programming principles which should help 
to understand and to realize agent features, 
and formal semantics for MAS programming 
languages which help to implement specific 
MAS behavior. There was a general agree-
ment that due to the lack of a MAS dedicat-
ed programming languages and development 
tools, building multi-agent systems are still 
a highly time and effort consuming activity. 
The meeting concluded that any MAS pro-
gramming language and development envi-
ronment should support the development of 
three distinguished components involved in 
multi-agent systems: individual agents, their 
organization and coordination mechanism, 
and their shared environment.  

Mehdi Dastani
Utrecht University
The Netherlands
mehdi@cs.uu.nl

Jorge Gomez Sanz
Facultad de Informática UCM Spain

 jjgomez@sip.ucm.es

SELFORG
Self-Organisation in Multi-Agent Systems 

Giovanna Di Marzo Serugendo, University of Geneva, Switzerland, Giovanna.Dimarzo@cui.unige.ch
Marie-Pierre Gleizes, University Paul Sabatier, France, gleizes@irit.fr

Anthony Karageorgos, University of Thessaly, Greece, karageorgos@computer.org 

Decentralised control, self-organisation and 
emergent behaviour are issues of major inter-
est in distributed complex systems, such as 
MAS. The aim of the second Self-Organisa-
tion in Multi-Agent Systems (SelfOrg) TFG 

was to discuss and investigate these issues 
through examination of representative case 
studies and organisation of interdisciplinary 
interaction activities.

An important outcome of the first SelfOrg 
TFG meeting in Rome (TF1) was the deci-
sion to establish case studies capable of acting 
both as benchmarks and as working exam-
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ples to better understand self-organisation, 
emergent properties and their underlying 
mechanisms. Therefore, half of the meeting 
of the SelfOrg TFG in Ljubljana was dedi-
cated to continuing the work on the case 
studies: describing the selected case studies 
using a uniform framework and proposing 
agent-based solutions for modelling and/or 
for implementing them. The first case study, 
proposed by Salima Hassas from Lyon Uni-
versity (France), is related to computer net-
works management.  Four approaches used 
to treat it have been presented based on ho-
lonic systems stigmergy mechanisms, peer to 
peer communications and routing and del-
egation respectively. Paul Valckenaers from 
KU Leuven, (Belgium) proposed the second 
case study on manufacturing control. In this 
case study, two self-organising mechanisms 
were applied: ant algorithms and cooperative 
agents. Finally, the third case study was was 
defined by Pierre Glize from IRIT (France), 
and regarded simulating space conformation 

of a molecule. This problem was addressed 
by applying cooperative agents. 

Since a major aim of the SelfOrg TFG is the 
establishment of links with other disciplines, 
the second part of the Ljubljana meeting 
was devoted to an invited talk presented by 
Markus Bongard from University Miguel 
Hernandez, Alicante, Spain. The talk was in 
the field of neuro-biology and it was about 
the complexity in mammalian visual system. 
During the presentation, it was made clear 
that there is a large potential for using agents 
in other disciplines, for instance in simulat-
ing the behaviour of the brain neurons with 
agents. Establishing links with other disci-
plines offers two major advantages: on the 
one hand, it enables finding new application 
domains where self-organisation mecha-
nisms could be applied, and on the other 
it facilitates the transfer of self-organising 
mechanisms applied in other areas to com-
puting applications.

The rest of the meeting was devoted to the 
definition of “emergence”. Three aspects of 
the concept of emergence were examined. 
Firstly, a number of necessary characteristics 
that an emergent phenomenon must show 
were highlighted. Subsequently, the proper-
ties an artificial system must have to produce 
emergent phenomena were listed. Finally, op-
erational characteristics that must be present 
in systems in order for their behaviour to 
qualify its result as emergent were enumer-
ated. Although much progress has been in 
this direction by identifying necessary prop-
erties, essential criteria and operational re-
quirements, additional work is still needed to 
finalise the definition efforts.

The activities of the TFG will continue re-
motely and an informal meeting is planned 
for AAMAS 2005. Furthermore, the results of 
the TFG collective efforts, when finalised, will 
be refined and comprehensively described in a 
volume which is planned to appear in 2006.

AOSE
Agent-Oriented Software Engineering

Massimo Cossentino, ICAR – Consiglio Nazionale delle Ricerche, Italy, cossentino@pa.icar.cnr.it                   
Carole Bernon, IRIT– University Paul Sabatier, France, bernon@irit.fr
Juan Pavón, Universidad Complutense Madrid, Spain, jpavon@sip.ucm.es  

The second AOSE TFG meeting was mainly 
devoted to the discussion of Multi-Agent 
Systems (MAS) meta-models with the pur-
pose of identifying a unifying meta-model 
that could be considered a common de-
nominator for most of the existing MAS 
approaches and a basis for the development 
of the future new ones. The meeting was or-
ganized in three sessions:

1. Talks about agent modeling and MAS 
meta-models.

2. Discussion on the unifying meta-model.
3. Planning of activities to be done after 

this meeting and debate about topics to 
be included in the next one.

The meeting commenced with a presenta-
tion of AML (Agent Modeling Language), 
by I. Trencansky from Whitestein Technolo-
gies. AML is a modeling language based 
on UML 2.0 that provides a mechanism 
for specify agent-modeling entities (such as 
agents, resources and environment), social 

aspects (e.g., superordinate, subordinate and 
peer relationships), ontologies, deployment 
choices, communicative interactions, servic-
es, etc.  This was followed by Mario Kusek, 
from the University of Zagreb, who talked 
about how to model agent mobility with 
UML sequence diagrams. The proposed ap-
proach dealt with the modeling of an agent’s 
creation, mobility paths and the current lo-
cation of an agent. Four different solutions 
were described and compared with respect 
to: the number of involved system nodes, 
space needed for the graphics; and expressiv-
ity with regards to mobility.

The second part of the session was devoted to 
talks aimed at enriching the discussion about 
MAS meta-models that had already been 
started during the Rome meeting (TF1). 
Several MAS meta-models were presented: 
Adelfe (by C. Bernon, IRIT/University 
Paul Sabatier), Ingenias (by Jorge J. Gómez-
Sanz, University of Madrid), Passi (by L. 

Sabatucci, University of Palermo), Rica (by 
J. M. Serrano, University Rey Juan Carlos), 
Tropos (by D. Bertolini, ITC-IRST) and Z. 
Guessom of the Laboratoire d’Informatique 
de Paris 6, talked how to fill the gap between 
existing MAS implementation tools and AO 
methodologies or meta-models using the 
OMG’s MDA (Model Driven Architecture) 
approach.

During the second section, we initially de-
cided to organize the work in three itera-
tions, each one composed of three different 
activities. The first iteration would have 
dealt with MAS meta-model core concepts, 
such as: agent, role, task (or plan) and com-
munications; the second iteration focused 
on: environment, social organization, goal, 
resource, service; finally (in the third itera-
tion), several other concepts should be con-
sidered, such as: ontology, dependency, ac-
tion, mental state, organizational rules (or 
norms?), skill, aptitude, characteristic (or 
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MARA
Multiagent Resource Allocation 

Ulle Endriss
Imperial College London

United Kingdom
ue@doc.ic.ac.uk

Negotiation over the allocation of resources 
in multiagent systems is one of the cen-
tral research issues in the AgentLink com-
munity. The aim of the Technical Forum 
Group on Multiagent Resource Allocation 
(TFG-MARA) is to provide a venue for the 
exchange of ideas in this area and to foster 
collaboration between different European 
research groups. Special emphasis is put on 
the interdisciplinary character of the field, 
particularly on issues at the interface of the 
Socio-economic Sciences on the one hand, 
and AI and Computer Science on the other.

The first meeting of TFG-MARA was host-
ed by the Jozef Stefan Institute in Ljubljana, 
Slovenia, as part of the Second AgentLink 
Technical Forum. It was attended by over 
20 researchers from over ten different in-
stitutions in Slovenia, France, Spain, Portu-
gal, Belgium, the Netherlands and the UK. 
Given that this was the first meeting of this 
particular TFG, the focus of the scientific 
programme has been on spreading informa-
tion about research activities at the partici-
pating institutions. Out of a total of four 
technical sessions, three were organised in 
the style of a workshop, although talks were 
slightly longer than usual and the informal 
setting of the event allowed for a more ex-
tensive (and often deeper) discussion than 
most workshops or conferences would per-
mit. To make the event as representative of 
European research as possible, we had issued 
a call for position statements in early Feb-
ruary. A total of eight such statements were 

received: six of these (as well as one further 
long talk) were presented in the fourth and 
final session of the meeting. 

The first session showed that the term 
complexity can have a number of different 
interpretations in the context of MARA. 
Firstly, there is the computational complex-
ity of problems such as finding an allocation 
that maximises a suitable metric. Secondly, 
the area of communication complexity  is 
concerned with the length of negotiation 
processes and the amount of information 
exchanged by negotiating agents. Finally, 
recent research by some of the participants 
has addressed the issue of how certain pa-
rameters of a MARA framework affect the 
structural complexity of deals required to be 
able to negotiate efficiently.

The talks in the second session emphasised 
the fact that a wide range of different metrics 
are available to assess the quality of an alloca-
tion. Pareto optimality and utilitarian social 
welfare (sum of utilities) are well-known ex-
amples in the multiagent systems commu-
nity, while concepts such as egalitarian social 
welfare or envy-freeness, which capture a no-
tion of fairness, have received less attention 
to date. Some of the issues discussed concern 
the design of mechanisms that balance ef-
ficiency and fairness considerations as well 
as the computational complexity of such 
mechanisms.

While many of the speakers discussed dis-

tributed resource allocation frameworks, the 
third session concentrated on centralised ap-
proaches to MARA, namely auctions. The 
topics discussed included the addition of 
non-standard constraints into combinato-
rial auctions (for instance, to express that no 
bidder should be awarded all the items of a 
given type), and issues in mechanism design. 
This session also included the presentation 
of a general-purpose platform for building 
and testing auction-based systems (JASA) 
and a discussion of the features ideally pro-
vided by such a platform.

Throughout the meeting, two further topics 
that received much attention were the com-
pact representation of agents’ preferences 
over alternative bundles of resources and 
the many important applications of MARA: 
participants reported on their work on the 
fair and efficient exploitation of earth obser-
vation satellites, industrial procurement auc-
tions, airport traffic management, manufac-
turing control, and the timely allocation of 
resources in Grid architectures. 

The meeting concluded with a discussion 
of future activities, including an anticipated 
further meeting at the next AgentLink Tech-
nical Forum and the joint production of a 
survey of issues in Multiagent Resource Al-
location. Full details on the presentations 
given at the meeting, as well as information 
on ongoing activities, are available at the 
TFG-MARA website (http://www.doc.ic.ac.
uk/~ue/MARA/).  

similar BDI concepts).  Each iteration will 
be organized into the following three activi-
ties: MAS meta-model components identi-
fication, their relationships definition and 
finally formalization of the meaning of these 
components (thus creating a sort of glossary). 
The first iteration and part of the second one 
were scheduled for this meeting; the remain-
ing part of the work will be done after that 
with a cooperative effort.

The different talks given during the first two 
different meetings of this TFG, as well as the 
work done in the FIPA Modeling TC, and 
some contributions from literature, have 
been selected as the sources for the identifica-
tion of the components and structure of the 
unifying MAS meta-model.

At the end of this session, a MAS meta-mod-
el consisting of nine components (including 

Agent, Cognitive Agent, Role, Task, Envi-
ronment, Organization), their relationships 
and definitions was drafted. After a further 
discussion, two main activities were planned 
for the next meeting: the completion of the 
work on the MAS meta-model and the study 
of existing methodologies evaluation ap-
proaches with the aim of creating a shared 
online repository of papers, methods, experi-
ences, case studies and success histories.
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ENV
Environments For Multi-Agent Systems

Danny Weyns
Tom Holvoet

Katholieke Universiteit Leuven
 Belgium

{danny.weyns,tom.holvoet}@cs.kuleuven.ac.be 

There is a growing awareness in the multia-
gent systems research community that the 
environment plays a prominent role in multi-
agent systems. The emerging and growing 
community of researchers involved in envi-
ronments for MAS state that the environment 
is an essential part of any multiagent system. 
Motivations to put forward the environment 
as a first-order abstraction in 
modeling and engineering 
multiagent systems are the 
following:

1. Several aspects of multia-
gent systems that conceptually do not 
belong to agents themselves should not 
be assigned to, or hosted inside agents. 
Examples include infrastructure for com-
munication and coordination, the topol-
ogy of a spatial domain, or support for the 
action model.

2. The above (and other) aspects should be 
stated and modeled explicitly. The envi-
ronment is the natural candidate to en-
capsulate these aspects. 

3. The environment can be a creative part of 
a designed solution of a multiagent sys-
tem, helping the engineer to manage the 
huge complexity of engineering complex 
real-world applications.

The general aim of the Technical Forum 
Group on Environments for Multiagent 
Systems (ENV) was to put forward the en-
vironment as a strategic research direction for 
multiagent systems. During the first meeting 
of the TFG, the group had an open discussion 
on four core topics regarding environments:

• Environments: first-order abstractions in 
multiagent systems

• Building blocks and concerns of environ-
ments

• Multiagent system-based coordination in 
manufacturing control

• Engineering of environments

These topics were derived from the discussions 
during the 1st AAMAS workshop on Envi-

ronments for Multiagent Systems (E4MAS, 
New York, 2004). Each topic was introduced 
by a speaker, after which the group discussed 
in a constructive atmosphere with lively in-
terventions. 

The first topic under discussion was: “Environ-
ments: first-order abstractions in multiagent 

systems”. One problem with the specification 
of environments is the confusion between the 
logical entity of an environment in the appli-
cation and the underlying infrastructure of the 
multiagent system. To unravel this confusion, 
the group discussed a deployment model for 
multiagent-based applications that describes 
the position of agents and the environment 
at three levels: the “multi-agent application” 
layer at the top (i.e., the application logic); 
the “execution platform” (i.e., middleware 
infrastructure and the OS); and the “physical 
infrastructure” at the bottom (i.e., processors, 
network, etc.). The group came to the con-
clusion that both the abstraction of the en-
vironment, and the abstraction of the agents 
themselves cut across the three layers in the 
model. The group discussed the application 
of the model to a real-world application in the 
context of decentralized control of automatic 
guided vehicles.

The second discussion topic was: “Building 
blocks and concerns of environments”. In 
this session, the group discussed a number 
of fundamental open issues with respect to 
environments, such as: what are the aspects 
and responsibilities that should be attributed 
to the environment, or what are possible im-
plications on environments to the application 
of different kinds of agents (e.g., with respect 
to ontology). One conclusion of this discus-
sion was that we are still far away from a clear 
definition of an environment. However, clari-
fying what an environment is, can be very 
useful for defining what an agent is not!

During the third discussion session, the group 
focused on “Multiagent system-based coor-
dination in manufacturing control”.  A core 
issue in this domain is the modeling of the 
environment. Starting from a solution with-
out an explicit notion of an environment, the 
group explored how the introduction of an 
environment could improve the modeling 

and engineering of this com-
plex domain. One interesting 
issue under discussion was the 
double role that resources can 
play in a multiagent system-

based solution. At a basic level, resources can 
be represented as agents that are able to nego-
tiate with other agents, such as “order agents” 
and “product agents”. Above this level, the 
network of resource agents can serve as an en-
vironment in itself on which order agents can 
send out “ants” that propagate the intention 
of resource usage by dropping pheromones at 
the resources. 

In the last session, the group discussed the 
core topic “Engineering of environments”, 
a topic that is still very much at its infancy. 
During the discussion, several approaches 
were proposed to model the environment. 
One proposal, inspired by social science, is to 
model the environment as a set of mediating 
artifacts that agents can use. Discussion issues 
included: how to deal with the discovery of 
such artifacts, what about inter-artifact issues, 
and how to cope with shard state or topo-
logical issues.  Another proposal to model 
the environment is based on decomposition 
in terms of different concerns/responsibilities 
of the environment, such as communication, 
perception, actions and interaction, topology 
etc. 

Summarizing, the environment is all about 
modeling and software engineering of an 
essential part of multiagent systems. The re-
search track on environments is still young 
and many issues are open for future work. 
The plan of the ENV TFG is to continue the 
exploration of this interesting and challeng-
ing domain of research.

the environment is an essential part of any 
multiagent system
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SWA
Towards Semantic Web Agents: Knowledge Web and AgentLink

Valentina Tamma
University of Liverpool

United Kingdom
valli@csc.liv.ac.uk

Terry R. Payne
University of Southampton

United Kingdom
trp@ecs.soton.ac.uk

The Semantic Web presents a different per-
spective in the way distributed knowledge 
can be viewed, in terms of creation, con-
sumption, dissemination, and management.  
Concepts can be defined within extensible, 
open ontologies published using standard 
protocols with instances and properties be-
ing asserted at arbitrary locations across 
the internet.  Multi-Agent Systems, in con-
trast, provide methodologies for consum-
ing, processing, creating and disseminating 
both information and knowledge within a 
distributed framework.  Moreover, the con-
struction and co-ordination of heterogene-
ous agent communities itself requires com-
plex management of data; the interpretation 
of which may be ambiguous without seman-
tic structure or reasoning.   The aim of the 
SWA Technical Forum Group — “Towards 
Semantic Web Agents; Knowledge Web and 
AgentLink” was to explore the synergy be-
tween the two research communities, and 
to examine how the two largest EU projects 
supporting research in this area, Knowledge 
Web and AgentLink, could exploit this.

Three half-day sessions were planned as part 
of the TF meeting, to address three ques-
tions:

• How can Knowledge Web and AgentLink 
benefit from working together ?

• What can the Semantic Web do for 
Agents ?

• What can Agent Technology do for the 
Semantic Web ?

During the first session, talks were given 
from senior members of the Management 
Committees of both projects.  The aims and 
structures of each project were presented (by 
Peter McBurney and Jerome Euzenat), and it 
was soon apparent that both projects shared 
similar aims and challenges, in terms of edu-
cation, industrial outreach, and mapping 
out the current and future key issues of each 
project. Education was viewed as important 
by both communities, and Joerg Diederich 
presented the VISWE archive - Virtual In-
stitute for Semantic Web Education - which 
is a joint project by both Knowledge Web 
and the REWERSE Network of Excellence 
to support education across the EU.  

The remaining research-led talks demon-
strated how each community could benefit 

from the other.  If any two heterogeneous 
systems that ground their knowledge in 
different ontologies are to interoperate, an 
alignment is first necessary between the two 
ontologies before subsequent transactions 
can take place.  Jerome Euzenat argued that 
an agreement needs to be established at the 
level of the ACL performatives used to com-
municate (i.e. the envelope of the message) 
but also at the content level, by defining the 
semantics of the body of the message. The 
need to find an alignment between hetero-
geneous ontology that may lead to defining 
mappings either statically or dynamically 
was also considered in the presentations by 
Aleksander Pivk, and Nuno Silva.

The risk of this complex process being trivi-
alised or dismissed is great, especially when 
there is a lack of understanding of the issues 
involved.  The Semantic Web Space project, 
based on a triple-variant of Linda spaces, 
proposes a distributed space where agents are 
able to share triples by means of an RDF-
based extension of Linda. 

The invited talk focused on the relation be-
tween agents and (Semantic) web services. 
This talk characterised agents versus web 
services, semantic web services and grid serv-
ices, arguing how the service community can 
benefit from some of the more typical agent 
characteristics, such as the ability to act to-
wards the achievement of a goal, and hence 
evaluate the utility of a specific course of ac-
tion.  Related to the invited talk was the con-
tribution by Monika Solanki, who presented 
some initial issues on composition of agent-
based services on the semantic web. 

The other talks presented during the second 
day were all research oriented, and concen-
trated on the use of agents for semantic 
brokerage (Julian Padget), and the need to 
combine agents, semantic web technology, 
and natural language techniques for the an-
notation of web resources (Patrick Storms). 
The second day also hosted the panel session 
focussing on two chief topics: “What agents 
can do for the Semantic Web” and “What 
the Semantic Web can do for agents”.  The 
panellist agreed on the necessity to isolate 
commonalities between the two areas and to 
separate what is unique and can be contrib-
uted to the other field. Among the unique 
characteristics of agents, Jerome Euzenat 
identified the well-defined notions of Agent 

Communication Languages and interaction 
protocols. Terry Payne advocated the use of 
agents to provide smart, service-based sup-
port for autonomous semantic web tools, 
and well-automated discovery mechanisms 
for advertising and locating resources within 
an open framework, established trust and 
reputation frameworks, and proactive sup-
port for fact maintenance.

Jerome Euzenat argued that the unique con-
tribution of the semantic web is the notion of 
ontologies. In particular, Jerome stressed the 
importance of clearly identifying the type of 
problems tackled by agents, and that the se-
mantic web can help with heterogeneity and 
communication problems.  Terry Payne sug-
gested that the main contributions from the 
semantic web community include: semantic 
interoperability between heterogeneous, in-
dependent sources, that permits communi-
cation by helping resolving differences; the 
provision of a shared, distributed instance 
space; and reasoning support for conceptual 
negotiation and argumentation.

Monika Solanki argued that the discussion 
cannot ignore the web service perspective, 
and in this perspective semantic web tech-
nology represent the bridge that creates the 
synergy between agents and web services: the 
semantic web can enable the realisation of 
web services, by providing semantic content 
and syntactic unification among the several 
protocols and languages used to model web 
services.  Agents have the potential to pro-
vide autonomous and stateful web services.

The industrial viewpoint was presented by 
Patrick Storms. In his opinion, the main 
contribution from the agent community is 
the automation of tedious and labour inten-
sive tasks such as the annotation of web doc-
uments, or the provision of housekeeping 
services for the semantic web. Semantic web 
technology can also support agents when 
dealing with unstructured data, by provid-
ing means for semantic reconciliation. In 
addition, the semantic web can become an 
enabler for new agent based services. 
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STANDARDS REPORT

The “Latest News from the Standardisation 
World” column reports on relevant agent-
driven or related standardisation activi-
ties and events. The key idea is to promote 
awareness about important work that several 
international standardisation bodies are un-
dertaking in the perspective of consolidating 
the industrial uptake of agent technology.

This month, besides reporting on the lat-
est news from the OMG Agent Special In-
terest Group and the Global Grid Forum 
agent-related activities, we devote some 
space to report on the “Agent Technology 
& Standardization Activities - The Role of 
AgentLink” discussion day, that was held in 
Paris (France) the 19th November 2004.

As usual, don’t forget, if you are directly in-
volved in any standardisation activity, or you 
are aware of important standardisation work 
and events that you would like to publicise, 
you can directly contribute by sending your 
material to:

standardisation-activity@agentlink.org

Many thanks to all contributors for their 
support!

OMG – Agent Special Interest Group

Contribution by:
James Odell
email: omg@jamesodell.com
Agentis Software, Inc.

In September 2004, the Object Manage-
ment Group (OMG) issued a Request for 
Information (RFI), which solicits informa-
tion on agent-based system-modelling lan-
guages and metamodels, and relevant tech-
nologies. As of 15th January 2005, eight 
responses had been received, which will be 
used by the OMG to begin the technol-
ogy adoption process for OMG-compliant 
agent-based system modelling (ASM) tools. 
The overall goal is to adopt vendor-neutral 
common semantics, metamodel and abstract 
syntax for ASM methodologies, with the fol-

lowing objectives:

• Enabling developers to better understand 
how to develop applications (including 
large-scale distributed systems) using 
agent and object technology, thereby 
stimulating further growth in the mar-
ket;

• Recommending technology for adop-
tion to enable interoperability across the 
lifecycle of designs/work products devel-
oped using  (ASM) tools;

• Recommending technology that enables 
ASM tool interoperability;

• Recommending technology for adop-
tion of common semantics, metamodel, 
and abstract syntax for ASM technolo-
gies representing reusable, interoperable, 
portable application components.

The Agents Special Interest Group and 
Analysis & Design Task Force (ADTF) will 
use responses to this RFI to define one or 
more Request for Proposals (RFPs), solic-
iting OMG extensions required to define 
specifications for agent-based system mod-
elling language, semantics, and metamodel. 
Any organizations that wish to participate 
in the RFP should contact: Jim Odell, 
omg@jamesodell.com

The RFI responses can be accessed at http://
www.auml.org/agent-RFI.html

Global Grid Forum

Contribution by:
Omer Rana
email: o.f.rana@cs.cardiff.ac.uk 
Cardiff University and Welsh eScience Centre

The Global Grid Forum 13 is to be held in 
Seoul (South Korea) in March 2005. In ad-
dition to the meeting of the various research/
working groups, there will be a dedicated 
workshop on “Asia Grid”. It is interesting to 
see that China and Korea are strengthening 
their previous research efforts in Grid com-
puting (it is likely that new national projects 

will be launched within this area shortly).

One example is the Virtual Manufacturing 
Grid project at Shanghai University (led by 
Professor Yu Tao). The project is aiming to 
connect together a number of manufactur-
ing sites in Shanghai (ranging from CAD/
CAM facilities to machining workstations 
and simulations). This is an excellent exam-
ple of establishing a  “Virtual Enterprise” 
across a single city, by bringing together a 
variety of different expertise. A key theme in 
this project is the understanding of Quality 
of Service (QoS) concerns that a city-wide 
network could introduce in collating in-
formation from a variety of manufacturing 
components. More details from the GGF13 
will be provided in a future newsletter as 
part of this section. 

The WS-Agreement specification has now 
reached the “Recommendation” stage, 
meaning that it will be released shortly as 
a GGF-recommendation document. WS-
Agreement will be particularly useful for 
agent researchers, as it attempts to specify a 
contract between a resource/service provider 
and a consumer, and provides templates for 
the creation of an agreement. An important 
part of this Recommendation is a WSDL 
specification defining PortTypes and an 
Agreement Schema.

A European IST workshop in “Advanced 
Grid Technologies” was organised at the be-
ginning of February 2005. The aim of the 
meeting was to prepare for the next wave of 
FP6 calls (May-September 2005), and possi-
bly link these with Grid computing activities. 
A variety of themes were discussed, ranging 
from Security and Trust in Grid computing, 
charging for Grid services, to the application 
of Grid computing activities in business and 
industry. One aim of the workshop was to 
identify industry needs that need to be ful-
filled when making use of Grid computing. 
Interestingly, a number of themes discussed 
at the workshop had strong links with multi-

Latest News from the Standardisation World
Monique Calisti

Whitestein Technologies AG
Switzerland

mca@whitestein.com

SWA
Towards Semantic Web Agents: Knowledge Web and AgentLink
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agent systems research (such as market mod-
els for Grid services, issues of trust, repre-
senting issues of semantics in Grid services).

These themes, interestingly, also reflect the 
key themes addressed in the recently funded 
projects under the “Complex Problem Solv-
ing via the Grid” call. A commonly agreed 
outcome of this event appears to be the need 
to establish how production Grids can be 
developed, and how industry can benefit 
from these. 

Acknowledgement:
Isaac Chao (UPC, Barcelona) for the report 
on the EU IST event discussed above. His 
visit was funded by the EU FP6 “Catnets” 
project.

FIPA – Foundations for Intelligent Physi-
cal Agents

Contribution by:
The FIPA Board of Directors
email: board@fipa.org
 
The Foundation for Intelligent and Physical 
Agents, FIPA, was formed in 1996 to pro-
duce software standards for heterogeneous 
and interacting agents and agent-based sys-
tems. When considering the body of stand-
ards that FIPA has produced (see http://www.
fipa.org), it is clear that FIPA has achieved 
this goal. However, it is now time to move 
standards for agents and agent-based systems 
into the wider context of software develop-
ment in general. In short, agent technology 
needs to integrate with non-agent technolo-
gies as a matter of course.  From this per-
spective, the IEEE Computer Society has 
invited FIPA to become part of its family of 
standards committees (http://www.computer.
org/standards/).

In March 2005, the FIPA Board of Direc-
tors presented this opportunity to the entire 
FIPA membership, who unanimously voted 
to join the IEEE Computer Society. FIPA 
will soon be the eleventh standards commit-
tee in the IEEE, and will be known as the 
FIPA Standards Committee. This transition 
will coincide with the closure of FIPA as a 
Swiss-based organisation.

The IEEE FIPA Standards Committee will 
act as a self-organizing body with its own 
policies, procedures, dues structures, and 
bank account within the IEEE. The IEEE 
Computer Society will provide the umbrella 
organization, website maintenance, voting 
support, and all the other benefits that a 

large standards organization provides. 

The FIPA Board of Directors welcomes 
comments, suggestions and expressions of 
interest to join the IEEE FIPA Standards 
Committee. For any further information, 
please do not hesitate to contact the FIPA 
Board of Directors at: board@fipa.org.

Agent Technology & Standardization 
Activities  – The Role of AgentLink
Discussion Day – 29th November 2004
Paris, France

Contribution by:
Monique Calisti
email: mca@whitestein.com
Whitestein Technologies AG

The AgentLink III Work Package 2 aims 
at contributing to the European take-up of 
agent technology through the support of rel-
evant and appropriate standardisation initia-
tives. In order to bring together representa-
tive of several standardization bodies, active 
key industrial players and Agentlink III 
consortium partners, a discussion day was 
organized last November (29th November 
2004) in Paris, France. 

The 1-day workshop, kindly hosted by 
France Telecom, aimed at:

• Assessing the importance of ongoing 
agent-dedicated and agent-related stand-
ardization activities. 

• Clarifying how existing standardization 
bodies and groups relate and possibly 
contributing to the establishment of 
stronger alliances. 

• Understanding and possibly positioning 
the role of Agentlink III for ongoing and 
future agent-dedicated and agent-related 
standardization work.

In order to animate productive discussions 
around these three aspects, various key peo-
ple active in agent-related standardization 
bodies and projects were invited to partici-
pate. After an introduction to the Agentlink 
III project, presented by Terry Payne from 
University of Southampton in UK, the 
morning’s program consisted of the follow-
ing six following presentations:

James Odell from Agentis Software reported 
on agent standardization activities in the 
context of the OMG. In particular, as chair of 
the OMG’s Agents Special Interest Group, 
James Odell focused on the current technical 
objectives the Agents SIG is pursuing, which 

are extending the UML 2.0 Superstructure 
to represent agents and agent-based systems 
and extending the UML 2.0 Infrastructure 
to provide an infrastructure for agents. After 
some more technical examples of the work 
pursued by the Agents SIG, the final part of 
the presentation was devoted to an interest-
ing overview of how perspectives differ be-
tween academics and industrial stakehold-
ers, with respect to investment of time and 
resource within standardization activities. 

Ian Dickinson from HP Labs gave a compre-
hensive overview on agent-relevant semantic 
web activities. The first part of his presenta-
tion covered semantic web activities at (or 
near to) the W3C, including data/knowl-
edge (URI, RDF, RDFS, OWL), process 
representation (OWL-S) and architectural 
related work (web services architecture). Ian 
continued with a summary of other ongoing 
initiatives that may touch on agent system 
implementations, particularly consider-
ing infrastructure capabilities (e.g. SOAP, 
WSDL and UDDI). Ian concluded with 
some remarks about the importance of not 
underestimating that producing good stand-
ards requires significant individual and insti-
tutional investment.

Omer Rana from Cardiff University and 
the Welsh eScience Centre introduced the 
Global Grid Forum (GGF), its organisa-
tion (working/research groups), and its 
scope. The presentation went on to intro-
duce the “Core Grid” and “GridCoord.org” 
initiatives, before actually focusing on the 
Open Grid Services Architecture (OGSA). 
A framework for creating and managing 
Grid system architectures based on Web 
Services technologies, called the Web Serv-
ices Resource Framework (WSRF) was then 
presented, which defines specifications for 
accessing stateful resources using Web Serv-
ices. The Grid Resource Agreement Alloca-
tion Protocol (GRAAP) and WS-Agreement 
were presented, which aim to target dynamic 
agreement management. Industry interac-
tion via the Enterprise Grid Alliance was 
discussed, essentially aiming in the first in-
stance to increase the use of Grid computing 
within an enterprise (rather than between 
enterprises). In the final part of the presen-
tation, besides identifying expected benefits 
from a closer interaction of GGF and agents 
related standardisation activities, a few con-
crete hook-up topics to strengthen synergies 
between Agentlink III and GGF were pre-
sented.
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Fabio Bellifemine from Telecom Italia Labs 
(TILAB) started his presentation with a brief 
retrospective analysis of the FIPA standardi-
zation work. He pointed out that FIPA had 
delivered its standards, but that the agent-
related market is still strongly based upon 
single-vendor vertical solutions, and as a 
consequence, the general perception of the 
value of standards has been reduced. He then 
presented the JADE project, the open source 
community that is gathered around it, and 
the JADE Governing Board industrial initia-
tive, by welcoming new, interested and com-
mitted members. By promoting JADE under 
the Open Source LGPL license, the vision of 
TILAB is to strengthen a solid platform that 
is validated and improved by the efforts of a 
large base of contributors, which, as Fabio 
suggested in his conclusions, should broaden 
agent standards adoption and contribute to 
make them “more usable and tangible”.

Stefan Poslad from Queen Mary University 
of London, and representative of the FIPA 
Board of Directors, opened his presentation 
by discussing about the fundamental prin-
ciples behind the FIPA model highlighting 
important engineering issues deriving from 
it. After having stressed the importance of 
agent standards for the promotion of an in-
dustrial uptake of agent technology, Stefan 
Poslad reported on the major achievements 
of the FIPA community. The presentation 
closed with a report of current discussion 
amongst FIPA membership regarding a re-
organisation of the standardisation activities, 
which has been promoted by several techni-
cal groups. It is still to be seen whether exist-
ing FIPA efforts will be conveyed into other 

standardisation bodies or rather contribute 
to the creation of a new agent dedicated 
body.

Finally, François Fages from INRIA pre-
sented the EU funded network of excel-
lence REWERSE, which aims to establish 
Europe as a leader in reasoning languages 
for the Web, by networking and structuring 
a scientific community in this area, and by 
providing tangible technological bases that 
do not exist today for an industrial software 
development of advanced Web systems and 
applications. Close coordination with vari-
ous standardisation activities is a must, and 
the various REWERSE working groups are 
actively liaising with various bodies such as 
W3C, OMG, RuleML, which in fact also 
embrace several agent-driven efforts.

The second part of the workshop was dedicat-
ed to an open discussion session from which 
several important points emerged. During 
the initial phase of Agent-based standardiza-
tion (1996-2001) much of the progress in 
the agent community has fallen to FIPA; in 
recent years, however, agent standardisation 
activities have emerged across several differ-
ent standards bodies. Distribution, and to a 
certain extent redundancy, have been una-
voidable because of several factors:

• Agent technologies are the results of ef-
forts promoted by different communities 
(artificial intelligence, communications/
philosophy, economics/game theory, dis-
tributed computing, modular program-
ming, etc.) that have been historically 
and strategically involved in different 

scientific and business groups; and

• The emergence of new technologies 
strongly connected to software agents, 
such as web services, semantic web, grid 
computing, ad-hoc networking, etc. 
pushed many organisations to engage in 
several standardisation groups that espe-
cially from a market perspective are ex-
pected to have a stronger impact within 
a shorter time-horizon.

It is important to note that, besides technical 
objectives and marketing factors, the modus 
operandi of the various standardisation bod-
ies – e.g., visibility of results, IPRs regulation, 
industrial support – can have a strong impact 
not only on the adoption of the standards, 
but also on the contribution to the standardi-
sation work.

In this articulated scenario, coordination of 
standardisation activities across different bod-
ies becomes fundamental if existing efforts 
are to capitalise on existing complementari-
ties and strengthen synergies. Whilst from 
the presentations given in the workshop, we 
learned about several existing alliances and 
different links among various standardisa-
tion groups, it also emerged that stronger 
coordination is both important and possible. 
This requires significant effort, and ideally a 
dedicated meta-level organisation promoting 
visibility and exchanging know-how, whilst 
ensuring access to, and dissemination of 
standardisation results. 

Agentlink III, and in particular the activ-
ity pursued by the WP2, contributes to the 
coordination of agent standardisation activi-
ties in several ways. Besides regular reports 
on ongoing work, and important events in 
different bodies via the Agentlink newsletter 
and web site, AgentLink III facilitates par-
ticipation and promotion of participation to 
selected events though financial support. The 
1-day discussion meeting in Paris represented 
another important achievement; the six pres-
entations and the following discussion session 
not only contributed in bringing together key 
people, thus clarify different standardisation 
groups’ objectives and ongoing work, but also 
in identifying potential synergies and assess-
ing the importance of coordination activities 
similar to those promoted by Agentlink III.

To conclude, on behalf of the whole Agentlink 
III management committee, I would like, 
once again, to thank France Telecom for their 
hospitality and the various presenters for their 
participation and precious contribution. 

Artificial Economics
A Symposium in Agent-based Computational Methods in Finance, 

Game Theory and their applications
September 15–16, 2005

Lille, France

The main aims of the event are to:
• Present computer-science based multi-agent methodologies and tools with 

their applications to social-scientists (mainly people from economics and the 
management sciences);

• Present uses and the needs of multi-agent based models and their constraints, 
as used by those social scientists, to computer scientists;

• Favor the meeting of people and ideas of those two communities in order to be 
able to construct a much structured multi-disciplinary approach; 

For its first edition, the Symposium will thus present recent scientific advances 
in the fields of ACE but is also widely open to methodological surveys.

http://cisco.univ-lille1.fr/ae2005/
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The Logistics Market in Change
Like many industries and markets today, the 
logistics sector is facing the extensive and 
fundamental challenges associated with mar-
ket liberalization, which has triggered fierce 
competition and prompted quick reactions 
to customers’ expectations. Many businesses 
working under increasingly dynamic condi-
tions are pressured to adopt strategies and 
solutions in real-time, thus having to dif-
ferentiate and shorten life cycles for offers. 
This, coupled with intricate outsourcing and 
supply networks, makes the task of effective 
business process management increasingly 
complex. 

In this context, with shrinking margins, and 
in many cases, the difficulty of coping with 
immense cost pressure [1], supply chain and 
logistics executives have to substantially re-
vise their product and service offerings, busi-
ness processes, and operational systems.

As recently reported by the Aberdeen group: 
“To recoup higher operational costs, major 
trucking carriers report they have been rais-
ing customers’ rates by as low as 2% and as 
high as 19%”. The highest rates are going to 
those shippers whose own facilities or trad-
ing partners cause excessive delays. Moreo-
ver, carriers are increasingly cherry-picking 
loads, even with contracted freight. Shippers 
are struggling to find enough freight capac-
ity to meet their customers’ delivery win-
dows, risking noncompliance penalties and 
increased stock-outs, especially during the 
end of quarter and holiday periods.[2]” 

Therefore, since the most optimal utiliza-
tion of available capacity has proven to be 

the most important critical success factor 
(especially in the transportation domain), 
many logistics companies have implemented 
computer-based systems for strategic net-
work planning and short-term route opti-
mization. While a number of such solutions 
allow the automatic creation of the dispatch-
ing plans, they usually do not, or only mar-
ginally, support the case of plan deviations 
resulting from unexpected or previously 
unknown events. And in the transportation 
industry, the challenge is that up to 40% of 
all actual transactions ultimately differ from 
the original plan! 

From Traditional Planning to Real-Time 
Execution & Monitoring
Recent experience has shown that conven-

tional systems for network planning and 
transportation optimization are limited 
in their ability to cope with the increasing 
complexity, and especially with the dynam-
ics of a noticeably globalized transportation 
business. These systems were developed for 
relatively stable and mostly repetitive trans-
portation processes, for which it is straight-
forward to create “optimized” plans using 
established analytical algorithms.

Conventional planning systems, however, 
usually fail in turbulent environments, 
where plans have to be dynamically adjust-
ed to new, changing conditions within the 
shortest possible time frames (both at “run-
time” and in “real-time”). Plan deviations 
can be caused by various factors, such as new 

Living Systems® Adaptive Transportation Networks

Monique Calisti, Klaus Dorer, Christian Dannegger
Whitestein Technologies AG

Switzerland
{mca,kdo,chd}@whitestein.com

Figure 1: Optimization results suggested by and events handled by LS/ATN agents.
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transportation orders coming in, last minute 
changes of orders, unexpected shortage of 
resources due to traffic jams, breakdowns, or 
accidents, etc.   Optimizing these plan devia-
tions in real time is where the biggest saving 
potential can be found: a four percentage 
points increase in capacity utilization for a 
typical transportation company will double 
the return on sale. In such cases, the “Ex-
ecution Control,” or the respective “Event 
Management,” has to be performed more 
or less manually by the responsible human 
dispatchers – a Sisyphean task! 

An Adaptive Approach
In cooperation with one of the worldwide 
leading logistics services providers, we have 

developed the product Living Systems® 

Adaptive Transportation Networks LS/ATN, 
an agent-based solution for comprehensive 
planning, and monitoring of logistics proc-
esses that:

• Provides broad support to the dispatch-
ers to cope with the challenges of  “exe-
cution control”, by presenting the results 
graphically and focused on the dispatch-
ers workflow.

• Significantly reduces the transportation 
costs by making use of powerful opti-
mization mechanisms engineered by 
means of Whitestein’s agent technology. 
In particular, cost reduction is obtained 
by means of higher capacity utilization, 
reduction of traveling distance and in-
creased labor efficiency resulting from 
global visibility paired with support for 
individual local business constraints.

• Increases the service quality by immedi-
ately reacting on plan deviations (new 
events and changes) and proposing 
new solutions. Quality improvement is 
achieved by higher on-time delivery per-
formance, optimal service level fulfill-
ment and process performance visibility.

   
    LS/ATN has proved to produce on the 

average a cost reduction of about 3% to 
6% of the current transportation costs. 
These experimental results were ob-
tained by optimizing various real-world 
transportation plans of several of our 
customers. Amongst these customers is 
a European logistics company, one of 
the 10 biggest world-wide companies, 
that will start real-world deployment of 
LS/ATN from April 2005. While their 
primary goal has been to reduce costs, 
the derived sub-goals are focused on the 
reduction of the number of deployed 
vehicles and the total amount of driven 
kilometers, while increasing vehicle uti-
lization.

 
A Commercial Agent-Based Solution
LS/ATN supports, optimizes, and to a 
large extent (according to the customers 
choice) automates the central challenge of 
a logistics provider – the dispatching. Used 
as standalone solution, LS/ATN is able to 
support the whole dispatching process (Fig-
ures 1 – 3). Based on its modular design and 
open architecture, the solution can (and is 
currently) be used as an integrated part of 
a set of applications making up a complete 
logistics solution.

The optimization engine is the kernel of LS/
ATN, which continuously executes the dy-
namic transportation optimization. It can be 
parameterized and configured for different 
business models. The deployed optimization 
mechanisms are strictly cost-based; all opti-
mization elements and business constraints 
are translated into cost factors.

Furthermore, the LS/ATN optimization 
process is able to take into account both hard 
and soft constraints. While hard constraints 
(e.g. opening hours of a location) should 
not be violated, soft constraints (e.g. delayed 
delivery) can be violated to some degree, to 
the purpose of decreasing costs, provided 
that service level agreements are fulfilled and 
alternative transport variants would induce 
significantly higher costs.Figure 2: Details of a truck’s route, the orders loaded and the time schedule suggested.

LS/ATN 
Living Systems® 

Adaptive 
Transportation Networks

LS/ATN – Living Systems® Adap-

tive Transportation Networks is an 

agent-based system providing auto-

matic optimization of FTL (Full Truck 

Load), LTL (Less than Truck Load), 

and other transportation networks 

through extension of existing trans-

port management systems (TMS), 

and supports the use of real-time 

information from connected telemat-

ics systems. The focus of LS/ATN is 

on high-end users assisted in their 

decision-making by software agents. 

It incorporates and offers detailed 

process and price model adjust-

ments and combines local business 

constraints with the common global 

goal of reducing cost. Its basic so-

lution architecture makes it ideal for 

large country and Europe-wide op-

erations.
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system is compatible with all brands of re-
lational database systems, which support the 
J2EE standard JDBC. Moreover, the con-
sistent use and support of XML allows the 

easy integration of LS/ATN into existing IT 
infrastructures – data transformation can be 
performed via XSLT or a suitable EAI tool. 

To distribute the dynamic optimization 
process across multiple interacting agents, 
LS/ATN: 

• Allows scalability of performance with 
growing sizes of problem instances to be 
achieved.

• Enables the distributed nature of trans-
portation networks, business organiza-
tions and decision-making centers to be 
directly reflected.

• Facilitates the handling of local devia-
tions without the need to propagate local 
changes and re-compute the whole solu-
tion.

34

Figure 3: Manual interaction with the agent system allows the dispatcher to 1) add, 2) re-
move or 3) exchange orders or 4) exchange the nodes order.

LS/ATN is based on a dynamic optimization 
approach, such that as a new event occurs, 
the system immediately seeks alternative, 
optimal strategies (see Figure 1).  In contrast 
with other analytical 
approaches, LS/ATN 
first tries – by means of 
heuristic methods – to 
solve the problem in 
a local context, mini-
mizing the impact of 
local changes on over-
all global transporta-
tion plans. Once this 
first stage is complete, 
LS/ATN immediately 
starts searching for additional optimization 
options in the overall network.

The described optimization process can also 
be executed in simulation mode. This is an 
essential feature for planning purposes where 
there is no direct interaction with the existing 
Transportation Management System (TMS), 
although the basic business logic remains the 
same. Such simulation system will always be 
in¬stalled and used separately from the pro-
duction system.

Agent Technology: a Key Differentiator
LS/ATN was conceived and implemented 
by making use of Whitestein’s software agent 
technology, entirely developed in Java, which 
makes this fully scalable solution completely 
platform independent. Additionally, the 

• Increases robustness (avoiding single 
point-of-failure). 

 In particular, the agent design chosen for 
our work reflects the way logistics com-

panies today man-
age the complexity 
of this domain. The 
transportation busi-
ness is usually divided 
into regions/clusters. 
Transportation re-
quests arriving at a 
region are first tenta-
tively allocated and 
possibly optimized 
within that region. If 

the order’s pickup or delivery location is 
in a different region, the other region is 
also informed and asked to handle the 
request if it can do so in a cheaper way. 
In our agent-based framework, distinct 
software agents represent different re-
gions and their dispatchers.

To conclude, in a real-world productive en-
vironment, optimization is a continuous, 
non-stop process. With more computational 
power available in the near future, the use 
of even more sophisticated optimization ap-
proaches can be envisaged, to further explore 
and refine the solution space so as to improve 
the quality of the achieved results [3]. In this 
perspective, dynamic coordination of the 
various computational agents makes it pos-
sible to more easily orchestrate and master a 
change in the deployed problem solving tech-
niques. LS/ATN, which exploits these ad-
vanced concepts of problem solution as well 
as the corresponding solution deployment, is 
a fully-fledged, agent-based application that 
provides a solution for a real-world challenge: 
increasing the profitability and thus market 
success of logistics providers through expect-
ed cost reductions between 3% and 6%. 
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Software agents are particularly appealing ... for 
developing that kind of adaptive, autonomous, 

and self-organizing systems and applications that 
are needed in the context of highly complex, dis-
tributed, and extremely dynamic environments.
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EVENT REPORT

The Second European Workshop on Multi-
Agent Systems (EUMAS’04) took place in 
Barcelona, Spain, 16th—17th December 
2004. The previous EUMAS conference was 
held in Oxford (England, December 2003). 
The conference chairs in 
2004 were Chiara Ghidini 
(ITC-IRST, Trento, IT) 
and Paolo Giorgini (Uni-
versity of Trento, IT), the 
program chair was Wiebe van der Hoek 
(University of Liverpool, UK), local organiz-
ers were Pablo  Noriega (IIIA-CSIC, Barce-
lona, ES) and Steven Willmott (Universitat 
Politècnica de Catalunya, Barcelona, ES), 
the finance chair was Carles Sierra (IIIA-
CSIC), and the publicity and sponsorship 
chair was Ulises Cortés García (Universitat 
Politècnica de Catalunya).

There were 145 submissions of regular pa-
pers, from which 76 were selected for presen-
tation. In addition, a number of ‘statements 
of interest’ were submitted, from which 6 
were invited for short presentation. Of the 
76 accepted full papers, 31 had a PhD stu-
dent as first author. Despite the fact that the 
workshop has no formal proceedings and 
submissions concerning work that has been 
or will be presented at relevant international 
conferences are explicitly allowed, we were 
delighted that nearly three-quarters of the 
submissions were previously unpublished. 
Nearly 140 delegates attended the two days 
of the conference.

One of the aims of the EUMAS conferences 
is to provide a forum for both academics 
and industrialists, primarily from Europe, at 
which the pick of European agent research 
and applications is presented and discussed. 
Like the previous edition of the workshop, 
EUMAS’04 fulfilled this aim, and papers 
were presented in a range of areas in which 
agent-oriented technology is crucial.  Thus, 

The Second European Workshop on Multi-Agent Systems
EUMAS’04

Chiara Ghidini, ITC-irst, Italy, ghidini@itc.it

Paolo Giorgini, University of Trento, Italy, paolo.giorgini@dit.unitn.it

Wiebe van der Hoek, University of Liverpool, United Kingdom, wiebe@csc.liv.ac.uk
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there were sessions on Organisations and In-
stitutions, Agent Programming Languages, 
Verification, Coordination, Adaptation and 
Learning, E-commerce, Negotiation, Action 
and Planning, Learning and Simulation, 

Applications and Cooperation and Logical 
Models. The diverse backgrounds of partici-
pants at the meeting and the student-friend-
ly and informal environment led to lively 
exchange of ideas, fostering comparisons of 
techniques and frameworks, and increasing 
cooperation and communication between 
European students, researchers, and indus-
trialists that has been the hallmark of the 
EUMAS conferences.

There were two invited talks during the 
conference, covering traditional and emerg-
ing aspects of the agent research communi-
ty. Onn Shehory (IBM Haifa Laboratories) 
gave a comprehensive talk on the complex 
problem of coalition formation, an impor-
tant cooperation method in multi-agent 
systems. Within coalitions, agents may per-
form tasks jointly that they would otherwise 
be unable to perform, or perform poorly. 
Coalition formation mechanisms proposed 
to date include several restrictive assump-
tions, which do not hold in the real-world 
domains where coalitions are necessary. The 
speaker presented new automated coalition 
formation mechanisms, which relax some 
of these assumptions and are better suited 
for real domains. Innovative, yet simple 
heuristics, allow for these new solutions to 
overcome drawbacks of existing coalition 
formation mechanisms. Frank van Harme-
len (Vrije Universiteit Amsterdam) centred 
his invited talk on the challenges and op-
portunities offered to agent research by the 

Semantic Web.  He first gave a brief survey 
of the current state of the Semantic Web 
research programme, then he illustrated 
the progress that has been made in various 
areas: on theoretical foundations, for ex-

ample representation lan-
guages for ontologies, on 
pragmatic issues such as 
standardisation of repre-
sentation formats, and on 

application scenarios. He also observed that 
gradually, more attention is being given to 
scenarios where semantically-rich clients in-
teract directly with each other, without the 
intervention of a centralized server and that 
such scenarios are very close to the agent 
paradigm. He concluded with a discussion 
of important Semantic Web research issues 
where agent-based research can provide key 
technologies and solutions.

The participants were able to experience 
generous Spanish hospitality:  the social pro-
gram including a welcome cocktail reception 
on Wednesday night and a social dinner on 
Thursday night. The overall organisation of 
EUMAS’04 was excellent, and would like to 
thank all the volunteers in Barcelona who 
helped make EUMAS’04 a success.

The conference was supported by the Cata-
lan Association for Artificial Intelligence 
(ACIA), the Spanish Association  for Ar-
tificial Intelligence (AEPIA), AgentLink, 
Whitestein Technologies, WebI2, the Arti-
ficial Intelligence Research Institute of the 
Spanish National Research Council (IIIA-
CSIC), and the Universitat Politècnica de 
Catalunya (UPC).  The attendance of three 
student authors was supported with grants 
from Agentlink and from UPC.

EUMAS’05 will be held in Brussels, Bel-
gium. Conference information, when avail-
able, will be posted at www.eumas.org.

...of the 76 accepted full papers, 31 had 
a PhD student as first author...
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First International Workshop on Argumentation in 
Multi-Agent Systems: ArgMAS
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The theory of argumentation is a rich, inter-
disciplinary area of research spanning phi-
losophy, communication studies, linguistics 
and psychology. Its techniques and results 
have found a wide range of applications in 
both theoretical and practical branches of ar-
tificial intelligence and computer science. A 
notable example is the use of argumentation 
to specify semantics for logic programs [1]. 
Recently, multi-agent systems researchers 
have begun to explore the use of argumenta-
tion as a means for specifying reasoning and 
interaction, building on argumentation-the-
oretic results from many different fields.

Over the last few years, argumentation has 
been gaining increasing importance in mul-
ti-agent systems, mainly as a vehicle for facil-
itating “rational interaction”, that is interac-
tion which involves the giving and receiving 
of reasons. This is because argumentation 
provides tools for designing, implementing 
and analysing sophisticated forms of interac-
tion among rational agents. Argumentation 
has made solid contributions to the theory 
and practice of multi-agent dialogues. Ap-
plication domains include: legal disputes, 
business negotiation, labour disputes, team 
formation, scientific inquiry, deliberative de-
mocracy, ontology reconciliation, risk analy-
sis, scheduling, and logistics. A single agent 
may also use argumentation techniques to 
perform its individual reasoning because 
it needs to make decisions under complex 
preferences policies, in a highly dynamic en-
vironment.

The community of researchers in argumen-
tation and multi-agent systems is currently 
presented with a unique opportunity to 
integrate the various understandings of ar-
gument into a coherent and core element 
of the functioning of autonomous compu-
tational systems. The benefits range from 
extended semantics of arguments construed 
as relationships between epistemic atoms, 
through conversation protocols for argu-
mentation with serendipitous information 
exchange to models of dialectical practical 

reasoning, both intra- and inter-agent and a 
combination of the two. In all these cases ar-
gumentation is used to structure knowledge 
representation, reasoning and agent interac-
tion, and offers the potential for integrating 
better solutions to these disparate problems.

In recognition of this increasing interest, 
the First International Workshop on Argu-
mentation in Multi-Agent Systems (Arg-
MAS) was conceived. The workshop is the 
first forum to bring together researchers 
interested in applying argumentation to 
problems faced by the Autonomous Agents 
and Multi-Agent Systems (AAMAS) com-
munity. Hence, the workshop was held in 
conjunction with the 3rd International AA-
MAS conference, in July 2004 at Columbia 
University, New York.

Interestingly, the idea of the workshop was 
originally conceived simultaneously by two 
groups, both of whom were intending to sub-
mit proposals to hold the workshop in con-
junction with AAMAS. It was a coincidence 
that one group happened to invite a member 
of the other group to join their team. Recog-
nising this synergy, the teams merged, and 
a steering committee was formed, consisting 
of: Antonis Kakas, Nicolas Maudet, Peter 
McBurney, Pavlos Moraitis, Simon Parsons, 
Iyad Rahwan, and Chris Reed.  From these, 
an organising committee was chosen that 
included Pavlos Moraitis, Iyad Rahwan and 
Chris Reed.

The workshop received 20 full-paper sub-
missions and 2 position statements, which 
was very encouraging for a new workshop. 
After a thorough reviewing process by at 
least 2 anonymous referees per paper, 13 full 
papers were selected for presentation. The 
papers were roughly divided into the follow-
ing main themes:

• Foundations of dialogues

• Belief revision

• Persuasion and deliberation

• Negotiation

Although these topics are not completely 
distinct, they indicate some of the main di-
rections of current research.

The workshop also included an invited talk 
by Prof. Jonathan Adler from the Faculty of 
Philosophy, City University of New York. 
Prof. Adler gave a very engaging talk about 
argumentation as a basis for monitoring 
and revising beliefs in humans. It was very 
rewarding to see the interest that the talk 
stimulated among the participants, a sign of 
success in multi-disciplinary work.

The workshop resulted in the publication 
of an LNAI (State-of-the-Art-Survey series) 
volume by Springer [2]. The volume in-
cludes revised and expanded versions of the 
13 workshop papers in addition to 4 invited 
contributions, with relevant papers that ap-
peared in the main AAMAS conference as 
well as contriibutions from prominent re-
searchers in the field who did not make it 
to the workshop. Invited contributions were 
also fully refereed, either by the AAMAS or 

Argumentation can be defined 
abstractly as the principled interaction 
of different, potentially conflicting argu-
ments, with the purpose of arriving at 
a consistent conclusion. The nature of 
the “conclusion” can be anything, rang-
ing from a proposition to believe, to a 
goal to try to achieve, to a value to try to 
promote. Perhaps the most crucial as-
pect of argumentation is the interaction 
between the argument elements. This 
means that argumentation can provide 
the means for an agent to reconcile 
conflicting information within itself, for 
reconciling its informational state with 
new perceptions from the environment, 
and for reconciling conflicting informa-
tion between multiple agents through 
communication. It is for these reasons 
that argumentation has begun to re-
ceive much attention in the multi-agent 
systems community.
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Agent-oriented perspective on Semantic Web 
Services and the proposed standard - OWL-
S, in his invited talk, “Agents and OWL-S”. 
He contrasted the notions of “Semantic Web” 
services with Semantic “Web Services”, and 
compared MAS, Web Service and Grid per-
spectives of these notions.  A lively discussion 
erupted after the talk, centered around the 
idea of “standards” for semantic web services, 
and whether new approaches, such as WSMO 
will supersede OWL-S, or whether these (and 
other approaches) will be able to co-exist, or 
even complement each other.

As the event closed, the CIA 2004 System In-
novation Award, donated by Whitestein Tech-
nologies, was given to David Sislák, Milan 
Rollo, and Michal Pìchouèk, for their work 
on the A-Globe Agent Platform. This system 
was presented to the workshop participants in 
a special system demonstration session, and 
raised a lively discussion among the audience 
on technical issues, drawbacks and benefits. 
The CIA 2004 Best Paper Award, donated 
by the Spanish Association for AI (AEPIA), 
was given to Zoran Despotovic and Karl Ab-
erer (EPFL, Switzerland) for their work on “A 
Probabilistic Approach to Predict Peers’ Per-
formance in P2P Networks”. 

The next CIA workshop (http://www.mates2005.
de) has already been announced, and will be 
part of the MATES 2005 German confer-
ence on Multi-Agent System Technologies, 
11th-13th September, in Koblenz, Germany. 
As with CIA 2004, a limited number of stu-
dent travel grants are available, sponsored by 
AgentLink, to enable PhD students across 
Europe to present their accepted paper at this 
event.
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ArgMAS reviewers. As a result, the book 
provides a strong representation of the state 
of the art in the emerging field. Papers range 
from specific technical contributions, to dis-
cussions of overarching issues in the area.  
In addition, the four best papers from the 
workshop will be included in an invited Spe-
cial Issue on Argumentation in Multi-Agent 
Systems, which will appear in the Journal of 
Autonomous Agents and Multiagent Systems.
ArgMAS 2004 is only the beginning. The 

second edition of the workshop will be 
held in association with AAMAS 2005 in 
Utrecht, the Netherlands. The ArgMAS 
2004 steering committee continues to drive 
the workshop, and ArgMAS 2005 will be 
organised by a different subset of steering 
committee members comprising Nicolas 
Maudet, Pavlos Moraitis, Simon Parsons 
and Iyad Rahwan. We hope that this edi-
tion will strengthen the emerging and rap-
idly expanding field.
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Information agent technology is one of the 
core technologies necessary for utilising and 
exploiting global information networks such 
as the WWW and the Semantic Web. For 
many years now, agent technology has been 
applied to challenges such as information 
overload, poorly structured data, and perva-
sive information; and whilst the advent of 
recent technologies such as XML and OWL 
may have provided solutions to some prob-
lems, they also present new and stimulating 
challenges. 

In 2004, the eighth CIA workshop (http://www.
dfki.de/~klusch/cia2004/index.html) was held 
between 27-29th September, in Erfurt, Ger-
many as part of the Net.Object Days 2004 
Multi-Conference event.  It featured eighteen 
peer-reviewed regular papers selected from 59 
submissions, as well as three stimulating in-
vited talks. This event has been organised in 
cooperation with ACM SIGART and ACM 
SIGWeb, and the proceedings were published 
as LNAI volume 3191 by Springer. 

A characteristic of intelligent information 
agents is that they are able to proactively lo-
cate, consume, and process information from 
distributed resources.  In doing so, they may 
have to collaborate, which in turn affects how 
they interpret and manage the data.  Hillol 
Kargupta (UMBC, USA), in his invited talk 
entitled “Agent-Based Distributed Data Min-
ing: Current Pleasures, and Future Direc-
tions”, introduced Distributed Data Mining 
(DDM), whereby patterns and dependencies 
are discovered in data that may be distrib-
uted homogeneously (i.e. horizontally parti-
tioned) as well as heterogeneously (vertically 
partitioned).  In his talk, he presented a per-

spective of DDM from a multi-agent system 
perspective, with a focus on distributed clus-
tering algorithms and their applicability in 
multi-agent problem solving scenarios. A key 
observation was that both DDM and MAS 
can benefit from each other; whilst central-
ised data mining approaches fail to scale with 
distributed information, distributed cluster-
ing algorithms perform better for some prob-
lems and such techniques may be relevant to 
related multi-agent system challenges.

Toru Ishida (U. Kyoto, Japan) examined the 
human-agent interface in his invited talk - 
“Socially-Centered Design for Socially Em-
bedded Multi-Agent Systems”, in which he 
presented an immersive environment where 
human-controlled avatars interact and col-
laborate with agents within a virtual space, 
to explore society-centered design problems 
such as traffic control, crisis management 
and large-scale event navigation.  Central to 
this work has been the development of the 
scenario description language Q, which de-
scribes interaction protocols that link agents 
to social scenarios, and a multi-agent virtual 
space environment, called FreeWalk, where 
agents can be simulated and realised within a 
3D immersive framework. In his talk, several 
scenarios were presented, and by presenting 
the underlying architecture, he illustrated 
how the scenario description language could 
be used to define augmented experiments to 
support interaction and exploration of differ-
ent problems.

The Semantic Web has often been lauded 
as a paradigm shift in the way distributed 
knowledge is modeled on the internet. Terry 
Payne (U. Southampton, UK) presented an 
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The Role of Norms and Electronic Institutions 
in Multi-Agent Systems: The HarmonIA Framework 
by JAVIER VÁZQUEZ-SALCEDA

A Review by 
Gopal Ramchurn
University of Southampton
United Kingdom
sdr@ecs.soton.ac.uk  

How can multi-agent systems be designed to 
manage a complex and distributed system of 
rules and regulations? This is the question 
answered by Vázquez-Salceda in his book on 
the HarmonIA framework1.  Through the 
HarmonIA framework, the author presents 
an extensive discussion on the design of com-
plex agent-based organisations, here termed 
e-organisations, through the use of norms at 
various levels of abstraction that 
try to capture different aspects 
of the regulations that exist in a 
system. This work builds upon 
the seminal work by Noriega 
and Esteva on electronic insti-
tutions and tackles problems 
that are faced when implement-
ing an electronic institution in a 
real application. The domain of application 
is the health sector. In particular, the author 
attempts to automate the existing organ and 
tissue transplant procedures that are used by 
the Spanish National Health Service (Sp-
NHS) using a multi-agent system. In so do-
ing, it is expected that the system will make 
the allocation of organs and tissues more ef-
ficient and effective. 

The organ and tissue allocation process of 
the SpNHS involves a number of stake-
holders (e.g., hospitals, donors, receivers, 
transport services) at regional, national, and 
international levels. The procedures used by 
the SpNHS are characterised by very strict 
regulations, laws, and conventions which 
ensure that the transplant process is effec-

tively carried out by all partners and that the 
patients’ rights are all safeguarded. If such 
procedures were to be implemented using 
a multi-agent system (where each agent in 
the system represents a given stakeholder), 
it is important that all the regulations, laws, 
and conventions be captured by the compu-
tational model being applied. In this case, 
the use of the electronic institution to model 

such characteristics was a clear-cut choice. 
Thus, at a preliminary stage, the CARREL 
system was devised and formalised using IS-
LANDER [3] to capture the roles and proto-
col of interaction (defining what the agents 
can say) for all agents in the system. While 
CARREL captured most the constraints 
that existed in the system, it also revealed a 
number of issues that could not be covered 
using the existing formalism of an electronic 
institution.

In particular, it was not possible in CARREL 
to capture the delegation of responsibilities 
when agents fail to perform certain actions. 
This is particularly important when agents 
that are part of an organisation (e.g., a hos-
pital), fail to live up to their commitments, 

and as a result, the organisation they are part 
of needs to update its state and inform other 
organisations of changes in its state.  More-
over, using ISLANDER to model all rules 
and regulations through protocols leads to a 
cumbersome set of rigid protocols that can 
be hard to verify, check for consistency and 
adapt for re-use. In such cases, the need for 
a higher level of abstraction to capture the 

regulations, laws, and con-
ventions in the system is 
required so as to be more 
adaptable and allow for a 
high level analysis of the 
system. To this end, the 
author prescribes the use 
of norm as a first-class ob-
ject to be used in specifying 

the design of multi-agent systems. The au-
thor presents an extensive literature review 
on norms and identifies issues that pervade 
existing formalisms of norms and their rela-
tionship with agents and electronic institu-
tions. One of the main claims of the author 
is that there is no unified formal model of 
norms that can be directly used since these 
are usually described from a number of dif-
ferent perspectives (e.g., sociological, legal, 
or decision theoretic) and use different logi-
cal formalisations. Moreover, it is noted that 
different works in multi-agent systems adopt 
different attitudes when considering the use 
and effect of norms. Therefore, the author 
divides them into two main approaches, 
namely, the agent-centric approach and the 
social approach where the former tends to 
consider mainly the use and effect of norms 
by an agent, while the latter specifies norms 
at the level of the system or the institution 
guiding the interaction. Given this, the bas-

...this book will be of much interest to those 
involved in designing  complex multi-agent 

systems for a real organisations...

1 This book is a slightly revised version of the author’s thesis; The role of Norms and Electronic Institutions in 
Multi-Agent Systems applied to complex domains: The HARMONIA framework. His thesis won the 2003 Arti-
ficial Intelligence Dissertation Award sponsored by ECCAI, the European Coordinating Committee for Artificial 
Intelligence. 
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shows a strong link between strong theoreti-
cal work and good implementation.
However, one of the main criticisms that 
could be levelled is the lack of structure in 
the presentation of the work. A reader could 
slightly be confused when finding literature 
reviews in the middle of the book rather 
than a clear focus on the HarmonIA frame-
work. Another issue that readers may raise is 
that there is no clear discussion on how elec-
tronic institutions usually work. Thus read-
ers should definitely have some background 
reading on electronic institutions (see [1, 2, 
3]) before trying to understand the CAR-
REL system for example and to understand 
where the lacunae of current electronic in-
stitutions lie. 

Despite the above issues, this 
book will be of much interest to 
those involved in designing  com-
plex multi-agent systems for a real 
organisations. While no evalua-
tion of  HarmonIA is presented, 
it is expected that such a system 

will be useful in a number of ways. While 
improving the efficiency of the application, 
it could also highlight issues that might al-
ready exist with current procedures used and 
cannot be easily detected when designing a 
new multi-agent system. Moreover, using 
such frameworks as HarmonIA, researchers 
could properly simulate organisations and 
possibly evolve better rules to optimise their 
system.
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es are laid for the development of the Har-
monIA framework which aims to provide a 
new formal model of organisations based on 
norms such that the connections are clear-
ly defined between the agents’ reasoning 
mechanism and the systems’ procedures.

In Chapter 4, the author discusses the 
agents’ reasoning mechanism that can take 
into account the norms that they need to 
respect. In so doing, the concept of a flex-
ible normative agent is introduced. The 
latter is capable of reasoning about norms 
and choosing whether to follow them and 
also make other decisions in order to satisfy 
its goals. Thus, the flexible normative agent 
does not blindly follow the norms prescribed 
to it. In order to achieve this and ensure 
that the soundness of the system 
is preserved, the author defines a 
number of important concepts, 
namely: legally acceptable worlds 
and police agents. Legally accept-
able worlds allow agents to violate 
certain regulations and then follow 
corrective measures that return the agents to 
a legal state, while police agents aim to en-
sure that the violations are indeed checked 
and remedied. 

Given the definition of the agents’ reasoning 
mechanism, Chapter 5 then introduces the 
organisational framework used in Harmo-
nIA. The author here focuses on the design 
and implementation of, what he terms as, 
an e-organisation. To this end, four levels of 
abstraction are introduced;

• The abstract level – the most abstract 
picture of the e-organisation is defined. 
At this level, the statutes, objectives, val-
ues, and context of the organisation be-
ing modelled are specified. In so doing, 
it is expected that these core concepts 
will be preserved by lower levels of the 
specification. Here, values relate most 
closely to norms since they define which 
actions are possible in the system. To 
capture such norms formally, the author 
resort to deontic logic which is particu-
larly useful to describe obligations in the 
system.

• The concrete level – where abstract 
norms are iteratively processed in order 
to produce norms that more formally 
represent the norms and policies of the 
organisation. This process can be very 
involved, given the abstract nature of 
norms described above. Thus, several 
aspects need to be considered, such as 

abstract actions, vague terms used, agent 
and role abstraction, actions and situa-
tions that are not directly verifiable, and 
temporal constraints that are abstractly 
defined. In considering all these aspects, 
it is important that the set of concrete 
norms be checked and refined again to 
ensure that they capture all the aspects 
of the organisational constraints.

• The rule level – where concrete norms 
and policies are refined and linked to 
form a coherent set. Here, the concrete 
norms are specified in a more operation-
al format using dynamic deontic logic 
[4]. In so doing, it is possible to exactly 
specify the link between actions and the 
consequences of these actions on the 

norms that need to be applied.

• The procedure level – where all rules 
and policies are translated into an op-
erational format for implementation in 
a real application. 

Having defined the above, the author then 
discusses other aspects that need to be con-
sidered (apart from norms) in the e-organi-
sation such as: (i) policies that define how 
the allocation of resources is to be carried 
out and how security should be ensured; (ii) 
the role hierarchy that specifies how roles 
of agents are structured; (iii) the ontology 
used in the organisation; (iv) the context of 
application; and (v) the background knowl-
edge which can be exploited to enhance the 
performance of the application over time. 
With all these design concepts in place in 
the HarmonIA framework, the application 
of HarmonIA to the organ and tissue alloca-
tion problem is then presented in Chapter 6 
and Chapter 7 concludes.

The main strengths of this work are its 
comprehensive coverage of the literature 
with regards to norms in multi-agent sys-
tems. It also proposes a new framework for 
electronic institutions that takes a broader 
perspective than other theoretical research, 
which tend to avoid practical issues that 
may arise in implementing multi-agent sys-
tems. Moreover, the multi-layered design of 
an e-organisation based on a clear definition 
of norms and using dynamic deontic logic 

39

...police agents aim to ensure that 
the violations are indeed checked

 and remedied.
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Geosimulation:
Automata-based modeling of Urban Phenomena
by Itzhak Benenson and Paul Torrens

 A Review by 
Jamie Lawrence

University of Southampton
United Kingdom

jel03r@ecs.soton.ac.uk
Historically, the motivating factor behind 
scientific research has been a desire to under-
stand the natural environment we inhabit. 
However, by 2007 over 50% of the world’s 
population will live in urban neighbour-
hoods and therefore it is important that we 
study these man-made environments and 
our lives within them. How will our cities 
develop? What trends and patterns can be 
identified? What demands will be made of 
the city’s infrastructure in the future? These 
are all questions which can be difficult to 
answer by viewing the city through the 
snapshot of statistical data and, therefore, 
geographers have sought inspiration in a 
variety of computational models. The latest 
generation of these models is the focus of the 
book by Benenson and Torrens: Geosimu-
lation: Automata-based modeling of Urban 
Phenomena.

This book makes the bold claim that a revo-
lution is now dawning on the field of urban 
geography. That revolution is a combination 
of established cellular automata (CA) mod-
els, the wide-spread availability of detailed 
geographical information systems (GIS) and 
the relatively young field of agent-based sim-
ulations (ABS). Traditionally, urban models 
have used cellular automata to model the 
growth of the built environment, but these 
models have always lacked a serious frame-
work for modelling the inhabitants of those 
cities. In most cases, an entire population 
was modelled on a statistical mean behav-
iour and the actions of the individual (such 
as  humans, households or companies) were 
not accounted for. As most of us are aware, 
agent-based systems excel at modelling the 
autonomy of individuals and it is their in-
clusion that enables more complicated be-
haviours to be explored.

This book is targeted at researchers, with ei-
ther a computer science or geography back-
ground, who are attempting to model the 
infrastructure or inhabitants of our modern 
cities. For this reason, Benenson and Tor-
rens provide ample introductory material 
on both geographic models and computa-
tional systems. The book is structured in a 
linear style, with the reader expected to read 
each chapter in turn, although those with a 
specific interest in multi-agent systems can 

probably skip Chapter 4 which focuses on 
CA models.

Chapter 1 provides an introduction to “Ur-
ban Geosimulation”, a definition of these 
models and an overview of the contributing 
technologies. This chapter sets the scene for 
Chapter 2, in which the authors introduce 
the concept of  Geographic Automata Sys-
tems. GAS are an attempt to combine the 
spatial topology of CA models with the 
autonomy of ABS, whilst avoiding the per-
ceived pitfalls of either. Ultimately, GAS 
models can be viewed as an agent-centric 
system in which the agents have a spatial 
awareness and understanding. The authors 
may wish to avoid comparisons with other, 
more abstract, agent-based simulations but 
the agent researcher may find it a little exces-
sive to define an entirely new class of sys-
tem when spatial awareness and reasoning 
can simply be viewed as another sensory at-
tribute of an agent. However, the discussion 
does provide a useful formal definition of 
their GAS framework.

Chapter 3 delves into the theoretical basis 
behind urban simulations, including sys-
tems theory, diffusion mechanisms, non 
linear and complex systems, and how these 
were utilised in previous geographical mod-
els. Unfortunately, this material is presented 
with such brevity that it will only serve as 
a refresher course for those who are already 
familiar with the material. Luckily, the sub-
sequent chapters do not seem to require 
knowledge of the theories covered here but 
it does leave one to wonder why it was in-
cluded in the first place.

Chapters 4 and 5 provide the real meat of 
this book; discussing CA models and agent-
based approaches respectively. Both of 
these chapters contain ample case studies, 
diagrams and screenshots from real simula-
tions on the different aspects of urban life. 
Chapter 4 presents cellular automata (and 
the variations on these models, such as 
raster and markov models) as a mechanism 
for exploring the growth of the urban infra-
structure. Chapter 5, which presents agents 
as a method for representing the dynamic 
elements of a city, will be of most interest 
to the multi-agent community. The chapter 

includes some familiar material on agent at-
tributes, utility functions and rationality, but 
it also moves on to more specific material on 
spatial awareness and the agent representa-
tion of different urban actors.

The final chapter briefly addresses a number 
of assumptions that the GAS framework 
makes and looks to the future of Geosimula-
tion.

Overall, the book is well written and clearly 
presented, although the addition of a glos-
sary would fill in the gaps of knowledge 
which the audience will inevitably find. It is 
unfortunate that, after introducing the con-
cept of GAS, the authors do not pursue a 
unified approach to urban modelling rather 
than separating the CA and ABS technolo-
gies into different chapters. This book is not 
a “cookbook” for the development of urban 
simulations but it does present the many dif-
ferent approaches which have been taken in 
the past and includes a comprehensive bib-
liography. 

The material would be useful for the post-
graduate researcher (or a determined under-
graduate) from either computer science or 
the humanities science. However, the geog-
rapher seeking to build an urban simulation, 
based on recent technological developments, 
will probably find more material in this book 
than the multi-agent researcher investigating 
urban phenomena.  In either case though, it 
is a worthy addition to the urban modeller’s 
bookshelf.
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Developing Semantic
Web Services  
by P. Alesso and C. F. Smith

 A Review by 
Monika Solanki

De Montfort University
United Kingdom

monika@dmu.ac.uk

The World Wide Web has tremendously in-
fluenced communication between humans 
and computers, information dissemination 
and retrieval, and the way business is con-
ducted.  Web services and the semantic web, 
the two most hyped technologies associated 
with the web, have graduated from being 
mere ‘’ buzz ‘’ words to essential cornerstones 
of computing science research, particularly 
distributed systems. Web services have firmly 
established their place as a novel paradigm for 
application integration across organizational 
boundaries. Businesses have long since real-
ised the potential benefits of exposing their 
processes explicitly in a form that enables 
automation of workflows. Strong industrial 
support and sound academic research has 
lead to the availability of tool suites that ena-
ble quick-start development and deployment 
of web services. Semantic web on the other 
hand endeavours to facilitate data integration 
across applications, by making the semantics 
of data available along with the data. The 
ultimate objective is to make data machine 
interpretable. Technologies and standards 
are fast maturing in providing uniform treat-
ment of relational and semi structured data, 
rule based engines, smart query languages 
and ultimately provably correct systems.  A 
natural outcome of the parallel developments 
going on in these two areas is the emergence 
of semantically enabled web services. Pow-
ered by semantic web concepts, the business 
logic embedded in web services can be ac-
cessed and re-purposed as needed. Discovery 
and composition of web services are ideally 
suited to be implemented using semantic web 
technology. The next generation web is thus 
well poised to successfully host the next gen-
eration of services: semantic web services.  

In order to enable the incorporation of these 
technologies into specifications of new or re-
engineered systems, it is imperative that they 
are accessible to web service architects, IT pro-
fessionals and researchers. The book by H. P. 
Alesso and C. F. Smith on developing seman-
tic web services is a timely and welcome step 
in this direction. It also bears the distinction 
of being the first book to be published on 
this topic. The OWL-S ontology described 
in the book is the first well-researched web 
services ontology, available for service specifi-

cation and has numerous users from industry 
and academia. Currently in its 1.1 version[1],  
OWL-S  has been acknowledged as a member 
submission by W3C[2]. Previous releases of 
this language were known as DAML-S, and 
were built upon DAML+OIL (the predeces-
sor of OWL). OWL-S  provides a suite of 
upper level ontologies for describing services 
in arbitrary domains. A core set of mark-up 
language constructs is available for describing 
the properties and capabilities of web services 
in an unambiguous, computer-interpretable 
form.  The structuring of the ontology is mo-
tivated by the need to provide three essential 
types of knowledge about a service: 

• Service Profile : the Service Profile pro-
vides the information needed to discover 
a service. This form of representation 
includes a description of what is accom-
plished by the service, limitations on 
service applicability and quality of serv-
ice, and requirements that the service 
requester must satisfy to use the service 
successfully. 

• Service Model : The service model tells a 
client how to use the service, by detailing 
the semantic content of requests, the con-
ditions under which particular outcomes 
will occur, and, where necessary, the step 
by step processes leading to those out-
comes. That is, it describes how to ask for 
the service and what happens when the 
service is carried out.  

• Service Grounding : A service grounding 
specifies the details of how a client can ac-
cess a service. Typically, a grounding will 
specify a communication protocol, mes-
sage formats, and other service-specific 
details such as port numbers used in con-
tacting the service. 

The book discusses these ontologies in detail. 
An example of a “Book Buying Service: Con-
go’’ has been included to explain the concepts 
in depth. The book guides the reader step by 
step through the complete language pyramid 
of web mark-up language. Adequate sup-
port is provided in the form of examples and 
software demos. Various aspects of semantic 
web service design have been discussed along 
with their supporting development environ-
ment. These include editors, validators, pars-

ers, inference engines and methodologies for 
analysis. The source code for “Semantic Web 
Author’’ an integrated development environ-
ment for semantic mark-up language has also 
been discussed and is available for download 
at http://www.web-iq.com.

The book is structured into four parts. It in-
cludes appendices that provide supplemental 
information about graphical models of the 
web and additional resources in the form of 
detailed RDF and  OWL syntax.  Part 1 (con-
sisting of Chapters 1 to 5) revolves around the 
World Wide Web: its foundations and devel-
opment using mark-up applications and dis-
tributed networking. It introduces the reader 
to the entire stack of mark-up languages, start-
ing from the fundamental SGML to HTML 
and finally XML.  The languages have been 
explained in detail via primers and examples, 
while keeping the treatment simple. Relation-
ships between the languages, their capabilities 
and limitations have been highlighted.  Due 
importance has been given to XML, keeping 
in perspective its relationship with web serv-
ices. Associate languages of the XML family 
for e.g. XML Schema, XPath, XLink, XSLT 
have been discussed amongst others. The re-
lationship between XML and Databases has 
been explored. Connectivity to databases via 
Java and the .Net framework is explained. 
XML-based web service technologies and 
standards such as WSDL, SOAP and UDDI 
have been introduced in Chapter 5. A survey 
comparing Microsoft’s .NET and Sun’s J2EE 
frameworks have been provided. An example 
‘’Hello World’’  web service is discussed and 
created using various Microsoft technologies. 

ISBN: 1568812124
Publisher: A.K. Peters Ltd

Published: 2004
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Part II (Chapters 6 to 10) focuses on the Se-
mantic Web and its associated mark-up lan-
guages. It introduces the layered approach 
to the development of semantic web. RDF 
and OWL are explained in great depth with 
chapters devoted on each of them. Machine 
intelligence concepts such as computational 
complexity, knowledge representation, agents 
and ontologies are addresse. The OWL-S on-
tology for services as the main methodology 
for designing semantic web services, is in-
troduced and its relationship with other web 
service standards has been outlined. 

The third part which forms the core of the 
book deals with developing semantic web 
services. The OWL-S Congo example  has 
been used to explain various aspects of se-
mantic web service design.  Along with imple-
mentation techniques, emphasis has also been 
given to theoretical analysis. Graph theory 
and petri nets have been proposed as formal-
isms. Reachability and failure analysis have 
been explained. To encourage development 
amongst newbies, various existing semantic 
tools have been surveyed. The “Semantic Web 
Author’’ as a complete IDE for development 
of semantic web applications  receives special 
attention in the book with source code avail-
able on the enclosed CD. If the semantic web 
is to prosper, like the conventional web, there 
is a demand for search techniques. The book 
highlights the importance of this aspect and 
its various facets without indulging in details. 
Since semantic web services have just started 
to take off, the domain has enough challenges 
and opportunities for researchers and indus-
trial practioniers. The book highlights some 
of these challenges and projects a positive out-
look towards tackling them. 

Throughout the book, due emphasis has been 
placed on various artefacts used in web serv-
ice and semantic web design. Useful tips and 
code snippets are highlighted to point out 
important details. Illustrative examples com-
plement the textual description of concepts. 
Glossary of terms and a list of acronyms are 
adequately included. Initially the inclusion of 
detailed explanation for specifications such 
as RDF and OWL may seem redundant as 
there are numerous articles and tutorials 
available on the w3c website, see: http://www.
w3c.org and elsewhere on the web. However 
they make the book complete, especially for 
an amateur semantic web service developer. 
An associated website of the book is available 
at http://www.web-iq.com to provide reference 
material, errata and discussion forums.                          

The book is targeted at IT professionals keen 
to jump start development with some hands-
on experience with semantic web services. It 
is therefore light on the theoretical underpin-
nings of both web services and semantic web. 
Although there may not be enough material 
of interest for the academic researcher, it does 
serve them as a quick source of reference. The 
book deals with only one approach to seman-
tic web services: OWL-S approach. Although 
this may be considered as its limitation to the 
book, it is appealing to the new developer 
who pragmatically wants to avoid navigating 
through different approaches.  

To conclude, the book is a valuable addition 
to resources currently available for design-
ing Semantic Web services, describing vari-
ous standards, tools and techniques required.  
The authors have done an excellent job in 
motivating the topic. The OWL-S specifica-
tion for describing services is well explained 
through the Congo example. The book is a 
well compiled resource not only for develop-
ers but also in terms of teaching semantic web 
services. For research and development on 
semantic web and web services to gain fur-
ther momentum, the underlying principles 
need to be accessible to both developers and 
academics. The book achieves this objective 
satisfactorily. 

References
[1]  http://www.daml.org/services/owl-s/1.1/

[2] World Wide Web Consortium                   
http:\\www.w3c.org

The design of multi-
agent systems (MAS) 
in complex, open en-
vironments can benefit 
from social abstractions 
in order to cope with 
problems in coordina-
tion, cooperation and 

The Role of Norms and Electronic 
Institutions in Multi-Agent 
Systems 
Javier Vázquez-Salceda
ISBN: 3-7643-7057-2
Birkhauser Publishing Ltd
January 2004
http://www.springeronline.com/sgw/cda/frontpage/0,
11855,4-40109-22-36093939-0,00.html

Mobile agents are 
software nomads that 
act as your personal 
representative, work-
ing autonomously 
through networks. 
They are able to visit 
network nodes di-

rectly using available computing power 
and are not limited by platform. This 
emerging field is now poised to become 
a cornerstone for new Web-based ubiq-
uitous computing environments. Mobile 
Agents provides a practical introduction 
to mobile agent technology and surveys 
the state of the art in mobile agent re-
search. Students and researchers can use 
the book as an introduction to the con-
cepts and possibilities of this field and as 
an overview of ongoing research. Devel-
opers can use it to identify the capabili-
ties of the technology to decide if mobile 
agents are the right solution for them. 
Practitioners can also gain hands-on ex-
perience in programming mobile agents 
through exploration of the source code 
for a complete mobile agent environ-
ment available through the companion 
website.

Mobile Agents  
Peter Braun , Wilhelm Rossak 
ISBN: 1558608176
Elsevier
January 2005
http://books.elsevier.com/bookscat/links/details.
asp?isbn=1558608176

trust among agents, problems which are 
also present in human societies.

The agent-mediated electronic institu-
tions is a new and promising field. Work 
is focused in social concepts such as norms 
and institutions in order to provide nor-
mative frameworks to restrict or guide the 
behaviour of software agents. However, 
current approaches are either too theoreti-
cal (formal notations for norms) or too 
practical (agent architectures and agent 
platforms with norms) to be properly 
merged and applied.

This book presents HARMONIA, a new 
framework for electronic organizations 
that defines a multi-level structure, from 
the most abstract level of the normative 
system to the final multi-agent implemen-
tation.
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SELMAS 2005 May 15-16 4th International Workshop on Software Engineering for Large-Scale Multi-Agent Systems St. Louis, Missouri, USA
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CPPS 2005 June 5-10 Workshop on Constraint Programming for Planning and Scheduling Monterey, California, USA
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WETICE June 13-15 14th IEEE International Workshops on Enabling Technologies: Infrastructures for Collaborative Enterprises Linkoping, Sweden
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ETNGRID 2005 June 13-15 WETICE-05: Workshop on Emerging Technologies for Next generation GRID Linkoping, Sweden
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ICAI 2005 June 27-30 The 2005 International Conference on Artificial Intelligence Las Vegas, USA

IA 2005 June 27-30 ICAI-05: Special session on Intelligent Agents. Las Vegas, USA

IDIISUS 2005 June 27-30 ICAI-05: Technical Session on the Integrated Design of Intelligent Information Systems and their User Interfaces Las Vegas, USA

CLIMA VI June 27-29 6th International Workshop Computational Logic in Multi-Agent Systems London, UK

IPROMS July 4-15 1st IPROMS Virtual International Conference on Intelligent Production Machines and Systems Online Virtual Event

CWS 2005 July 5 CWS-05 International Workshop on Context for Web Services Paris, France

C&O 2005 July 9-10 1st International Workshop on Contexts and Ontologies: Theory, Practice and Applications Pittsburgh, PA, USA

MAL July 10 AAAI Wokshop on Multiagent Learning Pittsburgh, PA, USA

ICWS 2005 July 12-15 The 2005 IEEE International Conference on Web Services Orlando, Florida, USA

SCC 2005 July 12-15 2005 IEEE International Conference on Services Computing Orlando, Florida, USA

MOBIQUITOUS 2005 July 17-21 The 2nd Annual International Conference on Mobile and Ubiquitous systems: Networking and Services San Diego, CA, USA

IEEE-CEC 2005 July 19-22 7th International IEEE Conference on E-Commerce Technology Munich, Germany
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AAMAS-05 July 25-29 4th International Joint Conference on Autonomous Agents and Multi-Agent Systems Utrecht ,The Netherlands 
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