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Preface 

PAAMS'12 Special Sessions are a very useful tool in order to complement the 
regular program with new or emerging topics of particular interest to the partici-
pating community. Special Sessions that emphasized on multi-disciplinary and 
transversal aspects, as well as cutting-edge topics were especially encouraged and 
welcome. 

Research on Agents and Multi-Agent Systems has matured during the last dec-
ade and many effective applications of this technology are now deployed. An in-
ternational forum to present and discuss the latest scientific developments and 
their effective applications, to assess the impact of the approach, and to facilitate 
technology transfer, has become a necessity. 

PAAMS, the International Conference on Practical Applications of Agents and 
Multi-Agent Systems is an evolution of the International Workshop on Practical 
Applications of Agents and Multi-Agent Systems. PAAMS is an international 
yearly tribune to present, to discuss, and to disseminate the latest developments 
and the most important outcomes related to real-world applications. It provides a 
unique opportunity to bring multi-disciplinary experts, academics and practitio-
ners together to exchange their experience in the development of Agents and 
Multi-Agent Systems. 

This volume presents the papers that have been accepted for the 2012 edition in 
the special sessions: COREMAS: COoperative and RE-configurable MultiAgent 
System for Manufacturing, Logistics and Services domains in Industry, AMMR: 
Adaptive Multimedia and Multilingual Retrieval, BioMAS: 3rd International Spe-
cial Session on Bio-Inspired and Multi-Agents Systems: Applications to Lan-
guages (BioMAS), WebMiRes: Web Mining and Recommender systems, 
MASSS: Multi-Agent Systems for Safety and Security, AAA: Assessing Agent 
Applications), TINMAS: Trust, Incentives and Norms in open Multi-Agent Sys-
tems, AMAS: Adaptive Multi-Agent Systems, ASM: Agents for smart mobility, 
ABAM: Agents Behaviours and Artificial Markets.  

We would like to thank all the contributing authors, as well as the members of 
the Program Committees of the Special Sessions and the Organizing Committee 
for their hard and highly valuable work. Their work has helped to contribute to the 
success of the PAAMS’12 event. Thanks for your help, PAAMS’12 wouldn’t ex-
ist without your contribution. 

 



VI Preface 

We thank the sponsors (IEEE Systems Man and Cybernetics Society Spain, 
AEPIA Asociación Española para la Inteligencia Artificial, APPIA Associação 
Portuguesa Para a Inteligência Artificial, CNRS Centre national de la recherche 
scientifique), the Local Organization members and the Program Committee 
members for their hard work, which was essential for the success of PAAMS’12. 

 
 

Juan M. Corchado Rodríguez 
Javier Bajo 

PAAMS’12 Organizing Co-chairs 
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Alvaro Luis Bustamante, José M. Molina, Miguel A. Patricio

A Meta-model-Based Tool for Developing Monitoring and Activity
Interpretation Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
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Amparo Jiménez, Amparo Casado, Fernando de la Prieta, Sara Rodrı́guez,
Juan F. De Paz, Javier Bajo

A Study Case for Facilitating Communication Using NFC . . . . . . . . . . . . 289
Montserrat Mateos, Juan A. Fraile, Roberto Berjón,
Miguel A. Sánchez, Pablo Serrano

Enabling Intelligence on a Wireless Sensor Network Platform . . . . . . . . . 299
M.J. O’Grady, P. Angove, W. Magnin, G.M.P. O’Hare, B. O’Flynn,
J. Barton, C. O’Mathuna

Touch Me: A New and Easier Way for Accessibility Using
Smartphones and NFC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Miguel A. Sánchez, Montserrat Mateos, Juan A. Fraile, David Pizarro

ABAM: Agents Behaviours and Artificial Markets

Earn More, Stay Legal: Novel Multi-agent Support for Islamic
Banking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 315
Amer Alzaidi, Dimitar Kazakov

Optimal Portfolio Diversification? A Multi-agent Ecological
Competition Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 323
Olivier Brandouy, Philippe Mathieu, Iryna Veryzhenko

Modeling Firms Financial Behavior in an Evolving Economy by Using
Artificial Intelligence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
Gianfranco Giulioni, Edgardo Bucciarelli, Marcello Silvestri



Contents XVII

Simulating Artificial Stock Markets with Efficiency . . . . . . . . . . . . . . . . . . 341
Philippe Mathieu, Yann Secq

Adaptive Learning in Multiagent Systems: A Forecasting
Methodology Based on Error Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 349
Tiago M. Sousa, Tiago Pinto, Zita Vale, Isabel Praça, Hugo Morais

Author Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359



Multilevel MAS Architecture for Vehicles
Knowledge Propagating

Emmanuel Adam, René Mandiau, and Emmanuelle Grislin

Abstract. Completely autonomous vehicles in traffic should allow to decrease the
number of road accident victims greatly, and should allow gains in terms of per-
formance and economy. Models of the interaction among the different vehicles is
one of the main challenges. We propose in this paper a model of communication
of knowledge between mobile agents on a traffic network. The model of knowledge
and of interaction enables to propagate new knowledge without overloading the sys-
tem with a too large number of communications. For that, only the new knowledge
is communicated, and two agents communicate the same knowledge only once. In
order to allow agents to update their knowledge (perceived or created), a notion of
degradation is used. A simulator has been built to evaluate the proposal.

1 Introduction

In many studies on traffic supervision, the optimization of traffic flow as well as
new road infrastructure [2], attempt to deal with collective interests and individual
interests. We think that completely autonomous vehicles in traffic should allow to
decrease the number of road accident victims greatly, and should allow gains in
terms of performance and economy. Developing models of the interaction among
the different vehicles is one of the main challenges [4] to optimize traffic flow with
autonomous vehicles.

The simulation of traffic is often used to evaluate traffic flow optimization meth-
ods. In the area of road traffic simulation, two approaches allow management
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2 E. Adam, R. Mandiau, and E. Grislin

policies for scheduling vehicles flows: centralized approaches and distributed ap-
proaches. A means to bypass the limitations of centralized approaches (lack of
flexibility, difficulty to adapt to changes . . . ) is to decentralize the traffic simula-
tion [9, 7]; in this context agent-based approaches seem to be the most appropriate
[5, 6]. In these approaches, the traffic is the result of the sum of all actions and inter-
actions of the various simulated entities (busses, vehicles, pedestrians, road signs,
road infrastructure for examples).

So, in the context of a project that aims at studying the impact of information
communication between drivers and infrastructure or elements of the environment
(like shops, car park for instance), we turn to multiagent systems to propose a sim-
ulator of a traffic network.

Communication of knowledge implies classically to take care of the confidence
about this knowledge. If βa is the set of knowledge of the agent a. A received know-
ledge b can be :

• out-of-date : dynamic environment implies to date the knowledge about it, about
events.

• from a doubtful origin : the knowledge comes from an unknown agent, or without
the required signature.

• inconsistent : the receiver of the knowledge b is is unable to store it in its own
knowledge without getting an inconsistency; ({b}∪βa = /0).

The next section of the paper presents the architecture of the multiagent system
used to share knowledge between mobile agents and the model of knowledge that
we propose. The section 3 presents the simulator of road traffic, and the case study
that we used to validate our proposal. The last section draws our conclusions and
gives some perspectives for future research.

2 Communication of Mobile Agents in a Network

Fast communication of knowledge between mobile agents along a network can be
done : directly, by messages exchange, when agent are physically close enough to
communicate; or indirectly through the environment (generally the nodes are used
to store / read information).

We think that a node should be more pro-active and should have the opportunity
to choose to communicate some information to some agents chosen according to its
knowledge.

So we propose a third method in which some non mobile agents are located at
the nodes and communicate with mobile agents and that are close enough to receive
messages.

Moreover, we can easily argue that to give the possibility to a node to interact
with one another could give efficiency to the propagation of an information along a
network.
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Multilevel Architecture. In order to allow the three kinds of communication
(‘mobile-agent-to-near-mobile-agent’, ‘mobile-agent-to-near-node’ and ‘node-to-
near-node’), and to allow communication between distant mobile-agent and distant
nodes, we use a multi-level architecture, inspired from holonic principles. We have
already used this kind of architecture for the simulation of a flexible assembly cell,
in order to correct myopic behaviour of mobile and autonomous shuttle [1].

At the bottom of the system (level 0), we have the mobile agents. At he level
1, there are the node agents, that can schedule, manage conflicts between ‘mobile
agents’ that have to cross them. These agents (mobiles and nodes) and the environ-
ment (the network) are included in the ‘network agent’ that represents the multiagent
system.

Each agent can interact with all agents that are in its ‘vision field’.
The Figure 1 presents an extract of a screenshot of a traffic simulator that we use

to test knowledge communication between cars; ‘mobile agents’ are represented by
‘vehicle agents’, ‘node agents’ are represented by ‘crossroad managers’.

Fig. 1 Example of applica-
tion in road traffic. Mobile
vehicles agents interact be-
tween them and with the
crossroad (node) agent if
they are close enough.

mobile agent
(vehicle)

node agent (crossroad agent)

interactions

Elements of Knowledge Model. We give here just some elements of how the mo-
bile agents manage the exchanged knowledge. A knowledge is a partial view of the
environment or of the other agents, namely for a given object o of the environment
(the traffic network for example); it is (generally) an incomplete copy of it, so a
representation of o with missing attributes and methods.
If O is the set of objects of the environment, an object o is defined by:

o = (id,attributeso = {ao
1, . . . ,a

o
n}n>0, f unctionso = { f o

1 , . . . , f o
m}m≥0) (1)

with f o
j : O �→ O .

If o′a is a partial representation of o for the agent a, the cardinalities of the set of
attributes and functions of o′ are lesser than those of the object o:

| attributeso′ |≤| attributeso | and | f unctionso′ |≤| f unctionso |
We define a knowledge κa

o (cf. def. 2) on an object o for an agent a by: o′a, a partial
view of o from a; dateκo , the date when the knowledge has been created or updated
(by a or by another agent if the knowledge has been received); builderAgentκo, the
‘builder’ of the knowledge (name of the agent that has created/updated the know-
ledge from its perception); senderAgentκo, the ‘sender’ of the knowledge (name of
the agent that could have sent the knowledge to a); receiverAgentsκa

o
, the list of
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agents to which the knowledge has been sent by a; shareableκa
o , the fact that the

knowledge is shareable or not by a.

κa
o =

(
o′a,dateκo ,builderAgentκo ,
senderAgentκo,receiverAgentsκa

o ,shareableκa
o

)
(2)

The notions of dateκo and of receiverAgentsκa
o allow to decrease the number of

communications. Indeed, when the agent a perceives, from its perception function
an image of a new object o, it creates the knowledge κa

o with the date of creation.
When a receives from another agent b a knowledge on o, a replaces its knowledge

only if the dateCreationκo in κb
o is newer than the one in κa

o .
If b is close enough to send its knowledge to a, reciprocally a can send its

knowledge. So when two agents meet, at the end of the communications they
own the last representation known of the object o. When an agent (a) sends
some knowledge on o to another (b), it adds the agent to its set of receivers
(receiverAgentsκa

o ← receiverAgentsκa
o ∪ {b}. Each time an agent receives a new

version of an information, its set of agents to which this information has been sent
is emptied (receiverAgentsκa

o ←{}). This allows to decrease the number of commu-
nications; for instance, when a and b meet many times (for example, if they follow
the same path), the communication about a given knowledge is done only once.

3 Simulation

We illustrate our proposal on a traffic road simulator that we have developed in
the context of a project (Plaiimob : a simulating Plateform dedicated to Mobility
services) of CISIT (for International Campus on Security and Inter modality in
Transports).

The aim of this project is to allow vehicle-to-vehicle (V2V) communication to al-
lows drivers to automatically exchange data about their environment (incident/traffic
jam on a road, information about off-street parking . . . ) [8].

We developed a traffic road simulator with the Jade Platform1:

• The environment is a traffic network in the OpenStreetMap format2 (OSM). This
allows us to use true traffic networks, or to define our own maps in order to test
particular situations.

• The classes of agents are: the PersonnageAI agent class (it allows to simulate the
behaviour of a driver), the CrossRoadManager agent class (it allows to manage
the priorities at a crossroad according to the road signs), the ObserverAgent class
(that allows to draw statistics from the simulating exercise).

• The roles played by the PersonnageAI are: RandomBehaviourRole: to represent
a driver that moves randomly on the traffic; BusRole: to represent a driver that
starts from a particular point and has to reach an objective, by linking some

1 See the web site of the Jade platform : http://jade.tilab.com/
2 See the web site of the OpenStreetMap project:
http://www.openstreetmap.org/

http://jade.tilab.com/
http://www.openstreetmap.org/
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bus stops, at earliest; EmergencyRole: to represent a driver of an ambulance,
firetruck, for instance, that has an objective to reach as soon as possible.

• The roles played by the CrossRoad Managers are linked to the road signs or
traffic lights associated with them. We defined some roles like: FifoCrossRoad
(the first vehicle arrived in a queue of the crossroad ‘receives’ a green light);
ClassicTrafficLightRole (emulation of classical traffic lights at each entry of the
crossroad); AITrafficLightRole (based on the ClassicTrafficLightRole, it gives
the priority to the street from which an emergency vehicle arrives (the associated
traffic light goes on green light) . . . ).

Jade has been chosen because the aim of the project is to test our proposal on a real
case, with agents embedded in the smart-phones of the drivers. So we aim at reusing
some classes of the simulation to build agents and their roles.

Communication of Incident. In order to test the benefit to have a V2V communi-
cation, we present here a small case study that includes 2 bus lines (A and B), with
one bus for the line A (bus1a) and 5 bus of the line B (bus2a, . . . , bus2e); and five
cars that travel randomly on the network (randomCar1, . . . , randomCar5).

The Fig. 2 shows the map used in this context. The bus of the line A start from
‘SA’, and have to make loops between the bus stops ‘BS-A1’, and ‘BS-A2’. For
the busses of the line B, they start from ‘SB’, and have to make loops between the
bus stops ‘BS-B1’, and ‘BS-B2’. ‘SR’ is the starting point of the cars that travel
randomly.

We used three different scenarios. In the first scenario, there is no incident, all
the vehicles travel as they planed. In the second scenario, we add an incident on the
road with incident risk before bus1a reaches it, and vehicles do not communicate
information. In the third scenario, busses and cars are able to exchange knowledge.

The incident causes a tailback on this road, and the speed limit is divided by 2
(so it becomes 35 km/h maximum).

Fig. 2 On the right: map of Traffic Roads used in the case study. The busses have to stop on
the right side of the road. One road is prone to incident risk. On the left: screencopy of the
Traffic Roads Simulator. bus2b is selected; the red arrow shows the roads where it plans to
go. The disc around bus2b represents its communicating zone.
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Initially, each mobile agent knows the map of the traffic road, with the initial
speed limit.

Each time a mobile agent reaches a road, it updates its knowledge if needed:
if the perceived state of the road implies a modification of the speed limit (due
to an incident, or traffic jam, for example), a knowledge is created and stored; if
the perceived road exists in the knowledge, the knowledge is updated (the date is
updated, the state of the road is modified if necessary).

If no incident is signaled, but if the agent took at least twice more time to exit the
road, it records a tailback event in its knowledge.

Each ‘PersonnageIA’ with the role ‘BusRole’ is able to compute the shortest path
to its next objective with the Dijkstra algorithm [3].

The best path, without incident, for A is to made a double loop (a ‘8’) : from
‘SA’, the bus goes by the road with the ‘incident risk’; then to ‘BS-A1’; then it takes
the road limited to 90km/h; takes again the ‘incident risk’ road; to reach ‘BS-A2’
and repeats its round.

For the busses of the line B, the best path starts from ‘SB’; goes to ‘BS-A1’; takes
the ‘incident risk’ road to reach ‘BS-A2’. The busses take next the fast lane to repeat
their round.

In scenario 3, we choose to put an incident at the beginning of the simulation;
bus1a, which does not know this fact, travels on the route with incident. It informs
all the agents that it meets during its move. bus2b is the first informed by bus1a, it
computes a new best path and chooses another road than the one taken by bus2a.

On Fig. 2-right, the green arrow shows the road took by bus2a, the red arrow
shows the road took by bus2b (and its followers) that met bus1a.

Without communication between vehicles, the lost time when an incident occurs
on the ‘incident risk’ road is 7 time units on average. The communication of infor-
mation, in the particular case study, results in a time-saving of about 4 time units.

Communication of Incident Repairing. In the simulator, when a incident is re-
moved from a road, this one goes back to its initial speed limit. If all the busses have
got the knowledge that an incident has occurred on the road, they will never takes
this road again. They could get the information about the repairing only if a vehicle
with a RandomBehaviourRole take this road and meet the busses.

Results from the simulation about this propagation of incident repairing is not
really pertinent, because it depends on the random choice of path by the vehicles.

So if a simulation does not include ‘random cars’, once a path is declared ‘with
incident’, and once the event has been propagated to all mobile agents, the path is
neither reused. It is important to allow agents to be informed about a repairing; so it
is important to allow at least one mobile agent to perceive this repairing. A mobile
agent, having the information that an incident has occurred on a path, has to decide
to take it, after some time.

We introduce a notion of degradation, in the definition of a knowledge κa
o . We

define degradationκo as a coefficient of the reliability of the knowledge (if t is the
elapsed time since the creation/update of the knowledge, the confidence that a has
on it is: trustκo = 1− t× degradationκo). For a knowledge κo, if trustκo ≤ 0, then
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the agent does not take into account this knowledge to compute the best path to its
next objective; and the knowledge is not sent to other agents.

If degradationκo = 0, then the knowledge κo is perennial; if a degradationκo =
0.1, then the knowledge κo exists for 10 tu.

The degradation coefficient for a knowledge is strongly dependent of the case
study. Here, due to the light complexity of the traffic network used, as a bus needs
2.2 tu to make a loop, we fix the degradation coefficient of a knowledge about an
incident at 1/3 tu. This allows a bus to try to pass by the ‘incident road’ after 3
loops; if the incident is always on the road, the date of the knowledge is updated,
and the new knowledge is communicated to each vehicle met by the bus.

One perspective could be to automatically define the degradation coefficient from
observation during the simulation.

Propagation of Knowledge. In order to improve the diffusion of knowledge, we
propose to use agents linked to the nodes of the network (here, these agents are the
CrossRoad Managers).

When a mobile agent decides to communicate its knowledge, it includes the local
node agents in its potential recipients. All nodes are not necessary equipped with
node agents, but in the case study, a CrossRoad agent is located to each crossroad.
When a vehicle detects a problem on the road it reaches, the vehicle informs all
agents inside its perimeter of communication. The crossroads at the beginning and
the end of the road receive the information. When another vehicle approaches the
road, the crossroad where the vehicle arrives communicates the knowledge on the
road incident/repairing. The vehicle is able to recompute its best path, and to choose
another road.

We define so a fourth scenario with crossroad manager agents able to communi-
cate knowledge. The results of the simulation is the same as the scenario 3, except
that it is not needed to have a line A bus to inform line B busses about the incident
on the ‘incident risk’ road.

4 Conclusion

In order to allow the propagation of knowledge between mobile agents, with a min-
imum of exchanged messages, we propose an architecture, a model of knowledge
and a model of communication.

In the first results presented in this paper, we make the assumption that all the
agents are cooperative, and no deficient; that is to say that they cannot send wrong
knowledge, voluntary, or not (if a captor has a dysfunction).

The trust on a knowledge depends only on the date from which the knowledge
has been updated or created. We plan to introduce the notion of trust that depends
of the sender; for example, if an agent t sends a knowledge that is not coherent with
the perception of other agents, these latters can decide to put in quarantine the faulty
agent, like in [10] for example.



8 E. Adam, R. Mandiau, and E. Grislin

We plan also to enhance the information sent by the crossroad agents: when a car
informs a ‘crossroad agent’ about its desire to take a particular road, the crossroad
manager sends the number of agents that have already taken this road in a near past.
So the mobile agent can choose to pursuit its initial plan, or to recompute a new best
path.
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being the decisions taken from the cooperation among them. The introduction of
self-organization mechanisms to enhance the system adaptation may cause the sys-
tem instability when trying to constantly adapt their behaviours, which can drive the
system to fall into a chaotic behaviour. This paper proposes a nervousness control
mechanism based on the classical Proportional, Integral and Derivative feedback
loop controllers to support the system self-organization. The validation of the pro-
posed model is made through the simulation of a flexible manufacturing system.
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1 Introduction

The need to develop more flexible and adaptive factories that better addresses the
current requirements imposed to manufacturing companies, such as flexibility, re-
configuration and responsiveness, is an important issue in the Factory of the Fu-
ture (FoF) program and implies the adoption of new production control structures.
Holonic manufacturing and multi-agent systems [4] are examples of suitable ap-
proaches that overcomes the typical problems exhibited by traditional centralized
control structures, e.g. the rigid, monolithic structures. In fact, they offer an
alternative way to design control systems based on a set of distributed, autonomous
entities that may cooperate to reach the systems’ goals. These distributed entities,
the holons, have a local perspective of their world surrounding and may suffer from
information deficiency and information quality, meaning that any decision is based
on incomplete and even, at some point, inaccurate/outdated information. In these
holonic systems, holons take decisions in a myopic manner relying only of the ex-
isting local information.

Self-organization properties [1] embedded in holonic manufacturing systems, can
contribute to improve the system performance. In the same way, in such dynamic
and continuous self-adaptive systems, some undesired instability, due to the pres-
ence of nervousness, may appear and should be taken into consideration. Nervous-
ness can be characterized by or showing emotional tension, restlessness and agita-
tion, i.e. as the frequency that a holon changes its intentions. As expected, a repeated
changing of plans can originate undesired behaviour, leading to a loss of the system
performance, and in extreme cases, into pitfalls or chaotic behaviour. Since the ob-
jective is to push these systems to their limits but maintaining them under control,
the study of the system nervousness is crucial to design dynamic self-organized
holonic and multi-agent systems, and particularly, how to control the nervousness
of each individual holon.

This paper discusses the control of nervousness in dynamic self-organized holonic
structures, namely overcoming the reasons for the occurrence of instability in dis-
tributed adaptive systems and identifying the benefits and liabilities associated to
nervousness. A nervousness control mechanism is proposed based on the classical
Proportional, Integral and Derivative (PID) feedback loop controllers. Aiming to
validate the proposed approach, an experimental manufacturing cell was simulated
using a self-organized agent-based system embedded with the proposed nervous-
ness mechanisms. The rest of the paper is organized as following: the next section
explains the importance of having reactive holons balancing the local and global
aspects of the self-organized distributed system. Section 3 depicts the PID based
proposed model for the nervousness control to be embedded in each holon, and sec-
tion 4 describes the experimental case study. Finally, section 5 rounds up the paper
with the conclusions and future work.
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2 Nervousness and Equilibrium in Dynamic Systems

The new manufacturing control paradigms have foundations in decentralized con-
trol over distributed entities, i.e. the global control is distributed by the entities in
the system. The decentralized nature of these systems allows the achievement of
responsiveness to external perturbations since they can locally react to the distur-
bance in a faster way. This situation turns on the need of the system to display self-
organization properties allowing an automatic arrangement of the system entities to
allow the system to fulfill its goals.

Latest concept developments of self-organization state that self-organizing sys-
tems include not only adaptation and learning mechanisms but also stable structures.
Additionally, self-organization can also be achieved by the global cooperation in dy-
namical systems by means of emergence properties which consist of the multiple
lower-level interactions, in one hand by entities-entities interactions and on the other
by entities-environment interactions. A deep study of this issue can be found in [3].

In such dynamic self-organized systems, some instability may occur, resulting of
the nervousness of the individual entities. For this purpose, the system nervousness
should be balanced trying to push the system into its limits but maintaining it under
control, allowing the system to dynamically evolve safely into different structures
maintaining high performance levels. This idea is in line with the application of
theory of chaos as seen in [6].

In this work, nervousness is characterized by the frequency that an entity changes
intentions during its life-cycle. Naturally, an entity is nervous if it is constantly
changing its intentions and in opposite an entity is calm when does not change
intentions. The pertinent question is how to know that a new solution can bring bet-
ter results than the previously one and in the case of distributed systems if it will
negatively affect the system performance. Also vital is to translate this phenomenon
into the system design allowing to push it to its limits keeping it under control.

Parunak et al. use two mechanisms to calm hyperactive agents [8]. The first one
uses a stigmergy like mechanism used by societies of insects, allowing to merge
multiple local data in order to take decisions. The second mechanism delineates
a way to separate exploration and exploitation times relating them to the imposed
deadline time.

Having in mind the same objective, Hadeli et al. state that, in case an agent wants
to change the initial ideas, it is necessary to make a quality measurement of the
new solution and only if the new solution is significantly better than the previous
one the agent can change its intentions [5]. Additionally, the frequency of changing
the initial intentions is limited, restringing the continuous willing to change. An-
other example can be found in [9] where the inspiration from magnetic fields helps
products to choose the most adequate route. In this mechanism, as resources are be-
ing occupied, the attraction power emitted (designated by potential field) is reduced
allowing products to route in a decisive manner.
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The referred approaches allow to control the nervousness phenomena; however
the goal of this paper is to go further and introduce a nervousness mechanism that,
in a natural manner, is associated to the control mechanism and simultaneously sup-
ports the dynamic self-organization.

3 A PID Based Approach for the Nervousness Control

In the classical feedback control theory, one of the most and effective mechanism
used to control discrete or continuous systems is the PID controller [7], namely its
discrete version which allows to be implemented into more sophisticated process-
ing units. This mechanism, adjusting some key parameters, allows a quick reaction
to the perturbation combined with the elimination of the error in a steady state. In
practice, when different functioning conditions are needed, e.g., a different tempera-
ture in a room, the PID controller adjusts in a quick and effective way, by setting the
variables to the new set-point. Having in mind these principals, the inspiration of the
PID control was used to design a nervousness control mechanism for self-organized
systems, as illustrated in Fig. 1.

Fig. 1 PID controller block
diagram for the nervousness
control
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The stability and equilibrium analysis can be performed in analogy to the tran-
sient response or natural response behaviour. The response can be classified as one
of four types, describing the system output in relation to the steady-state value (in
this case, the adaptation response): Overdamped response that does not oscillate
about the steady-state value but is slow to reach it, i.e., exhibits a slow reaction to
the perturbation; Critically damped response that reaches the steady-state value the
fastest without being underdamped - in an ideal case, there should be no oscillation
about the steady state value; Underdamped response that oscillates within a decay-
ing envelope, exhibiting more oscillations and longer to reach steady-state being as
more underdamped is the system - it presents a fast adaptation response but is ner-
vous and can lose the stability; Unstable response, where the system is not able to
respond to the set point and gets uncontrolled.

Since the objective is to avoid the system instability, the last type of response can
make the system fall into a chaotic behaviour and should be avoided. The achieve-
ment of a fast adaptation response maintaining the system stable and predictable is a
balance between adjusting the damping parameter of the system/holons. Note that if
the system has overdamping, the system response may be inadequate, i.e., too slow,
due to the time needed for adaptation.
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The question is how to handle the local behaviours to reach more adaptive sys-
tems with less nervousness. Using the analogy with the PID controllers found in the
control theory, the idea is to adjust the coefficients Kp, Ki and Kd that define the
local behaviour of the holons, as illustrated in the equation (1).

f (t) = Kpe(t)+Ki

∫ t

O
e(τ)dτ +Kd

d
dt

e(t) (1)

In the proposed approach, the meaning of each component is: Kp, i.e., the propor-
tional part, is related to the time to react to the perturbation (meaning the adaptation
response); Ki, i.e., the integral part, is related to the error in steady-state state (mean-
ing reaching the optimal state); Kd , i.e., the derivative part, is related to the speed of
the stabilization eliminating the error (meaning the responsiveness of achieving the
optimal state).

Adjusting each parameter of the controller will culminate in the desired perfor-
mance curve for a given system. The consequences and cautions that must be taken
when adjusting the parameters can pass by the decrease of rise time, increase of
overshoot, increase of the steady state error and a degradation of the system stabil-
ity. Individualizing and extrapolating into holonic multi-agent systems, the increase
of Kp can lead to the increase of the overshoot and the degradation of the stabil-
ity, that can be seen as a temporary difference to the desired behaviour (see Fig.
2le f t ). The Ki parameter drive the system to have higher overshoot and settling time
which is counterbalance by a significant decrease of the steady state error, leading
the system to its goal with more accuracy (see Fig. 2middle). Finally, the Kd param-
eter can influence more the system stability but improves the overshot, allowing the
entity/system not to greatly drift from desired behaviour in initial time (see Fig.
2right ).

Fig. 2 Response curves adjusting Kp, Ki and Kd

The stability and the convergence to the global optimization can be affected if the
individual entities self-learn, self-adapt and self-organize taking different directions.
Nevertheless, self-learning capabilities embedded into the individual behaviours can
gather valuable information that assists the auto-tuning of the PID control param-
eters on-the-fly (i.e. without the need to stop, re-program and re-start the system).
Although the PID controller parameters can be adjusted in an offline mode, allowing
an easier development, the controller has more potentialities if the parameters are
adjusted in real time to face the changes of functioning conditions.
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In distributed systems, an important question is how to guarantee the overall sys-
tem equilibrium based on the control of the nervousness of the individual entities.
Being the proposed model more suitable to be developed into individual entities, a
global unifying solution pass by self-organization consideration such as found e.g.,
in societies of ants. Alternatively, rules could be deployed in which the eager that
individual entities have to fulfill their goals decrease as those goals are being accom-
plished. The consequence would be that entities would decrease their nervousness
levels alongside the goals fulfillment.

4 Case Study

The proposed model, described in the previous section, was used to solve the ner-
vousness of a self-organized agent-based system applied to route pallets in a flexible
manufacturing system. This section describes the case study and the experimental
tests performed by using the Netlogo framework1.

System Description. The flexible manufacturing system, illustrated in Fig. 3, is
composed by two independent cells each one having two conveying levels joined by
lifters. The first level is comprised by 9 interconnected conveyors while the lower
level has 2 conveyors. In each cell, the left lifter is able to transport the product in
an upper way and the right lifter in the opposite direction. The 2 cells are joined at
both levels i.e., in the upper level the pallets can forward from the first cell to the
second cell and in the lower level the pallets can leave the second cell re-entering
the first cell. The global entrance of the system is made in the first cell through
the upper level in the left lifter, being the output made on the right lifter of the
second cell.

Fig. 3 Global view of
the system. Worksta-
tions: WS1 = [S1,S2];
W S2 = [S1]; W S3 = [S2,S3];
W S4 = [S2]. List of prod-
ucts: A = [S1S2OUT ];
B = [S3OUT ]

The manufacturing system comprises 4 workstations, associated with conveyors
C2 (WS1) and C8 (WS2), for the first cell, and C13 (WS3) and C19 (WS4) for the
second cell. Each workstation performs a set of services, as described in Fig. 3.

1 see http://ccl.northwestern.edu/netlogo/
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