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Abstract gence features are exploited. To conclude, we give an in-
sight of the real world application using the MWAC model.
This paper deals with a multiagent self-organization pro-
cess aiming to give adaptive features to distributed em- )
bedded systems involving intelligent agents in open real
world. We propose a formal description of this model of
self-organization.

Communication management in wireless
multiagent systems

In wireless multiagent systems, agent interacts together
and with their environment, for example, to carry out a
measure, to realize complex cooperative tasks... and to
help other agents to communicate together. Generally these
agents have autonomous energy resources.

Multiagent systems are especially adapted for design- These constraints must be taken into account in order to
ing real world artificial complex systems. Embedded optimize communication management (the energy devoted
multiagent systems are composed by autonomous hardto communication constitutes an important part of the agent
ware/software agents that have to achieve perception taskenergy cost). The energy parameter is importantin the sense
and control tasks in respect of energy policies. In this con- that it can create internal faults or that it can influencespth
text, at a global level, the system must provide an energy ef-parameters like the emission range. Furthermore the envi-
ficient communication management. Wireless agents haveronment can be hostile and can cause agent internal faults.
to adapt their behaviour according to their independent en-  The open nature of these networks can be another source
ergy resources. In such multiagent systems, agents cannasf errors. In fact, insertion and departure of the agent oc-
have all the other society members perception areas. How-cur randomly and often unpredictably. Furthermore, in the
ever each agent must help the others to communicate tocase of mobile devices the infrastructure of systems are not
gether : this contitutes a multihoping communication. The persistent and the global data monitoring must be organized
routing process is thus distributed among all the agents.  from local observation.

Through  the MWAC (Multi-Wireless-Agent- Networks of wireless autonomous entities have a dis-
Communication) model, we propose an innovative tributed routing process. The associated routing prosocol
approach for communication management open embeddedre centred on the flooding techniques which consist in
multiagent systems in the context of wireless communica- sending messages to all the members of the network to be
tion. This communication layer is based on a multiagent sure the receiver gets the message: the associated power
collective intelligence analysis. The cooperation, dodta  cost is very high. Generally the routing protocols are a
ration and negotiation capabilities of multiagent systems compromise between the control traffic reduction and the
allow the agents which evolve in an open system to increaseatency in finding the route to a destination.
the overall efficiency of the whole system. Message routing through a multiagent approach aims to

In a first part, we introduce the main difficulties of com- decentralize the decision and the knowledge without trying
munication management in wireless multiagent systems.to build a global network model nor a global route model.
We present in a second part our model exploiting emergenceA few works reaching the same objectives show that the
features. We explain how we take benefit from a totally de- approach is interesting. We can quote the ActComm [1]
centralized approach and how the inherent multiagent emermilitary project for which the routing of information is es-

1 Introduction



sential: it aims at studying the communication managementflooding is only directed to the representative agent of the
between a soldier team and a military camp via a satellite. groups and to some connection agent. To give an order of
Work described in [5] presents a mobile agent approach toidea, a receiver path research with flooding techniques will
optimize the time of message transmission. This work usescost, in the case of a traditional wireless network, a number
agents’ affinity which are similar to link state in some ad- of emissions equal to the number of stations. In the case of a
hoc routing protocols. The problem described in [6] is very clustered wireless network, the number of transmitted mes-
similar to our problem but the approach is very different sages are about twice the numbers of representative agent
since the used technique is based on distributed stochastiall the representative agents are contacted via one cennec

algorithms. In [4] some algorithms are described for raytin
message with a swarm cooperation model.

3 Our solution based on the emergence

A multiagent system is a set of agents situated in a com-
mon environment, which interact and attempt to reach a se
of goals. Through these interactions a global behavioremor
intelligent than the sum of the local intelligence of multia
gent system components, can emerge. The emergence pr
cess is a way to obtain, through cooperation, dynamic re-
sults that cannot be calculated in a deterministic way.

3.1 What should emerge?

tion agent). In our example (fig 1) the cost would be in the
first case of 74 messages and in the second of 26 messages.
However, the networks supporting an organizational
structure must take care of the maintenance of their routing
table. Generally, the adaptive features of these tablegcom
from periodical exchanges between the different nodes. In

jour approach we do not wish to use this technique to ensure

the maintenance of coherence. Indeed, our principle will
be "if we do not need to communicate, it is useless to spend

gnergy to ensure the coherence maintenance”. However, we

will thus use eavesdropping of surrounding agent communi-
cations. We extract from these messages exchange knowl-
edge to update our beliefs about our neighbours. More-
over, our self-organization mechanism will integrate a en-
ergy management policy. These structures will thus emerge.

Our objective is to decrease the energy expense induced

by the inherent floodings techniques. For that we will use
a group structure inspired by the clusters of the CGSR
protocol. Our organizational basic structures are consti-
tuted by (see fig 1): one and only ogeouprepresentative
agent (r) managing the communication in its group, some
connectioragents (c) which know the different representa-
tive agents and can belong to several groups, smmi@ary
members (0) which are active in the communication pro-
cess only for their own tasks (They don’t ensure informa-
tion relay). With this type of organizational structureeth

3.2 How to makethe solution emerge?

We want to obtain an adaptation of our whole multiagent
system through the emergence of organizational structures
by self-organization based on role allocation modification
The organization is built according to an exchange of mes-
sages between agents. Relations between agents are going
to emerge from the evolution of the agents’'states and from
their interactions. We are only going to fix the organization
parameters, i.e. agents’tasks, agents’roles.

message path between the source (a) and the receiver (b) is The ideal representative agent is the one having the most

((a,r)," [(r,¢), (¢, )], (r, D).

\\” /

@ HOSTWITHOUT ROLE
(C) CONNECTION AGENT

() GROUPE REPRESENTATIVE AGENT
(O)ORDINARY AGENT

Figure 1. Our organizational structure

The energy saving is obtained owing to the fact that the

important number of neighbours and the most important
level of energy. The level of energy is an important pa-
rameter in the sense that the representative agent is the mos
solicited agent in the group from a communication point of
view. We use role allocation based self-organization mecha
nisms involving the representative agent election. Our-ele
tion function integrates some data on neighbours and energy
levels. This function estimates the correlation betwesgn it
desire to be the boss and its capacity to access to this po-
sition. The organization is modified only when a problem
occurs. We do not try to maintain it if we have no com-
munication. In addition to the configuration messages, all
agents use eavesdropping. In fact, when some communi-
cating entities (humans, robots etc.) share a common envi-
ronment they might intercept some messages (broadcasted
or not). From this eavesdropping message they can extract
some authorised information like the receiver, the sender,
the type of message and the packet’s path.



We propose here a formalized description of our model.

The notation find their sources in the work described in [3].
Identifier. Hosts of the network are modelled by agent.
Each agent have an identifierWe noteA; the agent iden-
tified by .

The multiagent systemThe multiagent systeri is the set

of agentd” = {44, Ao, ..., A;, ..., A, } with card(T") = n.

(2: simplification of writing)We notepower(A4;) the cur-
rent energy level of the agenit;.

Neighbourhood.We noteN 4, the neighbourhood that;
knows. It is a set of agents in the emission range of the
agentA; notincluding itself. SoN4,eP(T).

An agent knows a neighbour by its unique iden-
tifier but can access to its role and its group (

Our multiagent system is open : hosts can enter or leave th&/A;eNa,, Ka, role(A;) AN Ka, group(A;) ) with

system.

Time. We noteT the ordered set with the operatarand an
element—oo with Vt € T, t < —oco. SOT = NU {—o0}.
Groups. 1) An agent group is noted. In our organiza-
tion, a group is identified by its representant Identifiere Th
group where the representantdg, is notedGr. All groups
are part of the systemdr ¢ P(T)

(2: intention)A group has a finite time to live (with a lower
and a higher limit). The lower limit is the most interesting
(the group birth) : we notpA g, t] the group created by r
atty with (AR,to) el x T

(3: belief in extension)Ve note[Ag,ty]47:" the set of
agents thatd; think members of the group! r, to] att.

(4: extension)Ve note[Ar, to]" the set of agents really in
[AR, t()] att.

We note [Ag, to]" the group compositioj; created at
to at the given date. This knowledge can be defined
from the belief of the agents|{Ag, o] {Ajel’ |
AjE[AR, t()]Aj’t A AjE[AR, t()]AR’t}

Belief. B4, ¢ minds that the agend; thinks ¢, in other
words it thinks thaty is true. To highlight the recursive
feature of the group definition given previously, we can note
that(AjE[AR,to]A“t) = (BA% (AjE[AR,to]t)).

Desir. D4, ¢ minds that the agend; desiresy, in other
words it wants to verifyp.

Knowledge K 4, ¢ minds that the agemt; knowsy.
Roles.(1) We noterole(A4;,t) the function that returns the
role of the agent4; at the dater with (A4;,t) e ' x T.

A role can beRpg for a representantk for a connection
agent andRs for an ordinary member. When an agent is
initialized, he has no role. The functiomlc can then re-
turn () to signify that the agent has no role.

(2: simplification of writing )We noterole;(A;) the last
role taken byA,.

(3: choice of a role)each agent chooses a role depending

group the function defined similar toole but group(A;)
returns the group identifier of the agefif. We can notice
that if K4, [AR,to]" thenk 4, group(A;) = R. The
reciprocal is not true because there is an uncertainty about
the time.

Formalized description of theroleattribution Choosing a

role depends firstly on its neighbourhodasic algorithn).
However, because our power level is low, an agent can not
desire to be representamngrgetic constraint The deci-
sion processes of agents are not synchronized. Two neigh-
bours can take the same decision at the same time. It is
possible that two close agents choose a representative role
there is arepresentant confliaivhich must be detected and
corrected. It is possible to have two closer groups which
don’tinclude a connection agent between them: there is an
inconsistencyvhich must be detected and corrected.

We begin by focusing on our algorithm which allows to
the agent4; to choose a role in function of its neighbour-
hoodNy;,.

Basic algorithm1) There is no neighbor : the concept of
role doesn't make senseN4, = 0) = (Ka,(role(4;) =
0))

2) Neighbors existN 4, # ().

(Ka,(card( {AjeNa, | role(A;) = Rr}) =0) =
(Ka,(role(A;) = Rg))

Ka,((card( {AjeNa, | role(A;) = Rr} ) =1) =
(K4, (role(4;) = Rg))
Ka,((card( {AjeNa, | role(A;) = Rr} ) >1) =

(Ka,(role(A;) = Rc))

Energy constraintGenerally, the role of representative or
connection make that the agents take an active part in the
management of communications. From this fact, consump-
tion of energy is higher. Sdpower(A4;) < trigValue) =
(Ka,(role(4;) = Rg)).

on its neighbourhood. So, choosing a role leads to notify Detecting and correcting a representant confli¢t: Con-
the new role to neighbours and modify its knowledge about flict detection)An agentA; detects a conflict with other

its own role. SACy, (role(A4;,t,) = Rg) can be under-
stood following different way. Firstly, we learn simply tha
the agent4; is representant, but i 4, (role(A4;,t,—1) #
role(A;,t,)) then the agentl; has modified his role to be
representant.

Power supply(1) We notepower(A;, t) the function which
returns the energy level (a percentage) of the agesat the
datet with (4;,t) eI’ x T.

agents ifCa,(Na, # 0) A Ka,(role(4;) = Rgr) A
Ka,((card( {AjeNa, | role(A;) = Rr}) >=1).

(2: Conflict correction)4; has detected a conflict with other
agents. he sends@on flict Representative Resolution
message (cf. the interaction aspect) to its representative
neighbours. This message contains the score of the agent
A;. The agents, which receive this message, calculate their
own score. Agents with an inferior score leave their role



and choose another. An agent with a better score sends itsve will be able to apply a signal processing algorithm to im-
score to its neighbours. prove the data transmission. The link layer used is a CAN
An exemple ofscore function can be simply expressed. (Controller Area Network) protocol stemming from the mo-
The following function supports an agent with a high en- torcar industry and chosen for its good reliability. The ap-
ergy level and a significant neighbour (the interest is to plicative layer is constituted by the agents’ system.
have dense groups in order to limit the flooding volume).  These agents are embedded on autonomous processor
score(A;) = power(A;).card(N a,) cards. These cards are equipped with communication mod-
Detecting and correcting an inconsistencyl: In- ules and with measuring modules to carry out agent tasks
consistency detectiorn inconsistency can be detected relative to the instrumentation. These cards supply a real
only by one representative starting from beliefs of one time kernel which allows multi-task software engineering
of its members. This detection needs an interaction be-for C515C microcontroller. We can then quite easily im-
tween an agentd; and its representativelp (message Plement the parallelism inherent to agents and satisfy the
VerifyNeighborGroupConsistency). real-time constraints.
The agent4; will send the list of the groups of its neigh-
bourhood of which it does not know if its representative Synthesis We presented in this paper a hybrid soft-

knows the proximity. ware/hardware application for the management of an envi-
We defineNy, . = {AreNa, | role(Ar) = Re}. ronmental agents network. We proposed a multiagent anal-
A connection agent is member of many groups, so, if ysis of this system and detailed how we use collective fea-
ApeNa, A role(Ar) = Rc A [Aa,ta]?Pte A tures to make the system adaptive. The innovative aspect of
[Ag, tg]ALte. then Ka,(group(ArL) = «a) et this work stands in the use of multiagent self-organization
Ka,(group(Ar) = B3). techniques based on the emergence of structures. The con-
We define (4, = {AjeNa, | group(A;) # cept_of emergence is usually quite difficult to defen_d i_n an
group(A;) A ( BAgeNa, 1, / (group(Ax) = group(A;) A applicative real world context. The MWAC model is im-
group(Ay) = group(A;)) )}. plemented as a ge.neric.mid_dleware. We work_currently on
The inconsistency is found by; if card(Ca,) = 0. The ano.ther project using this middleware to coor.dlne}te arobot
representative agerity; of A; receives a message wigh . society working in a real world. (a r_nanufacturmg flrm)_.. .
FOrVAneCa,, if card({AyeNa, 1 | group(A,) = n}) = _ AI_I these works aim at contributing to §h0\_/v that artificial

0 then there is a real inconsistency. intelligence mechanisms (as self-organization) can lead t

(2: Inconsistency correctiorij this case several strategies Nteresting results and can improve classical techniques.
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