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Résune

Cet article pésente un nouveau mid de coordination
multi-agent, qui combine une structure de coordination
en “pyramide” avec des associations inter-agents, deux
mockles dont nous montrerons l'utéit Nous pésentons
aussi l'application de ces metes de coordinationa

la problématique de la recherche d'informations multi-
critéres.
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Abstract

In this paper, we present a new model of multi-agent coor-
dination. This model combines a pyramidal coordination
structure with agent associations, two notions which we in-
troduce herein and of which we demonstrate the relevance.
We present the application of our coordination model to an
information retrieval project.
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1 Introduction

This article presents an original multi-agent coordination
scenario, which has the main property of allowing for an ef-
ficient organisation of the computer resources and without
relying on central control nor on plan sharing. This feature
is fundamental for applications where no sufficiently opti-
mal planning algorithms are available, which is the case in
our information filtering application.

The SAFIR projectwas initiated at the LIP6 as an attempt
to overcome two important issues raised by information re-
trieval engines:

IProject funded by the French Ministry of Industry,
www.projet-safir.org The consortium is also composed of
the Institut National des Langues et Civilisations Orientales and of the
EDF and the Xerox companies.

Lack of precision The search engine retrieves irrele-
vant documents, subsequent to the occurrence of
homonyms of some query terms or to the usage of
poorly discriminating terms.

Poor recall The engine does not find relevant documents
because, for example, they do not contain exact
matches of the query terms but rather variants like
synonyms, declinations, etc.

All along this document we will take as example a sim-
ple query like “gas pollutants emitted by gas turbines in
cogeneration power plants”. On the one hand, isolated oc-
currences of “gas” and “turbine” are not really relevant to
this query. On the other hand, documents talking about
“trigeneration”, which is a form of cogeneration, will not
be brought back by search engines.

These issues were addressed in this project by improving
two existing information retrieval techniques — query ex-
pansion and content based filtering — and by experimenting
novel ways to combine them.

Query expansion consists in improving the user’'s query
before submitting it to classical search engines. On
the one hand, variants of query terms — like synonyms
or plural — are added with the aim to collect more doc-
uments. On the other hand, domain specific terms are
added to eliminate off-topic documents.

Content based filtering aims at re-sorting the documents
found by the classical engines by means of a deep,
multi-criteria, analysis of their content. For this anal-
ysis, we rely on computational linguistic techniques
like terminological databases, derivational morphol-
ogy, part-of-speech tagging, etc.

We would like to stress that the usage of these techniques
imposes a preliminary analysis of the type of documents
which will be filtered so as to build up the necessary lin-
guistic resources. We thus had to focus on one application
domain, which we did with the project partner EDFhe

2Electricite de France is the principal electricity producer in France



role of EDF was to constitute a corpus of documents and
to provide validated terminological databases.

Early experiments in the context of the Safir project have
shown that there is no optimal algorithm for combining the
criteria for content based filtering. Hence came the idea of
comparing filtering criteria combination to multi-agent co-
operation. By associating one criterion with one agent, cri-
teria combination comes down to agent coordination. Fur-

to a different way to evaluate the relevance of a document.
We call thenxriteria.

In practise there are many criteria, some of them being
correlated, complementary or partially redundant. Further-
more, there is no query independent formula that combines
them in an optimal and relevant way.

We reconstruct a global utility function from the partial cri-
teria, taking into account that the parameters of this recon-

thermore, the absence of a static algorithm imposes that the struction depend on each user’s query:

candidate coordination models are dynamic ones.

We propose here a coordination model that fits these re-
quirements. It is a dynamic pyramidal coordination struc-
ture combined with multi-agent associations. Both notions
are described in section 3.3 and the latter will be compared
with the notions of coalition [19], team [18, 17] and con-
gregation [3, 2, 1]. Shortly stated, the main coordination

The main difficulty is to discover the “right” functions,.

2.2 Criteria for information filtering

structure imposes constraints on resource usage and placesCOnstructing vector spaces. Let us now inspect some

agents in concurrence, forcing them to choose optimal so- Criteria for the evaluation of documents. This section does

lutions for document filtering. The associations between Mot claim to be exhaustive, not even to cover all evalua-

agents allow them to set up temporary interest groups for tion criteria implemented in the Safir project. We have pre-
combining their computation power. ferred, to avoid dispersion of the examples, to limit our

The model uses messages passing through these associPresentation to terminological criteria. Nevertheless, the

ations of agents so as to improve their utility functions,

which have in turn a great impact on the coordination struc-
ture.

However, before going into the depth of the coordination
model in Section 3, we will formalise, in Section 2, the

problem of information filtering and describe the precision
improvement criteria. We will also provide some imple-

mentation information in Section 4.

2 Formalisation of the problem
2.1 Queries, recall and precision

When a user submits a query, his goal may be modelled
as a utility function which measures the relevance of the
retrieved documents. A given document will then be con-
sidered as a correct answer if its relevance is over a certain
predefined constant threshold.

In practise however, the utility function is not known and
the information retrieval systems will attempt to order the
document set using an approximation of it. The “quality”
of this approximation may be measured by computing the
recall (the percentage of relevant documents in relation to
the number of documents retrieved) and the precision (ratio
of the total relevant documents in the Internet retrieved by

provided examples will sufficiently support our assertions
on the effective complexity of the system. In particular,
they will back up the conclusions that we will draw in the
following section on the need for a multi-agent approach
and on the type of coordination which will be necessary
for the agents.

Basically, terminological criteria are founded on the idea
of imposing a vector-like structure on the set of documents
to evaluate.

Generally a text is considered as a stream of characters and
basic retrieval techniques involve the search for exact oc-
currences of query string in the documents. One step for-
ward consists in grouping characters in wordstakens

and to consider documents as array of toRens

However, an array of numbers would be necessary, instead
of an array of strings, in order to construct a mathemati-
cally sound, measurable, vector space. A classical way to
reach this point is to define a space were each axis corre-
sponds to one word of some reference dictionary [11]. A
document will then be associated with a vector such that
each coordinate is, for example, the number of occurrences
of the corresponding word in the document.

The sentence “gas pollutants emitted by gas turbines in co-
generation power plants” might then be represented by the

the search engine) of the search engine with respect to the vector: (zgqs = 2, Zpoitutants = 1, Tihe = 0, Tihey =

query [16].

As already mentioned, the SAFIR project aims at improv-
ing the recall and the precision firstly by modifying the
guery before submitting it and secondly by re-filtering and
re-ordering the search engine results. In this document we
will focus on the second aspect.

One way to raise the precision is to minimise the differ-
ence between the utility function and its approximation.
For this, we will consider several utility functions; in-

0...). Obviously, most coordinates are equal to zero.

In such a space, the proximity of two documents may be

measured by the angle between the two corresponding vec-
tors. In particular, if one considers the user’'s query as a

very small document, it is also possible to measure the dis-

tance between the query and a document with this tech-
nique.

3The way to separate tokens may vary from one language to another,
and there are specific linguistic software pieces, called “tokenizers” that

stead of a single one. Each of these functions corresponds perform this operation.



However, this construction still demands that the seman- on the one hand and domain specific relations like “use”,
tics of the coordinates is defined and this requires to decide “produce” on the other hand.

on (1) the terminological nature of the vector space axes Each of these relations may be used to impose a structure
(tokens, terms, etc.), (2) the semantics of the vector coordi- on the set of terms and to define corresponding quotient-
nates (occurrences, frequencies, etc.) and (3) the measuresets, either by switching to equivalency classes (e.g. for
used to compute “distances” in the vector space. synonymy) or to transitive classes (e.g. for hyponymy).

In addition, one should also consider variants in what is For example, the terms “cogeneration” and “combined cy-
to be compared: documents versus queries or documents cle” might be identified in the quotient set defined by the

versus reference documents. synonymy. Similarly, “gas turbine”, “steam turbine” and
All these criteria may of course be combined together, and “turbine” belong all to the same class in the quotient space
with other types of criteria, like meta-tag analysis, etc. induced by the hyponymy relation.

Possible natures of the vector spaces. Hence, the number of dimensions of the vector space may

. be reduced using the following algebraic transformation.
Tokens, lemmas, terms The documents may be consid-

ered at several levels of linguistic abstraction [8]: Projection Frequent words (stop-words, articles, preposi-
tions, etc.) may be removed and the corresponding

Syntactical level The document is considered as a series : : : .
dimensions in the vector-space disappear.

of tokens, i.e. of raw words.

Example: gas, pollutants, emitted, by, gas, etc. Quotient One may consider the quotient space with re-

_ _ ) spect to some relationship between the coordinates.
Lexical level Tokens may in turn be replaced by their base Things appear as if the dimensions associated to some

form orlemma A lemma is a normalised form that related words were merged. One practical advantage

represent a set of words which are different in flex- in our example is that occurrences of “trigeneration”

ions such as case, gender and number, or verbs conju- would transparently count as occurrences of “cogen-

gation forms [6]. This operation may be performed by eration”.

a piece of linguistic software called a part-of-speech

tagger. So, we end up with as many possible definitions of the ter-

Example: gas (NOUN), pollutant (NOUN), emit minological nature of the vector space dimensions as there

(PARTPAST), by (PREP), gas (NOUN), etc. are combinations of these transformations.
inological | | d b q Possible semantics of the coordinates.Once a reference
Terminological level Some words may be grouped t0- ot pag peen selected, the next step is to define the quan-

gether in noun phrasés A term is a collection of tification of the coordinates of the vector that represent a
such expressions, grouped together because they de'document

rive from one another by morphological transforma-
tions like flexions of case and gender, verb conjuga- Straight occurrence count The coordinates may repre-

tion, acronyms, order of the elements (as in “electric- sent the number of occurrences of the items in the
ity production” versus “production of electricity”). document(zgas = 2,25, =1,...)

Example: gas pollutants, gas turbine, cogeneration Frequency The coordinates may be the frequencies of the
power plant. items in the documentz j,s = 0.2, 25, = 0.1,...)

Starting as an array of characters, our document.s becameWeighted frequency Before computing the frequencies,
successively arrays of tokens, of lemmas and, finally, of the occurrences of each term are multiplied by a factor

terms. From the vector-space perspective, the same doc- \yhich depends on the context (titles, headings, lists,
ument may be considered as a vector, the coordinates of strong text, anchors and plain text [14, 7]).

which count occurrences of either tokens, lemmas or terms.

Distinct occurrence count In order to compensate the
bias introduced by documents with many occurrences
of one single term of the query, one will use boolean
coordinates which will denote the presence or the ab-
sence of a given word{z o5 = 1,Zin = 1,2Z¢he =

Relations and terminological quotient spaces How-

ever, this stream of transformations is not complete yet. In-
deed, the idea to switch to the higher level of terminologi-
cal abstraction was motivated in the Safir project by the aim
to make use of the lexical and semantical relations which

exist between terms, and which are of two kinds: linguis- 0,...)

tic relations like synonymy, hyponyrfiyand meronym§ Inverted documentary frequency If one wants to reduce
4Noun phrases are parts of sentences that play the role of a noun in the the weight of frequent words, which are not very dis-

sentence. For example “production of electricity” in the sentence “The criminating, one may use the Tf*Idf coordinates sys-

production of electricity has grown...”. tem where the frequency of an item in a document is

SHyponymy is the relation between two lexical units in which the s ; ;
meaning of the first is included in that of the second [13]. It may be divided by the frequency of the item in all the docu

compared to the type/subtype relations. ments [15]. Common word will hence have very low
6Meronymy is the “part-of” relations. coordinates.



When terminological quotients are used, several variants of
the above basic quantification techniques may be used.

e Occurrences of multi-word terms might have more
weight than occurrences of single word terms;

e Occurrences of synonyms (or any other related term)
may be counted as occurrences of the original term,
but with a lower weight.

Measuring the similarity. A given quantification system

documents the angles of which are a fraction of this
average. Similar documents tend to share the same
relevance.

Each combination of the above elements defines a utility
function, which have calledriteria in Section 1 and de-
noted byC;. The computation of these criteria involves
several linguistic and terminological techniques the de-
scription of which is out of the scope of this document. The
corpora and the terminological reference data are stored in
a database the structure of which has been designed for

over a given reference dictionary defines a vector space this project. The computation of each criterion may require

where each document may be represented as a vector. Eachmore or less computing power, raising critically efficiency
such vector space may then be measured in a variety of jssues.

ways, called “similarity measures”, among which are the
cosine, the minimal loss of mutual information and other
information theoretic similarity measures [4, 9, 12, 10].

In the next section we will see how the diversity of cri-
teria calls for a multi-agent approach to the issue of their
combination in order to combine them in a meaningful and

For example, the cosine calculus provides a measure of the efficient way.
“angle” between to documents. It may be easily computed . . .
using the scalar product of vectors. It has the advantage 3 Multl-agent modelllng of Safir

over distance calculus that the length of the documents |, this section, we will present the Safir multi-agent system

does not introduce a bias and, consequently, two docu-
ments will be considered similar if they share the same fre-
guencies of words, lemmas or tokens. In particular this al-
lows for a meaningful comparison of the user’s query with
the retrieved documents.

Final construction. In the previous sections, we have

presented several ways to construct a measurable vector

space, by combining an axis selection, with various seman-
tics of the coordinates and the choice of a measure. By
combining only the mentioned elements, we end up with
about forty ways to compute a “similarity” of documents.
However there are still several possibilities to apply these
techniques.

Query relevance The similarity of the whole documents
may be measured with respect to the user’s query. Al-
ternatively, long documents may be cut in paragraphs
beforehand so as to isolated interesting sections.

Domain relevance The similarity of the document with

documents from a corpus of representative documents

from the domain may be measured so as to verify that
a document is not off-topic. Note that other statistical
methods are also applicable for this goal.

Sub-domain identification The domain of electricity pro-
duction has been divided into four sub-domains cov-
ering the technical, legal, ecological and economical

aspects of the subject. Four sets of representative doc-
uments have been collected which are used to guess

the subject of the documents. For this aim, vector cal-
culus is combined with other statistical techniques.

Group detection Documents collected by search engines
may also be compared with one another in order to
group them by similarity. This is done by measur-
ing the average angle and by grouping together the

and the coordination model that we propose for the agents
and we will give the algorithmic behaviours of the agents
during the coordination process. Then we will define more
formally the concept of association in multi-agent systems
and we will compare it with the concepts of coalitions,
teams and aggregations.

3.1 Requirements and constraints

There are two main reasons why the SAFIR project is a
non-trivial application which intrinsically requires a multi-
agent approach.

Firstly, the various complexity factors combine with one
another: the variety of user query types, the number of fil-
tering and sorting criteria (several tens), their complexity
and their indirect correlation and relative relevance.
Secondly, the empirical factor has an important role: some
criteria that seem conceptually close may have very differ-
ent results, discriminating power, efficiency or computa-
tion speed, etc. Each criterion may be used either for filter-
ing or sorting, with diverse quality. Some have side effects,
like computing some information about the documents that
might be useful for the computation of other criteria. Fi-
nally, the multiple possible combination of criteria may be
more or less precise and efficient. But we do not possess
any reliable means to determine in advance the precision
or the efficiency of such or such combination with respect
to a given query.

Here are the obstacles to the formalisation of rules that
might guide the global filtering process in a deterministic
way.

For example, newspapers articles tend to use less technical
and less varied vocabulary than scientific ones. This calls
for binary coordinates, but the system has very few clues
for guessing the nature of the retrieved documents. Hence
whether a binary space based criterion should be used will
depend not only on the documents, but also on previously



retrieved documents of the same author, or from the same
site.

Inthese issues lies the origin of the idea to relate the combi-
nation of the filtering criteria with the cooperation between
software agents. The key of this comparison resides in the
pairing of a criterion and an agent, the combination of cri-
teria being solved in a cooperation between agents. But it
must be as of now clear that it is not enough to encapsulate
the criteria in agents to solve the problem, since the ab-
sence of algorithm implies also the inapplicability of those
protocols which define the roles of the agents in a static
way. One needs a dynamic coordination of the agents.

3.2 The Safir multi-agent architecture

We consider herein that an agent is an autonomous entity
which interacts with others through protocols. With regard
to the filtering of the documents, three kinds of agents were
defined.

¢ Thecriteria-agentsC; encapsulate a criterion of eval-
uation Cj;, like those presented in section 2.2. The
service that they are likely to provide consists in eval-
uating and grading the documents which are presented
to them. They all are thus different from one another.

The document-agentd ; are associated to the docu-
ments brought back by the search engines. Such an
agent is associated to each document and its role is to
find criteria to evaluate it. The document-agents are
thus, a priori, identical between them and their lifes-
pan is limited.

The query-agents); are associated with the queries
of the users. They are those to which document-agents
and criteria-agents must give their final evaluation.

The founding principle of the so-called “pyramidal” coop-
eration model is to carry out the application of the criteria
in several passes (Figure 1). Thus, at a momgethte eval-
uation of a document with respect to a query is defined
as:

Cld.t) = = 3" Al )Ci(a: )

The parameteh;(q, t) measures the weight of thi&" cri-
terion and will be equal to zero if it is not activated yet.

The activation of the criteria is done according to a negoti-
ation model between criteria-agents and document-agents,
of which a detailed description is the subject of Section 3.3.

3.3 The dynamic pyramidal coordination
structure

Principle. The goal of the document-agents is to select
criteria-agents so as to maximise the evaluation of their
documents while respecting some constraints related to the
usage of computer resources. To a document-agent
and a criterion-agent’; one may associate a partial util-
ity function U;;(t) which measures the interest df; to

require an evaluation fron®’; at time t. A strategy of
A; may hence be evaluated as a global utility function

Ui(t) = 32, Ui (¢).

Figure 1: Dynamic Pyramidal Coordination Structure

This process can be performed using a structure called
a “Dynamic Pyramidal Coordination Structure” of agents
that we use both to impose constraints and to enforce syn-
ergy between agents. This pyramidal coordination struc-
ture is built up of associations of agents whose utility func-
tions match, at least partially, with each other.

Definition 1 A dynamic pyramidal coordination structure
for a set of agents with respective utilitiés . . . U,,,, with

m denoting the number of criteria, is a levelled parti-
tion of A whose component§L; ... L,} contain each
a set of agent{ Ay ... A, } and a set of associations
{Sk1 ... Sk, } of agents.

Each component of the partition is calledewel.

An example of a pyramidal coordination structure of three
levels with nine agents and 2 associations is shown in Fig-
ure 1. On this diagram, agents belonging to a same associ-
ation are grouped in rectangles.

When a new document is to be evaluated, a new document-
agent is created and placed at the lowest level of the pyra-
mid. It then starts collecting evaluations from criteria-
agents. If at some moment its utility function has reached a
certain threshold, then it is entitled to raise to the next level.
At each level, the amount of computing power available to
a single agent increases but remains limited so as to limit
its possible choice of a criterion. This principle enforces
resource optimisation. However, this optimisation should
not be inflexible, and this is where the organisation of the
agents in associations comes into play.

A first and simplified informal definition of associations is
given below. This definition is completed in Section 3.3.

Definition 2 An associatiornis a set of agents whose utili-
ties interact with each other due to some shared features.

In our application, these features are features of the doc-
ument that the document-agents manage. Such features
might be, for example, the author of the document, or the
web site they come from, or some linguistic feature. The



document-agent has some knowledge of the features of its 5. A; distributes the information about the results ob-
document, and this knowledge may increase as a result of tained with the criteria-agents it has chosen to the
the application of some criteria-agents. document-agents of the associations to which it be-
On entering in a level of the pyramidal structure, a docu- longs.

ment agent announces itself as well as the features of its

document it already knows about. On this basis, it starts Once this process is completed by a document-agent at the
forming associations with existing agents at that level. It lowestlevel of the pyramidal structure, it may or not be en-
also collects from criteria agents information about their titled to reach a higher level, where the process repeats.
possibilities, their usage constraints and their requirements Each level L, of the Dynamic Pyramidal Coordination

in terms of computing resources. Structure has a minimal utility threshold*"". To reach

The utility U; of each agent4; is now depending only this level, a document-agedt need to havé/; > U;™™.

on the actions that!; chooses. To make this choice the The messages exchanged in step 4 are the base informa-
document-agent exploits the established associations by tion needed by a agents from the same associations to build
using the knowledge collected by the other agents belong- their own strategies. Let's consider an associatipncon-

ing to the same associations. The document-agent can thenstituted, for example by documents sharing the same au-
decide its own strategy taking all the implications into con-  thor, then if criterionCy, has given the best results for one
sideration. The choice of optimal criteria and the insurance agentinS; then the other agents 6f, will tend to use the
they will “pay back” will, of course, depend on the past de- ~ Same criteriorCy, to increase their utility.

cisions of the agents of the same associations, whose strate-In a different situation, the agents may coordinate their ac-
gies have already provided feedback. Afterwards, the agent tions differently. Let's imagine two documents-agedts

will communicates the results of the application of its strat- and A; in a same association because they have obtained

egy to other agents of the associations it belongs to, so that good results with the criterio@’,. These agents need not
they can be informed about possible decisions to take in toremaininthe same association for ever. Indeed, relation-

their own strategies. ships that hold before can disappear as agents apply other

So, this pyramidal coordination structure, limits the use of Strategies by choosing another criteria. For instance, if at a
computer resources by document-agents, preventing them later timet’, U;,, (t') = 10 andU;,,(t') = 0, then an opti-

to apply resource intensive criteria while they have not Mal strategy for document-ageAt would be to leave the
proved that the document they carry is worthwhile. At the —association with4; . In this example, the previous confi-
same time, this structure helps document-agents to exploit dence betweer; and A, disappears due to differences in
their relations through the associations so as to increase their respective strategies and therefdreand A; do not
their utilities. The query-agent takes this decision accord- need to communicate anymore their results.

ing to the result of the Utlllty functions that document- Advantages of the coordination structure. This pyra-

agents obtained during their processing. midal coordination structure exhibits several important
Each document-agent proceeds repeatedly: properties.

1. A; broadcasts a query for identifying criteria-agents 1. It allows to dispose at anytime of a temporary result

and receives from them the informatien Cy, ¢ :
v, > wWhere thaty, is the range of the utility value
returned by the criterion-agent amgl is an estimate
of the computing time needed.

2. A; broadcasts an announce of its presence and re-
ceives in exchange proposals for joining existing as-
sociations in the form< S, A, > whereA, is the
document-agent that; can contact to join the asso-
ciation S, (cf. definition 2).

After this step,A4; can join in one or more associa-
tions.

3. A; builds its own maximisation strategy with respect
to the criteria-agents which it will contact to analyse
its document.

4. A, performs the maximisation of its utility function
U, according to its strategy which it updates according
to the messages that it receives from the documents-
agents sharing common associations.

of the filtering of the documents simply by examin-

ing how the corresponding agents are distributed in
the pyramid, which reflects the current value of their
utility functions.

. Thanks to associations, it enforces cooperation be-

tween agents sharing common properties.

. Associations reduce the time lost in unnecessary com-

putations since document-agents avoid choosing cri-
teria having proved to be inefficient on similar docu-
ments.

. The coordination of the document-agents is managed

thanks to the organisation of the dynamic pyramidal
structure in several levels. These levels set dynam-
ically the priority of the document-agents and make
them evolve with their utilityU;.

. This structure is flexible. It can be adapted incremen-

tally and easily since new criteria may be introduced
in the system simply by adding new criteria-agents.



6. There is no implicit central algorithm, no implicitly
shared behaviour, no central ruling agent nor plan: the
agent behaviour and usage of the resources is imposed
by the coordination model constraints.

What is an Association?. In this section, we propose

a more precise definition of what is an “association” and
present the features required from associated agents.

An association of agents is a group of agents, but not char-
acterised by a group rationality. The agents have of course
their individual rationality but do not receive any direct
payoff as a result of the group’s performance. Such char-
acteristics are more relevant for coalitions [5, 19, 20] and
teams [18, 17].

As in congregations, each agent has its own utility func-
tion that it maximises. To do so, it takes in consideration
the benefits it has of joining associations. Agents join only
associations with which they share features. They are free
to leave these associations if during their processing they
find that their utility does not evolve within these associa-
tions. They join associations in order to satisfy their needs
in better conditions.

Even if the concept of association presents similarities with
that of congregation defined in [2] such as those described
above, nevertheless they remain two different concepts.

1. [2] defines the concept of congregation as:

“A group of agents that has come together
for some mutually beneficial purpose, ex-
change of goods, services or informal ac-
complishing of tasks or an aggregation in
order to accomplish goals which could not
be met separately.”

As an example they propose that of “clubs” in human
society. Thus they associate to the concept of congre-
gations a cost for joining them. Agents should pay a
fee to join the congregation and to have access to its
services. Such a fee can be monetary for some con-
gregations like clubs. On the contrary, in associations,
agents do not need to pay any fee.

. There is no substantial investment to create an associ-
ation, while this is needed in congregations.

. Contrary to a congregation, an agent joining an asso-
ciation does not seek a particular partner with whom
it will interact directly but rather a group of agents
providing knowledge.

. An association is initially characterised by the agent
that took the initiative to create it. Its characteristics
do not change with time. For example, in our applica-
tion, an association might be created to group agents
that operate on documents written by the same author.

. The integration of an agent into an association is done
only on the basis of the objective features associated

to the association and not on the basis of the agents
already belonging to it as it would be the case in con-
gregations [2].

. An agent does not need to know all members of an
association it belongs to. One “entry point” is enough
to share its results with other agents and, of course, to
take benefit of other agent’s “know-how”.

. The belonging of an agent to an association is not nec-
essarily a long-term contract. In the case of our appli-
cation, it might be just the duration of a user’s query.

8. Associations do not have any kind of central control.

A formal Model of Associations. In this section, we pro-
vide a formal model of associations.

Definition 3 An associationS; is represented by each
agentA; as atriple< A;, F;, K; >, where:

A; is the “entry point” of 'agentA; in the association, i.e.

a set of agents thatl; will have as interlocutors in the
association.

F;: is the list of the shared features of the agents in the
association. This list is initially complete as it serves as a
basis for integrating new agent in this association.

K;: is the knowledge acquired by ages from the asso-
ciation S;. This knowledge is in a form of rules that the
association gathered from its different participants.

The knowledge pertaining to an association is updated as
members communicate to each other their observations on
the operations they perform. In the case of our application,
this knowledge is related to the results of document eval-
uation. For example, the vector analysis using the Tf*Idf
measure might have good results for all documents of a
given author.

Definition 4 A rule R;, of an associatiord; is represented
as atriple< C;, Domy, py, >, where:

Cj: is the criterion concerned by the rulgy,.

Domy,: is the application domain of the rulgy,.

px, is the probability thatR;, has a positive result.

4 Implementation

At the agent level, the coordination protocol is realised as

per-role finite-state machines implemented in java and that
agents may reuse at will, provided they implement the nec-
essary methods for negotiation, etc. From the interaction
point of view, KQML has been selected as communication

language.

However, the implementation of such a coordination model

is confronted with two issues: firstly the system mixes per-

sistent agents, like criteria-agents, with volatile ones, like

document-agents, which have a limited time to live. Sec-

ondly, the association protocol relies on message broad-
casting which may be an issue with volatile agents and is



also an issue with respect to bandwidth when hundreds of
agents are involved.

To cope with this we introduced the notion oflass-agent

a kind of specialised facilitator the role of which is to in-
stantiate new agents of a particular class, to keep track of
their existence and to broadcast them relevant messages.

Class agents are programmed at the same time as the class

of the agents they will represent. They have a knowledge of
the “competence” of the instances of the class in the form
of the set of messages they are able to reply to. This is
declared at the time of the programming of the agents.
The behaviour of a class-agent follows a limited number of
rules. Letm be the message received by a class-agent, with
a set of competencest.

1. If m is a brokering messagendcontent(m) € M,
then a new instance of the class is created, and the
messageontent(m) is forwarded to it, either directly
(brokering) or through a pipe (recruiting).

2. If mis abroadcast andcontent(m) € M thenm
is forwarded to all instances.

As an example, let's examine how new document-agents
are managed.

1. The query-ager®1 requires to the document class-
agentDCAthe help from a document-agent, which in-
stantiate a new document-ageéxit and forwards the
content of the message (Figure 2).

2. Al looks for associations for some features of the em-
bedded document (Figure 3).

3. Al looks for available criteria. On the one hand it
broadcast a message asking for criteria that #1rs
time limits and, on the other hand, it inspects its asso-
ciations. (Figure 4).

(broker-one
:sender Q1
:receiver DCA
:content (perform

:content evaluate(<document>, <query>)"))

/I Q1 calls for a document-agent

(forward  // DCA instantiates one and forwards
:from DCA
to Al
:content (perform
:sender Q1
:content evaluate(<document>, <query>)"))

/I Al is now created and gets credit
(ask-one :sender Al :receiver Q1 :content "credit(0)")
(tell :sender Q1 :receiver Al :content "20")

Figure 2: Creation of a document agent.

(broadcast
:content (ask-all :content "association(<features>)"))

(tell :sender A2
receiver Al
:content "association(<features>)")

(tell :sender Al :receiver A2
:content "member(Al,association(<features>))")

Figure 3: Document agents associating.

(broadcast
(recommend-all :sender Al
receiver CCA
:content (ask-if
:content "evaltime(<document>)<20")))

Figure 4: Looking for criteria

of the document-agent, which broadcasts the query for rec-
ommendation to all class-agents (not to all agents). Those
the instances of which may understand the message will
forward the innermost query.

The advantages of this implementation are:

1. The pyramidal coordination model relies heavily on
broadcasting and thanks to our implementation, the
effective broadcast is limited to relevant agents.

2. Document and query agents may be implemented
without any knowledge about criteria, and the list of
criteria may evolve dynamically.

5 Conclusion

In the presentation we made, we voluntarily have limited
the discussion on the criteria themselves. However, a num-
ber of issues remain open on this topic. In particular we
envision to apply machine learning techniques combined
with “rewards” from the user to improve the weighting of
the criteria with respect to one another. This behaviour
should impose a revision of the coordination protocol.
Nevertheless the pyramidal multi-agent coordination
model we have presented offers an important degree of
flexibility since agents may integrate such a structure, or
leave it dynamically. We have also introduced the notion
of multi-agent association on which the optimisation of the
structure relies. This concept was compared to related ones
like coalitions, teams and congregations.

Through the Safir project, we have shown the practical ad-
vantages of such a coordination model.

As a continuation of these principles, the intermediate re-
sults of the Safir project are being tested in the context of a
European project aiming at the discovery and filtering out

ified destination, it is intercepted HYCA the class-agent

“In
broker-one

KQML, brokering
,recommend-one , recruit-one

messages are

tics labs in France, Germany and Ireland. The linguistic
issues addressed provide us with an occasion to validate
our approach in a more complex configuration.
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