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Abstract— A local authority, the “Conseil Général de la
Gironde” in France, manages various projects in dierent
fields, like sustainable development, and coordinas public
and private partners’ actions. The observation showthat each
of them has only a partial vision of others’ skillsand know-
hows. Generally speaking, everywhere where human
collaboration is needed, sharing skills is one ohe problems
identified. This work addresses these difficultiesusing a
learning and collaborative multi-agent system to efmance skill
sharing and management. One of the main innovationisere is
that skills are represented as autonomous agentsné not just
as capabilities, as is usually the case.
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l. INTRODUCTION

A local authority, the “Conseil Général de la Gileh
(CG33) is responsible for public actions for 1.5lliom
inhabitants.
transportation, management of middle schools, $auri
development, solidarity, integration and support dtderly
people. One of the CG33 missions is to define diand
practices for the Sustainable Development (SD) e t
department (a territorial division lower than rewgd For
example, the objective could be to transform ahmighood
into an eco-district [1, 2]. Experience shows tihét type of
project is very complex and requires the collabomatof
many public and private actors under the supenvisind
management of a “project supervisor” (PS), foranse an
architectural firm. Each actor has only a partiaWledge of
the capabilities of the other and some informatisn
sometimes lacking, but the PS has to take decisiopaay.
In addition, the objective is often to minimize tbests and
to obtain energy or ecological labels, which typicare
antagonist objectives. For the PS, it is oftenidiff to
understand the impact of each parameter. The peefer
option is usually the one that is better understoghich
comes at the expense of other options because tese
insufficient knowledge on their impact, cost,
implementation. In order to help the actors, anpeeilly
the PS, to find the best partners, the CG33 dedmédild a
database of skills and actors [1]. For examplshduld be
possible for a PS who wants to renovate some lngigdio
identify skills and actors in various domains sashthermal
insulation, thermal simulation, air tightness, amstallation
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of different types of photovoltaic panels on thefran turn,
the partner who has expertise in thermal insulatiosy
require the help of another partner who is spemgdliin the
use of specific insulation materials. Thus, thellehge is
here to allow each stakeholder of an SD projeshire and
learn more about the expertise and know-how ofothers.
In general, whatever is the field of activitiesg(e building
the best sport team as possible), everywhere winarean
collaboration is needed, the problem is the sarherefore,
to facilitate the increase of skills for each aawer time and
to stimulate their cooperation, building an effidgisystem of
skill sharing is the key.

A traditional approach could be to build a simple
database with a direct link between actors andlsskil
However, considering the central role of skills &hel needs
for constant evolution and modifications of the ajata
research project has been carried out in our lagyréo find
and implement a better solution. It is suggeste® ligat a
multi-agent system (MAS) is more appropriate. Inr ou

as a “full agent”, and not only as an agent’s gbilis is
usually the case [3, 4, 5]. Having their own leagnmodel
and their own life cycle, our skill agents are aamous,
cognitive, and they interact with human actors ttmglate
and improve cooperation. Finally, this work offerproposal
to improve the management of skills, to make theorem
efficient, during projects, and over time. If a usents to
address a new goal, how should he define the prajed
what are the skills needed to implement it? How lcarget
benefits from past projects?

The model is described in Section Il. Some resaifes
shown in Section Ill and Section IV concludes this
document.

II.  MODEL

A. The Issue

Let us introduce the issue with an example of an SD
project that aims to “transform a neighborhood iatoeco-

anddistrict”. Let us assume that a PS has to build @QEH

building. HQE stands for “Haute Qualité Environnenade”
and is a standard for green building in France @ this
kind of project, the PS needs:
« A definition of the goal to achieve (the objective)
e Skills such as “integrating insulation materialg’ i
order to meet the HQE objectives.
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» Actors such as private building companies toB. Defining a Skill

implement the skills.

Using our “SD skill sharing” system, the PS shobhl
able to identify a list of possible partners. Itittgly, we
might think that this list could be simply sortectarding to
the most experienced partners for the given taskvever,
other criteria than just experience should be taken
account: price, quality, duration, localizationperise with
specific materials, etc. The system may suggesarmgr
according to this list of criteria. In addition, also has to
select different companies over time. The problemta
determine a good strategy in order to achieve tual
throughout a project.

Going further, it is also interesting to get thendsits of
past experiences on similar projects over timeguitd new
ones. Let us illustrate with the objectivd: want to put
photovoltaic panels on the roof of my hdusehave to find
the skills required for this new project. Taking mgeds and
experience of past projects into account, there tame
possibilities:

. | find a past project that reflects exactly whatant
to do. Thus, what | need is to find a way to retie
all the skills of this project, and proceed to ngmwn
project creation using this list.

. | find a past project, but it is not exactly whatant
to do. Thus, what | need is to find a way to retie
some of the skills of this project, and proceedto
new project creation using this restricted list.

The two points above are efficient if the user $ind
projects that already contain all or some of thdlsske
needs to build the new one. However, this is netigs the
case. Skills may be scattered throughout variougegts.
Thus, the point is to find a way to answer a limite
expression of needs at specification level. Fongta, if we
consider that in the system we already have th¢ tpas
projects: Wwind turbine implementatiGnand “hydraulic
micro power implementatidnThey both belong to the same
“domain™. “new means of energy productioif the user
wants to build a new project, in the same domaig.(¢he
implementation of solar panels), an interestingieto look
for skills used in all the past projects of thisy@on. Thus,
the system will suggest integrating the skills thetre
fluently used across all projects in the domain.

A skill is the ability to exploit some knowledge can
know-how in order to solve a class of problems.islt
different from a competency, which is generallyemted as
a set of behaviors or actions needed to be perfbrme
successfully within a particular context [4]. Ingtistudy, for
the sake of simplicity, it is assumed that a gkila sum of
elementary competencies (ECs).

The main specifications of our application are tores
information about the skills of possible particitaimn SD
projects and to suggest interesting partners fogiven skill.
An important issue is to make the link between olat®ns
(e.g., “partner A has been assigned the role &ftaand 2 in
project X and has succeeded in implementing seistjoand
skills, which do not correspond to the names oft#sé. Let
us present an example:

Integrating glass wool for the insulation of northevalls
in a specific building in a given project is reldt® the skill
“integrating insulation materials”. However, intatng
isolated wood panels under roofs might be veryedifit
from integrating glass wool in walls and the begtest for
the first task might not be the best one for theosd. The
skills might be differentiated by small details,t,bfor the
proposed application, it would be irrelevant. Iteispected
that the users of the application will ask genepadstions
such as “who has skills in insulation materialsPhie key
problem is to find the appropriate level of detait each
skill and to make the difference between an eleargnt
competency that belongs to a skill and the sigklit Then,
assuming that a skill is defined at the right lesvedl includes
a list of possible elementary competencies, thetipreis to
determine how each of them participates in thendfn of
the skill. For instance, for the skill “integratirigsulation
materials”, how important it is to have the knowahdor
isolated wood panels? In other words, there shbeldan
associated weight for each elementary competend yreare
should be a mechanism for learning them integraietthe
skill agent

According to the needs of the project, a skill damn
created at any moment, its definition (the listetdmentary
competencies) may evolve, it can eventually bet spto
different skills and it might even be removed. Such
constraints cannot easily be handled in a standiabase in

It is possible to generalize from this example. fEac which the actors and their skills would be stof@elcause of

professional sector of activity has procedures odesses,
each of them used to reach specific goals or dbgsctEach
objective may be implemented through some projacts
skills. Generally speaking, it may be difficult tmake
processes evolve according to environmental cdntdra
When successful, the knowledge and know-how thae ha
been used should be capitalized on for possiblénufsgther
projects. Finally, the main problem is to find aywto
improve the management of skills to make projectsem
efficient over time. To do this, it is possible boild new
projects, working on past projects or objective dorm.
Thus, the goal of this work is to improve new pobje
definitions dynamically and to identify all the B&kineeded
to make them a success.

the central role of the skills, it is suggestedhis paper that
the skills be considered as agents of a multi-aggstem.
However, in most applications, agents are assatiafi¢h
models of actors in the real world, the skills difg the
behavioral rules [2, 7, 8]. The problem is that $kéls have
their own dynamics and are rather independent fthen
actors. The skills should be agents with their diwes. In
addition, if the skills and the actors are distisped, it is
difficult to define actors as other agents of tlystam. In
cognitive science, the embodiment of mind is often
considered a requirement to obtain an effectiveniafge 10,
11, 12]. Skills alone have no perception, no meidvaand

no means to perform an action and change their
environment. Nevertheless, it is possible to defihese
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elements artificially. Intuitively, a skill can beotivated by
the improvement of its own definition, e.g., a wegg list of
elementary competencies and the clarification
relationships with the other skills. The user & #fystem has
another motivation: he wants to find a partnertisrproject.
The system should provide some criteria and suggest
actor for the required skill. The user makes hisiay then
the work is carried out (embodiment of the skiljdaan
evaluation of the realization is performed. The ldga is to
consider that a criterion is no more than an abistmra of a
hidden list of elementary competencies. For examible
duration of a work is not a competency. Howevepliaitly,

it is closely related to the ability to work fasthich is an
elementary competency of the skill. Therefore, skidl can
exploit the definition of the criteria, which evehaccording
to the evolution of the projects, to charactertsedefinition.
Another issue concerns the links between the skiiferent
skills may have several elementary competencies
common. If no actor is found for a given skill, iateresting
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Objectiveagent is available. To transpose an objective into

it “real life”, it is mandatory to define a projecidi.

d) Projects
A project is defined by an objective, a start date,end

date, resources (like human actors) and processes t

schedule the list of skills to be used. In our egkena
project defined by theiritegration of glass wool into walls
is proposed. It will start next week, will stopib days, and
requires several skills. Finally, the project isplemented
and evaluated at the end using ECs of each skill.

2) Types of Objectives
For a user, the problem is to reach a goal. Itsisally
defined by a simple assertion likewant to do somethirig
In order to reach the goal, the user will defineeav project
ifn our system. He does not often have knowledgallche
skills that have to be used in the project. As itliifficult to

give a unique answer, depending on the user regiigishe
T, two approaches are proposed for building newepts.
The first one is based on completed projects arar th
objectives. The second consists of building the pesject
using only concerns about the objective's domaiml a
possibly the environment. This case occurs whenutder
wants to do actions in a particular domain of aigtivbut
does not know exactly what to do.

idea is to make suggestions with actors associattétdthe
skills that are closely related.

In addition, a database is still required for tterage of
past observations (e.g., Actor A has been involugaloject
X for the embodiment of skill S with an evaluatioha list
of criteria G...G).

C. Definitions and key concepts

1) Main concepts

We can use another concrete example to illusttaiset
concepts: To make energy savings, | want to put better 1) Introduction
insulation into the walls of my ffatFrom this example, we Generally, an agent has behaviors. Each of thertdcou
may define four concepts in our proposal. be presented as shown in Figure 1.

D. Skill Agents: theoretical proposal

a) Environment

An environment is viewed as a professional secfor o
activity. In our example,sustainable building sectbis the
environment in which the user request occurs. Téithe
highest level of abstraction and it is related fwe t
professional sector of activity.

b) Objective domain

An objective domain is a group of objectives,
concerned by the same theme of activity. In oumga,
“thermal insulation improvemeéhts the objective domain
in which the user request occurs. Another domairdcbe
“air tightness improvement The idea is to position
objectives within one or several objective domains.

c) Objective

An objective is a simple textual description of @algto
be reached (NB: the term "goal" would have beenemor
appropriate, but "objective" was chosen from thertstor
convenient reasons and links with the French laggudn
our example, the objective is t@ut better insulation into
the wall$. This objective is part of thetHermal insulation
improvement domain Considering this simple question
from the user, no constraint about the materiakkidls used
to reach the goal is expressed. Another objectorddcbe

Skills

S

Beliefs —

Social attitudes ==

Interaction /'

language

Ability

Figure 1. Agent's behavioural characteristics

It is assumed here that a skill is unique and can b
implemented as an agent in a multi-agent systentha#t
resources (a list of physical actors) and its oifendycle. It
can be created, can evolve and can eventually rnevex
when not used anymore or when replaced by anotigr s
agent. Skills agents fit into a multi-agent systevhere the
environment is defined by the interactions with theers.
They are cognitive, non-conversational and nonedial [3,

5]. They never directly communicate with human sser
They react and evolve according to information
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modifications and requests from the user idebRequester
agent. An important feature is their ability toredow to
define themselves and how they are linked to theragkills.

2) Definition

Skill

agents are defined by three main features:

perception, internal attributes and actions:

Perception Skill agents are listening to information
broadcast by the system after interaction with the
users. It can be, for instance, an update afteresk
observations (e.g., a new project is started or the
result of work for a given project is inserted hret
database) or a request is sent by another agdmhwit
the MAS.

Internal attributes: A skill agent is determined by
the list of elementary competencies that defines th
skill, a creation date (appearance in the MAS), a
domain(s) of activity and a specificage (see
below). It also has a list of behavioral rules,
expressed in XML format with a specific grammar
(see below).

Actions: If there is an update of an external
observation that is linked to the skill, the agent
updates its database and its weights according to a
learning rule. It provides an answer to the
WebRequesteagent (which, in turn, informs the
user) according to a strategy defined by behavioral
rules. Each skill agent has the ability to establis
links with other skill agents in the MAS. This last
action is based on its environment analysis,
automatic (or not, if specifically requested by the
user), and defined in its behavioral pattern. More
importantly, skill agents are proactive. When aruse
wants to create a new project (typically a new
objective action), a®bjective Agenteceives those
requests. Then, it sends a broadcast to inform all
skill agents. Each of them determines if it is a
candidate for participation (or not) in the new
project. The decision is defined through the
computation of what we call a “proximity
coefficient” (see below). At the end of treatments,
the Objective Agenteturns a list of candidates to the
user for (in)validation according to the projeceds.

3) Life cycle

Skill agents have their own life cycle, dividedarg
“ages”, according to their specific levels of auwioy.

1. Childhood: The skill agent runs in a
“learning” mode. During this age, the aim is to
make the agent “grow”. When it is created, the
first step is to assign to it a list of criteria
(elementary  competencies) for  future
evaluations. The second step is to associate a
list of actors. At initialization time, there is no
evaluation in the database because the agent
has not been used yet. Thus, if a user looks for
an actor (like a rugby player) for this skill, the
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agent is not able to make relevant suggestions
(childhood). It simply returns a list of potential
actors ranked according to the number of times
they have been involved in realizations (the
most experienced at the end). Once the result
of the work is available, the user evaluates the
criteria associated with the skill and the data
are stored in the database. At this age, the skill
agent does not really communicate with other
agents and uses only basic behavioral rules. It
grows until it reaches a threshold of
evaluations (e.g., after 3 concretizations across
various projects) in the database. When this
threshold is reached, its age automatically
grows to the next one.

Teenage When a user looks for an actor with
this skill, the agent computes a list of
candidates, exploiting the previous results
(past experiences) and the current user criteria
weights values. If the user does not specify
any weight for criteria, default values are used
(e.g., weight=1). A list of potential actors is
then obtained after a dynamic computation of
criteria weights (see subsection D.2). At this
age, the autonomy of the agent is rather
limited. It communicates and tries to build
relationships with other agents (see subsection
D.3). Whatever the action performed, a human
validation is requested and stored in the skill
agent memories table in the database. The skill
agent grows until it has a threshold of
evaluations (e.g., after 10 concretizations
across various projects) in the database. When
this threshold is reached, its age automatically
grows to the next one.

Mature: The skill agent is able to make direct
and relevant suggestions to the user as soon as
a project is created. A list of skills is proposed
with the possible actors for each of them.
Obviously, the user can still make
modifications but he can save a lot of time if
the choices correspond to his needs. At this
age, the agent has a good knowledge of its
relationships with the other agents. Using the
system parameters, it is possible to cancel the
validation of the system choices by humans.
For example, in our SD skill sharing system,
we could imagine characterizing a new project
(e.g., building a new middle school) without
knowing what the skills needed are, nor the
actors who are able to implement them. In this
situation, at the mature age, the system will
automatically choose the skills (using the links
between them) and will affect their
concretization to actors. Thus, the skill agent is
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fully autonomous, makes its own decisions, _ (txwk(t))+Wk(1+1)
and does not need human validation. Wiy = t+1 @
Remark: the thresholds for age transitions have lse¢
empirically. The objective is to grow as rapidly @sssible. The third step is to build the list of actors, exading
Itis a trade-off between giving a help to the wagisoon as them. The proposal is to use the new computed wgigh
possible, and reaching a high level of expertise. each criterion, and the evaluation results of mresi
) ) realizations (experiments) of the skill. Liebe the number
E. Learning mechanisms of times where an acta has concretized the skill in past
1) Introduction projects. Firstly, we compute a partial value usihg old
In the literature, we can find various types ofriiag  “after work” evaluations (equation (2)):
mechanisms for agents: the Markov Decision ProfE3k
with reinforcement learning [14], the theory of gesn f
(matrix games [15] and stochastic games [16]) Bagesian Z Evai
networks [17], the Case-Based Learning (CBL) method Ex@y =122—— 2
[18], and so on. Our skill agents evolve accordmfpuman f
actions on the system (requests, selections, Yaida and
evaluations). In our context, the CBL methods seemnse  Secondly, the “actor evaluation” is done with egpra(3):
adapted because they are based on valuated andrizesino
iterations of concrete experiments, they integvatelations N~ =
of human on the system decisions, and allow (fgivan Eval(a) _;Wk"’ *Bran 3
environment) specific and gradual adjustments diree.
However, existing CBL algorithms [19, 20, 21, 23, 24,  please note: if the user has given specific vafoeshe
25] are not entirely appropriate to our problemése the o . . Y . Y
objective is not to find a similar case in the kiege criteria weights, we will hav&V+1) instead ofW k() .
database. Selected actors will have the skill agyvais In order to give a chance to each actor, we propose
rather to make a choice among several possiblersactodlternate between the performance policy (linked to

according to a global skill sharing policy. evaluations) and the skill sharing policy (a randsetection

Therefore, synthetically, learning mechanisms for arocess), with a probability of 0.5. Thus, an actdth
given skill agent, are based on two main pointgorat systematic lower evaluations is not penalized. Addally,
selection mechanism and the building of links watther ~ in any case, the user can still select an actorighot at the

skill agents. top of the list. Considering the skill agent lifgcte (as seen
in Section lIl), a human validation of the systehoice is
2) Actor selection needed when the skill agent is in childhood or agenage.

When the user needs to find an actor for a g|ve"| sk When it is mature, the validation is ConSidered’rmiiCit.
(generally inside a project), he asks the system fo The vaIida}tion process consists .in updating thdl ski
suggestions. We have already seen that a skitfinetl by ~agent memories, typically a record in a table, whtre

a weighted list of criteria or elementary competesic current computed weighWk¢+1) of each criterion was

d fThﬁ f|rst. shtteptlsﬂt_]o give tT__'S “.St ;N'th “r?de;;;‘“t. (:)r stored. When the choice is approved, by the user or
eau_)vye|g S lo the user. or Instance, In ity automatically at mature age, those weights become
domain, if the user wants to retrieve an actor tioe

"thermal insulation" skill, the system asks therusedefine  validated\V k) . Being now part of what we callecblt
the weight associated with each criterion: "wafiulation",  validated computed weights valueghey will be used for

"roof insulation”, "wood based materials", "diagho$ Y .
"price”, "duration”, etc. This information is uséa update the nextWi sy computation. Such a method ensures a

the definition of the skill. learning activity, reflects “real life” situationand is really
Assuming the user gives specific values to the ksig close to what is done in Case-Based learning system

of each criterion, the second step consists in coimg the _

new weights. This is done using those new values file 3) Agent links _ _

old validated computed weights value¥afidated means For some projects, a user who is not experienceg ma
approved by the human user in past experimentsk beta ot necessarily know all the skills that are reegiifor the
criterion andW,, the weight associated to it for requestrealization of a project. Concrete example: “I aorking in
numbert. Fort=1, the average weight is set\, which @ local authority, in a little town, and would like organize

weight is computed using equation (1). waste sorting in my citizens”. In “real life”, this a case of

use of our SD skill sharing system in Gironde. dtve my
problem, | can ask the system to help me and stggkst
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of skills in order to succeed. The problem is thms if | am
the coach of a rugby team: “l would like to organgome
specific training for my players at such a positidg¢hat do |
have to do, who can help me?”

In a MAS or agent’s point of view, in order to pide
an efficient answer, it is possible to exploit timis that can
be found among the skill agents that are at lemsthé
teenage age. For a given skill agent S, the propss®
build links with other skill agents by computing feach of
them a “proximity coefficient” (in percentage) ta Bhis
coefficient is built using what we call “similaiis” to S that
are sought in the MAS environment. Similarities frend
by searching for elements that S and the othelsdkive in
common, using dynamic requests generation in ttebdae.

Let us make an assumption: a similarity between two

skills is defined by the number of common descrpto
among the skill internal attributes, the skill domathe
elementary competencies, the past projects, thkiagian
of the skill in previous projects, the project donsa and
finally the types of project domains. This informoat can
automatically be obtained using the database taisle.
Currently, the database structure analysis shoats itihthis
tree, the lower the depth of a table is, the magaificant
the similarity also is (see Figure 2). To find damities, the
S skill agent analyses the database table tree N8
environment), dynamically and recursively.

evaluation domains
for a project

Projects Types of
projects

domains

Skill
{internal
attributes)

Criteria
[elementary
competencies)

Skill
domain

Figure 2. Similarities table depths

Let us assume that the maximum depth of the tabéeisD,
which means that each skill can be reached from
another skill after D links. D=4 in the example of Figure
2, at the beginning of the tree exploration, therent table
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Step 3 consideringh as the number of common field values
into the current table,dAs updated using equation (4).

Ry =P+ (nx(D-d)) 4
Step 4 Foreign keys and joined tables of the currebleta
are used to define the next nodes of the tree. d is
incrementedd=d+1.

Step 5 if d is not greater than D, go to step 3

Step 6 finally, all Ps; are normalized using equation (5):

- P %100 5)

Simax

P

The higher the proximity coefficient, the more kkiire
considered as potentially linked. A threshold iplegal on
Ps (e.g., 65% by default), and a list of potentiaked
agents is returned to the user for validation. Ampadrtant
point to know: validating the links implies the idation of
a dedicated memory and an automated evolution ageht
behavioral rules. Thus, there is here again a lesahing
mechanism because of those evolutions arising framan
validation. Reminder: when a skill agent is in tmature
age, no human validation is needed and the agent is
completely autonomous, generating links and updaitis
own behavioral rules.

F. Improving skill management using objectives

1) Introduction

“l want to improve the energy balance of my houge b
installing photovoltaic panels on the roof”. “| wan win the
rugby match next Sunday”. Generalizing, the quasi®
always to find the best answer to questions likerdht to do
something to achieve something”. Then the projeches
into place. Goals and objectives are statementsdthscribe
what the project will accomplish. Each project isfided
(structured) by a set of resources and processesding to
a specific schedule. The processes are based @b af s
required skills. Importantly, the definition of tipeoject may
evolve according to environmental conditions or tpas
experiences, meaning that the list of skills regplito reach
the goal may not always be the same. Let us censik

depth isd=1. The analysis starts with the global skill agentsgoal of “building a house”. Even if the processlisiost the

table.

Step 1 for each field of a current table, an SQL requgst
dynamically generated to find out the other sldlisiring the
same field value.

Step 2 if a skill § is found, the first time, its current
proximity coefficient isPg; = 0.

same, different construction materials (like cirtdieck or
brick) may be used. This implies different skillsr feach
building project. Considering past experience i diomain,
a dynamic dimension is observed for each projeet tine.
Then, the point is how to improve the management of

skills to make them more efficient, throughout potg and
over time. If a user wants to address a new gaal, $hould
he define the project and what are the skills neetbe
implement it? How can one get benefits from pasjegts?
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In order to solve the problem, work on the goald skills of » The Objective agent consolidates all answers
past projects is suggested. from skill agents, and returns the list of
candidates to the user
2) Building new projects from past projects Each skill agent is autonomous and decides if intavdo

Two cases are available to build the new projegt, bcontribute to the new project (or not). The keynpas the
duplicating or customizing existing ones. From previous  computation of the relevance coefficie@urrently, this is
example, we will suppose that the user finds thejept  the percentage of projects in which the skill ha=erb
“integration of glass wool in wallsHe may then: involved in the past among all the projects of diective

+ Think that it is exactly his objective. Thus, hellwi domain. If it exceeds a threshold, the skill ageants to be
duplicate this project and all its skills, without inyolved in the new project.

creating a new one, changing only contextual
information like the start date for example.
¢ Think that it is not exactly his objective, butvery I1l.  IMPLEMENTATION AND RESULTS
close. He decides to create a new project and
customizes the list of skills associated with theA. Implementation
existing project. A new objective is thus createthw 1) The MAS Architecture

a new list of skills built from a subset of the yiois The model has been implemented using the JADE MAS

one. : .
Finally, in both cases, a new project instanceeisegated and standard multi-agent tools [8, 9, 26, 27, Kigerre 3.

from the objective. In our implementation, thosem@bions

are done throughout our unigu@bjective agent into the LBEE (ol gt it
MAS. As those actions are based on historical data, Sharing System HMI
communication with skill agents themselves is ndedet Grails [26]

us assume that a new project has to be built aicaptd the (Apache Tomcat)

user needs. There is sometimes a limited expres$inaeds
at the specification level and the objective migatmet for ’m‘
the first time. The user would probably not knowwhto Servlet
address the problem and how to exploit past pmjethere Objective
is nevertheless a solution to help the user. Tlea id to Agent
determine all the skills involved in past projeittshe same O]

objective domain, or eventually in the same envirent. In % b Redester

our system, a skillWants to be involved” in the new project
according to a degree of involvement in past ptsjé€see
below). In contrast to what we have seen befoig rtethod Figure 3. The MAS.

is not limited to an exchange with ti@bjective agent. In . .

cognitive science, effective agents are obtainedthy 1 N€ JADE MAS has been integrated in standalonevaod,
embodiment of mind [11, 12]. If a skill alone has n "unning into a Java \_/|rtual Machine, and is called
perception, no motivation and no means to perfamraction  SMAServer”. The main components of the global
and change its environment, it is always possibléefine it ~ architecture are:

Broadcast : Other Skill
Agent o Agent |

3 3

o e EEAEQ

Human User

artificially. Several types of motivations have héetegrated * User workstation: exchange using a web browser
in skill agents: contribution to new projects, detiming the *  WebRequester Servlet This component is used for
list of elementary competencies that define thewesegland the management of the exchanges between human
determining their relationships with the other IskilLet us users and the MAS itself. It is a JADE MAS specific
develop an example showing the motivation of being architecture component.
involved in new projects. A user defines a projectthe « Gateway. It is also a standard component of a JADE
“thermal insulation improveméntobjective domain. No MAS, allowing dialogues among agents operating
more detail is forwarded to the systeffihermal insulation within the SMA and external programs
improvement”is an objective domain and is part of the (WebRequester Servlet) [8].
environment Sustainable building sectorThe answer from * WebRequester Agent This agent is in charge of all
our system is defined by the following process: the interactions with the human user. It forwards
¢ TheObjective agenteceives the user request. requests to skill agents and sends back their answe
« The Objective agent sends (broadcasts) the It guarantees (FIPA compliance) that no direct
request to all skill agents within the MAS. exchange is possible between human users and skill
« Each skill agent computes arelevance agents.
coefficient” according to the request content, <+ Objective Agent According to Ferber's
and returns an answer to the Objective agent classification, the objective agent is reactive. [3]
(see next paragraph). When a new project (the instance of an objectise) i

inserted within the system, information messages ar
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Broadcast agent one. The behavioral rules have been implemented in XML

Broadcast Agent This is a technical (generic) format with a specific grammar (hierarchy, attrimjt and
agent. It receives an incoming message from arcalldags); see Table I. According to the agent linkarding

agent (e.g., Objective Agent), sends this message mechanisms, those rules may evolve over time ik lin

all agents (e.g., skill agents) within the MAS andcreations are validated by the user. For illusirapurposes,
returns the answers to the caller. we propose below the rule ensuring that an agehigraw

Skill Agents: actions have already been presented irfrom childhood to teenage when 3 evaluations (&fter 3

subsection D.2. In our concrete implementationy the concretizations across various projects) are availa the
have sensors and effectors (as defined in standadhtabase:

agents theory [3]), each of them being a Java

component (a class of object). <rul e gescri ption=" Grﬁvu ng from Youth to Teenage"
mandat or y="1" wei ght="1">
<when descripti on="G owi ng Conditions"

2) The user side Skill Sharing System HMI sensor =" G owi ngSensor "
The HMI from the user side has been implementedgusi par ams="uni t ar yEval uat i onNurrber =2"
the GRAILS [26] framework. There are 5 windows: resul t="$eval uat i onsNunber 1"
1. Al skills that could be requested within the tool S o o o o L cenage"
2. All skills requests in progress of f ect Of:.. G ow' 9
3. The connected user personal requests in progress par anms="f r omeyout h| t o=t eenage" />
4. The skills shared (offered) by the connected user </ when>
5. The projects to which the connected user is</rule>

involved. Here, the works in progress, within

2014, © Copyright by authors, Published under agreement with IARIA - www.iaria.org

projects, for the connected user, are available. 4) Skill agent memories )
Each skill agent owns a dedicated memory tablehithv
TABLE |. LIST OF THE BEHAVIORAL RULES it stores the incoming parameters and the relatespated
decisions (see Table II).
XML Tag Attribute Mt.zr:;ia Comment
oS deschption M Main g TABLE Il. MEMORY TABLE OF A SKILL
ruleGroup de§cr|pt|on Text describing the rule group Field Type Comment
welght i _ code Long integer Memory unigue key code
description X Text describing the rule ev_date Date Event date (record creation dafe)
weight Weight of the rule in the rulg Foreign key to event type table,
rule group _ evt_id Long integer | describing the type of memorizefl
mandatory Value is 1 if rule is mandatory, . . event . _
otherwise agentid Long integer | The current skill agent uniglie
description Text describing the condition ] ] Request parameters list in string
sensor | Sensor Java class name used to parametersin String format
verify rule condition - . . Computed decision in string
Parameters in formap | decisionstring String format
params name=value, separated by | | ) Decision validated (or not) b
character. Passed to the senso Humanvalidate | Boolean human action ( )by
Result variable name beginning [ Comment Strin Eree field
result with $ 9
Logical operator used within .
when operator X Coﬁdmon eipression An example of memory record content is presentddvbe
bl Table name from which we tr This result is obtained following the request fotist of
to verify condition linked skills to the skill with id 3192 (see Tablb.
_ Table field name or variable If the proposal is validated, the fieldumanvalidatewill
field Cg:rfj Cgrr?ﬂio‘;]"h":h we ty 19 then be set to tfue’ and a behavioral rule will be
Value of field atrbute. automatically generated.
value expressed as a regular . . .
expression 5) The actor selection simulation tool
otherwise Used if <when> has not beer)  In Gironde, 61 of the local authorities are partaof “SD
‘I’;frg'cfgr EYER TRt Network”, where they share experiences and sKillsey
V . . .
effector X if rule condition is verified had started using and testing the system by thdlenif the
description Text describing the action year 2013. The experiment concerned the manageafent
do Parameters in format SD projects. A preliminary study has been carried, o
params name=value, separated by || showing that most projects fall into 9 domains cthty.
character. Passed to the effectar.
Result variable name, beginning
result )
with $
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TABLE Ill. MEMORY RECORD EXAMPLE

Field Comment

Type

code Long integer 1

ev_date Date 2013-09-10 14:38:55.345+02

evt_id Long integer | 4

agentid Long integer 3192

controller=RDEnNgine;stepNumbg
r=1;signalCode=201;action=call
RdEngineForAgentLinks;fromw
ebinterface=true;minPercentVal
e=1;agentld=1508

parametersin String

SELECT agent.* FROM agent,
agent_agt_domain, agt_domain
WHERE
text(agt_domain.code)=text(age
_agt_domain.agt_domain_id)
AND
text(agent_agt_domain.agent_d
maines_lies_id)=text(agent.codq)
AND
text(agt_domain.descriptiondomp
ineagt)=text('3-Diagnostic’) AND|
agent.code<>1508

=
-

decisionstring String

1=}

Humanvalidate Boolean False

Comment String Find agent links

These domains are: political wishes,
diagnostic, prospective, developing the stratetpharating
the action plan, implementation of the action plan
evaluation, and continuous improvement. Skillsratated to
one or more domains. For instance:

* The skill “animation capability” is attached to the
“political wishes” and “diagnostic” domains.

The skill “identification and mobilization of

expertise” is attached to the “prospective” domain.

» The skill “development of the sustainability regort
is attached to the “continuous improvement”
domain.

For skill actors selection, in order to obtain indizte
results, a simulator was built to verify the theiwed
proposal. It is based on elementary competencigghive
computation. The simulation phase lies in a cak tanique
skill agent, with the aim of observing its behawaior
evolution over time. Each simulation applies randatues
to weights to each elementary competency (4 in)tofahis
skill. During the simulation phase, 100, 200 and0 30
requests and validations were done.

B. Results

1) A-real life experiment at CG33
It is observed that the skills evolve in a “reié¢”l SD

Skill Sharing System, at CG33, and they providenans.
The following results are presented in this contéie
positive point is that the skills provide valualxéormation
to the actors who have poor understanding of tamehtary
competencies. The drawback, however, is that

initialization of the system is labor intensive. eTHirst
definition of the skills requires strong expertige the
domain. The updates can be done at any time, lbakés a

http://www.iariajournals.org/intelligent_systems/
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long time to collaborate with experts in order #@pitalize
their knowledge and insert relevant skills and eetary
competencies into the system. Therefore, it isatilif at the
moment to conclude about the efficiency of our nhode
because we are still in the early stages of ths.tége hope
to present interesting results in the near future.

In order to demonstrate the versatility of our meg,
other tests have been performed using another ifunadt
domain: the selection of the best players for rughythis
application, each player's position is consideredifferent
skill. Elementary competencies are for instanceathibty to
tackle and stop an opponent or to be accurateckirig the
ball. The evaluation of a player for the embodimehta
given skill is based on his performance for eadiergon and
on the number of selections. When the system isdask
suggest a player for a given skill, equation (3)$sd. Then
the propositions elaborated by each skill agentvatielated
(or not) by the user, the players are evaluated thed
database is updated. The results are positive fier t
identification of players over the different itecats.

2) Actors selection simulator
Interesting results were found using the simulatool

sensitizationto verify our hypothesis. The dynamic computatiath

memorization, for weights of criteria is valid aoahvergent

over time. An example of a convergence graph (fare

criteria over 4), across simulations, is showniguFe 4. In
this example, the weight of the first criterioncsnverging
to 0.8, and the weight of the second one is cotingrtp
0.6.

Criterion 1 : Exchanges quality (delays, etc.)

12
10

S R -]

Criterion 2 : Added value for the SD Metwork members

1 13 25 37 45 61 73 85 97 108121 133 145 157 168 181 183

Figure 4. Convergence of criteria values

It has also been found that, for a given skill agéme
learning mechanism is efficient and can be conelers
becoming “stable” when the system has stored arditd
requests and validations coming in from users. Aeot

thﬁ1teresting point is the comparison of the valuésrideria

weight across simulations (see Figure 5).
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Figure 5. Compared criteria weights values

It does not seem meaningless to admit, from a étieat
point of view, that an elementary competengyi€”more
important” than another ,Hor the global skill definition if
the weight of Eis higher than the weight of, Hf the graph
above shows this fact, outside of a simulation @ssc in
“real life” conditions, this observation will allows to
identify the most important elementary skills fogiaen skill
definition. Another conclusion is that our proposal
versatile, applicable to any professional actidomain, and
not only to SD projects. The example of the sebectdf
players for rugby positions, a very different domas also
possible as mentioned before in this article.

3) New project creations
a) Case 1: new projects from past objectives

The user request, through thW¥ebRequesterAgenis
transmitted to theObjective agent that processes it (se
Figure 6).

1B sniffelD@SMA_OC - Sniffer Agent
Actions About

(=[O /==

Jood

¥ =HH ee=

£3 AgentPlatforms
£3 ThisPlatform
2 Main-Container
™ Cg33_ Containel

|A 3

EQUEST-1( |3
I
FORM:D (577

INEQORM:1 ¢ 297 )

Agent: ObjectiveAgent

Figure 6. Case 1 - Exchanges between agents into the JADE MAS

Figure 6 is a screen copy of the JADE MAS Sniffeol t

« WebRequesterAgeninanages the interactions with
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the human user, forwarding requests to other agents
and sending back their answers.
* ObjectiveAgentsee next paragraph for detalils.

The arrows (1 to 4) show the message exchangels, wit
their type (REQUEST or INFORM for the answer), and
their directions (from sender to receiver).

The Objective agent ensures the treatments, based on
historical data, in retrieving project instancesl aelated
skills. At the end, it processes the answer inftiim of an
XML flow (see Table 1V).

TABLE IV. XML FIELDS INTO THE ANSWER FLOW

XML Tag Comment
answers Main tag encapsulating the answers
answer Main tag for each answer, 1 for each project
Boolean value indicating that the project is newalué
newObjective | always false here because the project is over akehf]
into the historical
objective Main tag for the past project
code The past project code within the projectstieta table
description ‘(Ij'he past project textual description within thejpcts
atabase table
startDate The past project start date
endDate The past project end date
skills Main tag encapsulating the skills list
skill Main tag, 1 per skill
code The current skill code within the skills datsd table
£ g . The current skill textual description within thetalaase
I description table

At the front-office user level, a list of projeadsd skills

is proposed. The new user project is then generated

according to one of the two methods identified: lhape or
customize.

a) Case 2: new projects from objective domain

The user request is sent to the Objective agehtithes a
broadcast to all skill agents and consolidates theswers.
At the end, the answer is also returned to the asan XML
flow, as already shown in case 1. The “Broadcastfge a
technical one and reusable by all other agentseif heed to
do such “broadcasting” actions in the future. Sigeiie 7 for
a screen copy of the JADE MAS Sniffer tool. Onlg tiight
part of the window is shown for better visibilityhe three
first “boxes” are identical to those described Fogure 6.
Please note that BroadcastAgent receives a mefsagean
original sender, broadcasts it to all agents, amtsalidates

that monitors message exchanges between agentdefthe all answers into a single one. The global answerXiL

part shows the MAS Agent tree where an agent isqfaa
container, a container part of a platforirhisPlatfornm) and
a platform part of all agent platform#&dentPlatFormgs
The right part shows three “boxes”:

flow, is then sent back to the original sender.dtlier boxes
on the right are all skill agents within the MAShel screen
copy proposed Figure 7 only shows two skill agents.

e Other reflects other agents within the MAS, or in
this case, the JADE gateway that manages exchanges

with the external users
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Figure 7. Case 2 - Exchanges between agents into the JADE MAS

For illustration, let us reuse the example where th 3. Project management/implementation

objective domain isrfew means of energy productionA

project for a Wind turbine implementatidrhas five phases:
1.
2.
3.

4.
5.

A

second project,

Project management / implementation
Definition of power requirements

4. Definition of power requirements
5. Selection of the best technology of biodiesel

generation system among models and worldwide
suppliers

Selection of the best wind turbine technology among 6. Logistic definition (transportation organization)

models and worldwide suppliers
Logistic definition (transportation organization)
Wind turbine installation

7. Biodiesel generation system installation

Considering these phases as skills (of course kigla

level of abstraction), let us introduce into thetsyn a new

entitled hydraulic micro power

user request where the new project isolar panels

implementatioty shares 3 (over 5) common phases with the@mplementatioh This project also belongs to the objective

first project, and has threspecific ones
1.
2.
3.

4,

8.

A

Project management / implementation
Definition of power requirements
Selection of the best hydraulic micro power e
technology among models and worldwide suppliers
Logistic definition (transportation organization)
Hydraulic micro power installation

Technology transfer of appropriate designs to
developing country manufacturers

Project formulation and appraisal for national and
international aid agencies

Training on small-hydro technology and economics

third one is entitled: itistallation of a biodiesel

generation system to power up a highway constrocite’.
Let us assume the project also shares the 3 corpimses,
and hagwo specific ones

1.
2.

Identify the best site
Environmental benefits evaluations

domain ‘hew means of energy productioriThe requested
minimum value for the relevance coefficient is 75Phus,
according to our algorithm:

The ObjectiveAgentsends (broadcasts) the user
request to all the skill agents within the MAS @&r
common + 5 specifics according to the second and
third project phases)
Each skill agent computes its dedicated relevance
coefficient. If this computed value is greater thhea
requested one, that means the skill agent “wamts” t
participate in the new objective, and the boolean
value ‘true” is returned to th@©bjectiveAgent
The ObjectiveAgentconsolidates the results where
the answer istfue’. Finally, it returns to the user the
list of the skills as an XML flow:

a - Project management / implementation

b - Definition of power requirements

¢ - Logistic definition (transportation organizatip
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« Through the front-office interface, the user thenglobal list of skills and the objective domains keoand

validates (partially or totally) the skills list tauild

may converge. At a global level, our system lediros the

its new project. This validation is stored in therequests of the users and reflects the evolutioactiity

memory.

C. Discussion

1) Skill Agents
In most SMA applications, the skills are not agemtsey
are typically described by behavioral rules thaedwaine the
actions of the agents [28]. The difficulty is oftenmaking
the link between tacit and explicit knowledge aedrhing

over time. The observation of those evolutions diie the
management of the company to put the focus on inerta
skills or to drop them. Our proposal therefore jues an
interesting answer to the problem of skills managem
using objectives, at the project and organizatewels.

IV. CONCLUSION AND FUTURE WORK
A multi-agent system has been proposed for skills

from the real world [27, 28]. For instance, in athe sharing between actors in collaborative projects thie

applications such as the management of skills éncthntext
of e-learning, one of the main problems is to deiee and

domain of sustainable development. The key pointhif
work is the definition of skills as agents with ithewn rules

make explicit the tacit knowledge that has not beenor |earning and evolving in an environment whestoes are

understood and to adapt the courses [29]. The &alyarof
our approach is that it is skill centered. The Iskére
learning agents and their motivation is to detepnttime list
of elementary competencies that define themselrdgteeir
relationships with the other skills. These elemgnta
competencies usually correspond to tacit knowledgd
know-hows that cannot be easily defined. One of kbg
ideas of our model is to consider that the weighistdof
criteria defined by the users to determine the betdr for a
given skill are abstractions of a hidden list ofreéntary
competencies. The system learns from the requéstiseo
users.

2) Skills management improvement using objectives
The proposed information system also offers an answ

considered as resources for the embodiment [12thef
agents. If it is always necessary to use skillhiwiprojects,
the choice of the human actor to implement thermads
"suggestive and human centered" anymore. Over tinoge
and more objectives will be concretized throughjqmis,
and more and more information will be availablén&dp the
user. This work suggests interesting perspectif/esm a
professional point of view, concerning the problefrskills
management, the analysis of skills applicationsough
projects provides a wealth of information. Afteperiod of
running a project, managers and human resources
management services will be able to identify thg &ills,
the cross-domain skills and the evolution of thensbility”
of each skill in the professional sector procesaas, all of
this over time. This work may introduce real betsefinto

the problems of each SD Network Member at CG33y thehuman resources management to anticipate futureterns

need to identify the required skills to make theipject
successful.  Whatever the activity sector,
management is usually done through software apjits
where tasks are defined and described in a static Whe
definition of a new project requires the identifioa of
human actor(s) for each of them. The first problecours
when there is an evolution of the processes. Aiticacl
approach is to update statically the list of tasis the
project. Settings renewals have to be done by adirators
or advanced users in the project management teelf.it
This update is often a generator of costs, becauseme
cases an external help (e.g., by the software Bditay be
required. In this approach there is a lack of &fficy,
inducing at least a waste of time, and sometimeseso
additional financial charges that could be subghnt
Another problem is the management of projects dyosm
according to the user needs at a given date. Asjeqb
reflects the user needs at this date, there caasbmany
projects as user needs expressions within the reystbe
global skill sharing system presented in this paiser
collaborative tool and not a static one. The newjguts are
built “on the fly”, from the real user needs. Thtise new
skills list is built from those available in pastojects and
reflects the user needs at the time of the requestthe
number of projects grows in our collaborative sygtéhe

of needs in terms of collaborators’ profiles. Whatethe

projectprofessional activity domain, the skill sharingteys ensures

reciprocity, human cooperation and versatility. gpi
further, considering that some skills may be viewasi
"cross-domain” and/or "cross-companies”, what about
impacts on the future organization of work ?

Several issues have been identified for future wiofke
current tests have to be deeply validated in “riéal
environment. The system has to be tested with a
comprehensive list of skills (currently 110 at C¢3shd
elementary competencies provided by experts oflttmeain.

A large number of evaluations are also requiretesd the
evolution of the agents at different ages. Tallabgut skill
management improvement, the dynamism over time is
introduced by the computation of a pertinence dciefit
value. At this time, this value is currently stored the
memory of each skill agent but not used in futteeations.
More work has to be done to study the computation
optimization of this value, and its integrationtire learning
mechanisms.

When talking about skill management improvement
using objectives, the adaptation over time is maatssible
by the computation of a relevance coefficient vallibis
value is stored in the memory of each skill agémte of the
future direction for works is implementing complentery
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learning mechanisms to optimize the computationthis
value over time.
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