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Abstract—Whatever the professional sector of activity,
achievements are the results of dedicated processasd skill
usage. If a project is successful, the knowledge @mknow-how
that have been used have to be capitalized for a g&ible use in
other projects. However, this is a dynamic processSkills are
always evolving. The issue is how to improve the magement
of skills to make them more efficient over time. Anew
approach is proposed to address this problem. It ibased on
the management of objectives through a multi ageriearning
system where skills are represented as agents. Bgin
autonomous entities, and having their own learningbilities,
skills will enforce project efficiency, capitalizing on past
iterations. The key point of our approach is the apropriate
exploitation of past objectives to help the user ehtifying the
required skills for the new project.

Keywords-Multi-agent systems; objectives; skills; governance

l. INTRODUCTION

Whatever the goal is (e.g., improve the energyrizaaf
a house by installing photovoltaic panels on thed oo win a
rugby match next Sunday), the problem is alwaytedtas
doing something to achieve something. Then, thgegtro
comes into place. Goals and objectives are statsntkat
describe what the project will accomplish. Eachjgmbis
defined (structured) by a set of resources and egsmEs
according to a specific schedule. The processebaamed on
a set of required skills. Importantly, the defioiti of the
project may evolve according to
conditions, the past experiences, meaning thatligtheof
skills required to reach the goal may not alwayshigesame.
Let us consider the goal of “building a house”. Evkthe
process is almost the same, different construatiaterials
(like cinderblocks or bricks) may be used. This lieg
different skills for each building project. Congitgy past
experience in the domain, a dynamic dimension senlked
for each project over time.

Then, the point is how to improve the management OIJro

skills to make them more efficient, throughout patg, and
over time. If a user wants to address a new gaal to

define the project and what are the skills needed t

implement it? How to get benefits from past pr@&ctn
order to solve the problem, it is suggested to wamkthe
goals and skills of past projects using a learmndti-agent
system [1] [2] [3], where skills are autonomousrdgg4].
Our proposal is based on a “Skill sharing” multeag
system (MAS). It has already been presented inesiqus
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paper [4] and implements learning abilities tha elose to
"Case Based Reasoning" mechanisms [13]. In this new
paper, Section Il starts with a short reminderhef MAS. A
new method is then proposed to help the user degfiainew
project based on previous objectives, objective alomand
skills used to implement past projects. The fiesulfts are
shown in Section Ill. Section IV concludes this doent.

1. MODEL

A. Theissue

Let us present one of the missions of “Conseil Glrde
la Gironde” (CG33). As a local authority, CG33 def
policies and practices for the Sustainable DevelpniSD)
of the "département" (a territorial division lowehan
regions). In Gironde, 61 of the local authorities part of an
“SD Network”. When looking for feedbacks about SD
projects, each Network Member (NM) uses an infoiomat
system, where they share experience and skillsViAjen
defining an (potentially new) SD project, each Nikds to
identify the skills needed to make his project ecess. It is
also interesting to get benefits from past expegeon
similar projects to build the new one. Let us ilfate with
the objective: I'want to put photovoltaic panels on the roof
of my housk | have to find the skills required for this new
project. At time T, taking into account my needsd an
experience of past projects, there are two options:
| find a past project that reflects exactly what |
want to do. Thus, what | need is to find a way to
retrieve all the skills of this project, and prodde
my new project creation using this list.

« | find a past project, but it is not exactly what |
want to do. Thus, what | need is to retrieve a stibs
of the skills of this project, and proceed to myne
project creation using this restricted list.

The two points above are efficient if the user $ind
jects that already required all or part of tkidssrequired
to implement the new one. However, this is not ghwtne
case. Skills may be scattered throughout variowgegts.
Thus, the point is to find a way to answer to aitkch
expression of needs at specification level. Forngte,
consider we have already in the system the twogragtcts:
“wind turbine implementation” and “hydraulic micpmower
implementation”. They both belong to the same “dio‘ha
“new means of energy production”. If the user waatbuild
a new project, in the same domain (e.g., the imeleation
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of solar panels), an interesting idea is to loakskills used
in all the past projects of this domain. Thus, skistem will
suggest integrating the skills that were fluenthed across
all projects in the domain. It is possible to getfige this
example. Each professional sector of activity hasgdures
and processes, each of them used to reach spgaéls or
objectives. Each objective may be declined througho
concrete projects, themselves composed by skibse@lly
speaking, it may be difficult to make processesh&vo
according to environmental constraints. When swsfakghe
knowledge and know-how that have been used shoeild
capitalized for a possible use in further proje€isally, an
important issue is to find a way to improve the ageament
of skills to make projects more efficient over tino do
this, it is possible to build new projects, working past
projects or objective domains. The goal of this kvisrthus
to dynamically improve new projects definitions atml
identify the skills needed to make them a success.

B. Working with objectives: theoretical proposal

1) Main concepts

Let us consider an example to illustrate the use
"objective" in our MAS: To make energy savings, | want to
put a better insulation into the walls of my flafThis
example drives us to the definition of five consefirther
used in this paper.

a) Environment

the ‘integration of glass wool into wallss proposed. It will
start next week, will stop in 15 days, and requseseral
skills. Finally, the project is implemented and leated at
the end using the Elementary Competencies (ECgach
skill.

e) Skills

As already mentioned in [4], the skill is the alilto
exploit some knowledge and know-hows in order tvesa
class of problems. It is different from a competenehich is
enerally accepted as a set of behaviors or actimishave
0 be successfully implemented within a particuidantext
[8]. Skills are used into projects to reach the |g(the
objective).

2) Objectives’ type
For a user, the problem is to reach a goal. Itsisally
defined by a simple assertion likeWwant to do somethirig
In order to reach the goal, the user will defineim system a
new project. He does not often have the knowingllogkills
that have to be used into the project. As it ifidaift to give
a unique answer, depending on the user requeshatT,

ofwo approaches are proposed to build new projétis.first

one is based on completed projects and their obgecthe

second consists of building the new project usindy o
concerns about the objective's domain, and evénttiat

environment. This case occurs when the user wantot
actions in a particular domain of activity, but domot

exactly know what to do.

An environment is viewed as a professional secfor o

activity. In our example,sustainable building sectbis the
environment in which the user request occurs. Thithe
highest level of abstraction and it is related fue t
professional sector of activity.

b) Objective domain

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

c) Objective

An objective is a simple textual description of @algto
reach (the term "goal" would have been more appatr
but "objective" was chosen from the start for coment
reasons and links with the French language). Irezample,
the objective is to gut a better insulation into the wdlls
This objective is part of theltermal insulation improvement
domairi. Considering this simple question from the user,
constraint about materials or skills used to rethehgoal is
expressed. Another objective could limgrove air tightness
in my flat. In our implementation, arObjective agent is
available. To transpose an objective in “real lifé’ is
mandatory to firstly define first a project.

d) Projects

A project is defined by an objective, a start date.end
date, resources (like human actors) and processehedule
the list of skills to use. In our example, a projdefined by
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C. Skill Agents

1) Integrating feedbacks from experience

As described in a previous work [4], at CG33 antréal
life”, numerous SD projects have been realizedinijrove
future SD projects efficiency, feedbacks show thais
important to enhance human cooperation, and theh ea
actor has only a partial knowledge of the capadédiof the
other. An information system, accessible by albextoffers
to each of them a better view of their various etipe
areas. Even if the final goal is to know who iseatd do
something, defining the need as precisely as plesshe
key Thus, the proposed information system is cedtem
skills and not on actors [8]. Furthermore, as skilways
evolve, and it is often difficult to explicit therthe proposal
is to use a multi-agent system with skill agentacte of
these agents considers human actors as resoutessiot
determine its elementary skills over time (selfini&bn),
and aims to be involved in SD projects. Generaljzithe
challenge is to allow each stakeholder of a prdjecthare
and learn more about the expertise and know-howhef
others. A traditional approach is to consider dirkaks
between actors and skills, in a “static point cfwi. Here,
the central role of skills, and not of actors, xpleit. Thus,
at CG33, an online collaborative skills sharingl toas been
elaborated.
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2) Definition

met for the first time. The user would probably koiow

It is assumed that a skill is uniqgue and can behow to address the problem and how to exploit pagects.

implemented as an agent in a multi-agent systenskif

agent is cognitive, non-conversational and nonedial [1]

[7]. It has resources (a list of physical actors) d@s own life
cycle. For the sake of simplicity, it has been as=di that a
skill is a sum of ECs [8] within projects. Each HE
evaluated after realization and contributes to ldaning
abilities. Doing so, defining the “embodiment” [6][of skill

agents, an EC is part of the global skill defimtidhe skill

agent environment is defined by indirect (througiotaer
technical agent calleiVebRequestgrinteractions with the
users. It has:

There is nevertheless a solution to help the Uder.idea is
to determine all the skills involved in past prégen the
same objective domain, or eventually in the same
environment. In our system, a skilants to be involved” in
the new project according to a degree of involvenrepast
projects (see further). In contrast to what we hanaposed
in paragraph D, this method is not limited to arhange
with the Objective agent. In cognitive science, effective
agents are obtained by the embodiment of minddp]If a
skill alone has no perception, no motivation andmeans to
perform an action and change its environment, @lhgays

+  Perception It listens to information broadcasted by possible to define them artificially. Several typed
other agents or environmental evolutions, e.geva n Motivations have been integrated in skill agentsitrcbution

project starts.

e Internal attributes It is defined by a list of
elementary competencies, a creation date,
domain(s) of activity, and a specifiag€'.

to new projects, determine the list of elementary
competencies that define themselves [4], and datertheir

selationships with the other skills [4]. Let us é@p an

example showing the motivation of being involvedniew

«  Actiont It updates its behavioral rules and the weightProjects. A user defines a project in theermal insulation

of elementary competencies that define it.

3) Learning mechanisms

The main concerns of the learning mechanism, fekilh
agent, are actors’ selection (identifying a humarspn for
the embodiment [5][6] of the skill), links estalbiieent with
other skill agents, and improving skills managemesing
objectives. The link establishment decision is Hasa
similarity studies, like common involvement intoofacts
over time. Behavioral rules’ evolution is a consmuge of
those learning mechanisms. Skills management inepnewnt
concerns will be detailed further.

D. Building new projects from past Projects

improvemerit objective domain. No more detail is
forwarded to the systertiThermal insulation improvement”
is an objective domain and is part of the enviromme
“sustainable building sectorThe answer of our system is
defined by the following process:

* TheObijective agenteceives the user request.

» TheObjectiveagent sends (broadcasts) the request to
all skill agents within the MAS.

» Each skill agent computes &elevance coefficient”
according to the request content, and returns an
answer to the Objective agent (see next paragraph).

» The Objectiveagent consolidates all answers from
skill agents, and returns the list of candidateth®
user

Each skill agent is autonomous and decides if itta/éor

Two cases are available to build the new projectnot) to contribute to the new project. The key painthe

duplicating, or customizing existing ones. From prgvious
example, we will suppose that the user finds thejept
“integration glass wool into wallsOne may then:

e Think that it is exactly his objective. Thus, helwi

computation of the relevance coefficiehtis the percentage
of projects in which the skill has been involvedtlie past
among all projects of the objective domain. If Xceeds a
threshold, the skill agent wants to be involvedthie new

duplicate this project and all its skills, without project.
creating a new one, changing only contextual

information like the start date for example.
e Think that it is not exactly his objective, butvisry

I1l.  IMPLEMENTATION AND RESULTS

close. He decides to create a new project an .
customizes the list of skills associated to thetng A The mas architecture
project. A new objective is thus created with a new The model has been implemented using the JADE MAS

list of skills built from a subset of the previooise.
Finally, in both cases, a new project instanceeizegated
from the objective. In our implementation, thosesr@pions
are done throughout our unigu@bjective agent into the
MAS. As those actions are based on historical data,
communication with skill agents themselves is ndede

E. Building new projects from an objective domain

Let us assume that a new project has to be buaitirding
to the user needs. There is sometimes a limitetesgjon of
needs at the specification level and the objeatight be
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and standard multi-agent tools [4][9][10][11][12]see
Figure 1, where the focus is on exchange of flows).
Synthetically, the WelRequester ServietGateway and
WebRequesteAgent are java components used for the
management of the exchanges between human usetiseand
MAS itself. The WebRequesteAgentis in charge of the
interactions with the human user, forwarding retpds
other agents, and sending back their answers.atagtees
(FIPA compliance [11]) that no direct exchange dsgible
between human users and skill agents. ThgctiveAgent,
according to Ferber’s classification, is reactit¢ When a
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new project creation request is received from tlseru
through the technical agentVebRequesterthis agent
retrieves “existing projects” or sends broadcagtslt skill

agents. At CG33, 110 skill agents are active anthing

into the JADE MAS [4].

User HMI JADE Multi-Agent System
(Apache Tomcat) :_ét_llér_s_l-cﬁl—_:
L _Agent |
G
Web Requester A Broadcasts
Serviet T
3 3 E Slill
Objective Agent
W Agent 2
Al %
D ¥ [WehRequester|
— Agent
- =
Figure 1. The MAS — Focus on broadcasts
B. Results

1) Real context

As already seen, in Gironde, there are 61 “SD Netivo
members. They share their experiences and skiltsugfn
the collaborative Sustainable development Skill Sharing
Systerh application. Skills have been classified into a
preliminary list of 9 objective domains: politicalishes,
sensitization, diagnostic, prospective, developirnige
strategy, elaborating the action plan, implemeotadf the
action plan, evaluation, and continuous improvem&hts
application started to be used by the beginninthefyear
2013. The first skills concern the management of S
projects. Thus, the results presented below areesgpd in
this context.

2) Case 1: new projects from past Objectives
The user request, through th&ebRequesterAgents
transmitted to th®bjectiveagent (see figure 2).

1B sniffe0@SMA_OC - Sniffer Agent
Actions About

= HH eoc@

[~]

.y

o

£3 AgentPlatforms
£2 ThisPlatform
2 Main-Container
™ Cg33_Containe

EQUEST:-1(

L
FORK:D [ 877

INEQRM:1 ¢ 897 1Y

B M s O

1

Agent: ObjectiveAgent

Figure 2. Case 1 - Exchanges between agents into the JADE MAS
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Figure 2 is a screen copy of the JADE MAS Sniffaul t
that monitors message exchanges among agents.efthe |
part shows the MAS Agent tree where an agent it qfaa
container, a container belongs to a platforrhigPlatforn)
and a platform is included in all agent platforms
(AgentPlatForms The right part shows three “boxes”:
Other. reflects other agents within the MAS, or in
this case, the JADE gateway that manages exchanges
with the external users
ObjectiveAgentsee next paragraph for details.

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 ObjectiveAgentensures the treatments, based onto
historical data, to retrieve projects instances agldted
skills. At the end, it processes the answer by mexnan
XML flow (see Table 1 of this flow).

TABLE I. LIST OF THE XML FIELDS INTO THE ANSWER FOW

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 ngw.

newObjective | Value always false here because the project is pver
and taken into the historical

objective Main tag for the past project
The past project code within the projects database

code table

description Th(=T past project textual description within the
projects database 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 datsé table

description ghe current skill textual description within tHe

atabase table

At the front-office user level, a list of proje@ad skills is
proposed. The new user project is then generatsarding
to one of the 2 identified methods: duplicate, wstomize.

3) Case 2: new projects from objective domain

The user request is sent to tBbjectiveAgenthat does a
broadcast to all skill agents, consolidates thesweer. At
the end, the answer is also returned to the usanasML
flow (see Case 1 for details). Please note thagvallof
“genericity” for the broadcasting mechanisms isdduced
(see figure 3).
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Figure 3. Case 2 - Exchanges between agents into the JADE. i8S text.

Figure 3 is also a screen copy of the JADE MAS f8nif

7.

tool. Only the right part of the window is shownitaprove

the visibility. The first three “boxes” are iderdicas those

described for figure 2. Please note tBabadcastAgents a

technical agent. It receives a message from aninatig

sender, broadcasts it to all agents, and conseldatl
answers into a single one. The global answer, ah XMv,

8.

A third one, entitled:

Project formulation and appraisal for national and
international aid agencies
Training on small-hydro technology and economics

ihstallation of a biodiesel

generation system to power up a highway constrocite’.
Let us assume the project also shares the 3 corpimases,

is then sent back to the original send&lt. other boxes on and hagt specific ones

the right are all skill agents within the MAS. The screen 1.

copy above shows only two skill agents. 2.
3.

For illustration, let us reuse the example where th 4.
objective domain isrfew means of energy productionA 5
project for a Wind turbine implementatidrhas 5 phases:

1. Project management / implementation

2. Definition of power requirements 6.

3. Selection of the best technology of wind turbine 7.

among models and worldwide suppliers

4. Logistic definition (transportation organization)

5. Wind turbine installation

A second project, entitled hyydraulic micro power

Identify the best site

Environmental benefits evaluations

Project management / implementation

Definition of power requirements

Selection of the best technology of biodiesel
generation system among models and worldwide
suppliers

Logistic definition (transportation organization)
Biodiesel generation system installation

Considering these phases as skills (of course gl

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

user request where the new project isolar panels

implementatioh This project also belongs to the objective

implementatioty shares 3 (over 5) common phases with thedomain ‘hew means of energy productionThe requested

first project, and has §pecific ones

1. Project management / implementation

2. Definition of power requirements

3. Selection of the best technology of hydraulic micro
power among models and worldwide suppliers

4. Logistic definition (transportation organization)

5. Hydraulic micro power installation

6. Technology transfer of appropriate designs to
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minimum value for the relevance coefficient is 75P%hus,
according to our algorithm:

The ObjectiveAgent send (broadcasts) the user
request to all the skill agents within the MAS @&
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 tlhe
requested one, that means the skill agent “wamts” t
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contribute to the new objective, and the boolean IV. CONCLUSION AND FUTURE WORK

value ‘rue’ is returned to th@bjectiveAgent Over time, more and more objectives will be cotizeel
* The ObjectiveAgentconsolidates the results where through projects, and more and more information
the answer isttue’. Finally, it returns to the user the available to help the user. This work suggestsrésting
list of the skills as an XML flow: perspectives. From a professional point of viewcesning
a - Project management / implementation the problem of skills management, the analysis killss
b - Definition of power requirements applications through projects provides a wealth of
¢ - Logistic definition (transportation organizatip  information. After a period of running, managensl iuman
« Through the front-office interface, the user thenresources management services will be able toifgethe
validates (partially or totally) the skills list tmiild its ~ key skills, the cross-domain skills, the evoluticsf

new project. This validation is stored into memory. sensibility” of each skill into the professionalector
processes, and all of this over time. This work mmapduce

real benefits in human resources management toifzait
C. Discussion future evolutions of needs in terms of collaborafnofiles.

The proposed information system proposes soluttons In our proposal, the adaptation over time is made
the problems of each SD Network Member at CG33, Wh(po_ssmle by_ the computation of a relevance coe_iﬁlk:value.
needs to identify the required skills to make hisjgct | Nis value is stored into the memory of each sigént. One
successful. Whatever the activity sector, projectOf the future dlrectl_ons of WOF"S Is to '”ﬁp'.eme“t
management is usually carried out through Softwaré:omplemgntary _Iearnlng me(_:hamsms to optimize the

o . : computation of this value over time.
applications, where tasks are defined and described
static way. The definition of a new project regsirthe

identification of human actor(s) for each of themwo
problems may be encountered: 1]
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The first problem occurs when an evolution of the[
processes is considered. A traditional approadb is [2]
statically update the list of tasks for the project
Setting renewals have to be done by administrators,
or advanced users, into the project management to%]
itself. This update is often generating costs, bsea

in some cases an external help (e.g., of the sodtwa
editor) is required. This way, there is a lack of[4]
efficiency, inducing at least a waste of time, and
sometimes substantial costs overruns.

Another problem is the management of the dynamic
nature of projects according to the evolving neefds [5]
users. As a project reflects the user needs atengi
date, there can be as many projects as user neelfs
expressions within the system. The global skill
sharing system presented in this paper is 1
collaborative and adaptive tool. The new projects a
built “on the fly”, from the real user needs. Thilsg  [g]
list of new skills is built from those available jrast
projects and reflects the user needs at the tinteeof
request. As the number of projects grows in our
collaborative system, the global list of skills atte [9]
objective domains evolve and may converge. At g,
global level, our system learns from the reque$ts o
the users and reflects the evolution of activitgrov
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