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Estas actas contienen los articulos seleccionados para su presentacion en el
segundo taller sobre Desarrollo de Sistemas Multiagente (DESMA-2005). El
abjetivo principal de este taller es recoger experiencias priacticas en el desarrollo
de software orientado a agentes, que permitan definir los aspectos clave de este
proceso y marguen las lineas futuras de investigacitn en este campo.

Este afio se nos ha dado la oportunidad de integrarnos en el Primer Congreso
Espaficl de Informdtica (CEDI'2005), que pretende servir de marco de
encueniro para profesionales dedicados preferentemente a la investigacion,
desarrollo, innovacién y enseflanza universitaria, dentro del dmbito de la
Ingenieria Informédtica.

El CEDI se celebra por primera vez en Espafia, y para ello ha elegido una ciudad
a la alura de las ocasiones. Granada, ademds de contar con una prestigiosa
Universidad, es una ciudad que el viajero no olvida. Sus monumentos, calles y
gentes le otorgan ese encanto especial que queda en la memoria.

Aprovechando el alojamiento de honor que se nos ha concedido, este afio hemos
hecho un esfuerzo especial por atracr a los investigadores en agentes. En esta
edicion se ha decidido valorar especialmente aquellos trabajos referentes a
implementaciones de Sistemas Multiagente. Los articulos aceptados exponen
trabajos de interés que acercan la tecnologia de agentes al mundo industrial.
Estos articulos se han estructurado entorno a tres bloques temiticos:

*  Tecnologias de Agentes

= Metodologias de desarrollo de Agentes

= Apentes moviles ¢ interaccion

Hay que resaltar la gran aceptacion de la convocatoria. Este afio el DESMA ha
contado con 15 contribuciones, de las cuales 12 han pasado el proceso de
revision. Este proceso ha dispuesto un minimo de tres evaluadores por articulo v
un maximo de cuatro. En general, las contribuciones recibidas han hecho gala de
una calidad notable. Todas ellas constituyen un esfuerzo importante por acercar
los agentes al nivel de madurez que todos deseamos.

Por ello, hay que felicitar a todos los autores el interés mostrado para participar
en esta iniciativa. No nos cabe la menor duda de que esta experiencia resultard
enriquecedora para todos. Ademis, queremos agradecer tanto a Thomson por la
publicacion de estas actas, como al CEDI, por facilitarnos la organizacion de
este taller, que estamos seguros que promoverd los resultados del DESMA y
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ayudard a promocionar ediciones futuras. Para finalizar los agradecimientos,
queremos reconocer publicamente el apoyo dade por la Red Temduca
AgentCities. ES (http:/grusma2.etse.urv.es/AgCitES), una iniciativa sin la que la
investigacion en agentes en Espafia no seria lo que es hoy en dia

Como dijo Machado, “...caminante, no hay camino, se hace camino al andar

. opor ello queremos animar a todos los investigadores en agentes a continuar
con su labor y a diserminar su trabajo, sobre lodo en Espafia. Todavia queda
mucho por hacer v, si lo hacemos juntos, no cabe duda de que lograremos que el
DESMA crezca v se convierta la conferencia de referencia en agentes software
en Espaiia.

Grranada, 13 de Septiembre de 2005
El Comité Organizado
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Abstract

The lnecrature proposes some chamcleristics that
methodalogies for the development of agent
onented systems should provide, They should

e85

assst in all the phe development process
d system; for example, by
providing masdels and views for the different
1 suppor
ent orienled

of an agent orieme

phases of analvsis and design,
the methodology. INGENIAS i
methedolegy  that covers most of the required
characteristics proposed by the literature, In this
paper  we describe  our  expericnce  using
INGENIAS to develop a multi-agent knowledpe
T agement system for a software maintenance
proup. We present some of the main models

developed o describe

SVElEm SEruchunes
behaviour,  focusmg  on the advaniages  and
s that we found  using  this
the

dizadvan

methasdiobopy Iy, we present some
f monality of o prototype -.!.-c|:'}

the models proposed by [INGENIAS

1. Introduction

The mole of agent orviemted methodologies is o
assist in all the phases of the lifecycle of an agent-
based application, incleding its management [4],
Thas, an oriented methodology muast
this. These
four main

elements that

L

clements could be it

predities arne basic

categories | 10]: concey i
notions  about  the  domain  area  where  the
idielogy will be applied, for example, notions

genl and s cha (T T

r techrigues are § specific
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symbaols used in the methodology for representing
i goncepls amd  properties  {the  modelling
languagel; process indicotes which stages of the
software development le are covercd by the
methodol

; amd finally, progmatics considers
d tv the mar
w example, facility and «
, support wedls for

gemsnt and use of the
s ol

aspects rels
methodbology;

adopting i, expentise requ

the usage amd application of the methodology, ete

INGEMNIAS [T7] is a methodology that covers
these four aspects, and some other charactenstics
that  the literature  about  agent  omented

methodelogies  proposes  for  these  kinds  of
methodologices [10]. I provides o process o guide
the software development; a language based on
the main concepts of agent theory (for example
the notions of agent, role, mental state, gols,

believes, fasks, ewe); different moxdels  for

ving  different views of the syslem  al
15 of absiraction, and a 1ol w help in
2 phase. Moreover, INGEMIAS is not
genl platform such as
other agent baged methodr g1, 5, 6]
This paper presents the design of a mult
mgent  knowledge management  system  using
INGEMNIAS. The content of the paper is organized
a5 fellows: sectiom two pre the INGENIAS
hree the domain
arca ol the systiem s described; section four
wllustrates how IMGEMNIAS was used to model the
i system; after that, a scenario of use of

des
different le

the modelli

oriented o 8 panicular §

pies, ¢

{[x]

methadalagy; th

1, in e

'!“\':I |"Ii'|l||:||".' 5 _:lll\.'\l\.'ll'.n.'l\.l L secbion

five. Finally, conclusions are in section six

e INGENTAS Methodology

INGEMIAS 15 an agent based methodology which
ved from an object onented approsch; it

has ¢




renses wark  from MESSAGE/LMI

methodolo which has based its not
UML. INGENIAS provides a visual language for
multi-agent systems definition, a process 1o guide
the lifeeycle of the software development based
an the Rational Unified Software Development
Process (RLUP), a tool that provades an editor for
or which can be
lor T

mideling and n o
ciEtpmized o g
platliorms

Ihere are five mam system views i
froms five meta-models in INGEMNIAS, th
madels can be wsed o define five different
e sinple
tinl ments|
tdescribes  bow
the involved

madels: 1) the
heir tasks,
the infe

sLale;
interactions among agents tnke pla
actors, and the goals and prowcals of the

Ll TaT:

interactions; 3) the fasks E !
deseribes relationships between tnsks and gonls, as
2n; 4} the organizations)

well az their strecha
describes how the syslem companents are

AL
grouged togeiher, the asks that are comricd oul in
common, the goals they share, amd the constrams
tleat exist in the inieraction between apenis; amd 5)
the erviFomment model, defines agent’s perception

sysiem.

in terms of existing elements of th
e development process  followed by
INGENIAS has the same six main phases of the
KLIP and 1 e: 1) the analysis-inception phase
wiels are produced 1

B

artzatianal W
u  prelimmary  view ol the syst
nrchite: 1 the analysis-slaboration phe
where the orgnmzationa] mod e refined o
'_. !_l|,|.||\ and tnsks of the nes, for ths

ident |
axk-gpoer! moddels must be constricted; 3)

PuIpsE

the analysss-construction phase where the models
! ted in the other pf ed b cover
the use cases that the sy ulfill; 41 the
1 please in which a fast prototype

ses wre refi

slem must

design-incept
of the sy
defined in the analysis p , 5) then, in the
design-claboration plase more details are added to
the maodels by defining swa hetacen ngents
in the organizational models, completing these
with s’ interactions  with

m s developed 1o evaluate the models
1

R

| defining
(SR} ] ri||.|ll:._ in the III,'\iJ._ -

T 3
o% with agerf s
nse the use cascs thar des

specinl situations, il do not imvolve cha
the systems architeclure are  considere
maclelm

Metedologias de desarrollo de Agenles

3. T Damain of the System

syatermm i software
red for the
wrmieel in
s skudy

The domnn  of
mainbenance. The characteristics regu
system were obtained from a study pe
frware ma ce groups [9]
chowed that on many AEIONE, OrpanEalons
documents or people with the infommation or
kenowled WECESHUTY mipport ar help the
software maintainers o do their activities, but
exther the later did not know that other documents
o people could have provided useful information
o |||_-||| them to |,||I|'||'||\'I|,' the nssignmemt ar the
people with useful information did not know what
& latter was working on

From the :1|'||'|'I:L'ni\. of the resulis of the cose
study, some scenarios emenged; these showed how
gent based system con help o supporl some of
that mainiainers act , T
were  wseid | the  main
ics For dhe  mulii-

requirements and characten
apeinl system [¥]

The systemn has been  designed o help
searching amd  informing  about
n while they

miiniin
knowledge sources thot can help th
perferm their jobs, To do this, there have been

slentified the main  roles  plaved by the
miamiainers, the sources of infi on  they
comsult, the kinds of knowledge they hove or
quire bo perfonn their jobs, and how all these ane

redq
invalved in the processes and tsks performed by
the niners. In the following section, the

design of the multi-agent sysiem & presented

g INGENIAS to Design the Multi

I Svstem

 [NGENIAS proposes
: amalysis s

Mg we have menlion
a process in which )
the mam structure of the
the roles they play, and how they are o
uin goals and tasks of the age
process  continues  with  the

ts focusing in

Then, 1
defined. T
identification of workflows anl agents
unel goes an anabl o ses ol special

mislelled the d Lol the
gemenl sysiem, we have Focused

internciiens

ity
ke

Palep

em architeclure, the imlerr

als, tsks, mental states, and how

an the sy
strecture, i
they  interact with  other  agenis  and  their
virenmient {such ns the user, resouces or other

Figare |

applicatns). For spce limitations, in this paper
oaly the modelling of the system architec a
scemario of agents’ internctions
an agent Sruciun: ane presenie

nd A example of

4.1, Maodelling the System Architeciure

e architecture of the system is based on the
miain elements imvolved in the groups soslicd |9)

From the 4 stz of this informatien, five main

ety which are the
edintors between the stafl members and the

# which manage imformation
reladed to the products maintained by the group,
including their maintenance requests and the m
that integrabe the produc
abion,  Boum
ofect agears which are in charge of the
management of the modification projects {lasks,
resoarces assigned, ete); clienr agents, which
bring suppon to the clients when they seml o
part & problem; and &
infarmation

v how 1o communicate
L are active in the system, In

e cixle, databases, efc.);

MEIMIENNNE Tequesl &

direciory el
requined b |
with other agents th
addition, twa auxil

e

pes of ngents are also
consudered i hitecture,
Agents (KMAJ), which are in cl
emend of the knowledg
Jowrce  Marager Agents (KSMA),
rge of the management of
i=uch as ehectronic

which
information  sor

documenis)

s 1he szationnl msade]

rchi

Figure | illusstr
that describes the sysie

i b

re. As ¢

nzed in four containers,
t, e client agent container
This is beeause those containers can be cach one

seen, e agents ane org
directory, stail, §

JE

il model thal illustrates the gyst

i Anpon dnry

chibectare

in a different machine, For example, each stafl
member can have a staff ngent in his/
machine, and the client agents can be in & web
SEFVET Wil 1 application for the monagze t of
maodification requests. In the architecture there
alsn & dam base server, with a ghobal repasivry
where the knowledge base will reside, and a local

wer local

repositery Tor each staff apent conliner, since
ch stall member con have documents and
information, in its local machine that con be
relevant o other members

The organizational meta-model of INGENIAS
the main elements for the definition of
gent sysiems” architectures | 7], However,
there are some aspects that are not considered
Partscularly, it is not clear how o model the
physical distribution of the system's components,
the nuthors of INGEMIAS arg 1 this con be
dome with UML s deplovment dingroms, bt these

ci

e th

are not addressed e the actunl  version  of
INGENIAS
4.2, Modelling WorkMows and Agents

Interactions

s

The system design was based on scer
slentified from the case swdies curried out. These
scennnios describe some problems that maintainers
have, and how agents can help o nddress these
problems. In this section, the modelling of ages
imeractions  are  deseribed using one
which is e
mer |

scenanios ient
First, the n

F (=T
ks at o list of
prijects she hos assigned in o project ma
application. When the  madm
praject, an event i8 triggensd and capured by the
, which obtaing the mformation of the
identifies knowledge topics (system and

mer select




i

e i ek
e .
o 3
e o b
o C
& a
e 1 Wk Mow disgrum that (lustr

prablem appeared, kind of

malube  where il
problem, etc.) and generates some rules fo request
the KMA to search for knowledge sources. To
ereate the males, the stafl aped tmies o identily the
er would nesd to do the
s ol

knowledoe
amignment. Alsg by enl congiders 1
the engineer consults, assigning m
relevance 1o the sources that he consults most
frequently. When the search has fimi , the
KMA sends a mesape w0 the sl egens
es found, The siaff

alligk

1 i the 1
imformuma 1 ||I|"|r- tne s

apend displays a message with the number ol
knowledge sources found m order 10 mform the
maintainer o ability. Finally, if the

look for the sources, she
{f agens screen, and the
w owith the list of

enginecr wanls
chooses a butbls
will disy

w in the st
a wind

ag
sources (see Figare §). When the mamtainer
5 one gource from the list, the gystem shows

information  related to that source such  as
Ication, the knowl ¢ that il has, efc

Figure 2 shows an example of o woarkflew
renl

mixlel of the scenario, In the model, the ¢
b t Selected” is captured i the “To Monil
User Activities™, tl “To %
Knowledge  Sources”  workfllow  where  the
nowledse Sources™ nml

ch

activitics “To Search

—_
e
o
arw
Sifap
gifenss oy
¥
Figure 3 (K1)

i ol the pmin €

Metodologing de desarro Apentes

d imteractions if the seer

und” ke place. These

W Solrces
sctivities generate the “To Request o Search fos
Knowledge Sources” ond “Te  Inform Akt
und™  internctions respectively. The
consider some aspects of the
e model difficult
follow, Thus, ihere have been constructed
et models for defining the details of the

T

Sources F
madel does
scennrio becmase this can mnke
[
dif
RCETATIO

It was difficult o model
wanted in some of the mosdels because these m
the meadels oo difficult o follow and understand
particubarly in workflow models, However, we
found that there were many ways for modeh
different views and levels of

all the detnils v

these d
abarracti

4.3, Modelling Agents’ Tasks and Goals

A very important step i multi-agend sys
desig ¢ identification of the goals that
will follow, and the tesks they must perform in
nplete those gonls, These tasks amd

1 be involved in different models of the
INGEMIAS methodology, T exampl
organizational, sworkflow aiil i [i]

rams;, and the details

® rusiriwnn eamh

sks and poils of ke scefamo

between s and tasks are described in the
and tasks models, Then, agem models can be used
o define how the agent menial state is affected by
the tasks performed by the agent.

Figure 3 shows t
whenbfied from the scenario. As can be seen, the
main goal i W help the mainminer in the

als and rasks

maan g

nceomplishment of hisher job. This g
l

il i
e [irst 15 to identify i

composed of other twao;
wneaeer neads, i the
for knowledge sources that ¢
those needs. In order to fulfil th Fl,l.l|\_
four main tasks are defined: to monitor the wser
activities, to request to search for knowledge
sources, 10 search Llu:wh.';lg'l.' somirces, and o &
the sources foumd. In the di
perform thos
it models, like the one of Figure 4

gent moudel of the stafl
agent; ns can be seen, it has two main goals: o
ity the maintnier necds, and o help the
ier searching for knowledge sour
on those meeds. In order to do thes, the sall aj
performs three main tasks: 0 momtor the user

secaned 1o help himdher
'I|-._I|'| (18]

"W

pram 5 nol defimed
sks; this was done

whick

in the age
Figmire 4 presents the

v based

nctivig owledge

%, 10 request o search for

sources and fo show the sources foumd; these 18
two activities are e in collnbors with the
EMA, On the other hand, the modal ol
Mhustrates the mam mental states that the staff
ngent has in the scennno described. The first
menial snfe i5 activated v
¢ informs thas

‘hen the agent receives

ser hins sclechsd &

the cvent i
rroject. [n this sate, the
abs pruoj The
peernte the males for the search, so it ¢
miental stale, In thes second mental stade, ke

i1 obtins informati

s user might need s

has two believes, that

of the siall
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hulmia.'dg. 1o accomplish s job, and that there
are sources that can help the user o obain that
knowledge. Thus, the agent generates some niles
th il b used o search for those sources and
sarts the “w request o search for knowl
SOUrGE: sk, The third mental site staris when
the staff apent receives from the KMA the

it the sources fouml. This

message informing a

CHIERES i the stafT apent mitinies the "o show
sorees  found™  tosk.  Finally, there Pwia
impartant entities |'-ru|~.m,'|,| by INGENIAS which

T agent model, these ane
o, and the Menta! Safe

are presenies in the
the Menta State b
Frovcesser (inference engime m the maosdel). The
first ane 35 in charge of managing the mental state
amd the knowledye of the agent. The second one 15
enLitie

the decisian

ng mechanmms. The

of the agemt In the apent
coneeptualization

Even (hough INGENIAS proy des  some
entitics that can be used 1o define some aspects of
he agenls” knowl

dge and reasoning, il 18 nol

enough for some cases, There is nod a knowledge
mwlel wh the domain knowledge of the o

can be modeled, or where the problem solving
strategies of the agents and how it chooses or uses

B
them can be defined (for example like the

knowledge me .n;'li-|;_: stnge prnpuucd by MAS-
CommonBADS |__"_|| However, soame of thess
napects can be addressed using other appronches,
for example UMIL  class  dingra for the
definition of antelogics of the dompin knowledge
ol e |

1

AL LR
. extar =i
b -
F |
-
%
| The
rai L
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5. Implementation of the Sy

To evaluae the Feasibility of implementation of
the architecture, we have developed n prodotype
which was tested following scenarios like the ome
gure § illustrates how
ahowt  the

deseribed in section 4.2, Fig
the prototype presents  mformation
knowledge sounces found by the KMA

In this cxomple, the maintainer decules o
by a client. When the
madntainer sclects view the problem dota to
starl solving it, an event is mgeered and captured

This agent obiains some

wnlve a pr

by the I
information from the report (such as the system,

module, type of error, etc. ). Then
request the KMA to search for knowled;
that could help the maintainer o sol
problem, by sending o qu generated
mation obtained from the repart. When the
ch s finished, the KMA informs the staff
ngent about the sources found, and the
iner the numb

evant 1o the sctivity

inlk
&

informs 1o the main
undl that can be
wanls 1o consult the spurces, 4he presses a
the wtaff apent screen, and a window
one of Figure 5 is displayed. In this
type, and if the

L
bulton m
similar to
window, the sources are lisbed by

w Wi of name el Bl o BTt i Flabramnen

Metodologias de desarrollo de Apgentes

uger selects one source, the sysiem
information about where the seurce is,
kind of knowledge that the source hos and that can
be relevant to the nctnaty.

The tests made o the protorype showed us
hat §l can help maintainers to find and hocate
saurces of information that might be relevant o
the mctivities perform by main
leat are nol consulled Fr g
ce of location could now be consulied

rs.  Thus,

ance of

BOUrCEs |
their exist
thanks 1o the automatic search done by the agents
i mistnkes or the re-
for a problk that has

Therefore, ({51
invention of a solu
already heen solved can be avoided

6. Conclusions and Future Work

provides
wieful i the
annlysis and design of the multi-agent system. For
examiple, the organizational model helped ws 1w
the main  clements  of  the  sysiem
re, workflow madels helped wus 10
concepualize the n ctivities involved in some
narios wsed 10 define the requirements that the

lok

The [MGENIAS

syatem mugt fulfil; goal-tmsk models were wery

| |[Knewledge source: felipe (il

| ] 0 G e Peopin =

| | vt R L I

| vl 1 dligm [
Pl

vt ot bl i
ol Arepitricamm
sphars’ 2412

|| pawen s

el pdFicio arminests ald.

righos Falipss Eshusro Frey
—== Khaws ihe difcrest

ool of the sowroe

L Il b de WEEsAS

| Sheews 1he kind

— dhart the ssree b

i —
st e B b Kl e el —— 7
| Cuscrhon Comcisbenios g ses st coslabindad. |
et kel eI | |
— attart Anaais i o 15
P . crighor Mk e Andives Fron i, Do |
Lstofsoumoes | Vo s, ||
i§ Wil VIR i -
Figure 5 Sereen skt of list of knowledge sowrces Tound

useful o wenify the relations of g._ml_x and iasks:
anid models helped us 1o identfy the
internal nspects of the agents, such as theis main
grals and mental states. However, some aspects
could not be nddressed directly with the elements
the methodology. For example the

propased by
physical  disribution of  the @
rw el
Vil sirabey
slisfied the majority of

eciure s

components, the doms
of the problem s
Meverthel
the basic clements for agent-based systems that

then

CHIF SYSIEm rogaited.
Afler the study of the hiterature about different
il tonened  methodologies, ¢ think that
INGEXIAS 13 one of the most compleie
methodologies for the development of multi-agent
systems, Rince it proposes o very descoptive
wguage, an casy W0 follow process, moddels that
qd owith didTerent levels of
megd  From different views  or

perspectives, and n ool based on metn-models
that facilitntes the modelling of the multi-ngent
system which is not oriented to o particular agent
platform

Currently, we have du,-;.-lur._-;j a probotype of
t system. In order io sddress the
aspects  of  INGENIAS  for  the
ent of the complete SYSIEm We comtinue
rng other methodologies. Although, we hape
that INGEMWIAS could be complemented with
other approaches that kelp us in the development
of the final version of the gystem

the
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