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Abstract: There is a need for agent oriented soéwagineering methodologies that support the qnaémodeling
of mobile-agents systems. For this reason, we peasgented in a previous work, our meta-model tigdes
multi-agents systems including mobile agents anchawee discussed it versus some formalisms extending
UML for mobile-agents modeling. The proposed metadal serves as a platform independent meta-model
in our model-driven engineering approach under a¢iion as a methodology for the development of
multi-agents systems including mobile-agents. Taiper summarizes the different approaches for mobil
agent modeling and situates our meta-model paatilgulversus three works supporting mobility by
extending a multi-agents systems methodology (MaSEIA, and AALAADIN). It aims to justify the
choices that have guided our meta-model constmuctio

1 INTRODUCTION movements. Therefore, mobility is controlled by the
application itself and not by the runtime systenisas

Mobile agents are a promising paradigm for the the case of processes migration in operating system

design and implementation of distributed There areé no specific applicatior_ls for mobile
applications. They have known considerable a9ents (Milojicic, 1999). In fact, mobile agents ar
enthusiasm in the research community, althoughl'ke'y to complete or replace the traditional

they have not been translated into a significant paradigms of _client-server architecture, such as
number of real-world applications. message passing, remote procedure call, remote

Research on mobile agents has been underwa)ije?t invocation an_d remote evaluation. Thus, any
for over a decade, particularly in the areas of application made with mobile agents can be made
network management and electronic commerce. With any traditional paradigm. The use of mobile
Then with, among others, the rapid development of agents is, h_oweve_r, advantageous in heterogeneous
wireless networks, the spread of mobile devices@nd dynamic environments that are the trend of
using networks, the development of new networks modern Intermet applications (Cao et al., 2012).
(such as the Wireless Sensor Networks) and the!ndeed, mobility is of great interest for applicats

innovation in the field of Cloud Computing, there Whose performance varies depending on the
was an increase in the use of mobile agentslavallablhty and quality of services and resourcss,

Applications based on mobile agents are beingwe" as the volume of data moved over network links

developed in industry, government and academia; subject to long delays or Qisconne.ctions;. running o
and experts predict that mobile agents will be used@d hoc networks, or including mobile devices.

in many Internet applications in the coming years  However, mobility is not an interaction as an
(Rajguru et al., 2012). agent does not need to be mobile to communicate.

A mobile :;\gent is a software agent that can This motivated the inclusion of the mobility model
during its execution, move from one site to anqther 1" the design phase (Sutandiyo et al., 2004). lddee
to access data and/or resources. It moves with it

ghe development of mobile-agents applications was
own code and data, but possibly with its execution

generally done without considering the mobility
state also. The agent decides independently atsout i 2SPect in the analysis and design phases. It vias of

treated in the implementation phase (Belloni et al.



2004). Including this aspect in the analysis and
design phases allow for a better design of thisl kin
of applications: it gives to the designer the &pild
use mobility to fulfil the goals of his mobile-agen
application (Self et al., 2003).

systems a visual notation is needed to easily grasp
the specifications and to specify the system from
different points of views. Therefore, we were
interested in semi-formal approaches.

Most of the works on semi-formal approaches

For this reason, we have presented in (Gherbi etpropose formalisms extending UML. Some address
al., 2012), our meta-model for the design of MAS only one aspect of mobility, such as the mobility
(Multi-Agents Systems) including mobile agents and path, as in (Kusek et al., 2005); some fix thedet
we have discussed it versus some formalismssites where the agent can move, as in (Belloni.et a
extending UML (Unified Modeling Language) for 2004); some include details from MASIF (Mobile
mobile agents modeling. In this paper we Agent System Interoperability Facility), as in

summarize, in section 2, the different approachbes f
mobile-agents modeling. In section 3, we situate ou
meta-model versus particularly three works
extending MAS methodologies to support mobility:
(Self et al., 2003) extending MaSE (Multiagent

(Belloni et al., 2004), or from FIPAFoundation for
Intelligent Physical Agents) standard for interawfi

as in (Da Silva et al., 2005). (Belloni et al., 2D0
suggest to work more on methodological aspects, by
exploring how an existing software development

Systems Engineering), (Sutandiyo et al., 2004) process can be extended to incorporate notations.
extending GAIA and (Mansour et al, 2007a) They recommend the exploration of the Unified
extending the AGR (Agent, Group and Role) meta- Process which seems to be the most appropriate.
model of AALAADIN, which is a part of our meta- These formalisms are useful, good contributions and
model. The goal is to justify the choices that have sources of inspiration. However, to contribute in
guided our meta-model construction. Section 4 bridging the gap between AOSE (Agent Oriented
presents a case study and section 5 concludes th&oftware Engineering) methodologies and mobile-

paper and evokes future work.

2 RELATED WORKS

According to (Loukil et al., 2006), mobile-agents
applications modeling can be done by three
approaches: design patterns approaches, as

(Aridor et al.,, 1998; Lima et al., 2004), formal

approaches, as in (Picco et al., 1999), and semi

formal approaches, in which we distinguish two
classes (Bahri, 2010) : formalisms extending UML
notations, as in (Belloni et al., 2004; Da Silvaakt
2005; Kusek et al., 2005; Loukil et al., 209&nd
approaches extending a MAS methodology, as in
(Self et al., 2003; Sutandiyo et al., 2004; Mansstur
al., 2007a).

Weary of inventing and re-inventing solutions to

recurrent problems, agent design patterns can help

by capturing solutions to common problems in agent
design (Aridor et al., 1998). However, design
patterns have fields of action which are more esle
restricted and need to be known. In addition, nodst

in

agent systems, as suggested in (Milojicic, 1999) an
realized in (Self et al., 2003; Sutandiyo et a2
Mansour et al., 2007a), we were interested to elxten
a MAS methodology. Merging these two areas
provides more capacity to solve complex problems
in distributed computing becoming increasingly
mobile (Self et al., 2003).

Only few works on semi-formal approaches
extend a MAS methodology to support mobility. We
have encountered three in literature (Self et al.,
2003; Sutandiyo et al., 2004; Mansour et al., 2D07a
(Self et al., 2003) have extended the MaSE
methodology. Figure 1 presents a graphical
overview of MaSE which consists of two phases and
several steps. The progression over steps occtlis wi
outputs from one step becoming inputs for the next.
The result of the MaSE analysis phase is a set of
roles that agents will play, a set of tasks thdinde
the behavior of specific roles, and a set of
coordination protocols between those roles. The
design phase models consist of agent classes,
communications defined between them and

the mobile-agent design patterns presented inz FIPA proposed a set of specification with main bagis on

literature are difficult to apply in practice duethe
lack of a suitable approach to identify, document a
apply them (Lima et al., 2004). Formal approaches
are good in formalizing simple systems, but fogéar

! Other formalisms were discussed in (Gherbi e2al12).

higher level issues like communication languageileMV®OMG
(Object Management Group) focused on mobile agSitee,
the two organizations worked independently withany
coordination, the end result was the evolutionved parallel
standards i.e. FIPA and MASIF. These standards iggov
specifications and guidelines to developers of &awarks in
constructing any agent framework.



components that comprise them. Typically, tasks extends the object-oriented approach rather than
from the analysis phase are transformed into starting with a “pure” multi-agents background.
components in the design phase. These, possiblyThey have proposed (figure 2) m-GAIA (mobile
multiple, components define the internal agent GAIA), which distinguishes between mobile and
architecture for each agent defined by the designer stationary agents in thégent modeland defines
three roletypes (system, interface and user) in the
Role Model In addition, amobility model was
Goar_ added; it manages concepts qflace types
- (locations), atomic movement (the smallest
granularity movement required to accomplish the
task assigned) anttavel path (a combination of
atomic movements). Agent’s moves occur at the end
of atomic movements

Capturing Goals

Applying Use
Cases

Cancurrant >
Tasks Reflining Roles
Creating Agent
Classes

Constructing
Converasations

Persistent Role

Figure 3: MAGR meta-model (Mansour et al., 2007a).
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(Mansour et al., 2007a) note that the existing meta
models and methodologies do not provide any
organizational solution for designing and
administrating mobile agents in an agent society,
and propose MAGR (Mobile AGR) to support the
agent’'s mobility at the organizational level. MAGR
enriches the AGR (Agent, Group, Role) meta-model
with concepts oplace mobile agentand persistent
gole (figure 3). Aplace (MASIF concept) represents
in MAGR a group joined by only mobile agents; it
proposes to them necessary services to move and
erform actions. Agents join groups to play roles.

Figure 1: MaSE methodology (Self et al., 2003).

To support mobility, Self et al. have added in the
analysis phase amove command (to use it in
Concurrent Task Diagramdescribing the behaviors
of Concurrent TasRs and in the design phase,
mobile componentshat allow the specification of
the activities that result from theaove command.
Consequently, an agent is composed of component
which are stationary or mobile (a mobile component
contains at least ormaoveactivity). To control and
coordinate these components, each agent contains

Agent Componentwhich fulfils also much of the hen a mobile agent plays a role, it specifies i§ i
agent mobility functions persistent or not. When it moves, all skills asatexd

S to a persistent role remain available; howevenilit
St be automatically deleted from any list of agents
playing a non-persistent role in the place.

Role Model Interaction

Muode]

} Analysis In the presence of mobility, the MAGR’s meta-
model deals with the social aspect of the ageiiés |
Mobilty I} o cycle. This is not the case with m-GAIA and the
T extended MaSE: when an agent moves nothing is
done at organizational level. Indeed the role cptice
Figure 2: Structure of m-GAIA’s models (Sutandiyicak, is not used after the analysis phase in both
2004). methodologies. In addition, social aspects (group,
organization) are not clearly defined in MaSE,
(Sutandiyo et al., 2004) have criticized the exéghd  unlike organizational rules or conversations; anel t
MaSE as it does not distinguish conceptually
between mobile and stationary agents (even if it
does it at the components’ level), and because it

Acquaintance
Model Model




developed architectures are stat®imilarly in Gaia, models, as in (Cossentino et al., 2005; Beydoun et
the organization and services offered by the agentsal., 2009)), we have looked for a meta-model which
are clearly static in time, as there is no hierimadh  is simple to use, modular and evolutive, in order t
presentation. (Bernon et al., 2009) extend it and supports agents mobility.

Finally and according to (Amor et al., 2004, Our choice fell on the PIM (Platform
Jarraya, 2006), MDE (Model Driven Engineering) Independent Model) meta-model of MDAD (Model
helps in bringing the gap between MAS’s Driven Agent Development) for several reasons.
methodologies (as the majority does not include the Firstly, it is based on the AEIO decomposition ffro
implementation phade and platform% However, the VOYELLES approach (Demazeau, 2001)) which
we have not encountered an approach based orconsiders a MAS as composed of four bricks (or
MDE and extending a MAS methodology to support vowelsA,E,I,0): Agent, Environment, Interaction
mobility. Indeed, MaSE uses RUP (Rational Unified and Organization. This provides modularity at the
Process), m-GAIA uses the cascade model andmodels’ level, rather than at the level of agemts a
MAGR does not propose an elaborated prdcess agent's skills. The ability to interchange and eeus
Therefore, our goal is to propose an MDE models of each brick has a strong potential foseeu
methodology to develop mobile-agents applications. and versatility, as there is no presuppositionse a

The choice of MDE is justified also by its particular model a priori (Jarraya et al., 2007).
benefits (know-how durability, productivity grain Secondly, its organizational meta-model, based on
and heterogeneous platforms consideration), whichAGR, does not imposes constraints about the
explain its adoption in many works on various f&ld  internal architecture of the agent, its behaviorit®
including MAS, as in AMDD for INGENIAS  capabilities. Thirdly, MDAD is already a model
(Pavon et al., 2005), MDAD (Jarraya et al., 2007), driven methodology illustration for the stationary-
ASPECS (Cossentino et al., 2009) and ASEME agents app"cations deve|opment_

(Spanoudakis et al., 2010) In addition USing MDE |nspired from the related works, we have
may facilitate the mobile agent moves across epriched its PIM meta-model with the stereotypes
heterogeneous platforms: rather than sending the(figure 4): «MobileAgent», «Site», «Migration» (to
agent’s code, we send its model which can be prepare the agent before calling the Jump Action),
transformed into code on target sites. «Jump» (to move effectively the agent to another
site), «Clone» and «AfterMigration» (to integrate
correctly the agent in the MAS, after its move to a
new site).

The concepts in gray boxes, the two associations
between «SendMessage» and «ReceiveMessage»
(added to ease code generation (Gherbi et al.,
2012)), the transfearable tagged-value in the
Choosing a MAS methodology is difficult (Amor et «DomainConcept» stereotype, and #tep tagged-

al., 2004; Jarraya, 2006). In the absence of avalue in the «Role» stereotype are those we have
consensus on a meta-model to design MAS (despiteadded. According to figure 4, a group contains
the unification efforts of well-known MAS meta- several roles and an agent (which may be stationary
or mobile) may play several roles. However to play
a role, the agent must join the group containirig th

3 CHOICESTHAT HAVE
GUIDED OUR META-MODEL
CONSTRUCTION

% O-MaSE (Organization-based MaSE), an extendedoversf

IS

5

MaSE (DeLoach, 2005), defines a meta-model for &gém
adapt their organization during execution.

Meta-models in GAIA and AGR are generic: i.e. thragke
abstraction on the internal architecture and thkeabier of
agents. The passage to the implementation phassudi
methodologies remains informal and manual. (Jarr29@6)
MAS methodologies and platforms generally representti-
agents concepts differently. (Jarraya, 2006)

AGR can be seen as complementary to other agentered
methodologies, because it is insufficient aloneeresent all
aspects of multi-agents (Jarraya, 2006). Indeed RA@s
AGR) does not provide meta-models for agents, raled
domain.

role, and then ask for authorisation.

We assume that the agent determines when it is
necessary to move. However, other agents, or the
agent platform itself, may advise the agent to move
(for example, for shutdown, load balancing, etin);
this case, the agent’s autonomous nature allotes it
determine whether it will actually move (section 4
gives some guidelines to help treating this cas&.
also assume that the agent platform handles the
effective move of agents: when it receives an dgent

7 A fifth vowel (U for User) has been added in (Dexeau, 2003).



move request (generated from the «Jump» action), itin another hand, unlike MDAD, we describe
terminates the agent and sends it to the destinatio behaviors with state-charts diagrams, as in (Self e

platform where it is restored. al., 2003; Loukil et al., 2006), to save transfotioma
“omnormi 0.« ScotutiBRl. ccicawoic | amanaiiill effort (because we will use state-charts diagrams t
* e bedean | i1 - 0 model behaviors at the PSM level afso)
4 s / — Compared to the published version in (Gherbi et
+ site emeta <imetaclasss> S
- — Constaint al., 2012), we have added the «MobileAgent»
e - stereotype to distinguish between stationary and
P p— mobile agents and have a direct mapping from PIMs
14 M4 7 Domaimaction | 0.5 Predieate | 04|  bomainConsept to PSMs (Platform Specific Model) of mobile-agents
bote |+ site 2 07 |+ tansfearable : boslean . .
D:D[ o1 o : platforms: Indeed, if some mobile-agent platforms,
et | <metssiames like JavAct, do not make this distinction, otheke|
e ' SendStgnalction Grasshopper, do. We have also added an association
_ between «Clone» and «Site» stereotypes to allow
“mmpﬁ) . +‘*spfe"i°usfj;:rjpw flexible cloning independently of migration. The
Jump Recaivelessage 0.1 | sendMessage clone concept, which importance was mentioned in
) 0.1 (Self et al., 2003), was not modeled in the extdnde
0.1 .
+ iEPraisusRacaise MaSE, m-GAIA and MAGR. Finally, we have
<estereatypess <<sterentypess .
Elane Lemraail “Emetsciar added a stop tagged-value (withlse as default
AreepBran ot value) in the «Role» stereotype to be able (when an
P s agent want to move) to end roles held in paratleé(
stersobin caterantypess §:|
e a “ctreobypers the case study).
=R In some related works, the mobile-agent itinerary
e is modeled to capture its movements’ path, as in
1 (Belloni et al., 2004), or to describe its mission
+ itsBehatior . . . e
wpop ] a . "  ieBenavio defining tasks to do on each site of the itineray,
AT PR in (Sutandiyo et al., 2004; Da Silva et al., 2005;
<estaractypess . <estaraotypess <astereotype=s A i
sroup + s Rele 05| Agent Loukil et al., 2006). We do not model this, because
T e mobile-agents  platforms  normally  maintain
A ” 47 r% information on agents movements path, which can
it e : : be requested; and for the agent’s mission, it is
Ll ol R described via its behavior.
We also do not fix the set of sites where a mobile
With respect to AEID decomposition: ] . .
- The Role(Interactiorifs meta-model insludes the Role sterectype and GtateMashine _ agent can move, as In (Be”onl et al., 2004) we
- The Agents met, del includes StateMachi and the =t ty Mobilefgent, Agent and actions N .
rm'rrriaé;mw'im*'mh”:\r del includes the stereotypes Group, Role, Agent, MobileAgent and actions ass_ume that agents ar_e Intelllge_nt enoth to sense
e B et e modl nludes re remaining ersohpes their environment and discover sites where they may

(if necessary) move. Otherwise, the model may
become unreadable in presence of lot of sites; in
addition, sites are not usually all known for all
applications at the design phase (e.g. in ad-hoc
networks).

Finally, we encourage local communications
between agents and so we support only non-
persistent roles. Consequently before leavinge sit
a mobile agent must release all held roles, aba (
Silva et al., 2005). The persistent roles of MAGR

Figure 4. A PIM meta-model for MAS including mobile
agents.

Unlike MDAD, agents and roles goals are not
expressed explicitly, but implicitly via theirs
behaviors (they can also be noted as comments)
However, if an explicit expression is needed, one
can use for example OCL (Object Constraint
Language) constraints as in MDAD (figure 5).

<emetaclass>> |- ) . . . . .
Class - Emetadazs generate distant communications: indeed, queries fo
S a service provided by a persistent role will be
i;'—'- — relayed to a mirror agent representing the mobile
<stereatypess <<sterelotype>> <<Stele‘otype>>
Agent Goal Role
8 To model behaviors, MDAD uses, at PIM level, atfiv

diagrams and, at PSM level, ATN (Augmented Traositi

Figure 5: Goals modelling in MDAD. Network); thus, it defines transformation rulesviegn them.



agent playing this role. Knowing that one of the mobile agents is obviously advantageous in this
mobility goals is to reduce the network traffic,iis  case.

really efficient for a requesting agent to see its
requests relayed to a mirror agent residing on a

remote site (the mobile-agent native site) rathat t 'L?'g/i

interacting with the concerned mobile agent by Librarianl
sending messages directly to it or by moving up to

it? Librarian3 Librarian2

Our meta-model serves as a PIM meta-model for
an MDE approach which is under elaboration as a @
methodology to develop MAS including mobile- B

agents. Figure 6 shows its steps. We have elalabrate
a PSM meta-model for JavAct (a mobile-agent

platform), represented the PIM and PSM meta- A pym for this example is given in figure 8. The

models with respect to Ecore format (using | ihraryManagemengroup contains three roles. The
Eclipse/EMF and UML2Profiles), and defined the | ihrarian agent plays thBooksListDeliverole; and

transformation rules from PIM to PSM, as well a5, the MobileBookSeekeagent plays, on each visited
the code generation rules from PSM to JavACt'S gjie  theBookCheckerole which interacts with the
code. The parts which remain under developmentpgqqyg istDeliverrole to get the local books list.
are: automation of transformations (using ATL: \yhen theMobileBookSeekefinishes its mission, it

Atlas  Transformation ~ Language) and code javs theResultsDeliverrole to deliver the list of
generation (especially, from stereotyped statetshar repositories of the searched book.

diagrams). 0.:

0.1 - itinerary

PIM - .C.Ol?fo.;"_”_r_o_ > Our PIM <zMobilefgents> i R
meta-model MobileBookSeeker 0.4 Itransfearable = true} Siteldentifier

- greupJoined :boolean =false [W A - siteld : Stiing
- roleObained :boolean =false - finalSite

Figure 7: A book searcher application example.

Transformation
rules

Conform to 2PSM meta- 1.4
PSM |>----‘ ------ > 14 - nedSite 1.1
model 1.1 o -site
generati g
Code genei arnon 1.1 - bookRepositories 0.1 "
rules - searchedBook
e v

<=DomainConcepts> <<DomainConcapts>

MAS code Jtransfearable = tue} Book
- isbn : String

- title : String
Figure 6: an MDE development proc%fm MAS.

ftransfearable = true} BookRepositony

- bookFound : boolean
- siteVisited : boolean

- Awtors : Set(Shing)

+ mayFPlay
+ mavFlay 4

<<Raolex>
fstop = falze} BookChedker

- booksList : Set(Book)

- booksFilter(Book book) : boolean

<<Rolesx
{stop = false} ResultsDaliver

+ getBookRepesitories (1 : Set{BookRepositony)

4 CASE STUDY
+ interactsiniith
~ Consider (figure 7) a simple library database . o, v~ | top= e somsispeive

distributed on sitel, site2 and site3. On each aite <groupr ’

1 1 H H Librarybdanagement \+ getBooksList () : Sef{Book)
stationary agentLfbrarian) deliver the list of all + ol

. + mayPla

books stored locally. Using a laptop, we create 0N [+ jingerup @genta) Tbeolean e
sitel a mobile agentMobileBookSeekEro Search |1 e miasols tgent 2 - bastean "
for the locations of a given book oOVer a given |i oiiesocrens tonts  : tastean  branan
itinerary (e.g. sitel, site2 and site3); then thygtdp AP et S (e
can disconnect. The mobile agent visits all sites,

asks on each one for the local books list andr$ilie
to check if it contains the searched book. When it
finishes, it moves to its final destination (thgtlap
when it is connected) to deliver its results. Using

Figure 8: The classes diagram for the applicatiample.

Each agent (or role) has an attribitgBehavior(not
presented in figure 8 for a better readability)
pointing to the state-chart describing (in a sefeara

® MDAD has not proposed a CIM (Computation Independe  figure) the agent (or role) behavior.
Model) meta-model.




The behaviors of the.ibrarian agent and the (figure 10), it waits unlimitedly for requests to
BooksListDeliverrole are given in figures 9 and 10 deliver its local books list.
respectively. The behaviors of thélobileBookSeekengent,
the BookCheckerrole, and theResultsDeliverrole
are given in figures 11, 12 and 13 respectively.

[ LibrarsbdanagementGrouploop -]
<<Aftermdigration=»
_J J treatmentafterbdigration
LibransManagementGrouploop afterMigration | .

Z4oinGroups=
[Else] ! adiFordoininglibrarghlanagementGroup

L |

<<loinGroups>
[Else] ! askFofJoiningLibraryhianagementGroup

¥ + group + group
|sL|bramManagementGroupJolned1 + group fIsLIbrawManagementGIOUPJomed] 2etraupss
[ J J :LibraryManagemant \
<2 Graoupsr

i + group
f [aroupJoined] g
. :LibraryManagement +qroup, + gro
[aroupdained]
+ group j [actualHos=finalSite an ieMizsionT erminated

itin erary- > isEmp

[Else
BooklestDeIi\retRoleLoop] + group

| J

f

ResulisbeliverRolaloop BookChederRaoleLoop |

<ZRoleRaquest== ;J
[Else] ! i i

shF orBooksListDeliverRole <fRequestRoler»
“ + rale JaskF--rRsuL@i\rearle <<RequestRole}>

o [T asForBockChackerRols
isBooksListD eliverRoleObtained 1 +role “=Rolex> R“Ff;:f?
‘BooksListDeliver - e L
[Elze] +le® P L CipookChederRale Obtained

“<fctivateRolex= isResultsDeliverRale Obtained

[releObtained)/ datResultsDeliverRole

. . . + role
[rale0btained) startBooksListDelivarRale +role + 1ol
<<Rolex* role
:BookChe dher
<<ActivateRoles> | TiactivsteRoless
[WaitFolElookListDeli\rerRoIeEnding |

[raleObtainef) stanBookCheckeRale
+ role '
L | WiaitF o R esultsDeliverRol eEndi
[ 2T ores s ot '"g] [WaitF orBoolChedkeRalzEnding
<<EndRoless ~————— g e
endOfResulEDe|iverRole/ ¢ <LeaveGroups» #<EndRolex> =<Migrations»
“<EndRojes=> “ileaveGroupsr ————— e aveLibrarManagemanteroup end OfBookChe dkeRiole/ felon e=false}
and OfB ooksListl e liverRolel leavelibranhbdanagementGroup 85 ? moe
<<DomainAdtion=> =<Migration== mowve's
! aIeleLuca\SuleFrummnerary behavior
<2le
Figure 9: Librarian behaviour. Is el tranManage mentaTons
<4 5ite=>
[itineran: >isNoAEmptdlf <<Demainictions» | NextSite:Siteldentifier
FixeMextSite firstSitelnitineranBecomeNextSite
“oBignals>

CetBookslistSional sdignale

<2lumps>
g : [iti isEmpty]f <<Domai JumpToNextSlte
.i :EooksListdignal finalsi Fixed
1

+signal BooksListDelivering +zignal [mwed_hue]
<=DomainAction=» <<DomainActionz»

[meved=talse] / logTheReasan, deleteNexdSiteF romltinerary

Figure 11: MobileBookSeeker behavior.
<<Receivelfessages>  <<SendMessages=>

—b/'e‘&i"eiem°°k5us”se“ R The MobileBookSeeker agent joins  the
+ resul

+ P reviousRecaive LibraryManagemengroup (figure 11), then checks
“<hgentrr * argument if its mission is terminated. If yes, it plays the
MobileBodldeeker | *taraet ‘ books ist:3et(Book ResultsDeliverrole and leaves the group when the
role ends; else, it plays tiBookCheckerole and
Figure 10: BooksListDeliver behaviour. then moves to the next site in the itinerary.

Migration and AfterMigration actions have their
The Librarian (figure  9) joins the  own behaviors (state-chart), where the designer may
LibraryManagement group, asks to play the include actions which he judges necessary. For our
BooksListDeliverole and leaves the group when the example, theMigration action leaves the group,
role ends. When playing thBooksListDeliverrole determines the next site, and jumps to it; wheee th

AfterMigrationaction does nothing.



Migration and AfterMigration actions may become <<Signal>>
complex, for example if a mobile agent playing sole | GetBookReposioriesSignsl

in parallel is needed. The agent may inside the +SWIT +sgna
aitF orResy EI'\fEfIng
8

<<Bignal=>
BookRepositoriesdignal

ookRe osito

Migration action ask the currently held roles to stop,
wait for them to end, note from the stopped sesvice + argument

(furnished by these roles) those it judges necgssar :Receivehessagess  <<SandMessaget <Domainfctions>
fOI’ |tS activity after the mOVe, and |eaVeS them receive GetBookRepositaries’ sendB okRepoTtores makeBookRepositoriesEmpty

of held roles. Inside théfterMigration action, the + rasult + isPreviousReceive
agent may search, as described in (Mansour et al.
2007b), for roles furnishing the noted servicesgo

ClientOfTheApplication + target

their groups and plays them. @

To stop a role, itstoptagged-value must be made to

true; and inside its behavior, this attribute must be Figure 13: ResultsDeliver behaviour.

checked to know if the role can continue or if iish

stop and end. In sections 3 and 4, we have discussed the

Moves requested by an external entity (another similarities and differences between our proposed
agent or the agent platform), can be considered, fo meta-model and the studied works. To see this in
example, by adding aexternalMoveRequetigged- practise, let us model the same example using the
value in the «Agent» stereotype (wiffalse as studied methodologies. We recall that we interest
default value). Thus an external entity can reqaast  only to the mobility modelling.
agent to move by setting its tagged-valueTtae Using the extended MaSE, the modelling of our
When entering in any state (in its state-chartdiag ~ example, produces the agent classes in figure 14
representing its behavior), the agent checks this(showing the roles played by agents), and the roles
tagged-value: if it isTrue, its saves the name of the diagram in figure 15 (showing the association

current stat€ and launches th#igration action. between roles and the concurrent tas&archBook
Tthe AfterMigration action terminates by passing the deliverResultsanddeliverBooksList
agent into the saved state. Librarian MobileBookSeeker
<=Bignal>> b gent BooksListDeliver BookChecher
etBooksListSignal meMobilsBookSsek ResultsDeliver
+ zignal + t .
5 = Figure 14: Agent classes.
+ target <<Agent>>
<<Bignals> <<Sendhdessage>> M [ BooksListDeliver | [ BookChecker | [ ResultsDeliver |
BooksListlignal # sendGetBooksList \ |

| \ | |
+ signal ‘ /J\

WiaitingFarLocalBooksList e
l deliverBooksList searchBook deliverResults

Z2Receivelaszages l <<Domainfctionsx

receiwe GetBookslist! filterBooksList and atualiseBookRepositories . .
Figure 15: Roles diagram.

+ result

tBook) (@) Bellow, we present only the concurrent task diagram
for the searchBook task (figure 16), and its
Figure 12: BookChecker behaviour. corresponding mobile-component (figure 17).

The task begins (figure 16) by testing if the nossi
When playing th&ookCheckerole (figure 12), the is completed. If yes, it sends missionCompleted
agent sends aendGetBooksLisnessage, waits to message to thResultsDeliverole. Else, it sends a
receive the list, then checks if it contains the getBooksList(nessage to thBooksListDeliverole,
searched book. When playing thesultsDeliver  waits for the local books list, checks if it comisithe
role (figure 13), the agent waits until it deliviés searched book (and eventually actualise the
results. repositories list), then tries to move to next.site

% Or the name of the next state if the current state wait for
the end of a role (i.e. if its name has the form
WaitForrolenameRoleEnding).



Ir ishdissionCompleted |
l actualSite=getlocation)

missionCompleted=itineran.isEmphi) and actuelSite==finalSite

[not missionCompleted}| send(getBoaksLish]
. BooksListleliver)

=%

[mizsienCompleted]f e
(missionCompletza_q,,Resu']isl eliver)

1

This message issent to T

[mowed]

[ identifyesdSitesindiove

nextSite=determineHextSitel)
“moved, reasonF=movelnextSite)

the ResultsDeliver role

L 'l
L
waitF orB ookslist )
[rot mowved]
receivelinfolbooksList), BooksListDealiver)
[ filterandActy alize RepositoriesList ]

LfiIterRecei\tedListﬁndAc‘tualizeReposito riesList(boaksList) J

Figure 16: searchBook task.

restore State

currboc=getlocation)
<state, reasonk=restar(statelnfo, currloc)

i

| isMissionCompleted |

actualSite=getlocation)
missionCompleted=itineran.isEmpt) and actuelSite==finalSite

[not missionCompleted]d send{getBooksList(), BooksListDeliven

[missionCompleted)f serd (missionCompleted, Resultsheliver)
.

b
This message is
sent to the

wuaitF orBlooksList

FesultsDeliver role

the terminatefcomp) action is
executed by the Agent
Component If it accepts the move

receive(infolb ooksList), BooksListDeliver)

[ fiterAndActualizeR epositoriesList
Lfilte rReceivedListAndActualizeRepositoriesListb o cksList) J termi n'ate (CD mp)

[ identityNextSitan dMove [mevebenied |

nextSite=determine NexdSitel) ‘

waitForTheDecisioanTheAgentComponent]

statelnfo=save CompStated) L
comp=getCompHName
! reqhdovelnextSite, comp, statelnfa) f

| This message is sent to the Agent Component I]

Figure 17: Mobile searchBook component.

In the identifyNextSiteAndMovetate (figure 17):

terminates, when all components terminate. Then the
agent moves with all components and theirs saved
states. At the target site, th&gent Component
restarts all components and communicates their
saved states to them. TrestoreStatestate identifies
the state in which the component restarts after
migration; for the case of theearchBooktask, the
component restarts always in the
isMissionCompletedtate.

Using m-GAIA, we identify in theagent model
two types of agents:MobileBookSeekgr and
Librarian, where the index (m) indicates that the
agent is mobile. We also identify the followingesl|
in the role model BooksListDeliver(system role),
BookChecker (interface role) andResultsDeliver
(user role). Figure 18llustrates the relationship
between the roles and the agent types.

MobileBookSeeker,, Librarian
BookChecker ResultsDeliver BooksListDeliver

Figure 18: Agent model for our example in m-GAIA.

In the mobility model we distinguish two types of
places:mobilePlace(with instance=1, to represent
the laptop) andtationaryPlace(with instance=3, to
respresent sitel, site2 and site3).
MobileBookSeekgrcan run on the two types of
place where Librarian can run only on the
stationaryPlacetype. Themobility modelallows, in
addition, the elaboration of theavel schemdor the
mobile agent, which defines its origin place type
(stationaryPlace sitel for our example), its
destination place typempbilePlace the laptop for
our example) and a set of travel paths (each oae is
list of atomic movements). For our example, one
travel path suffices. However, details about the
syntax of atomic movements were not given in
(Sutandiyo et al., 2004): the authors have modelled
their application example, realized it separataty o
Grasshopper, and then made manual correspondence
between the modelled example and its realisation.
The MAGR’'s concepts (excepplace and
persistent rolg are the base of the organization in
our proposed meta-model (see figure 4). Thus
(organizational) models realized with MAGR are

when a mobile component wants to move, it savescloser to ours. However, MAGR does not propose

its state, informs ité\gent componerand waits for

meta-models for agent, role, and domain. After the

its decision. If the Agent component refuses, it elaboration of the organizational model, it pagses
replies by amoveDeniedesponse; else it terminates the development step where it proposes MASL

the mobile component and orders all

other (Mobile Agent Script Language) to program MAS

components to save their states and send them to iton Madkit (a mobile agent platform, supporting
Every time it receives a state, it terminates the AGR and MAGR and compliant to MASIF). MASL

sender component. TheAgent Component

has a vision which is similar to the itinerary dge



Table 1: Mobility modeling in MAS methodologies.

before/after | Itinerary modeling | Mobile/stationary Considering Development proces
migration’s agent distinction organizational
Treatment aspects with mobility,
Extended | yes byAgent no at level of no RUP
MaSE Component components
m-GAIA not needed yes yes no Cascade
MAGR not needed no (and yes at level yes yes do not propose an
of implementation) elaborated process (}
Our PIM yes no yes yes MDE
proposition
(*) The development cycle is quite limited. Gutkheand Ferber have never wanted to propose a recégs, in order tq
keep AGR generic and not reduce its potential @greting into ascendants or descendants procé&ssghier, 2004)

philosophy for which an itinerary describes which On another hand, m-GAIA and MAGR support the
actions the mobile agent should execute, where andagent mobility by structuring its behavior as an
when (Mansour et al., 2007). With MASL, a mobile itinerary whichdescribes the task to do on each site;
agent seems as executing a mission (represenging itconsequently, no effort is needed before or after
global goal). A mission is a set of operations moving. In contrast, the exended MaSE
(representing sub goals of the mission). An (respectively, our meta-model) allows for more
operation is a set of actions (each one is a trer@tm  flexibility in modeling the agent's behavior, and
executed on a different site). An action contains a employs amove action (respectively,Migration
move instruction and a set of commands (the finestaction); however, an effort is needed before moving
elements of MASL). to save the states of the agent's components
The script describing the itinerary and activitytio¢ (respectively, to release roles and leave growgrs),
mobile agent in our example can be elaborated asafter moving to restore components (respectively, t
below': eventually join groups and obtain roles).

Table 1 summarizes the discussion between
methodologies extending MAS to support mobility.
It interests only to the question of modelling
mobility in the presented methodologies; for a
comparison between MAS methodologies on others
criteria see, for example, section 2.5 in (Bernbn e
al., 2009), section 6 in (Cossentino et al., 200%)
section 6 in (DeLoach et al., 2010).

(Mission (Name findBookRepositiories)

(Operation (Name searchBookRepositiories)
(Action (MoveToPlace Librarian Sitel) (Name
bookChecker)@md (Name getBooksList)Xgmd
(Name booksFilter) (Args searchedBook)))

(Action (MoveToPlace Librarian Site2) (Name
bookChecker)¢md (Name getBooksList)XAmd
(Name booksFilter) (Args searchedBook)))

(Action (MoveToPlace Librarian Site3) (Name
bookChecker)@md (Name getBooksList)Xgmd
(Name booksFilter) (Args searchedBook)))

) The complexity and scope of software systems

(Operation (Name deliverBookRepositiories) continue to grow. One approach to deal with this
(Action (MoveToPlace clientAgency Laptop) (Name  growing complexity is to use intelligent MAS
resultsDeliver) Cmd (deliverBookRepositories))) (DeLoach et al., 2010).

; This paper contributes to bridge the gap between

AOSE methodologies and mobile-agent systems, as

A.S' shown, .only MAGR and our meta—m_odel our proposed PIM meta-model serves to develop
consider organ|z§1_t|onal aspects (group, role) i th MAS including mobile agents. In (Gherbi et al.,

presence of mobility. 2012), we have situated our meta-model versus
some formalism extending UML notations. In this

paper, we have summarized the different approaches
to model mobile-agents and particularly three works
extending MAS methodologies (MaSE, GAIA, and

AALAADIN) to support mobility; we have situated

5 CONCLUSIONS

™ Codes of mobile-agent, place and agency keepearsnar
shown.
2 For details on MDA/MDE, see (Gherbi et al., 2009)



our meta-model versus them and have discussed th®a Silva, V. T., R. Noya, C., De Lucena, C. J. P.,8200
choices that have guided its elaboration. Using the UML 2.0 Activity Diagram to Model Agent
Our meta-model was slightly updated, compared _Plans and Actionsn AAMAS'0S, pp. 594-600.
to its published version in (Gherbi et al., 2011p), De"l\aaﬁh’ S't'AS"’ foossEiﬁrgeSg% Orgalr&aggg-Based
distinguish between mobile and stationary agents, t DeLo;clhang.rj A.),/sGearlrr]cia-Ojeda,’ 3, C’.,pgblo. _O-M.aSE:
suppor_t fle_X|bIe _Clonlng and to treat, |ns_|de the customisable approach to designing and building
AfterMigration action, the case when a mobile agent  complex, adaptive multi-agent systere. Journal of
wants to move while holding (and eventually AOSE, Vol. 4(3), pp. 244-280
playing) roles. Demazeau, Y., 2001. VOYELLE$DR (Habilitation to
As a future work, we will first illustrate our Direct Research) thesis, INP Grenoble, France.
MDE approach by transforming the PIM example Demazeau Y., 2003. Créativité é_mergente_ centrée
built here into a PSM for JavAct, then into JavAct gti'isate”r-'” Briot Jl',' Kha"id G. (\(/j|r.), Déploiement
code. We will also discuss the issue of mobile- €S systemes multi-agents — Vers un passage a
agents platforms compliance with MASIF and FIPA 'échelle. JPSMA03, Hermés - LavoisieRgviue

o S RSTIHors-sérig. pp. 31-36.
specifications. After, it will be necessary to cant Gauthier, P., 2004. Méthodologie de développement d
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proposed approach. University of Paul Sabatier, France.
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