Open Social Agent Architecture for Distrib uted Multimedia

Paolo Busetta,
Massimo Zancanaro
ITC-irst
Povo, Trento - Italy

busetta@itc.it
zancana@itc.it

ABSTRACT

We proposean architecturefor large scale,multi-user distributed
multimediabasedon cooperatingagentscommurcatingby means
of an obsenable commurication channé In additionto the tra-
ditional protocolsbasedon point-to-pointcommunicéion, coordi-
nation and cooperationshoud be supportedvia social avareness
and overhearing Overhearingalso allows the collection of con-
textual informationwithout interferingwith alreadydeplo/ed sys-
tems.Our domainof applicationis interactve museumswhich are
typical exampes of so-called“active ervironments” or “ambient
intelligence”. Purposeof this paperis to presenthe coreconcepts,
andoutlinethefuturelinesof research.

1. INTRODUCTION

Supportinga visit to an museummay consistof mary different
things: for instancedriving avisitor throughthe exhibits; explain-
ing them; illustrating their history and the biograply of their au-
thors; answeringto the visitor's questiors; highlighting important
architecturalpointsin the building. In traditional settings,these
suppative actionsare performedasa mixture of active humanin-
tervention(e.g.,by aguide)anddisseminatiorof staticinformation
in the ervironment (e.g.,mapsof the building, explangory notes
on thewalls). Their digital equivalentareinteractve systemsable
somehowto adaptto anindividual visitor's needs.

Although, mary researctprojectsare exploring the new possibil-
ities offered by PersonaDigital Assistantsas multimediaguides
(amongothers,[28, 9, 21, 26]), therehasbeenvery view attempts
to investigatethe architecturalissuesemeping from the embed-
ding of themobileguideinto anoverall"intelligent museum”.The
“intelligent museums”scenariobelongsto the areaof ubiquitous
compuing dealingwith “ambientintelligence” [15] or “active en-
vironmens” (AE) [27].

An intelligentmuseunxlearly callsfor sophisticatednulti-media,
multi-modalinterfacesandapplicationghatarephysicallyandlog-
ically distributedandautonomais from eachother but ableto co-
operatein orderto provide a consistentuserexperience. Indeed,

amuseummustcaterfor mary simultaneouwisitors, but eachin-

dividual mustbe recognizedand consistentlyfollowed during her
visit. To make a simpleexamge, all presentatios mustbein the
visitor's langua@; moreinterestingly eachpresentatiorof an art
exhibit musttake into account what hasbeenalreadytold during
the visit; ideally, an electronicpersonalguide shouldbe allocated
andvirtually accompag anddrive thevisitor duringtheentirevisit,

interactingwith her by meansof a PDA — if shecarriesone— or

whatever device is closeto her.

Signi cant challengeshave to be facedfor integratingthe compo
nentsof suchacomple scenarioandhaving themadaptingo con-
tinuouschangs in the ervironment. Thesemay vary from simple
faults(e.g.powerandnetwork failures).to thecontinuaisly chang
ing availability of differenttypesof devices (including the PDAs
usedas multimediaguides),and possibly hardware and software
upgradesbeingrolled outwhile the systemis running.

Thispapermproposesnovel architecturdor largescale distributed,
multi-modalmulti-mediasystemswhoseobjectiveis to tacklesome
of thesechallengesin short,a multi-agentarchitecturas adoged,
where coordinationamongdifferent types of compmentsis ob-
tainedvia role-based,obsenable communication This style of
commurication allows, from the onehand to caterfor continuows
changesin thenumbe of componentsfor the collectionof contex-
tualinformationandfor unforeseeble interactionsamongdifferent
typesof componets; on the otherhand,it requirespropercoordi-
nationamongcompone@tsableto play the samerole. A multicast-
ing techniqueis used whicheasesheproblemof nding interfaces
and computingelementsbasedon their capabilitiesand physical
distribution. The architecturehasbeenadoged andis undertest
within the PEACH project [29], whosegoalis to experimentnew
technologesfor cultural heritageappreciation.

Therestof this paperis organizedasfollows. Next sectiongives
somebasicreferencedo multi-agentsystemshat are at the basis
of our approach Section3 highlights whatare,in our perception,
the main differencesbetweenactive ervironmerts and traditional
systems Section4 outlinesthe apprachwe have taken. Section5

presentsa practicalapplicationscenario.ln Section6, we discuss
how wewantto gathercontextualinformation. Thecommunication
infrastructurewe have chosens introducedin Section7. Section8

presentshegenerakrchitecturewhile Section9 discussefn more
detail the technique for compone@t coordindion. Finally, in Sec-
tion 10 we shav how the architecturds appliedto the application
scenaridntroducedearlier
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2. AGENTS AS COOPERATIVE COMPO-
NENTS

A multi-agentarchitecturés compaedof distributed,autonomais,
commurcatingcomporentscalledagentq35].

Much researchon engineeringnulti-agentsystemshasfocusedon
the issuesof communication.Within this, two main areascanbe
identi ed. The rst revolvesaroundtheissueof syntaxandseman-
tics of protocds, andhasled to the de nition of someagentcom-
municationlanguagse (ACLs) suchasFIPA [18] andKQML [17]
andtheir supportinginfrastructures A typical ACL providesa set
of prede ned high-level messagéypescalledperformativegusu-
ally inspiredby speech-actf30]) with a clear— evenif somevhat
simplistic— semanticsn termsof pre- and post-comlitions on the
stateof the sendermndof therecever, ageneic syntaxfor themes-
sages payload and a way to specify a commurication ontology,
i.e. adomain-speci c,semanticallyprecisecontentlanguage.

Thesecondmainresearctareain agentcommurcationfocuseson

coordimtion protocols,suchasthe well-known ContractNet [31]

for taskdistribution andits numeros variantsandderivations.This

work hasleadto theidenti cation of sometypical patternswhich

have beenreducedto ve mainonesin [13]: “blackboard” (sub-
sumingall sort of pattern-basg indirect interactionby meansof

a facilitator or a tuple-space),'meeting” (typically suppated by

infrastructuredor mobile software agents),'market maker” (sub-
sumingContractNet andits derivatives). “masterslave” (subsum-
ing all sortof RPC-ikeinteractions)and“negotiatingagents’(typ-

ical of supply-chainsor othersituationswhereanagreemenhasto

bereacheeforeperformingsomethingge.g. on the quality of the
serviceto be provided).

An in-depthdiscussiorof thesepatternggoeswell beyond thescope
of this paper;however, someobsenations arenecessaryThe rst
threepatterngnamely blackboard,meetingandmarket maker) re-
quirethepresencef amediatorof somesort. Participantso multi-
party protocds thus needto contactthis mediatorbeforehandas
well asknow messagdormats(or patternsor tuple spaces).This
leavesno mechaism for on-the- y additionsor removal of agents
to a corversdion dueto its conten, or to the apperanceor disap-
pearane of mobile devices, or to the adaptatiornto — or learning
of — the protocolsusedin a speci ¢ ervironment. Also notably
missingfrom the patternspresentedbore is the publish / discov-
ery mechatism supportechy state-of-the-arpeerto-peersystems,
suchasJXTA [1]; this againshows that researclon coordindion
hasfocusedonmediatorsratherthansupportingawarenesof other
agentsandof theexecutionervironment.

Variousresearcherbave looked at groups(or societie¥ of agents
as rst-order entitieswith goalsand other attributesof their own,
ratherthanbeingjust an aggreyationof the knowledge andbehar-
ior of theirmembers.In this approachthe coordinaion protocols
mentionedabove areusedfor maintaininga group's attributessyn-
chronizel with thoseof its individual members Someresearcthas
focusedon teamwork initiated by the classicwork on joint atti-
tudes(goals,intentions,andmutualbeliefs)[10]; a very recentre-
view of its potentialapplicationto ubiquitouscomputingis in [8].
A numbe of implementedsystemssuppats teamprogramning;
for instance, STEAM [32] usesSQAR rulesto de ne teamsand
their behavior; SimpleAgen{23] extendsa commerciaBDI prod-
uct, JACK IntelligentAgents,with progranming facilitiesaimedat
describingroles,teamformation,andteamcoordination More re-
cently, Tidhar[33] introducedheconcep of organizaion-oriented

programming whereorganizationsare madeup of teamsthat co-
ordinateby meansof commandcontmol, and communicatior(C3)
relationships.Otherappraches ratherthan using social structur
ing for coordindion, focuson groupplanning(e.g.,Partial Global
Planning[16], SharedPlans[22]).

3. ACTIVE ENVIRONMENTS: INTEGRA-
TION ISSUES

In this section,we contrastsomeimportantassumption®n appli-

cationrequiremets andrun-timeervironmentstakenin traditional
computingand HCls (including agent-base@pproacks) against
thosein ubiquitouscomputingfor “active environments” (AE). A

very recentand up-to-datediscussionof mostof the points high-

lightedbelow canbefoundin [12].

In traditionalcomputingandHCls, includingmulti-mediaandmulti-
modalsystemsthe progranmer (sometimeghe systemcon gura-

tor) knows beforehad which hardware and software componets

areavailable. The maximumrun-time e xibility left to a compe

nentthat needsa serviceor a resourceis the on-the- y selection
of one (or other well-de ned number)service/resourc@rovider

within a setof equivalent ones,e.g. by meansof an auctionor

a match-makng mechaism or ary other of the coordinationpat-
ternsmentionedearlier Sharedplanningis rarely performedin

real-time,real-world applications.

Compositionof compmentsis typically hierarchicalandby level
of abstractionsln mostcasescommuricationis directed comporent-
to-comporent — even multi-party protocolsare commonlyimple-
mentedas a setof point-to-pointmessagexchangs. Moreover,
no unarticipated message can “sneak into the communication
logic. Redundnciesof componats (e.g.,duplication$ or on-the-
y additionsarejust not part of this picture,otherthanto provide
some carefully enginesred fault-tolerancemechanism. A single
HCI concentrate®oth input and output, often following a model-
view-controllerpatternwherethethreemainapplicationlayersare
tightly coupledandthe controllerhasfull ownership of oneor two
input mechaisms(typically, keyboardandmouse).

In active ervironmernts, it is expectedthat mary differentHCI de-

vices operatesimultaneouslyin the sameplace. A single device

may ableto performmorethanoneoperation(e.g.,a touchscreen
is at the sametime an outputandan input device); morethanone
device canperformthe sameoperatiors (e.g.,multiple screensnay
be available in a room); one or more may come and go at ary

time (e.g., wearablecomputers);and, commurcation may easily
fail, in particularwhen using wirelesslinks, becawse of noiseor

mary otherreasos. Of course,“device” meanssomethingmore
than pure hardware: indeed,a typical device is expectedto em-
bed software with more or lesssoplisticatedcapabilitiesof self-

con guration and adaptationto speci c situations. Considey for

instance a speechrecognitionsystemincluding microphoresand
software. The mostcomplex exampleis probally a mobile device

suchasa PDA, which caninclude multiple applicationsrunning
simultaneously

Inputfrom userdn AE is oftenpartiallyimplicit, i.e. determinedy
context — for instancewherethe useris, whatobjectssheis closed
to, what she hasbeendoing recently More than one user may
be presentin a single placeat the sametime; normally, a device
operatedor a singleuser but theremay be instancesvheregroup
HCl is required(e.g.,spolen or written informationto a group of
visitors;or, awall-sizescreershoving messagefor mary different



users);cornversely theremay be instancesvheremultiple devices
of thesametypework for asingleuser(e.g.,multiple screenseach
shaving a partof apicture).

Someapplicationcompnentsmay be permanetly runningfor a
user on hermobile device if shehasonebut possiblyon aninvis-

ible hostin a compuer room, mayberemotelyon a grid. Other
applicationamaybeinvoked on demandagainlocally or remotely
Adaptationto local conditions in termsof devicesandcontet, is

absolutelyrequired. Sinceno applicationcanforeseeall possible
contets, it is necessaryo have a setof intermediarycomponats
actingascontet interpretersinformationaggreatorsandcontex-

tual adaptorson behalfof the applications;in turn, theseinterme-
diariesmay be permanenbr createcon demand.

In summary theseare someof the major characteristicsiniqueto
AE thatmale it differentfrom traditionalcompuing andHCls:

Multiple usersmaybein a singleplace,interactingwith dif-
ferent applicationssimultaneously (The very meaningof
“application” is probally differentfrom traditional). Con-
text is sharedamongmultiple applicationsbeingactive atthe
sametime for thesameuser(e.g.,onein foregroundinteract-
ing with the user the othersin background overheaing and
interactingonly whenapprriatee.g. to provide additional
informationor wheninvoked eitherexplicitly or implicitly).

The setof userschangesiynanically over time. For exam-
ple, peoplemayenteror exit asmartroomasthey please.

Usersare unawvare that the systemis formed by a number
of componets and and they are also not interestedin the
internalmechanismghatthesystenusedo provide services.
Thereforethey interactwith the systemasif it wereasingle
entity.

However, servicesareprovided by a variablesetof compo-
nentsthat can join and leave the system(plug-andplay as
well as mobile compuing, both physicaland logical), and
canberunninganywhere(from alocal compuerto ary ma-
chinein theworld connectby Internet).

Servicegprovided by comporentscan(partially) overlap;there-

fore thesecompmentsneedto coordinaten orderto decide,
for instancewho provides a speci ¢ service,andhow.

As aconsguencegoordindion policiesamongcomporentscannot
befully predeterminedhut have to dependat leastpartially onthe
context. For example,theway a serviceis providedto a usermay
vary accordingto who the useris, her preferencesandthe avail-

ability of devices(sensorsaswell asactuatorspossiblymobileon

theusers PDAs or wearable)n the placewhereshecurrentlyis.

4. GENERAL ARCHITECTURAL APPROACH

Fromtheassumptioadescribedabore, we derive a setof architec-
tural requirements.

The type of systemswe want to support are composeddy mary
physicallyandlogically distributedcomponets. Most of themare
able to operateeither autonomosly (i.e., off-line), or in a lim-
ited ervironmentwhereonly a few other systemcomponets are
present.Corversely the additionat run-time of a nev comporent
doesnot disruptthe operatiors of thosealreadydeployed;in some

casestheirbehavior may changesoto take adwantag of theadded
comporent.

Henceforth,thoseindividual componets will be called agents

However, we do not make ary assumptiorabott their sophistica-
tion or their inferential capabilities. The only requirementor an

agentis to be ableto communicatewith othersfollowing a com-

mon, basicsyntax(our choiceis describedater).

As discussedabore, agentsthen include systemsembeded into
hardware—sensorsor contectualinterpreter®f sensorslata(“con-
text widgets”"and“context aggre@ators”usingtheterminologyof [14]),
actuatorsputputdevices— aswell asmiddlevarecomporentsclose
to sensorsaand actuatorsg.g. context interpretersand context ag-

gregatorsup to application-le#el compments(presentatiomyenera-
tors,userpro lers, andsoon).

Oneof our goalsis to investigategroupcommuricationtechniqus
suitedto an active ernvironment, extendingif necessaryhe setof
known agert coordindion patterns As anarchitecturathoice,un-
lessthere are seriouslimits in performarce or messagesize, we
want commurication to be “obsenable”, i.e. to be realizedby
meansof someform of broadcasng; to this end, we chosethe
commuricationinfrastructuredescribedater Communicatiorob-
senability allows group communication(one-to-maw), which is
key to addressinglynamicadditionsor removal of agentsaswell
asadditionalcapabilitiessuchas, for instance monitoring, inten-
tion recognition,andconsegently collaboratiortriggeredby over-
hearing[7].

We will referto aroleto meananabstractgentinterface,i.e. aset
of protocolsusedto obtaina certaintype of services.Differently
from traditionalapproacks, our goalis to distribute functionality
on a group of agentswithout necessariljknow which agentsare
or will be deliveringthem,andwithout involving mediatorssoto
achieve a higher e xibility and adaptvity to continuaisly chang
ing conditions. Our approachto this is by favoring role-to-role
ratherthan agent-to-aget interaction,asdescribedn a later sec-
tion. Of course,this hasa signi cant impacton the way agents
behae in theirinteractionsalsobecauseve wantto allow all pos-
sible combinatiors of rolesandagents.For instancewe canhave
rolesprovided in full by asingleagent;rolesonly partially ful lled
by a group of agents;andso on. In particular we areinterested
in threemain broadclasse®f relationshipamongrolesandagents
thatsupportthem:

redundancy: multiple agentssupporta certainrole in anequiva-
lentway. Thatis, a requestfor a servicefrom thatrole can
be servicedby anyone of the agents;

partitioning: the servicesin the role are partitionedamongthe
agentsithatis, a servicerequestcanbe ful lled by at most
oneof the agers. Note that partitioningis often basednot
onthetypeof servicebeingrequestedbut onits parameters;
e.g., two agentsmay maintain userpro les with the same
schemabut for differentusers;

coalition: the servicesof the role can be provided by the group
but thereis no single agentthat cando it by its own; thus,
collaborationis necessgy.

Thegroupof agententirelyor partiallyful lling arolemaychange
over time, with the consegentimpacton the ability of the system



of deliveringaspeci ¢ service.Consegently, it is necessarjor an
agentto be aware of who elseis ableto play its samerolesin the
currentcontext, andcoordnateaccordngly.

5. AN EXAMPLE SCENARIO

In this sectionwe introducea scenarioof adistributedarchitecture
for delivering multimediapresentationsn a PDA to supporta vis-
itor of a museum.The architectures inspiredby the resultof the
HIPSproject[28].

Figure 1: Reactingto user movements(sequencealiagram)

Thevisitor is carryinga PDA, connectedo a main computerwith

awirelesslink. The PDA is arich client yet all the systemcom-
ponents areon the main compuer. In particular the PDA is able
to display a multimedia presentatiorcomposedby synctronized
audio andvideo, and lets the useroperatethe standardcontrol of

an hypermediasystem(thatis, pause stop, reply and selectionof

links). Moreover, thePDA is ableto captureinfraredcodesemitted
by beamerscatteredn the ervironment.

The communicationamongthe comporents of the systemtakes
placethroughmessageassing In the following, we will brie y

presentthe o ws of messageshat arisefrom the receptionof an
infrared codeby the PDA (seediagramin Fig. 1, wherethe PDA

is representedby the Visitor actor). This is meantto illustratethe
mainfunctionality of the differentcompmentsof the system.The
scenariowill berevisedin termsof implicit organizationslater.

WhenthePDA “senses’anew infraredcodefrom abeamera Sen-
sorPositiormessagés sentto the VisitorAssistan{VA) comporent
(actually in HIPSthemessagevassentevery 2 secona evenif the
codewasnotchangdin orderto distinguishbetweera motionless
userandalostconnection).

First of all, the VA noti es the sensorsodesto the PhysicalOr-
ganizationKB Manager (POKB), and receives back the visitor's
positionin termsof the areain which the visitor is located(eg. in

“Saladel Mappamamdo” closeto the “Maest”) andthe list of ex-
hibits thatsheis possiblylooking at (bothin termsof line of sight
anddistancewith respecto the exhibits' size).

Thevisitor's positionis thencommunicgéedto boththe UserMod-
eller (UM) andthe Input Analyzer (1A). The rst just recordsthe
positionandmakeswhaterserinferenceabouttheuser(for example,
following Veronand_evasseus classi cationof visiting styles[34],
it canclassifythevisitor asan“ant” ora“ sh” etc.). TheUM does
notinitiate any communicationit juststoresnfo, makesinferences
andrepliesto queriesaboutvisitors' characteristics.

The Input Analyzeris a rule-basedsystemthat for eachvisitor's
movemert decideswhetherit is “communicative” or not, andcon-
sequetly plansthe systembehavior. Basically it candecidethat
the currentpresentatiornasto be stopped(if thereis oneplaying),
thatanew exhibit hasto bepresentedpr thatnothinghasto bedone
because¢he movemen was meaninglessvith respecto the inter-
actionwith HIPS. In taking this decision,the IA usually queries
the UM. In the diagram,the IA/UM interactionhasbeensynthe-
sizedin asingle corversdion in which a “bunde” of information
is excharged. Actually, mary different conversationson speci c
visitor's characteristicsake placeswhile the IA is rumbling what
to do.

Then,the IA communicatego the VA its decision. If the current
presentatiomasto be stoppedthe VA justnoti es to the PDA,; if a
new presentatiorhasto be preparedthe Presentatioflanner(PP)
is activated.

The PPcanin turn starta numberof corversations(not depicted
in the diagram)with the UM andthe POKB to adaptthe presenta-
tion to thevisitor'sinterestsyisiting stylesandhercurrentphysical

position,aswell asto whats/hehasalreadyseen.

6. SUPPORTING CONTEXTUAL INFORMA-
TION

Oneof thegreatestssuesn ubigutouscomputingis capturingthe
currentcontext of the user An interestingdiscussioron the topic
of requiremenanalysisanddesignof context-avaresystemss [2];

the overall processis summarizedn [14] (page22). What this
work highlights, however, is that the de nition of contet is still

highly application-speci c. Even generalcontet theoriessuchas
Giunchiglia’s[20, 3], which provide usefullogical framevorksand
languags,do nothelpin understanihg whata context is. In prac-
tice,ary informationcollectedvia ary sensorplusary backgraind
knowledge on the userandthe ervironmert, may becomepartof a
contet usefulfor somepurpcse;consideralsothathistorycanplay
anessentiatole (e.g.,knowing the lastmovementsof theuserin a
roomfor predictingherdirection).

Somebodyervisagesa setof contet services(seeHohl [12, 24])
that collect and store information from sensors,and make them
availableto applications This hasthe doubleadwantag of freeing
thelatterfrom the burdenof collectingtheinformationthemseles,
andof suppating whateserkind of sensorgreavailablein acertain
environment.

As mentionel earlier we areinterestedn supportingcontext ser
vices;indeed this is oneof thereasonghatled to the requirement
of observableommurication. We ervisage collectionsof “context
gatherers’(including what Dey calls “context widgets”and“con-
text aggreators”[14]), distinguishedoy their “focus of attention”



—for instanceaspeci c location(e.g.,whathappensn aroom),or
aspeci c user(e.g.,apro ler thatkeepstrack of whata museum
visitor hasbeendoing recently). Someof thesecontet gatherers
may fuseinformationcomingfrom differentsensorr othergath-
erers,to obtaina higherlevel interpretationof whatis happeing;
they may evenbe startedsolely to supportthe contet de nition of
a speci c application.In generalwe expectto seethe emegence
of “pipelines” of context gathererseachprocessindgnformationof
acertaintypeinto adifferentview thatin turnbecanestheinput of
othergatherersandso on. Discovery and communicatioramong
applicationsandgathererswill happerby meansof the generaffa-
cilities provided by our role-basedcommurcation,asdiscussedn
thenext sections.

7. THE CENTRAL ROLE OF COMMUNI-
CATION

In orderto meetthe requirement®f active ervironments, we have
chosernto adopta multicastingtechnique called“channded multi-
cast”’[5]. Channéed multicastis basedon the conceptof channe)
de ned asastreamof message@ypically corresponihg to speech
acts,asin ACLs) thatmay belistenedto by mary ageris simulta-
neowsly. A messagés addressedo a speci ¢ destinationwhich
may be oneagentor agroupof them;agroupmayhave anameor
beidenti ed by an expressionin an application-speicc languag
thatsayswhatareits characteristicsMany chanrels canco-eists,
andnew onescanbe createdonthe y . Channelsareidenti ed by
a nameor, moreinterestingly by a topic and a setof amguments.
An agentcandiscover which channelsxist, “tune” on asmary as
it likes,andlistento all exchangshappeningon them,no matter
whetherit is theintendeddestinatiorof messagesr not.

A rst, multicastiP-basedmplementatiorcalledLoud\biceis de-
scribedin [5]. Loud\bice supportsa simple ACL, with a pre-
de ned setof performatves. Ratherthan having a genericsyn-
tax plus ontologes asin FIPA or KQML, the format of the pay-
loadis application-speicc andencoddusingXML Schemathese
choicesseemto give a balancebetweenuniversalityandthe need
for high performanceand light-weightiness,especiallysince we
have to suppat systemswith limited computationapower. A sec-
ondversionof Loud\bice is unde development, which addssome
structuringto the streamof exchangeson a chanrel. Indeed,mes-
sagesanbesenteitherextempoarily —i.e.,unrelatedo aspeci c,
short-termobjective; typically, eventnoti cations — or within con-
versatiors. Corversdions startwith a heacer, which is composed
by atopic anda setof amgumentsandendwith aterminationmes-
sage.Typically, a corversationis createdwith the aim of perform-
ing someshort-termtaskinvolving two or moreagentssuchasob-
tainingaservice.An agentcanselectwhich conversatiors to listen
to, andcanignorethe others;also,messagdevel ltering criteria
canbe given, in orderto minimize the burdenon the application
dueto the processingf irrelevantmessages.

Being basedon multicastIP, Loud\bice is inherentlyunreliable.
Somecareis takenin orderto minimize the lossesof servicemes-
sagegsuchascorversatiorheaders)Notethatmessagéossis just
oneof themary reasongor adestinatiomotto bereachedindeed,
in ourdomain,agentamustdealin real-timewith all sortsof issues,
for instancedevice andpower failures. Thus,anagen would have
to hande timeoutsandapply recovery techniquesvenif message
transportwereguaraneed;we thenchoseto privilege performane
andlight-weightinessas provided by multicastIP, ratherthanro-
bustnessgainstmessagéoss.

A fundamatal conseqenceof dealingwith unreliability is thatde-
signing and developing an agents communicationlogic may be-
comea fairly complex business.This is not alwaysthe case;see,
for instancetheEnglishAuction protocoldescribedn [5], whichis
actuallysimplerthanusingreliable,point-to-pointtransportthanks
to thepossibilityof overhearingconversations We planto research
on computatioal modelsandlanguagsthatsimplify dealingwith
unreliability. Lots of relevant work hasbeendonein the areaof
formal modeling of corversations;for instance, [11] presentsa
techniguéfor the analysisof agentcorversationprotocolsbasedn
ColouredPetriNets,andprovideslinks to relevantliterature.How-
ever, we arenot aware of works dealingwith multicastingandits
implications(suchaspartialreacheabilityor recovery from aloss
by obsening following messagexcharges).Moreover, we do not
restrictcorversationsto prede nedinteractionsonly, sincewe al-
low for overheaing to take placeand for unforeseable message
exchargesto happenasa consequace;this addsa further dimen-
sionof comgexity thatcanbe properlydealtwith only atrun-time.

Overhearingoffers someoppatunitiesthatarevery signi cant for
our objectives. For instance,it is an additional mechaism, and
oftenanalternatve, to matchmakingbrokering, andothersortsof
middleagentgadiscussioron middleagentsanbefoundin [25]).
Moreover, overhearingallows for context collectionwithout inter-
ference,i.e. without requiring explicit suppat from sensorsand
otheragentgaslong astheinformationto becollectedis somehow
transmittedon a channel).Similarly, overhearingtrivially enables
unokirusive monitoringof agentsandtheir actiities.

Of course Loud\bice is not usablein wide-areanetwork erviron-
mentsfor anumbe of reasonsncludingsecurityandperformarce;
indeed,we ervisageits usagewithin well-de ned physicalenvi-
ronmentssuchashbuildings, while extensionsto the outsideworld
shouldhappervia proxiesor agentsactingasgatevays. In future,
we planto exploretheintegrationof Loud\bice with peerto-peer
technologes,bothto provide additionaldiscovery mechanismgus-
able,in particular by portabledevicesenteringanew space)andto
exploretheideaof “virtual active ervironments”,createdoy aggre-
gatingindepementLoud\bice installationsin differentlocations.

8. ROLE-BASED INTERACTION AND IM-
PLICIT ORGANIZATIONS

To move in the direction indicatedin “General architecturalap-
proach’, we exploit the featuresof Loud\bice for two different,
but correlated pbjectives: moving from agent-basetb role-based
interaction;and,supporting whatwe call implicit organizations

For this discussionye call “role” a communication-asedAPlI, or
abstraciagert interface(AAl), i.e. oneor moreprotocolsaimedat
obtaininga cohesve setof functionsfrom anagent. A simpleex-
ampleis mentionedn [5], anauctionsystemwith two mainroles:
the auctioneer(which callsfor bids, collectsthemanddeclarethe
winner)andthe bidder(which answerdo the callsandcommitsto
perform whatever transactionis requestedvhenwinning an auc-
tion). An agentmay play morethanonerole, simultaneouslyor at
differenttimesdependhg onits capalilities andthe context.

The cornerstoneof our approachis that messagesent through
Loud\bice haveto beaddressetb theirdestinatiorrole, ratherthan
aspeci c agent(or groupof agents) It is left to the recevers(that
is, everybody tunedon a LoudVbice channé to decidewhethera
messagés intendedfor themat the time andin the contet of re-
ception.



An appropriatede nition of topicsandargumentsor corversdion
heades andcommunicatiorchanrelssimpli es the problemof ad-
dressinghecorrectaudierce; for instancethe currentchanneldis-
covery mechanismsupportmatcheswith respecto ataxonany of
topics.

An initial propcsal of a speci cation methoddogy for roles,con-
versationschannelgopicsandtheiramgumentsis beingtested[4].
It adoptsa variantof the UML sequencaliagramsfor describing
role-basedonversationprotocols which catersfor the unique fea-
turesof our chosencommunicatiorstyle. For instancea message
sentto arole is intendedfor all agentsplayingthatrole simultane-
ously, butit mayalsoberequiredthatotherrolesprocesst (e.g.,to
updde their beliefs);in certainsituations,morethanone message
of thesametypemaybe promptedby a certainrole atacertaintime
(e.g.,in the auctionexample, all interestecdbiddersreply simulta-
neotsly to a singlecall for bid); corversely it mayberequiredthat
only andexactly onemessagés promptecby arole evenwhenit is
expectedthatmorethanoneagentmay play thatrole.

Thelastexampleis wheretheconcep of implicit organizationrcomes
into play. We take from Tidhar [33] the ideaof organizationsas
teamsof agentsaugmentedvith command control, and commu-
nication predicateslescribingtheir socialrelationshipsoncerning
goals,intentions,andbeliefsrespectiely. In our setting,a number
of factorscontrikute to identify a group of agentsto which coor
dinatedbehavior is requiredasreactionto a messagethesefactors
includethechanrel themessagés broactastedn, theroleit is sent
to, the headerof the corversationit is partof, but alsothe contents
of the messaggthe stateof the agentsandothercontectual infor-
mationoutsideof the direct control of Loud\bice. We call sucha
groupan‘“implicit organization”,becasewe requirethatits mem-
bersagreeon a control relationshipgi.e., on away to decidehow
to achieve a goal commaned by meansof a messageentto the
organizations role), but — differently from formal organizations,
thatcanbe unambigwusly namedandhave an clearly identi able
formation phase— membershigs a contet-sensitve function M
depemnling on the parametersighlightedabove.

Obsenre that mary differentimplicit organizationamay be active
for the samerole on a single chamel. For instance,in our mu-
seumsetting,a “presentatiorplanner”role on a channelconcern-
ing “presenations” is playedby mary agents;theseagentsmay
have partially differentspecializationshut they will alsoberedun-
dantin orderto allow a promptreactionto simultaneousequests.
Thus,whena requesfor preparinga presentatioror an exhibit E
is sentto the “presentatiorplanner”role, theimplicit organization
beingaddresseéis formedby thoseagentsurrentlylisteningonthe
chanrel thatknow abou E andthatarenot alreadybusy preparing
somethingelse.

Implicit organizationsarethe solutionwe proposefor someof the
speci cities of active ervironments. By the informal de nition
givenabove, eachagen of animplicit organizationis ableto play
the organizations role whenstandingalone. Thus, with respecto
the threetypesof relationshipamongroles and agentsidenti ed
earlier implicit organizationsaddresghe caseof redundaing/ and
partitioning; coalitions may be dealtwith appropiate extensions
that we leave to future work. More speci cally, for the current
stageof researchwe restrictthe coordinded behaior of implicit
organizationgo thefollowing aspects:

deciding which agentsof the organizationshoud actually

committo achieving agoalcommanledthougha message;

if morethanoneagentcommits,decidingwhenthe goalis
consideredachieved by the organization(e.g., when either
oneor all have achivedthe goal);

in the samesituation,decidingon how to communicée the
resultof the goal, thatis, whatto sendback (the resultob-
tainedfrom a speci ¢ agentratherthan a synthesisof all)
andwho sendst.

A setof procediresandprotocolsfor takingthedecisionmentioned
aboveis calledacontrol policy.

An implicit organizatiornrequiressocialawarenessto its members;
thatis, they mustknow who elsecanplay their samerole in acer

tain contet, and negotiate how to mana@ the organization. To

this end, our architecturededicatesa Loud\bice chanrel (called
“control”) to socialawarenessisedby a softwarecompament(also
called “control packa@”), still under development, that will be

usedby all ouragentsTheissueglealtwith by thecontrolpackage
arediscussedn next section.

9. MANAGING IMPLICIT ORGANIZATIONS:

A PRELIMIN ARY PROPOSAL

To have animplicit organizatiorrunning with therestrictionsspec-
i ed abore,themainissuego besolvedare:

1. understanthg when coordinatedbehavior is requiredto an
implicit organization,that is, which message carry com-
mandsthathave to be satis ed by coordinding themembers
of theunderlyingimplicit organization;

2. de ning acontrolpolicy;

3. understanihg who are the membersof the organizationat
thetime of delivery of acommandiig messageandapplying
thecontrol policy;

4. nally, performingtherequiredcoordinatecbehaior.

Thefollowing is a generaldiscussiorof how we planto tacklethe
issuesmentionedabore. A preliminarysolutionis currentlyunder
experimentationdetailscanbefoundin [6].

Identifyingcoodinationrequiremens

A generalput undulyrestrictive approactor nding outwhenco-
ordinationis requiredis by messge performativei.e. by analysing
the expectedpost-conditionof a messagé. With referenceo the
setof performatvesde ned by FIPA [19], it seemsohvious that,
for instancean“inform” doesnot committhe destinatiorrole to a
goal, thusno coordinationis required.A “call-for-proposal”’com-
mits its addressee® reply if they are interestedo the objectof
anauction,but doesnotrequireary coordnationsincebiddersare
effectively competingagainsteachother A “query-if” anda “re-
quest” commit their destination too; if we now requirethat only
oneagentreactsandonly oneanswer(including“not-understood”)
is sentback, thenthe implicit organizationneedsto coordinatein

2We assumavhatwe call a“deontolagical commitment’to achiev-
ing ary goal speci ed within a messagey its intendedaudierce;
thisis to say wheneer arole is requiredto do somethingjt auto-
matically commitsto performit.



orderto delegatea singleagentto performthe actionsandsendthe
answer

However, thereare mary situationswherethe one-reation / one-
answercriteriongivenabove is excessvely limiting, or insufcient
to determinea control policy. For instanceanagentmay beinter-
estedn gettingall possibleanswergo aquery(e.g.,all knowvn user
pro le information); or, it may be appropriatehat morethanone
agentperformsthe actionsimultaneouslye.g.,all screensvisible
to auserin adangeros situationmayshav thesamewarningmes-
sage).A potentialbut unsatishcdory solutionis augmentinghe set
of admittedperformatves with “multiple reactions/ answersex-
pected’casede.g. “query-all” vs “query”’). Goingthisway, how-
ever, meango enterthatmudde of ratherarbitraryandopenrnended
extensiors thathasbeenplaguingKQML; worse,it movespart of
theburdenof decidingacontrolpolicy to themessagsende, while
reducingtheability of animplicit organizationof exploiting theca-
pabilitiesof its members.

Thus, we preferto derive coordinationrequiremets from a role's
speci cation, ratherthan from messagesaken in isolation. As
mentionedearlier we are developing a methoddogy and a nota-
tion for corversationspeci cation thatis amenableto automated
reasoning Froma simpleinspectionof a speci cation, it is possi-
ble to spotthe pointswherecoordindion is requiredto animplicit
organizationattheveryleasttheseareall the casesvhereasingle
messagés promptedby arole, eitherasareactionto a solicitation
(e.g., answersto queries)or unsolicited(e.g., event noti cations
suchasstatechangesy.

De ning a control policy

Thereare variouspartsto this problem,that have to be solved at
differenttimes: designinga setof coordinadion protocols;decid-
ing which typesof coordiration are appropiate for a certainrole;
and, agreeingon which oneto usein a speci c contt. Before
discussingpolicies, it shouldbe notedthatan agentdeveloper has
to isolateorganizationakontrol issuesfrom the codethat actually
performsactions;we have de ned a setof guidelineson how to do
this anddelegatecontrolto our packag.

Ratherthanimposinga control policy as part of a role's speci -
cation, or equivalently using a team-basedpprozh that forcesa
top-dovn perspetive, weleave developeasfreeof specifyingwhich
policiesaresuppatedby theiragentsandlet anorganizatioragree
onwhich oneto adog atrun-time.

Thus,having separatedontrolfrom action,anagentdeveloper still
hasto decidewhich policies are appropiate, and which are not,
whenachieving acertaingoal. For instancecompuationallycheap
and safeactionssuchas queryingan agents own beliefsare un-
harmful no matterwhich policy is adoged; for expersive or state-
changng goals,adesignemaywantthatheragentsinvolvedonly
whenit is the bestavailableasdeterminedfor instancepy running
anauction;long operationghatcanbe easilyabortedn the middle
(e.g.,long searche®sn databasesr the Web) cantoleratepolicies
thatexploit parallelism;goalsthathaveto beattainedn theshortest
possibletime (e.g.,reactingto a danger)call for minimal decision
time, e.g. by having amasterdecidingfor the organization.

In anidealworld wherecomputationapower and communicéion

3However, asmentionedn theprevioussection,in the rst version
implicit organizationwill coordinateonly whenreactingto solici-
tations.

speedwerein nite, apolicy shouldbe nggotiatedamongthe mem-
bersof animplicit organizationat every commandreceved. This
is clearlyunfeasiblesowe have takenafew architecturablecisions
thatwe areimplementingn ourcontrolpackag;thesechoicesmay
be relaxed or changedin future, after sufcient experimenation.
First,we arede ning a setof possiblepoliciesandrelatedcoordi-
nation protocols. Policiesinclude masterslave (wherethe master
electedor imposedfrom the outsidee.g.via con guration, decides
whoisin chagefor achiezing agoal),selectiornvia auctioning par
allel execution (concludedwhen all agentsterminateexecuting),
competition(like parallelexecution,but concludedwhenthe rst
agentterminates),x ed schedling (e.g. roundrobin), andsoon.
Seconda developerspeci eswhich policiesareadmitted,in order
of preferenceandwhich onesarerefusedor eachof therolessup-
portedby her agent. Third, a policy is hegotiatedon the control
chanrel amongall the agentsthat play a certainrole on a speci ¢
chanrel. This negotiationis performedevery time anagentdecides
to play a role (typically whenit startsexecuting),andboils dovn
to a constraintsatisfctionproblemfor determininga setof candi-
datepoliciessortedin orderof their global preferenceif this setis
empty the newly joining agentis forbiddenfrom playing therole
(our packag reportsanexceptionto the user andpreventsary fur-
ther control operationconceriing thatrole) while the othersrevert
to the previous policy. The specialcaseof only oneagentplaying
arole on a channelis trivially solved by our control packageby
adoptinga “greenlight” policy.

It is importantto note that agreeingon a policy for a role on a
chanrel is not enoudn for its application,since somedetailscan
be lled up only whenthe implicit organizationis in place; for
instance,decidingwho is the masterin a mastesslave policy, or
who runsanauction.

Fromthis discussionit clearlyfollows thatthe choiceof chanrels
is assensitve asselectingcoordinationprotocols.We areoutlining
a setof guidelineson channelscon guration, which needexperi-
mentationto shawv their effectiveness.

\erifyingmembeship

Assumethat an agentis playing a role R on a channelC and a
controlpolicy for R on C hasbeenalreadyestablishedAt time T,
amessagéM, addressedo R andcarryinga goal G (say “request
do-someting”), is sentonC. Thus,attime T, it is nally possible
to determinewvho arethe memberof theimplicit organizatiornthat
is committedto achieving G. As said above, this meansthat it
is possibleto completethe detailsnecessaryor the applicationof
the chosenpolicy, e.g. determiningwho actsasauctioneeifor an
auction-basd policy, or themastetin a masterslave policy. These
detailsandrelatedprotocolsdepen on the chosenpolicy, andare
known to our controlpackage

Obsere that, while somepoliciesimposesigni cant burden(such
asselectingthe auctioneeror decidingwho is the currentmaster),
othersarereasonaly lightweight. Consideyfor instanceacompe-
tition policy: all agentscanstartworking on achievzing thegoal G

carriedby M assoonasM is received. The rst terminatingagent
could immediatelyreply to the senderof M, causingat the same
time the competitorgo know thatG hasbeenachieved; however, a
raceconditionmay happenf two agentderminatesimultaneosly.

This canbe prevented by applyinga simple coordinationprotocol
suchas sendinga “goal achieved” messagen the control chan-
nel, followed by a shorttimeoutto make surethateitherthereis no

con ict or, otherwise applyinga deterministicselectiontechnique



(e.g.,theageri onthehostwith thelowestIP addresswins).

Applyingthe contmol policy, andgettingthejob done
Finally, wheneverythingis in place,the coordnation protocds re-
quiredby the policy canbe applied,by adoptingthe well known
patternsmentionedearlier or ary new one that needsto be de-
vised. As said above, the coordinationprotocolsare run by our
controlpackaye;coordnationmessageareexchange onthecon-
trol channelnot onthe chanrel wherethe goalwasposted.

10. FROM THEORY TO PRACTICE

This sectiondiscussesiow the architecturallines outlinedin the
previous sectionscan be appliedto the scenarioproposedin our
example.

A trivial rede nition of the scenarioin termsof an agen archi-
tecturecanbe doneby simply consideringeachcomporentasan
agent.In this solution,the VisitorAssistan@actsasa mediatorwith
respectto the PDA andtherestof the system;in otherwords, its
taskis to dispatchrequestomingfrom the PDA to the appropri-
ate agents,and viceversa. By adoptingthis simplistic approah,
however, we facetwo majorissues.First, the VisitorAssistante-
comesa bottleneckat the commuricationlevel, anda single point
of failure for the system.Secondjf new agentgoin the systems,
the VisitorAssistantasto be noti ed andits control policieshave
to beupdaedconsequatly.

A different,betterapproachis to modelthe scenaridn termsof im-
plicit organizations Five mainrolescanbeimmediatelyidenti ed
from its description:

PDA: therole of theuserinterfaceson mobiledevices. Agents
thatbelongto this role areableto: (i) senseinfrared codes
and commuricate themto the restof the system;(ii) play
presentationgi.e., play audio les anddisplaysynclronized
images) (iii) communicée to the restof the systemnotable
eventsconcerningthe presentationbeingplayed,e.g. start,
end,stopor pauseequestedy theuser

POKB: the role of the Physical OrganizationKnowledge
Base.Agentsplayingthis role areableto mapsensorcodes
to physicalpositions,andto provide anumberof relatedrea-
soningservicege.g.retrieve the setof closesfrescoesetc.).

UM: therole of UserModeling. It dealswith storing,retriev-
ing andreasoningon informationrelatedto the user

IA: therole of the Input Analyzer which takes caresof in-

terpretingusermovemers in termsof inputsto the system.
An agentplaying this role is able to monitor eachvisitor's

movemers or utterancesandto decidewhetherto stopthe
currentpresentationstarta newv oneor just do nothing.

PP: therole of the PresentatiofPlanner Agentsplaying this
role assurethe compasition of a coheret presentatioron a
givenartwork, tailoredfor a givenvisitor.

Of course furtherre nementsto thelist given above arepossible,
for instanceby dividing the PDA roleinto sub-roleseachdedicated
to aspeci ¢ aspects.

Looking atthe commurication, aninitial analysisof the corversa-
tions easilyidenti es threemain themes that can potentially be-
comethetopicsof threedifferentLoud\bice chanrels:

interactions with the PDAs, concerring all commandsand
informationrelevart to PDAs. They include:

— sensorcodesfrom aspeci c PDA to the POKB ole;

— requeststo compog presentation®n artworks, from
IA to PP;

— commars to stopa currentpresentationfrom the 1A
roleto aspeci c PDA;

— commaumls to load a presentatiorfrom an URL, from
PPto a speci c PDA (the actualpresentations better
streamedlirectly by the PDA ratherthanon amulticast
chanrel).

interactions with knowledge bases concerningall those
agentsthat maintainstatic or semi-statidnformation about
theenvironment. In our simpli ed example,the only knowl-
edgesourceis the POKBrole.

user informations, concerniry all interactionswith agents
that dynamically collect information about usersand their
currentcontet; in our case the agentlayingthe UM role.

In the scenarigoroposedmostif notall therolescanbe playedby
exactly oneagent(i.e., eachagentis nothingelsethanone of the
comporentsdescribedn our examgde). However, it is easyto see
how the systemwould bene t in termsof ef ciency androbustness
by usinga multi-agent redundat appro@hto roles.

For example the Presentatiofflannerole could be playedby two
agents:a complex adaptve plannerthatcomposesailoredpresen-
tations,and a databasehat indexes “canned” presentatioron the
artworks. The coordinationpolicy betweenthe two could be im-
plementedasa x ed schedulingasthe following: if the complex
planneris not ableto build a presentationthe simpleronereplaces
it. This coordinationprocedireis fairly simpleto implement.

A differentkind of coordimationmaybeemployedby theUM agents.
Supposehatthefollowing agentsarepartof thatrole:

UM-1: aclique-basedecommendeableto infer thevisitors'
intereston the basisof asetof explicit orimplicit ratingson
alreadyseenartworks;

UM-2: a“visiting style” usermodelingableto classifyvisi-
torswith respectheir way of moving in the spacq34];

UM-3: a simplereceng list that storesthe exhibit already
seerby eachvisitor;

UM-4: adatabas¢hatstoresuserpersonadata.

A typical interactionwith the UM role would encompasa logon
procedue carriedoutby UM-4 (whichwill in turn notify theothers
of the identi er assignedo the visitor), aswell asotherrequests
andnoti cations carriedon by the agentsindepemently (suchus
the noti cations of the ratingsby UM-1, for example). Yet, there
will alsobe somerequestghat necessarilyhave to be handledby
morethanoneagent:for example therequesbf providing themost
interestingartwork for a visitor in a given position may require:
(i) acoordinationbetweenUM-1 andUM-2 to selectthe artworks
more appropriateto both the usermodels,and (ii) a veri cation
with UM-3 to avoid suggestingalreadyan artwork alreadyseefi.

40f coursethe POKB role maybeinvolvedin this processandthis



11. CONCLUSIONS AND FUTURE WORK
This paperintroducesa novel approachto designirg large scale,
multi-user adaptake multi-mediasystems. The key elementof
thisapprachis its commuricationstyle,thatmovesfrom thetradi-
tional direct agent-to-ageninteraction(possiblymediatedby fur-
theragentsasin mary existing multi-agentsystems}o a role-to-
role interaction.This chargeentailssomespeci ¢ coordinationre-
quiremers; to this end,we have introducedthe concep of implicit
organization,which aims at structuringdynamic, self-oganizing
setsof agentsplayinga speci c role in aspeci ¢ contet.

While the basic communicationinfrastructureis available, work
is still in progresson the suppat of implicit organizations.In the
shortterm,we planto validatethenumeros assumptionslescribed
in this paperandthe guidelineswritten so far concerningthe def-
inition of channelsthe neyoatiation of policies,andsoon. To this
end,we aredevelopingexamplesof context-sensitve applications
andcontet intermediariestestedin interactive simulationsof vis-
its to a digitally reconstructednuseum.Somepreliminaryresults
arealreadyavailable[6].
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