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Abstract

On the one hand,recentstudieson the history of humansocietiessuggesthat the
role of theernvironmenthasto betakenexplicitly into accountn orderto understand
evolution of individualsandgroupsin ary non-trivial setting. On the otherhand,the
notionof context is well-known andrelevantto severalresearctareasuchasnatural
language philosophy logic, andartificial intelligence. In theseareascontets are
typically usedto modelthe effect of the ervironment(in its most generalsense,
including the spatialandtemporalinterpretatiorof theterm)on the communication
occurringamongsictive entities,suchashumansor artificial agents.

Generalisingigpontherecentlyintroducednotionof context-dependentoordina-
tion, in this seminalpaperwe proposethe notion of agentcoordination contet asa
meango modelandshapethe spaceof agentinteractionandcommunication.From
a theoreticalperspectie, agentcoordinationcontets can sene the purposesf (i)
enablingagentdo modeltheervironmentwherethey interactandcommunicatdthe
subjectiveviewpoint), and (ii) providing a framework to expresshow the erviron-
mentalffects interpretationof agentcommunicatioracts(the objectiveviewpoint).
Fromanengineeringerspectie,thenotionof agentcoordinationcontext enablesn
principle agentsto perceve the spacewherethey actandinteract,reasoraboutthe
effect of their actionsandcommunicationsandpossiblyaffect their ervironmentto
achieve their goals. Also, agentcoordinationcontexts allow engineergo encapsu-
late rulesfor governingapplicationsuilt asagentsystemsmediatetheinteractions
amongstagentsandtheernvironment,andpossiblyaffectthemsoasto changeglobal
applicationbehaiour incrementallyanddynamically
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12.1 EVOLUTION OF SOCIAL SYSTEMS

12.1.1 A Look Back to Human Societies

Thecompleity of artificial systemss growing dayby day, andtheirdynamicsn the
eraof thelnternetandUbiquitousComputing[36] is slowly but steadilyapproaching
the dynamicsof biological and social systems. So, the first (obvious, but maybe
the mostrelevant) questionto be answereds: Wherearewe headingto? To have
somecluesaboutwherethis rapid (r)evolution will take us as computerscientists
andengineer®f complex systemsit might beworthwhileto take alook backto the
evolution of humansocieties As a matterof fact,recenttheoriesinterpretbiological
systemsasinformation-basedystemsevolving in complexity througha handful of
fundamentaltransitions[18]. On the other hand, artificial, human-hiilt systems
areroughly taking a similar path,growing in compleity throughquantumleaps—
UbiquitousComputingpossiblybeingoneof them. It is theneasyto think thatsome
portionsof thehistorymightrepeat:ithatsomeof thestrikingforcesdriving biological
andsocialevolutionmighttake new formsanddrive theevolutionof artificial systems
aswell; that someof the resultsof biological and socialevolution might find their
counterpartin the entitiesandstructuresof forthcominghuman-Hilt systems.

Latestresultsfrom both biological [18] andhistorical scienceq14] tell usthat,
aftermillions yearsof biologicalevolution, culturalandsocialevolutionhasbecome
predominant wheresocialevolution basicallymeansorganisationathangesn the
socialstructure.Also, therole of theervironmentis reckonedasadynamicandactive
forcethatdrivesthe evolution of humansocietiesandalsoaffectsthe ability of both
individualsandsocialstructuredo survive, grow, andpossiblyovercomethe others.
Accordingto [14], the ervironmentwhereindividualsandsocietiedive determines
whichkindsof individualssurviveandwhichkindsof societies orgarisationsprevail,
typically by making resourcesnore or lessavailable, or by imposingconstraints,
limitations, and (vital) needs. While in the short/ mediumterm, a more or less
successfuinteractionof individualsandsocietieswith the ervironmentdetermines
their succes®r failure,in thelong termthe ervironmentis to be seenasoneof the
mainfactors(if notthe mainone)determiningthe successfuévolution of individual
andsocietiedn theglobalsetting.

On the other hand,the ervironmentmay evolve over time, andits evolution is
partially underhumans control. Dependingon their understandingf the environ-
mentandof its dynamicsjndividualsandsocietieamight planandactsoasto drive
ervironmentchangesver time, and possiblysurvive and grow accordingto their
ability in modelingandbuilding / modifying their own ervironment.

So, while physicallaws and phenomengas ervironmentemeging dynamics)
areout of the humanreach the ability to modelthe ervironmentandits dynamics,
alongwith somegoal-orientedactivity andplanningcapability enableshumansand
societiesto inducesomecontrolledchangemaking the ervironmentfit more their
needsanddesiresthuspartially driving the ervironmentevolution.

So,somepreliminaryquestionalreadycall for ananswer:Who playsindividuals
and societiesin the artificial systemsdesignedand built by humans— today and
tomorrav? Whatis ervironment,in theeraof thelnternetandUbiquitousConputing?
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12.1.2 A Look Forward to Agent Societies

To facethe ever-growing compleity of artificial systemsincreasinglypowerful ab-
stractionshave beenintroducedn computersciencgandrelatedareas)which have
graduallytakenthe softwareengineerind SE) field, andbecomebestpracticein the
years: structuredprogramminglanguagesmodules,objects,components. Today
researcton multiagentsystemgMAS) is emeging asa fertile groundfor powerful
andexpressve abstractionsindtools, makingit possibleto facethe new challenges
in termsof systemcompleity. Agentsareautonomousgyoal-orientedpro-actveen-
tities, organizedn societiesandsituatedwithin anernvironment:notionslik e agent,
role, organization society environmentarethebasicbricks of whatis calledAgent-
OrientedSoftwareEngineering AOSE)[9, 38]. EventhoughMAS mightseemow
farfrom becomingSEmainstreamagentiechnologyis alreadysomeha ubiquitous,
andthecontinuougprogressn agentresearctandsystemseemso encourageisto
think thatMAS arethe next stepin theevolution of artificial systems.

Thereseemgo benoapparenheedto advocateary anthropomorphigrincipleto
reasoraboutagentsaindtheirrole in thefuture of artificial systemsAnalogyisenough
to drive comparisons@nd possiblyhelp us foreseeinghe evolution of MAS. More
thantenthousandyearshave seerhumansasindividualsautonomoushactingin an
unpredictablendpossiblyhostileervironment,trying to achieve their own goalsby
interactingwith otherindividuals— cooperatingcompetingcoordinating-according
to comple interdependencpatterns. Humanshave evolved as situated,speaking,
specialisableandcontect-awareentities,co-existingandinteractingwithin societies,
deeplyimmersedwithin their ernvironment,which they representlearnfrom, and
try to affect/ changefor their own purposes.Also, accordingto [14], (successful)
societieshuilt by humansareopento changefeaturesomeform of “sociallearning”,
andreactto ervironmentpressur@andchangesTheirorganizatiorfits aprecisescale,
anddoesnot scaleup: e.g.,it canbe obsenedthat peerto-peerorganisationscale
up to a maximumof 80-100membersthenfail. So, socialorganizationis forced
to dynamicallyevolve overtime, to facethe challengegposedoy its own growth, by
othercompetinghumangroups,andby the environmentaswell.

In agentarenatheabove considerationstill basicallyapply: theabove sentences
roughly holdsfor humansaswell asfor agentsandfor humansocietiesaswell as
for MAS. Analogyis not sostrong,insteadwhenwe take into accounthe notion of
ervironment. In fact, it is still truethatonly alimited part of the environmentfalls
within thereachof the controlof individuals(agents/humangndsocietiesandthat
in orderto partially controlthe environmentevolution overtime the ability to model
theervironmentandits dynamicss required alongwith somegoal-orientedactivity
andplanningcapabilities. Also, in agentsystemstoo, thereexist non-controllable
forces(e.g.,the market, determiningthe survival of a MAS application)andmaybe
hostile evil entities(e.qg. virus,ill-dri venorganisationsthatmakeagenternvironmert
apartiallyunpredictabléactorin its very essenceOntheotherhand however, we as
humansareby definitionthedesignerandbuildersof artificial systems-agentones,
in particular So,themaindifferenceto bepointedouthereis ourrole ashumanswith
respecto humanmandagenisocieties While humarbeingsplaytherole of individuals
within humansocietieswith limited controlontheirenvironment,humansnightact
asgodswith respecto agentsocieties.There,partof the environmentis still out of
theindividual (agent)control, but is mostly definedandbuilt accordingto computer
scientists'andengineersintentionsandspecificationswhatis out of the control of
theagentcouldbewithin thereachof thehuman.
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The needfor suitably powerful abstractionfor modelingand engineeringthe
agentervironmentasa first-classentity is thenclear Whatmightnot be soclearis
thatrepresentingheervironmentandits dynamicsn agentsystemgandin artificial
systemsn general)is a twofold problem,dependingon which viewpoint we take:
eithertheagent,or thehumanone. So, thefollowing fundamentafjuestionsat least
requireananswer:Which abstraction@rethe mostexpressie andmanageabléor
computerscientistsandengineerdo model, build, and control the ervironmentfor
agentsystems?And, which abstractiongrethe bestsuitedfor agentg(in particular
intelligent ones)to enablethemto perceve, understandand possibly affect their
ervironmentaccordingto their needsdesiresandgoals?

12.2 CONTEXTS EVERYWHERE

Literally speakingacontextiswhatcomesalong(bothin aspatialandtempral sense)
with a “text”, thatis, a collectionof signsor symbols,andpossiblycorveys further
elementdo interpretandgive meaningo thetext itself. In generalthenotionof con-
text is relevantandusedwithin severalresearctareassuchaslanguagephilosophy
logic, andartificial intelligence. In thefield of naturallanguagecontext-dependent
interpretationis a notion of outmostimportance encompassinthe dependeng of
interpretatioron boththelinguistic andthe non-linguisticervironmentwherewords
andsentencesccur In the samefield, computationaimodelsof context have been
developed,for instancefor naturallanguagegeneration. Furthermore several dif-
ferentnotionof context have beendefinedovertimein logic, computerscienceand
artificial intelligence.The collection[3] reportson contetual deonticlogic, contex-
tual learning,contectual interpretationof objectsin a semanticnetwork, and mary
otherexamples.

In the areaof computersciencecontexts have oftenbe studiedasa meanso en-
capsulat&nowledge(whetherfactualor proceduralpr beliefs,andto combinethem
incrementallyanddynamicallyto modelmary differentnotionsrelatedto knowledge,
beliefs,andcommunication.For instancejn the programminganguagdield, con-
textuallogic programminghave promotedhe notionof context to afirst-classentity,
asthe dynamicallyevolving setof the axiomsdeterminingthe truth value of logic
formulae[12].

Most recently theissueof contet-aware computinghasbecomemainstreanin
the human-computeinteraction(HCI) area,whereit hasbeenrecognizedhat (i)
thereis aneedfor models methodsandtoolsto capturethe settingwhereinteraction
betweerhumansandcomputersccurs (ii) thenotionof context is themostobvious
candidateo providetherequiredconceptuafoundationput (i) thenotionof context
is still ill-defined[13] —or, atleast,noconsensusanbereachedboutwhatacontext
preciselyis [37].

In general contexts aretypically usedto modelthe effect of theervironment—in
its mostgenerabcceptationincludingthe spatialandtemporalinterpretation®f the
term—ontheinteractionrandcommunicatioroccurringamongsactive (andtypically
intelligent) entities, suchas humansor artificial agents. Also, contexts typically
accountfor situatednessf the interactionand communicationcomingto saythat
interactionand communicationcannotbe understoodoutsideof the ervironment
wherethey occur— out of their context, in otherwords. So, in spite of the mary
differentacceptatiomf thetermwithin themary heterogeneougsearctareasvhere
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it is commonlyused,the notion of context is the mostsuitablecandidateo be used
asthefirst-classabstractiorfor modelingandengineeringhe ervironmentin agent
systems.

12.3 OBJECTS VS. AGENTS: THE ISSUE OF CONTROL

Sincethenotionof contect occursan somary differentareasandin computeiscience
aswell, onemayarguethatin afield lik e object-orientedanguagesndsystemsfor

instancetheneedfor explicitly modelingtheernvironmentseeminglydid notemege
sofar, atleastnot soclearly So,whatare“object societies”,andwhy arethey so
differentfromagentsocietiesthatanotionof “objectcontext” hasnotbeerdeveloped,
yet?

Amongthe mary possibleanswersthe mostcorvincing onerelatesto the issue
of control. In object-orientedO0) systemscontrol flows alongwith data: asthe
reificationof messagpassingmethodnvocationcouplesontrolanddataproviding
a single way to drive control along an OO system. Roughly speaking,designis
contml-orientedin OO systemswherecontrolis outsideobjects,andthe (human)
designerworks as a sort of “central control authority” — the control god, in other
words.

If this simplifiessystemdesignat the smallscale,it neverthelessnakesdesigna
non-trivial effort atthelarge scale requiringengineeringlisciplineto be effectively
managed.The notion of objectinterfaceprovidesthe form of disciplinerequired,
by constraininginter-objectinteraction,in termsof both control and datapassing.
Thoughtheinterface,controlis passedo anobjectin a controlledway, andcrosses
objectboundariedrom outsidein — whena methodof the interfaceis invoked —,
thenfrom inside out — whenthe invoked methodreturnscontrol to the caller. By
describingthe obsenable behaviour of objects,interfacesgive disciplineto object
interactionand altogethemrovide the designemwith a completedescriptionof the
interactionervironmentat designtime. So, “social interaction”amongobjectsis
thenlimited anddisciplinedby interfaces andgovernedby the humandesigner In
somesensethe ervironmentsurroundingan objectin anapplicationconsistsof all
the otherapplicationobjects,asdescribeddy their interfaces- the collectionof the
objectinterfacescouldrepresenthecontext wheretheobjectlivesandinteracts.As a
result,roughly speakingwhile interfacesareenoughfor humandesignergo govern
OO0 systemspbjectsarenot powerful enoughto requirethe developmentof explicit
notionsfor objectsocietyandervironment.

Insteadagentsystemsarenot control-orientedbut goal-oriented Agentsystems
havenocentralcontrolauthority (no cortrol god),insteadeachagenis anindependert
locusof control: controlis insideagentsandtheagentgoaldrivesthecontrol—each
agentworks asits own control god. So, sincedatado not necessarilyflow with
control, control and dataare uncoupledin agentsystems.As ary non-trivial form
of decouplingthis makessystemengineeringsimpler In fact,the humandesigner
is to someextentfree of the burdenof explicitly managingcontrolin agentsystems,
andcanin principle focuson designingagentsystemasinformation-orientedat the
highestlevel of abstraction.

However, giventhatAOSEpromotesagentasusefulabstractiosfor modelingard
engineerindarge comple systemq28, 27], the needfor a disciplinedervironment
for agentsystemsemepgesclearly in the sameway asin the caseof OO systems.
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This is even moretrue for applicationsn the UbiquitousComputingscenariq36].
There,in fact,the hugenumber diversity, anddynamicsof the ervironmentswhere
agentsvould be calledto (inter)actcould give raisethe samesortof complexity that
alreadyemegedin theroboticsresearch-lik e theframeproblem or thequalification
problem Thatis, roughly speaking:Which actionsis the agentactuallyallowedto
performat ary placeandtime? Which effect on the surroundingervironmentwill
agentactionsreally have? Which knowledgeabouttheervironmentis relevantfor an
agento effectively planandact? How andto whatextentcananagenteensuredhat
its knowledgeaboutthe ervironmentis at ary time consistentvith its actualstate?

Asaresultwhenwetry to deviseoutanagenmnotionthatcoud roughly correspad
to objectinterface,we areled backto someagent-relatedhotion of context, which
could work asa limited yet effective representatiomf the agentervironment,and
alsoallow agentinteractionto be properlydisciplined. Also, the requiredengineer
ing disciplineessentiallyconcernsagentinteraction— within societiesandwith the
ervironment.So,sinceby definitioncoordinationis managing17] andconstraining
[35] interaction,it seemsalmostclearthatthe notionof context we needin complex
agentsystemss essentialljthatof anagentcoordinationcontext.

Even thoughit would play a role correspondingo objectinterfacesin object
systemsn somesensdthatis, accordingto the line of reasoningdevelopedin this
section) anagentcoordinatiorcontet is obviously notan“agentinterface”—noway.
In its mostgenerabcceptationanagentcannotbeinvoked: controlis within agents,
anddoesnot crossthe agentboundaries.An agentcould indeedbe designedasa
serviceprovider, but it is autonomoudy definition: in principle, it would provide
serviceonitsown deliberationandcouldthenatary timerefuseto doso—differently
thanobjects,’agentscansayno” [21].

However, objectsystemsf todaycouldtell us moreaboutwhatanagentcoordi-
nationcontect could be — more precisely component-baseslystemscould. In fact,
component-basesystemsypically comealongwith anotionof infrastructue, pro-
viding servicego applicationobjects ik etransparenaccesso distributedresources,
directoryservicesnameservices.Theseinfrastructureglike CORBA [22], DCOM
[33], Jini [34]) embodysomeimplicit definition of the environmentfor components
andapplicationspy defininghow componentgould entera nen ervironment,how
could they identify themseles and the other participants,how could they locate,
acces®r make availableresourcesandsoon. Notionslik e interfacedescriptionan-
guageandinspectablénterfacesuggestisthatanagentcoordinationcontext should
beconcevednotonly asatool for humandesignershut alsoasarun-timeabstraction
providedasa serviceto agentshy a suitableinfrastructure.

Finally, the ever-growing capabilitiesof the abstractionsn artificial systemss
changingtherolesthey play. Expertsystemsareusedin the diagnosisof errorsand
critical situationspbjectsareusedio automaticallybalancdoadsin parallelsystems,
agentsareusedfor network managemenjust to quotesome. So, while we take as
grantedthe meta-level rolesthathumansplay in un artificial system(asdesigners,
developers,deplogyers, maintainers actors, final users),we often do not take into
accountaswell thatsomeof theseroles— andperhapsn somefuture all of them—
could be playedby the component®f an artificial system. This is for instanceone
of theconcern®f the SemantidMeb project[2], which basicallyconsidersoftware
agentsasalternatve (to humansusersof Web pages.As a consequencdeaturesof
abstractionandtoolsfor theengineeringf artificial systemgequiremoreandmore
to beaccessibléo bothhumansandartificial systemcomponentsso,for instanceif
we requirethatan agentcoordinationcontext be inspectablethis shouldmeanthat
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canbeinspectedby a human(say the systemmanagerandby anintelligentagent
aswell.

12.4 AGENT COORDINATION CONTEXT

Generalizingupontherecentlyintroducedhotionof context-dependentoordination
[6], this papersuggestshenotionof agentcoordinationcontext asameango model
andshapeernvironmentin agentsystems.As discussedn the previous section,this
notion is expectedto play in somesensethe samerole within agentsystemsas
the notion of objectinterfacein objectsystems:thatis, providing a disciplinefor

interactionandsomepatternfor managingcontrol. Since,roughlyspeakingcontrol
is outsideobjects but insideagentsanagentcoordinatiorcontext is indeedmeanto

provideasortof “boundarydescription"asanobjectinterfacedoes- but from inside
out (an agent),ratherthanfrom outsidein (an object). As an interface,however,

a coordinationcontext providesdecouplingbetweenagentsandtheir environment,
sothatthe agentcanin principle be designecanddevelopedindependenthof other
agentsresourcesandservicespopulatingthe MAS ervironment.

More precisely a coordinationcontect should

e work asa modelfor the agentervironment,by describingthe ervironment
whereanagentcaninteract,and

e enableandrule the interactionsbetweenthe agentand the ervironment, by
definingthe spaceof the admissibleagentinteractions

As atoolto modeltheernvironment,anagenicoordinatiorcontext canseneatwofold
purposeaccordingto the viewpoint we take. Fromthe agentviewpoint (moregen-
erally called the subjectiveviewpoint [32]), an agentcoordinationcontect should
provide agentswith a suitablerepresentatiorf the ervironmentwherethey live,
interact,and communicate. Sucha representatiorshould obviously include some
notionof locality, in bothspaceandtime — sincea globalandsynchronougnviron-
mentis not realisticin todayapplicationscenarios-, implicitly definingthe where
andwhenof agentinteractions.Obviously, acoordinationcontext shouldcontainall
theinformationabouttheentities(agentsservicesresourcesanagentcouldinteract
with, alongwith a descriptionof the admissibleway of interaction. This obviously
assumethatacontetrepresentatiotanguageis definedandused:it couldbeafirst-
orderlogic languageanXML-basedonesor whatever—until it is expressveenough
to fully describeanagentervironmentandall theadmissibleagentinteractions.

From the humandesigneviewpoint (more generallycalled the objectiveview-
point[32]), anagentcoordinationcontext shouldprovide aframawork to expresshe
interactionwithin a MAS asa whole. More precisely coordinationcontexts define
the spaceof MAS interaction,thatis, the admissibleinteractionsoccurringamong
theagentf aMAS, andbetweerthe agentoof a MAS andthe MAS ervironment.
In particular asfarasinteragenttommunications concernedgoordinatiorcontexts
modelhow the ervironmentaffectsinterpretatiorof agentcommunicatioracts.

As a tool to enableand rule agentinteractionwith the ervironment, an agent
coordinatiorcontext canagainseneatwofold purpose.Fromtheagentiewpoint,the
coordinationcontect enablesn principle agentdo perceve the spacavherethey act
andinteractreasorabouttheeffectof their actionsand communications,andpossibly
affect the environmentto accomplishtheir own goals. From the viewpoint of a

193



humarengineercoordinatiorcontextswould allow engineerso encapsulateulesfor
governingapplicationsuilt asagensystemsanediategheinteractionamongstgents
and the ervironment,and possiblyaffect them so asto changeglobal application
behaiour incrementallyanddynamically Coordinationcontexts allow thenaform
of prescriptivecoordination to be enforced,constrainingfrom the designstageto
therun time the spaceof agentinteraction. By the way, it shouldbe obsenedthat
only the capability to ensurethat harmful behaiors could be prevented,and that
only someadmissiblecoursesof action could be taken by agents,would make a
hostinfrastructureprovide openspaceshereagentsanactaccordingto their own
deliberationandwill, freeto accomplishtheir own goals,without constrainingheir
model or behavior a priori. From this viewpoint, then, prescriptve coordination
seemgo bea sortpre-conditionto agentautonomyratherthananobstacleo it.

As obsenedin theprevioussection thisalsocallsfor a suitablerun-timesupport,
embodyingcoordinationcontexts asrun-timeabstractionprovidedby the agentin-
frastructure.Evenmore, by their very nature agentcoordinationcontexts could be
usedto mediatebetweenthe needsof a MAS applicationandits host, by actually
modelingagentinfrastructureqtheir structureand organization the resourcesaand
servicesthey make availableto agents)in termsof coordinationcontexts. When
suitablysupportedasrun-timeabstractions;oordinationcontexts shouldbe dynami-
cally configuableandinspectabldy bothagentsandhumans .Configurabilitywould
allow a MAS to evolve at run time, by suitably adaptingits behaior to changes-
expectedlya major requiremenin comple< and highly dynamicscenariosuchas
the UbiquitousComputingone[36]. Inspectabilitywould allow both humansand
intelligentagentdo reasoraboutthecurrentlaws of coordinationasrepresentednd
embodiedwithin coordinationcontexts, andto possiblychangehemby properlyre-
configurecoordinationcontects accordingto new applicationneeds. Finally, since
coordinationmodelshave beenrecognizedasa basisto enforcesocialrules[8], and
thatcontextsareeasilyinterpretedassocialconstruct$l], coordinatiorcontextshave
thepotentialto be exploitedfor theengineeringf socialorderwithin agentsocieties

[7].

125 EXAMPLES

Giventhe seminalnatureof this notesiit is obviousthatthe notion of agentcoordi-
nationcontext haslots of elementsanddetailsto be definedandmademoreprecise
beforeit becomesactually implementableand usable. As a result, casesof agent
coordinationcontexts canbegivenonly in termsof eithera conceptuaéxample,or a
modelof coordinationwhereaspect®f acoordinatiorcontext canbesuitablydevised
outatthe properlevel of abstraction.

12.5.1 The Control Room Metaphor

Thecontrol roommetaphorasdefinedn thefollowing, provideaconceptuatxample
of anagentcoordinationcontect. Accordingto this metaphoyran agententeringa
new ervironmentis assignedts own controlroom, which is the only way in which
it can perceve the ervironment,aswell asthe only way in which it caninteract.
There admissibleagentinputsarerepresentedslights (for time-discretenputs)and
screengfor time-continuousgnputs) while admissibleagentoutputarerepresenteds
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buttons(for time-discretmutputs)andcameans(for time-continuousutputs).Thus,
for instance pi-directionalcontinuouscommunicatiorwith anotheragentcould be
carriedon througha dedicatedpair screen-camera.

How mary input and output “devices” are available to an agent,of what sort,
andfor how muchtime — this is what definesthe control room configuation, that
is, the specificagentcoordinationcontext. Sucha configurationrepresenting sort
of ervironmentinterfacefor the agent,is at ary time prescriptve, in thatit fully
describesll theadmissibleénteractiondor anagent:however, it might changeover
time whenever needed. In fact, theinitial control room configurationis subjectto
preliminary negotiationbetweernthe agentandthe hostingnode. Then, it could be
dynamicallymodified accordingto changesn the needsof eitherthe agentor the
hostingnodeproviding the coordinationcontext. For instance dueto suddenack
in resourcesa control room could be reducedby the hostinginfrastructureto the
emptycontet (no interactionallowed, in otherwords),implicitly forcing the agent
to move elsevherein orderto beableto performsomemeaningfulaction. Also, one
may think to associate cost(pertime, peruse)to every devicesmadeavailableby
a configurationsothatnegotiationsfor theinitial controlroom configurationor for
a subsequenthangein the configuration,would alsotake the economicissueinto
account.

12.5.2 Coordination Contexts in the TUCSON Coordination Model

A coordinationmodelasdefinedin [31] providesa framevork anda technologyto
shapeand govern the spaceof agentinteraction. A meaningfulexampleof a co-
ordinationmodel and technologyis TUCSoN [29]: there,the coordinationspace
is definedasa collectionof local interactionspacesandagentinteractionis medi-
atedthroughprogrammablduple spacesalledtuple centes [25]. EachTuCSoN
hostingnodeis equippedwith aninfrastructureproviding agentswith a setof tuple
centersasrun-timecoordinationabstractionso be usedto interactwith otheragents
andwith the local ervironmentaswell. Tuple centersare Linda-like tuple spaces
[16] enhancedvith the notion of behavior specificationexpressedn termsof the
first-orderlogic specificatiodanguagdreSpecT [24]. Eachtuplecenterisindepen-
dently programmedhroughits own ReSpecT specificationdefiningits behaior in
respons&o communicatiorevents. As aresult,atuple centerencapsulatethe laws
of coordinationin termsof aReSpecT specificationwhicharebothinspectableand
dynamicallyconfigurable.

In termsof a coordinationcontext, TUCSON provideseachagentwith a view of
the spaceof interactionthatincludesa collectionof coordinationmedia,namelythe
tuple centers- but is not necessarilflimited to that. On the onehand,in fact, the
TuCSoN infrastructures not prescriptve at all: ary interactionpatternotherthan
thetuplecentermediatedbneis in principleavailableto agents.So,for instancefwo
agentscould chooseto interactdirectly and bypasstuple centermediation. On the
otherhand sincetuplecentersareprovidedascoorinationservicedy theTuCSoN
infrastructurethe deliberatechoiceof the agentgo exploit themis enoughto bound
andconstraintheir interaction; until agentsnteractthroughtuple centersthey will
follow thecoordinatiorlawsthattuplecenterembaly. Also, thecoordinatiorcontext
providedby TuCSoN is in generainspectablenddynamicallyconfigurabléyy both
humansand(intelligent)agentshumanganaccesandmodify tuplecenterghrough
inspectorsmadeavailableby theinfrastructue asdevelopmentanddeploymenttoadls,
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whereasgentsareprovidedwith asetof speciaimeta-level primitivesto inspectand
changduplecenterbehaior specifications Sincetuple centersencapsulatboththe
stateof the communicatiorandthe laws of coordinationasfirst-orderlogic clauses,
they canbe in principle exploited by both humansand agentsto monitor a MAS
evolution overtime, andto possiblychangeMAS behaior dynamicallyby suitably
affectingtheir ReSpecT behaiour specification.

12.6 RELATED APPROACHES & OPEN ISSUES

The notion of context-dependentoorination was first introducedin [6]. There,
asin TuCSoN [29], a multiplicity of different programmablduple spacegtuple
centerd25]) areusedto provide mobileagentswith differentcoordinationcontexts,
independentlyprogrammableand configurableby agentsaccordingto their own
applicationneeds. Heretoo, however, prescriptvenessof coordinationis boundto
eitherthe choiceof agentdo interactthroughtuple centersonly, or the ability of the
infrastructureo superimposetuple centermediatednteractionto agents- however,
thisissueis notexplicitly discussedn the paper

A betterdefinednotion of coordinationcontext is insteadintroducedby law-
governedinteraction [19]. There,a setof policy-independentrustedcontrollers
enforcescoordinationlaws asaccesgoliciesto tuple spacedocally to agents.Co-
ordinationlaws arethenembodiedocally to controllers,which basicallywork asa
sortof coordinationcontexts.

Even thoughthey do not discussexplicitly a notion of context, agent-oriented
methodologiesiremoreandmorestressingherole of the ervironmentin the engi-
neeringof complex systemsMethodologiedik e Gaia[39] andSODA [23] emphasize
the ideathat both agentsocietiesand ervironmenthave to be handledasfirst-class
entities. In particular SODA is explicitly meantto exploit coordinationmodelsand
technologiedor the engineeringof the MAS aspectselatedto agentsocietiesand
ervironment.

Given the seminalnatureof thesenotes,several issuesremainopento further
researchThefirstconcernsheproblemof situatednesandexplicit representationf
context [40]. While thenotionof context representatiofanguagenaturallysuggests
a symbolic approachto ervironmentrepresentationit is not yet clear how much
thevery notion of situatedneswould copewell with symbolicrepresentationf the
ervironment[4]. Also, it is notclearwhethercommunicatiorshouldbe handledand
representedsa specialkind of action,or asanindependeniodality of interaction
[15].

The notion of prescriptve coordinationdiscussedn previous sectionsraisethe
issueof security in particularin the context of opensystems.Giventhatthe main
goal of securityis, roughly speakingto manageagent/emironmentinteractionsso
asto preventpossiblyharmful behaviors, securitycanin principle be intepretedas
a coordinationissue[10, 5]. So, how canan agentcoordinationcontext represent
andembodythelevel of securityrequiredby todaysystemsAnd to whatextentcan
securitypoliciesbe definedand enforced without harmingthe fundamentahotion
of agentautonomy?Somework in this directionalreadybegan,eventhoughit is still
quitepreliminary[11].

Lastbut notleast,coordinationcontexts could provide systemswith aneconomy-
orientedview of the ervironment.Informationhasa cost,interactionandcommuni-

196



cationhave acost,too: accesso resourceandservicesaswell asto communication
media,is notto betakenasfreeto agentsandapplicationsn general.Also, coordina-
tion addsavalueperse,which shouldbe properlyaccountedor. So,acoordination
context could in principle be usedalsoto provide agentswith an economymodel
of the ervironment,eventhoughit is not clearhow costsshouldbe representedh
general.Forinstanceanagententeringanew ervironmentcouldinitially contractto
buy acheapand“weak” coordinationcontext (with only limited accesso resources),
andonly aftera preliminaryexplorationphasedeliberatevhetherto leave the place
(having found it not interestingat all) or to staythere,possiblyextendingits local
interactioncapabilitiedy negotiating(andpayingfor) amorepowerful coordination
context.

12.7 CONCLUSIONS

Thestudyof theevolution of humansocietiegells usthatwe cannotevenunderstand
the evolution of individualsandgroupsin any non-trivial settingwithout explicitly
takingtheervironmertinto accaint. Thenotionof contextis alread extensiely used
in severalresearchieldsto modelthe effect of theenvironmentuponindividualsand
organizations.Also, a notion correspondindo objectinterfaceis requiredin agent
systemdo disciplineandengineethespacef ageninteraction-bothagent-to-agent
andagent-to-emironmentinteractions. Then,thenotionof agentcoordination cortext
wasintroducechereasbotharepresentatiotool andarun-timeabstractiormeanto
handleagentenvironmentasa first-classentity in the modelingandengineeringpf
comple agentsystems.

It is aryhow clearthatary feasibleandmanageablaotionof agentcoordination
contet requiresontologiesabstractionsandlanguageto represenageninteraction
within an ervironment,aswell asrun-timetechnologiestools, and methodologies
to handlethe ervironmentasa first-classentity in the modelingandengineeringof
agentsystems.Most of theseissuesarelikely to be addresseih theresearchwork
thatwill follow theseseminalnotes.
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