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Abstract We describeanapproacho socialactionandsocialrelationshipamongsocially
intelligent agentg[1], basedon mutual planningand mutual control of action.
We describesocial behaiors, andthe creationand maintenancef socialrela-
tionships pbtainedwvith animplementatiorof abiologicallyinspiredparalleland
modularagentarchitecture We definevoluntaryactionandsocialsituatedness,
andwe discusshov mutualplanningandmutualcontrol of actionemege from
this architecture.

1 The problem of modeling social relationship

Since,in the future, mary peoplewill routinely work with computersfor
mary hourseachday, wewouldlik eto understantton workingwith computers
couldbecomemorenatural. Sincehumansaresocialbeings,oneapproackhs
to understandvhatit might meanfor acomputeragentanda humanto have a
socialrelationship.

We will investigatethis questionusinga biologically and psychologically
inspiredagentarchitectureghatwe have developed. We will discussghe more
generabroblemof agent-agernsocialrelationshipssothatthe agentarchitec-
tureis usedboth asa modelof a computeragentandasa modelof a human
user

Whatmightconstitutesocialbehaior in asocialrelationship?Theoretically
socialbehaior shouldinclude: (i) the ability to actin compliancewith a set
of social commitmentg2], (ii) the ability to negotiate commitmentswith a
socialgroup(wherewe combine for thepurposeof the currentdiscussionthe
differentlevelsof theimmediatesccial group, aparticularsociety andhumanity
asawhole),(iii) theability to enactsocialroleswithin thegroup,(iv) theability



to developjoint plansandto carryoutcoordinatedction,and(v) theability to
form persistentelationshipsaandsharednemorieswith otherindividuals.

Presumablyasociallyintelligentagentwould recognizeyouto beaperson,
andassigrauniquedentity toyou. It wouldremembeyouanddevelopdetiled
knowledgeof your interactionhistory, what your preferencesre, what your
goalsare,andwhatyou know. This detailedknowvledgewould be reflectedin
your interactionsandactions. It would understan@éndcomplywith prevailing
socialnormsandbeliefs. Youwould be ableto negotiatesharedccommitments
with theagentwhichwould constrairpresentction,future planningandinter
pretatiorof pastevents. Youwouldbeableto developjoint planswith theagent,
whichwould take into accountyour sharecknowledgeandcommitments.You
would beableto actsocially carryingoutcoordinatedoint planstogethemvith
theagent.

Wewouldalsoexpectthatjoint actiontogethewith theagentwvould proceed
in aflexible harmoniousvaywith shardcontrol. Nosingleageniwouldalways
bein control,in fact,actionwouldbein somesensevoluntary forall participarts
atall times.

To develop conceptsandcomputationamechanisméor all of theseaspects
of socialrelationsip amorg agertsisasubgartial project Inthispaperwewill
confineoursehesto a discussiorof joint planningandactionascomponents
of socialbehaior amongagents.We will definewhatvoluntaryactionmight
be for interactingagentsandhow sharedcontrol may be organized. We will
concludethatin coordinatedgocialaction,agents/oluntarily maintainaregime
of mutualcontrol,andwe will shav how our agentarchitectureprovidesthese
aspectof socialrelationship.

2. Our agent architecture

In this sectionwe describeof an agentarchitecturethat we have designed
andimplemented3] [4] andwhichis inspiredby theprimatebrain. Theoverall
behaioral desiderataverefor anagentarchitecturdor real-timecontrolof an
agentin a3D spatialervironment,wherewe wereinterestedn providing from
the startfor joint, coordinatedsocialbehaior of a setof interactingagents.

Datatypes, processing modulesand connections. Ourarchitectures aset
of processingnoduleswvhichrunin parallelandintercommuricate. Wediagram
twointeractingagentsn thefigure Thisisatotally distributedarditecurewith
no global control or global data. Eachmoduleis specializedo processonly
dataof certaindatatypespecificto thatmodule. Modulesareconnectedy a
fixed setof connectionandeachmoduleis only connectedo a smallnumber
of othermodules. A modulereceves dataof giventypesfrom modulesit is
connectedo, andit typically creater computeslataof othertypes.It mayor
maynotalsostoredataof thesetypesin its local store. Processindpy amodule
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Figure3.1. Ouragentarchitecture

is describedy a setof left-to-right ruleswhich areexecutedin parallel. The
resultsarethenselectecdcompetitvely dependingon the datatype. Typically,
only the onestrongestule instances allowed to “expressitself’, by sending
its constructediataitemsto othermodulesand/orto bestoredocally. In some
caseshowever all thecomputediatais allowedthrough.

Perception-action hierarchy. Theagentmodulesareorganizdasapercepion-
actionhierarchy. Thisis anabstractiorhierarchysothatmoduleshigherin the
hierarchyprocesslataof moreabstractatatypes. We usea fixed numberof
levels of abstraction.

Thereareplansat differentlevels of abstractionsoa higherlevel planning
module hasa more abstractplan. The goal module hasrules causingit to
prioritize the setof goalsthatit hasreceved, andto selectthe strongesbne
whichis sentto thehighestievel planmodule.

Dynamics. We devized a control systemthattries all alternatves at each
level until a viable plan and actionare found. We defineda viable stateas
onethat is driven by the currentgoal andis compatiblewith the currently
perceved situationat all levels. This is achieved by selectingthe strongest
rule instance sendingit to the modulebelov andwaiting for a confirmation
dataitem indicatingthat this datumcausedactvity in the modulebelow. If
a confirmationis not receved within a given numberof cyclesthenthe rule
instancds decrementeébr agivenamountof time, allowing thenext strongest
ruleinstanceo beselectedandsoon.

A viablebehaioral statecorrespondo acoherentlistributedprocesswith
a selecteddominantrule instancein eachmodule,confirmeddynamicallyby
confirmationsignalsfrom othermodules.
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3. Social plansand joint action

We generalizedhe standardartificial intelligencerepresentationf planto
onesuitablefor actionby morethanone collaboratingagent. A social plan
is a setof joint stepswith temporalandcausalorderingconstraintsgachstep
specifyinganactionfor every agentcollaboratingn thesocialplan,including
the subjectagent. The way an agentexecutesa planis to attempteachjoint
stepin turn. During a joint stepit verifiesthat every collaboratingagentis
performingits correspondingaction and thento attemptto executeits own
correspondingndividual action. We mademostof the levels of the planning
hierarchywork with social plans,the next to lowestworks with a “selfplan”
which specifiesactiononly for the subjectagent,andthe lowestworks with
concretemotor actions. However, the action of thesetwo lowestlevels still
dependean informationreceved from the perceptiorhierarchy

Initial model and a social behavior. To make thingsmoreexplicit, we’ll
now describea simplejoint behaior which is a prototypeof mary joint be-
haviors, namelythemaintenancef affiliative relationsin agroupof agentdy
pairwisejoint affiliative actions,usuallycalledgrooming.

The socialrelationsmodulecontaineda long term memoryof knowledge
of affiliative relationsamongagents. This wasknowledgeof who is friendly
with who andhow friendly. This modulekepttrack of affiliative actionsand
generatedjoalsto affiliate with friendsthathadnot beenaffiliated with lately.
Eachagenthadstoredsocialplansfor groomingandfor beinggroomed.Usu-
ally a subordinateagentwith groomanddominantonewill be groomed.We
organizedeachsocial plan into four phasesas shawvn in the figure: orient,
approachpreludeandgroom,which couldbeevokeddependingnthecurrent
stateof theactwities of theagents.Eachphasecorrespondetb differentrules
beingevoked.

Attention was controlledby the planningmodulesselectingthe agentsto
participatewith andcommunicatinghis choiceto the higherlevels of percep-
tion. Thesehigherlevels derived high level perceptuainformation only for
thoseagentdeingattendedo.

4, Autonomy, situatedness and voluntary action

Autonomy. The conceptof autonomyconcernsthe control relationship
betweenthe agentand otheragents,ncluding the user As illustratedin our
example,agentsareautonomousin the sensehatthey do not receve control
imperatvesandreactto them, but insteadeachagentreceves messagesand
percevesits ervironment,andmakesdecisiondasednits own goals,andthat
is theonly form of controlfor agents.

Further agentamay actcontinuously andtheir behaior is not constrained
to be synchronizedvith theuseror otheragents.
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Figure 3.2. Fourphase®f grooming

Constraint by commitments. A social agentis also constrainedoy ary
commitmentst hasmadeto otheragents.In addition,we may have initially
programmedt tobecongrained by thegererd sodal commitmensof thesccia
group.

Voluntary control. Thejoint actionis “voluntary” in the sensehat each
agentis controlledonly by its own goals,plansandknowvledge ,andmalkesits
own choices.Thesechoiceswill be consistentith ary commitmentsandwe
arethusassuminghatusuallysomechoiceexistsafterall suchconstraintsare
takeninto account.

Situatednessof action. Howevertheactionof eachageris corditional upon
whatit perceves. If the externalervironmentchangesthe agentwill change
its behaior. This actionis situatedin theagents externalernvironment,to the
extentthatits decisionsaredependenon or determinedy this ervironment.

Thus,anagents to someextentcontrolledby its ernvironment. Ervironmen-
tal changesausetheagentto male differentchoices.If it rains,theagentwill
putits raincoaton, andif | stoptherain,theagentwill take its raincoatoff.

This assumeshattheagent(i) doesnot make randomandarbitraryactions,
(i) doesnot have a supersmarprocesswhich modelseverything and itself,
in otherwords (iii) it is rationalin the senseof usingsomenot too comple
reasoningdr computationaprocesgo make its choices.
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5. Mutual planning and control

Our agentarchitectureis flexibly both goal-directedand ervironmentally
situated.lt is alsoquiteappropriatdor socialinteraction sincetheotheragents
areperceved at eachlevel andcandirectly influencethe actionof the subject
agent.lt allows agentdo enterinto stablemutuallycontrolledbehaiors where
eachis percevedto be carryingout the requirement®f the socialplan of the
other Further this mutually controlledactuvity is hierarchicallyorganized,n
the sensethat control actionsfall into a hierarchyof abstractionfrom easily
altereddetailsto majorchangesn policy.

We implementedwo kinds of socialbehaior, onewasaffiliation in which
agentsmaintainedoccasionaface-to-&ceinteractionswhich boostedaffilia-
tion measuresandthe otherwassocialspacingin which agentsattemptedo
maintainsocially appropriatespatialrelationshipscharacterizedy proximity,
displacementand mutual obserability. The setof agentsformed a simple
societywhich maintainedts socialrelationsby socialaction.

During anaffiliation sequencegachof two interactingagentslaboratests
selectedsocialplanconditionallyuponits perceptiorof theother In thisway,
bothagentswill scanpossiblechoicesuntil a courseof actionis foundwhich
is viablefor bothagents.

This constituteanutual control. Note that the perceptionof the world by
distal sensords quite shared however perceptionby tactile, proprioceptie,
andvisceralsensings progressiely moreprivateandlessshared Eachagent
percevesboth agentswhich hassomecommonand someprivate perception
asinput, andeachagentexecutesdts partof thejoint action.

In eachphaseof grooming,eachagents social plan detectswhich phase
it is in, hasa setof expectedperceptionsof what the other may do, anda
correspondingetof actionswhichareinstantiatedrom theperceptiorof what
is actually perceved to occur If, duringa given phasean agentchangests
actionto anothemlacceptableariantwithin thesamephasethentheotheragent
will simply percevethisandgeneratehecorrespondingction. If, ontheother
hand,oneagentthangeds actionto anothemwhoseperceptioris notconsistent
with the otheragents socialplan,thenthe otheragents socialplanwill fail at
thatlevel. In this lattercase ruleswill nolongerfire atthatlevel, sothelevel
above will notreceve confirmatorydataandwill startto scanfor aviableplan
atthehigherlevel. This mayresultin recovery of thejoint actionwithout the
first agentchanginghowever it is morelikely thatthe inducedchangein the
secondagents behaior will causea similar failure andreplanningactivity in
thefirst agent.

In thecaseof grooming,duringorientationandapproachthegroomeeagent
canmove andalsochangeposture andthegroomerwill simply adjust,unless
thegroomeamovesclearlyaway from thegroomeyin which caseheapproach
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behaior will fail. Whenthegroomerarrivesat preludedistanceijt expectsthe
groomeedo benotmaoving andto belookingathim, otherwisehepreludephase
will notbeactvated. Then,if thegroomeemake a positive preluderesponse,
thegroomercaninitiate thegroomingphase.

Agentsenterinto, andterminateor modify, joint actionvoluntarily, each
motivatedby its own perceptiongandgoals.

6. Coparticipation and engagement

Our notionof socialplanhassomesubtletyandindirectnesswhichis really
necessitatetly the distributed natureof agentinteraction. Thereis no agreed
sharedplanassuch,eachparticipanthastheir own socialplan,whichincludes
expectation®f theactionsof coparticipants Eachparticipantattemptgo find
andto carryouttheir* best” sodal planwhichsatsfiesther goals. In constrained
situationsjt maybethatthe bestsocialplanof eachparticipants very similar
to thebestsocialplansof coparticipantsThussocialplansof individualsmay
be moreor lessengajed Engagementoncenghe agreemenandcoherence
amongtheinstantiationf the socialplansof the participants.

A standardexampleis the prostituteandthe client, which coparticipateand
cooperategachwith his or her own goalsand socialplan. Thus,for social
action, the prostituteneedsto sufiiciently matchthe client’s social plan and
model of prostituteappearancandbehaior, andthe client needsto behae
sufiiciently like the prostitutes ideaof a client.

Adversarialcoparticipatioroccurswith lawyersrepresentinglefendenaind
plaintiff. Sincehowever thereis always a residualconflict or disparity and
residualsharedbenefitsin all relationshipsit is difficult to find casesf pure
cooperatioror evenpureadwersality

Theinitiation (andtermination)of joint actionusuallyinvolveslessengage-
mentbetweenthe social plansof coparticipants.The groomingpreludesob-
senedin socialmonkeysarefor exampleinitially moreunilaterd. Initiationand
terminationusually involve protocolsby which coparticipantsavigate paths
througha spaceof statesof differentdegreesof engagement.

In this model, social interactionis never unilateral. First, some*“other”
is always animaginedcoparticipant. Second,evenin the caseof hardwired
evolved behaiors, the behaior is intendedfor, only works with, and only
makessensavith, a coparticipanteventhough,in this casethereis no explicit
representationf the other It is not clearfor examplewhatrepresentationf
ary, of themotherababymayhave. Thereis for examplebiologicalevidenceof
tuning of the babiessensorysystemguring pregnang, andimmediatelyafter
birth, to the mothers odorandvoice. Thus,the motherconstructsan explicit
coparticipantindthe babyactsasif it hasa coparticipant.
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1. Summary

Wearguedfor anddemonstratednapproacho socialrelationshipappropri-
atefor agent-agenanduseragentinteraction:In a socialrelationship,agents
enterinto mutuallycontmwolled action regimes which they maintainvoluntarily
by mutualperceptionandby the elabomtion of their individual social plans.
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