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Abstract. A significantclassof agentarchitectureslesignedor operationin a
multi-agentworld choosetheir next actionsor plansbasedon a limited anal-
ysis; they ignore consideration®f the multi-agentworld they inhabit, and the
interagentrelationshipthat might influencetheir choice of action. This paper
addressethat problem,andfocuseson the integration of BDI-lik e agentarchi-
tectureswith computationahotionsof normsanddependencto arrive ata com-
putationalmulti-agentorganisatiormodel.We describenitial work in pursuitof
thatgoal.

1 Introduction

Much researchn thefield of intelligentagentsand multi-agentsystemshasbeencon-
cernedwith the developmentof computationabgentarchitectureshataredesignedo
solve particularproblemsor offer generalagent-basedolutions.Progressn this area
hasbeensignificantandthereis now arangeof architecture$o suitavastarrayof prob-
lem scenariosSimilarly, at the organisationalevel, a rich setof abstractionsyhich
includessuchconcernsas normsand dependencied)asbeenidentified and studied.
However, thesetwo importantand complementaryaspectf thefield of agent-based
systemsit somedistancerom eachother, without adequaténtegration,particularlyat
thelevel of computationahrchitectureln particular a significantclassof agentarchi-
tectureghataredesignedor operationn a multi-agentworld choosetheir next actions
or plansbasedon avery limited analysis(if any analysisat all) of theseorganisational
issues.That is to say that althoughthe intentionis for multi-agentoperation,these
systemsgnoreconsiderationsf themulti-agentworld they inhabit,andtheinteragent
relationshipthatmightlegitimatelyinfluencetheir choiceof action.We targetthis prob-
lem, andfocus on the integration of BDI-lik e agentarchitecturesvith computational
notionsof normsanddependence arrive ata computationamulti-agentorganisation
model.In this paperwe describanitial work in pursuitof thatgoal.

In the next sectionswe presenta particularkind of agentbasedon the BDI model
of agentsThen,we describeimportantnotionsof power anddependenceandfinally
considemormsbheforesummarisingThekey pointis thatalthougheachsectionfocuses
ondifferentaspectsthey areintegratedbothin the mathematicatlescriptionandin the
textual explanation offering a unifiedaccountof architecturepower, andnorms.

2 An Abstract BDI Agent

Perhapghe mostcommonandmostwidely cited deliberatve agentarchitectures the
BDI architecturén its mary formsandguises Basedaroundintuitive folk psychology
notionsof belief, desireandintention,BDI hasbecomealmosta default architecture,
or abasearchitecturdrom which to considermoreadvancedor moresophisticateds-
pectsnotaddresseth themoresimpleversionsOur own view is thatfor thesereasons



andfor othersrelatingto applicability andgenerality BDI is thereforean appropriate
placeto start.Yet the differentversionsof BDI architecturegventhosefrom the same
tradition, (e.g.[2, 13]) all have ratherdifferentspecificarchitecturabasesAs a means
of building up a generalmodelof power and norms,we startby offering an abstact
BDI architecturewhich doesnot fit with arny specificmodel,but is inspiredby previ-
ouswork on dMARS [10] andAgentSpeak(L]11]. It includesthe salientfeaturesput
omitsirrelevantdetails. The modelitself follows this previous work andconsequently
we do not provide anextensive descriptionln whatfollows, we usethe Z specification
languageo constructa formal modelof the BDI agentsandof interagentdependence
andnorms.Z is basedon set-theoryandfirst orderlogic, with full detailsavailablein
[17]. For reason®f brevity, however, we will notelaborateheuseof Z further.

Agent and Agent State In general,a deliberatve agentis essentiallydefinedby its
plan library, which containsall the recipesfor actionthe agentknows about,andits

capabilitiesor specificactions.
Deliberative Agent

|7planlibmry : P Plan

capabilities : P ExternalAction

At run-time,anagentwill alsohave asetof events beliefs,goalsandintentionsthat
aregeneratedn responséo the environmentthroughthe reasoningandactioncontrol
cycle of the agent.Thesecomponentslefinethe agentactingin the world, andarethe
key artifactsthat are manipulatedo ensureeffective behaiour. We considereachin

turn.
Agent

DeliberativeAgent
events : P FEvent; beliefs : P Belief
goals : P Goal; intentions : P Intention

We start,however, by sayingnothingaboutthe natureof externalactionsor beliefs,
which we parachuteénto our specificatiorasgivensets Effectively, they areprimitives
(althoughbeliefsaretypically implementedasfirst-orderpredicatesandin a moreso-
phisticatedand detailedanalysiswe might equally do the same) Externalactionsare
simply thoseactionsthat changethe stateof the world, andbeliefsaretherepresenta-
tion of informationaboutthe world. The alternatve to an externalactionis aninternal
one,which eitherremovesor addsa belief to or from the agents setof beliefs. Also
key to mary BDI architecturess thenotionof anevent,whichis simply somethinghat
happensn the world that canbe perceved, andit is eithera goal or a belief. (It may
be a new goal or belief or the removal of a goalor belief.) Finally, goals,which direct
behaiour, andaredesirablestatego be achiered,aredefinedaseitherachieving some
belief (which amountsto makingsomepredicatetrue in general)or queryinga belief

(whichamountdo testingif apredicatds true).
[ExternalAction, Belief]

InternalAction ::= add{{Belief )) | remove{Belief ))
Event ::= goal { Goal)) | belief ({ Belief ))
Goal ::= query{Belief ) | achieve{ Belief ))

Agent Plans Now, plansarethemostsophisticatedlatastructuran deliberatveagents,
andeffectively specifythe courseof actionto betakenby theagentin achieving goals.



They consistof several key componentsFirst, the plan body; typically comprisinga
sequencef actions,encapsulatethe agents “know-how”. This is the mostimportant
partof a plan, but we alsoneedto specify the conditionsunderwhich a plan canbe
initiated or continue, andwhat happensvhena planfails or succeedsTo start,a plan
requiresatriggering event,which is simply an eventthatcauseghe planto fire. Once
this occurs,its applicability to the currentsituation must be determinedthroughthe
contet, which is a setof beliefsthat are entailedby the currentbeliefs of the agent.
At this point the planbecomesctive (thatis, it is relevantandpossible).For the plan
to continue we alsoneedto includethe notion of maintenanceonditionswhich must
hold for the plan to be executable.Finally, we needinternal actionsto specify what
happensvhena planfails or succeeds
Plan
trigger : Event; context : P Belief
body : Body; maintenance : P Belief
fail, succeed : P InternalAction

Now, althoughthe mostgeneraltype of a planis a tree,with branchesandchoice
points,sucha structuremakesthe formal specificationof dependencieannecessarily
complicatedn whatfollows. We thereforespecifya body of a planto be a sequence
of brancheswhich are eitheractionsor goals,with actionsbeinginternalor external.
Thereis no lossof generalityhere,asa treecanbe consideredo be a setof sequence
of branchesvhereeachsequencés a possiblepathfrom therootto aleaf node.

Body == seqBranch

Branch ::= action{{Action)) | goal{{ Goal))

Action = internal {InternalAction)) | external{{ ExternalAction))

Plan Instances A plan instanceis an active plan that hasbeeninstantiatedas either
anadditionto an existing intentionor asa new intention.This planinstancerepresents
a copy of the original plan that now senesasa mentalattitude directing behaiour
as opposedto a recipefor behaiour. The distinction betweenplansas recipesand
plansas mentalattitudesis very importantin the study of deliberatie agentsandin
this specificationwe distinguishbetweencalling the former plansandthe latter plan
instancesThe only distinctionwe make in our abstractBDI modelis thatevery plan
instancehasa statuswvhich determinesvhetherthe planinstancds currentlyexecuting.

PlanInstance
FPlan; status : Status

Status ::= active | suspended

Now, oncea goal is selectedfrom thosethe agentdesires,a plan is selectedto
achieve that goal; this plan forms the basisof the intentionthat will directthe future
behaiour of theagent.In short,anintentionis a sequencéor stack)of planinstances.

Intention == seqPlanInstance

In orderto selectaplanasanintentionin respons¢o anevent,we mustfirstgenerate
thoseplansthatarerelevant(thosethataretriggeredby anevent),andthenthesubsebf
thesethatareapplicablewith the currentbeliefs (thosewhosecontexts area subseif
thecurrentbeliefs). Thevariablesrelevantplans andactiveplans associateachevent



with the currentsetof relevantandapplicableplans.The executingplansof anagents
arethoseplaninstanceshatareatthetop of eachintentionstack.

__ AgentState
Agent
genrelevantplans : Event — (P Plan) — (IP Plan)
genapplicableplans : (P Plan) + (P Belief) — (P Plan)
relevantplans, activeplans : FEvent -» P Plan
allrelevantplans, allactiveplans : P Plan
ezecutingplans : P PlanInstance

(domrelevantplans U domactiveplans) C events

Ve : events e relevantplans e = genrelevantplans e planlibrary A
activeplans e = genapplicableplans (relevantplans e) beliefs

allrelevantplans = | J{e : events e relevantplans e}

allactiveplans = | J{e : events e activeplans e}

ezecutingplans = {i : intentions e first i}

3 Dependence

The architecturedescribedabove is a generalisedversionof the standardBDI model
that underliesnumerousagentsystemslt decideson its courseof actionby identify-
ing relevantandapplicableplansto instantiateasintentionsfor execution.The problem
with this modelasit standgs twofold: first, theremay be multiple plansin the planli-
brarythatmaybebothrelevantandapplicable andthe modelsaysnothingabouthow to
choosebetweerthem;secondthemodeldoesnotincludeany consideratiorof depen-
dencieor otherrelationshipbetweeragentshatmayimpacton the suitability of plans.
In thissectionwe describeasimplifiedpowermodelbasednthework of Castelfranchi
andotherson socialpower theoryandsocialdependencaetworks (SDN), thatcanbe
usedasa basisfor makingsuchjudgementbetweerplans.

Agent Models Beforewe canconsiderdependencaotionswe first briefly turn our at-
tentionto themodelsagentanusthave of eachotherin orderto be sociallyadequatén
generalln orderthatagentantake advantageof the capabilitiesof othersthey gener
ally needmodelsof them;morewer, for agentdo investigateghe variousdependencies
thateachagentmay have on others,a modelof their goals,beliefsandintentionswill
alsoberequired Usingthetechniqudrom the SMART agentframenork [15,12], agent
modelsareconstructedtthis level of abstractiorby applicationof the existing models
for describingdeliberatve agentarchitectures.

AgentModel == AgentState

In generalagentshave amodelof every otheragentandof themseles.
—_ AgentModels
AgentState

models : P AgentModel; self - AgentModel

self € models

Now that we have defineddeliberatve agentsand their models,it is possibleto
investigatehe notionof dependencbetweeragents.



Action Dependence Castelfranchandcolleaguesievelopedthe social powertheory
[3,5], which claims that by comparingthe dependencef one agenton otherswith

their dependencen it, socialbehaiour results.Accordingto Castelfranchit al. [5],

anagentdepend®n anotherto performanactionusefulfor achieving oneof its goals,
if it is unableto performthe actionwhile the otheragentcan.Basedon this notionwe
formalisea moregenericrelationshipamongagentsn our framework, by first defining
a dependenceelationshipbetweenagentswith respectto an actionin termsof the
capabilitiesof both.

actionDepend_ : P(AgentState x AgentState x ExternalAction)

Y ag:, ags : AgentState; ac : ExternalAction e
actionDepend(ag, agz, ac) <
ac & agy.capabilities N ac € ags.capabilities

Then,adependenceelationcausedy anactionexistsif thereis a currentintention
of theagentwhich canonly be performedby anotheragent.This meanghatthe action
is includedin the instantiatedplan that compriseghe intentionasthe executingplan.
Also noticethattheanalysiss now from theperspectie of the planningagentandmust
thereforebewith respecto themodelit hasof otheragents.

excPlanActionDepend_ : P(AgentModels x AgentState x ExternalAction)

V ag; : AgentState; ags : AgentModels; ac : ExternalAction e
excPlanActionDepend(agy, ags, ac) <
ags € agy-models A (3 p : agy.executingplans e
ac € (ranp.body) A actionDepend(ag, ags, ac))

Plan Dependence As canbe seenfrom the above andin line with the social depen-
dencenetworksoriginally proposeddy Sichmanet al. [16], in general anagentneeds
to reasonaboutdependenciewith respecto its plans andwe extendour definitions
accordingly Specifically we candefinesereral categoriesof plandependencirespec-
tive of whetherthatplanis active, relevantor executing.First, we considetthe situation
wherethe plan of one agentincludesactionsthat are not in its capabilitiesso that it
reliesonthe capabilitiesof another

planDepend_ : P(AgentState x AgentState X Plan)

Y agi, age : AgentState; p : Plan | p € agi.planlibrary A ag) # ago ®
planDepend(ag: , ag, p) < (3 ac : ExternalAction e
ac € (ranp.body) A actionDepend(ag., agz, ac))

Furthercateyoriescanalsobe definedeasily For example,reciprocaldependence
amongplansdescribeghe situationwherethereis a planin thelibrary of anagentag;
that needsan actionthat canbe achiezed by ag2, anda planin thelibrary of ag, that
needsanactionrequiringanactionof ag; .

recPlanDepend_ : P(AgentState x AgentState x Plan x Plan)

Y agi, age : AgentState; pl,p2: Plan |
pl € agi.planlibrary A p2 € age.planlibrary A agr # agz ®
recPlanDepend(ag:, ag2, pl,p2) &
planDepend(ag:, aga, p1) A planDepend(ags, ag1, p2)



Clearly, the problemof dependencés mostacutein a multi-agentsystemwhen
thereis only one agent with the requiredcapability causingsucha dependencerThis
meanghat an agentreally doeshave power over anotherif ever the plan becomegin
increasinglegree)relevant,applicableandchoserfor execution.

— MultiAgentSystem
agents : P AgentState

specPlanDepend_ : P(AgentState x AgentState x Plan)

Y ag1, ags : AgentState; mas : MultiAgentSystem; p : Plan |
({ag1, ag2} C mas.agents) o
specPlanDepend(ag: , aga, p) <
planDepend(ag1, ag2, p) A (A ags : mas.agents o
(ags # ag2) A planDepend(ag:, ags,p))

In summary an agentneedsto reasonwith respectto events(which include the
goalsof the agent)in orderto malke sensiblejudgementsaboutits choiceof plansto
execute.More precisely it mustconsiderthe relevant plansassociatedvith an event,
thenthe applicableplans,andfinally the executingplansor intentions.In multi-agent
systemsagentsalsoneedto reasoraboutthedependenciesf plansatall stagesn order
to considercompetingalternatves.In particular if agent4 depend®n B for arelevant
planbut B depend®n A for anexecutingplan,then A canbe saidto have morepower
than B. Equalpower occurswhentwo agentdothhave executingplansthatdependn
eachother Noticethatthis analysisis now basedn the executingplansof agentsand
themodelsthatagentshave constructegbouteachothet
_ EzecutingPlanReciprocation
AgentModels
reciprocate_ : P(Plan x Agent x Plan)

YV ag : models; p1,p2 : Plan e
reciprocate (ag,p1,p2) < p1 € erecutingplans A
p2 € ag.executingplans A recPlanDepend (self , ag, p1, p2)

Goal Dependence Not only may agentsdependon the actionsof othersto achieve

theirintentions,it may alsobe thatthey rely on eachotherto achieve their goals This

occurswhenan agentrecogniseshat the body of a plan containsa stepthatis a goal

for whichit cannotcurrentlygeneratery relevantor applicableplans.In this situation,
the agentmust either find anotheragent,which is sufficiently capableof generating
appropriateactive plans,to adoptits goal, or recognisethat anotheragentcurrently
hasthis goal so that the intentioncanbe completed(Note thatwe do not addresghe

problemof how anagentfindsanotherto adoptits goal, but aremerelyconcernedvith

the dependenceelationsin this paper) We formalisethe first of thesenotionshere
by usingthe predicatescanPlan and noPlan which determinewhetheran agentcan
generateary active plansfor a particulargoal.

canPlan_, noPlan_ : P(AgentState x Goal)

Y ag : AgentState; g : Goal | g € ag.goals e
canPlan(ag, 9) & ag.activeplans(goal g) # {} A
noPlan(ag, g) & ag.activeplans(goal g) = {}



Thenwe candefinethe notion of anagentdependingon the planningcapabilities
of anotheragent basednthemodelsthatthefirst hasof thesecondn orderto achieve
someexecutingplan,whichis partof somecurrentintention.

goalDepend_ : P(AgentState x AgentState x Plan)

Y agi, ags : AgentState; p : Plan | aga € agr.models o
goalDepend(agi , agz, p) <
(g : Goal | goal(achieve g) € (ranp.body) e
noPlan(ag:, g) A canPlan(aga, g))

4 Norms

Now, agentsocietiesof all kindstypically includecertainconstrainton behaiour that
areknown asnorms Norms have beenseenasa naturalway of improving coordina-
tion andcooperatiorin multi-agentsystemsecausehey canrestrict,andmake more
predictablethebehaiour of agentsResearchergsedifferentformsto representhem,
suchascommitmentsasin [14], as mentalattitudes[6], or asobligations,authorisa-
tions and corventions[8]. In addition, several differentwaysto reasonaboutnorms
have beenproposed4, 7,9, 1]. Although someof the mainideasof theseresearctef-
forts have beentakeninto accountin our model,we have choserto startwith our base
in orderto be ableto integrateour notionswith the architecturedescribedearlier Nev-
erthelesswe agreewith the basicunderlyingprinciple of the majority of suchwork
thatnormsare mentalattitudesdirectedat controlling the behaiour of agentsthatis,
normsarepro-attitudes.

Normsare simply rulesin a societythat mustbe compliedwith by one or more
agentslIn this sectionwe introduceandspecifysomenormsthatarecommonin agent
societiesandshov how they fit with the architecturedescribedearlier (The problems
of how to usethemin reasoningof themis left for future work). Specifically anagent
may have accesgso certainnormswhich arerepresentedsdatastructureselatingto
socialrules. Thesemay be commonto all agentgsuchaswith a mutually understood
sociallaw) or only availableto some.The mostgeneralstructureof a norm we can
representontainghefollowing specificcomponents.

— NormStructure
normativegoal : Goal; context, exceptions : P Belief;
addressees, beneficiaries, defenders : P Agent
rewards, punishments : P Goal

context # {}; addressees # {}

First, thereis a normativegoal, which is the goal thatthe relevantgroupof agents
mustseekto achiese. Then,the context of anormrefersto the setof beliefsthatmust
betruefor thenormto beactive, unlessagentsarein exception statesNow, eachnorm
appliesto a certainsetof agentsn theworld — it maybeall agentsprit mayonly bea
limited subsetln eithercase however, the addressee agentsvho shouldobey thenorm
mustbe specified Typically, thereis alsoa setof benefeciary agentswhich arethose
agentswho might specificallygain from the addresseagentsadoptingthe normative
goal. Normsmay be monitoredby agentseferredto as defenders, who canadoptthe
goalof initiating certainpunishmentsf the normis not compliedwith. Finally, it may



be thatary beneficiaryagentis expectedto reciprocateby adoptinga goalfrom some
pre-definedsetof rewards.

In a societyof autonomousgentsmary kinds of normscanbe found. However,
we consideronly obligationsandsocialcommitmentsiueto spaceconstraints.
Obligations and Social Commitments Obligations may be definedas the kind of
norm which compelsa group of agentsto do somethingfor anothergroup of agents.
Generally obligationsareadoptednceagentshecomemembersf a society andper
sistasalongasthey stayin the society Their maincharacteristiés thatagentsarepun-
ishedif the normative goalis not satisfied Normative goalsaresatisfiedeitherin order
to avoid punishmentsr just becausagentshave a senseof high socialresponsibility

— Obligation
NormStructure

punishments # {}; defenders # {}

Thesecondtatggory of normis socialcommitmentsvhicharenormscreatedhrough
agreementsr negotiationsbetweertwo or moreagentsindeed they arepartof adeal
betweentwo groups,the setof addresseagents(which could be only one)who are
obligedto achieve a goal, andthe setof beneficiaryagents(who sometimesalsobe-
comedefenderagentsandare consequentlyesponsibldor monitoringthe fulfillment
of the social commitment).Generally oncethe normative goal is achieved, a reward
is claimed.In contrastto obligations,socialcommitmentsare just temporal,and may
disappeaponcethe committedduty becomesatisfied.

___Social Commitment
NormStructure

#beneficiaries = 1; rewards # {}

Furthercategoriesof norms,suchasprohibitions which may be definedasstates
to be avoided for a group of agents,or social codes which suggesthe inclusion of
extra actionsin plans,may also be definedsimilarly, but we will not considerthem
further heredueto lack of space Now, without eliminating the possibility of having
othercateyories,we statethata normcanbeanobligationor a socialcommitment.

Norm ::= obligation{{ Obligation)) | socialcommitment{{SocialCommitment))
In generalanormativeagenthasall the componentsve have previously described
including goals,beliefs,intentionsrelevantandapplicableplans,modelsof the goals,
beliefsetc.,of otheragentsanda setof normswhich includesthe obligationsandcom-
mitmentsthatit hasadopted.
NormativeAgent

AgentState
norms : P Norm;

Social Powers Theintroductionof normsinto this framework opensup new possibil-
ities for consideringhe power (anddependencegnagentmay have over otheragents,
notbecausef its sophisticateghlanningcapabilities put becausef the socialresponsi-
bilities arisingfrom norms.Thus,societiesvith normscanresultin situationsn which,




for example,moretalentedagentsmay helpagentshatarerelatively lessable.For ex-
ample,an agentin a particularsocietymay adopta goalto help a certainbeneficiary
ratherthanbeingobligedto leave thegroup.In this casethebeneficiaryhaspower over
this agentwith respecto the normatie goal.

We canformalisethesenotionsin the next schemalt stateshatanagenthaspower
throughan obligation over anotheragentwith respectto a goal, if thereexists some
active socialobligationof thesecondagentin which thefirst is oneof thebeneficiaries.

powerbyobligation_ : P(NormativeAgent X NormativeAgent X Goal)

Y ag1, ags : NormativeAgent; g : Goal e
powerbyobligation(agy , aga, g) < (3 o : Obligation e
0 € aga.norms A agy € o.beneficiaries A g = o.normativegoal)

Thenotionof socialcommitmentbetweeragentsalsointroducepower. If anagent
agreego adoptsomegoal of anotheecaus®f a previousagreementhenthesecond
agenthaspowerthrougha socialcommitmenbver thefirst.

powerbycommitment_ : P(NormativeAgent x NormativeAgent x Goal)

Y agy, ags : NormativeAgent; g : Goal e
powerbycommitment(agy , agz, 9) < (I sc : Social Commitment
sc € agy.norms A agy € sc.beneficiaries A g € sc.rewards)

Furthercategorisationis possiblehere,but spaceconstraintdictatethatonly these
mostimportantpower relationshipghroughnormscanbe presented.

5 Discussion

The analysisprovided above seeksto shov how we can move towardsa unified ac-
countof social power thatincludesnot only dependenceelationshipsput also other
relatedconceptsparticularly agentarchitecturesand the importantsocietalconcerns
of normsthatwill facilitatemoresophisticatedndeffective socialreasoningPrevious
work in this areahasfocusedon theseconcernsput in a discreteand somavhatarbi-
trary fashion.In this work, we seekto join the differentaccountsn a seamlessvay,
with an integratedframework that canbe usedto betterunderstandind reasonabout
the structureghat arisefrom the relationshipsn socialorganisationsindeed,we are
notjust integratingbut alsoextendingandfilling the gapsthatresultfrom considering
theseimportanttopicsindependently

Forinstancepur socialdependenceoncepis slightly differentfrom thatpresented
by Sichmaretal. [16], mainlybecaus¢heagentarchitecturetselfis included.lt allows
a cleardifferentiationbetweernrelevant, active and executingplansmakingthe calcu-
lus of dependencsituationsmore accurateln Sichmans work, for example,a false
dependenceelationshipis foundif the plan causingthe dependencés not selectedo
achieve the consideredgoal. We addresshis problemby consideringdifferent cate-
goriesof plans.In addition,in contrastto the staticvision of built-in normsthat must
alwaysbe compliedwith, our work goesin the samedirectionasBoello & Lesmo[1],
Dignum, Conteand Castelfranchi8, 7] amongothers.Thatis, we considemormsas
indispensablelementgo avoid chaosin ary societycomprisingmultiple autonomous
agentgepsonsibldor their own decisions.



Althoughmuchwork regardingnormsremainsto be done,our initial work, in con-
trastto otherproposalsincludesa structurewhich allows differentcategoriesof norm
to berepresentedn addition,atasteof powerrelationshipdasedn socialregulations
hasbeengivenasthe first steptowardsan enhancegower modelof relationshipsin-
deed,work is alreadyundervay on exploring questiongrelatingto the origination of
normsandrelationshipghatgive rise to power, aswell astheir usein reasoningabout
thechoiceof actionsandplansto execute andagentso cooperateavith.
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