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Abstract. Identifying situationsin which power exists is an ability that agents
canexploit whenthey must interactwith oneanother. In particular, agentscan
take advantageof empoweredsituationsto make otheragentssatisfytheir goals.
Theaimof thispaperis to identify situationsin whichpower mightexist through
the rolesagentsplay in a societyaswell asthe powers that emerge from their
own capabilities.However, unlike othermodelsin which power is eternaland
absolute,in our modelpower is alwaysconsideredasbeingdynamic.

1 Intr oduction
Identifying situationsin which power exists is an ability thatagentscanexploit when
they needto interactwith oneanother. In particular, agentscantake advantageof em-
poweredsituationsto make otheragentssatisfytheir goals.That is, oneof theadvan-
tagesfor agentsin asocietyis thatthey canovercometheir limited capabilitiesby using
the capabilitiesof othersand, in this way, satisfy goalsthat might otherwisenot be
achieved.However, giventhatagentsareautonomous,thebenevolentadoptionof goals
cannotbetakenfor grantedsinceagentscanchoosenot to adoptthem[15], andthere-
fore a mechanismto influencethemmustbeused.Oneeffectivemeansof doingthis is
by usinginfluence,or power, but power is never effective without target agentsbeing
in a situationthatallows themto beinfluenced.

Accordingto Ott [18], power canbe definedasthe latentability to influencethe
actions,thoughtsor emotionsof othersand,consequently, it is thepotentialto getpeo-
ple to do thingsthe way you want themdone.Translatingtheseconceptsto an agent
context, we cansaythat powersof agentsareexpressedthroughagentcapabilitiesto
changethebeliefs,themotivations,andthegoalsof others.However, powerexistsonly
if otheragentscanbe influenced.That is, power involvesa bilateral relationshipbe-
tweentwo agents,the onewho exerts the power and the oneon whom the power is
exerted[9]. What is importantto understandnow is both wherethe power of agents
comesfrom andwhy someagentsbecomeinfluenced.

Towardsthis end,the main objective of this paperis to analysethe situationsin
which power canbe identified,whereassituationsin which agentsareinfluencedare
left for future work. Unlike othermodelsin which power is eternalandabsolute,in
our model power is always consideredas being dynamic. That is, powers appearing
in a particularsituationmight not exist in another, andthey cannotbeexertedover all
agents,but aparticularsubsetof agents.In addition,ourmodelalwaysconsiderspowers
of agentsasbeingrelatedto thegoalsof targetagents(i.e. thoseto beinfluenced).We
startour discussionby definingautonomousagentsandnormsin Section2. After that,
powersexisting in a societyaredescribedin Section3, whereaspowersthatareresult
of agents’capabilitiesarediscussedin Section4. Finally, bothconclusionsandfuture
work arepresented.



2 Agentsand Norms
In thissection,wedescribethebasicblocksfrom whichto build upour theoryof power
relationships,andwhich underpinseveral aspectsnot includedin this paper, but de-
scribedelsewhere[13,14,16]. In particular, we adoptthe SMART agent framework
describedin [8] and,in whatfollows,we usetheZ specificationlanguageto construct
a formal model.Z is basedon set-theoryandfirst orderlogic, with detailsavailablein
[21]. For brevity, however, wewill not elaboratetheuseof Z further.

In theSMART agentframework, anattributerepresentsaperceivablefeatureof the
agent’s environment,which canbe representedasa predicateor its negation.Then,a
particularstatein theenvironmentis describedby a setof attributes,a goal represents
situationsthatanagentwishesto bringabout,motivationsaredesiresorpreferencesthat
affect the outcomeof the reasoningintendedto satisfyan agent’s goals,andactions
arediscreteeventsthat changethe stateof the environmentwhenperformed.For the
purposesof this paper, we formally describeenvironmentalstates,goalsandactions.
Detailsof theremainingelementsarenotneeded,soweconsiderthemasgivensets.� �������	��
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In addition,anentity is describedby a non-emptysetof attributesrepresentingits

permanentfeatures,a setof goalsthat it wantsto bring about,a setof capabilitiesthat
it is ableto perform,anda setof motivationsrepresentingits preferences.Moreover,
agentsareentitieswhosesetof goalsis not empty, andautonomousagentsareagents
with non-emptysetsof motivations.By omitting irrelevantdetails,we formalisethem
asfollows.�:9;�+���
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An agentmay have accessto certainnorms,which arerepresentedasdatastruc-
turesrelatingto socialrules.Normsaremechanismswithin a societythatinfluencethe
behaviour of agentswithin it; they canbecharacterisedby observingseveraldifferent
aspects.First, normsmustbe compliedwith by a setof addresseeagentsin order to
benefitanothersetof agents(possiblyempty).They specifywhatoughtto bedoneand,
consequently, they includenormativegoalsthatmustbesatisfiedby addressees.Some-
times,thesenormative goalsmustbedirectly intended,whereasothertimestheir role
is to inhibit specificgoals(asin thecaseof prohibitions).Second,normsarenotalways
applicable,andtheir activationdependson thecontext; theremaybeexceptionswhen
agentsarenot obligedto complywith thenorm.Finally, in somecases,normssuggest
the existenceof a setof sanctionsor punishmentsto be imposedwhenaddresseesdo
not satisfythenormativegoal,anda setof rewards to bereceivedwhenthey do.Thus,
thegeneralstructureof a normcanbeformalisedasfollows.
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Now, in order to know if a norm hasbeenfulfilled, the satisfactionof its associ-
atednormative goalsmustbeverified.This is true if thenormative goalsarea logical
consequenceof thecurrentenvironmentalstate.This is formalisedasfollows.
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Moreover, a normativeagent is an autonomousagentwhosebehaviour is shaped
by theobligationsit mustcomplywith, prohibitionsthat limit thekind of goalsthat it
canpursue,socialcommitmentsthathave beencreatedduringits sociallife andsocial
codeswhich maynot carrypunishments,but whosefulfillment could representsocial
satisfactionfor theagent.All theseresponsibilitiesarerepresentedby norms.
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Sometimes,it is usefulto observenormsnot throughthenormativegoalsthatought
to be achieved,but throughthe actionsthat canleadto the satisfactionof suchgoals.
Thenwe cantalk aboutactionsthatareeitherpermittedor forbiddenby a normasfol-
lows.If thereis astatethatactivatesanorm,andtheresultsof aparticularactionbenefit
theachievementof theassociatednormativegoals,thensuchanactionis permittedby
the respective norm. Similarly, forbiddenactionsarethoseleadingto a situationthat
contradictsor hindersnormative goals.In general,it is not trivial to observe how the
resultsof anactionmight benefitor hindertheachievementof normative goals,but to
avoid drilling down into the intricatedetailsof this, theassociationsbetweensituation
statesthatmight eitherbenefitor hindergoalsaretakenfor granted.Moreover, we de-
fine two relationsthathold amonganactionanda norm,which eitherpermitor forbid
it, asfollows.
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In otherwords,if anactionis appliedin thecontext of anorm,andtheresultsof this
actionbenefitthenormativegoals,thentheactionis permitted,otherwisetheactionis
forbidden.



3 Institutional Powers
It is generallyacceptedthat socialstructuresdefinepower relationshipsderived from
the rolesagentsplay in a norm-basedsystem.In suchsystemsthereexist normsthat
entitle someagentsto direct the behaviour of others.Therefore,as long asan agent
wantsto belongto sucha system,it mustrecognisethe power, andthereforethe au-
thority, of certainagents.We call thesekinds of powers institutional powers, a term
thatweborrow from [11], andbeforeanalysingthemwedefineanormativemulti agent
systemas a set of normative agentscontrolledby a commonset of norms.In such
systemsfour typesof normscanbe identified,namely, normsdirectedat controlling
all agents(

�[��� E @ Y ���H! ), normsdirectedat enforcingcompliancewith normsby ap-
plying punishments(
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normsby giving rewards(
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new norms(

2i�L9��b@	2i�����������[��� E @ ). To effectively representtheir function,thestructureof
thethreelastsetsof normsis constrainedasfollows.Enforcementnormsareactivated
whena normis not fulfilled in orderto punishits offenders.By contrast,rewardnorms
areactivatedwhenanormis fulfilled, andtheirnormativegoalsareaimedat rewarding
the responsibilityof addresseeagents.Finally, legislationnormsallow someagentsto
issuenew norms.Theseconstraintsarerepresentedin therelationshipsbelow.�+�"J
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A normative multi-agentsystemis formally definedin theschemabelow. Thefirst
predicatestatesthatall membersmusthave adoptedsomeof thenormsof thesystem,
thesecondmakesexplicit thataddresseesof normsmustbemembersof thesystem,and
thelastpredicatesrepresenttheconstraintson eachsetof norms.Y ��� E ���������	���/!
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Aswecanobserve,normsarein factthewayto empoweragentsbyentitlingthemto
punish,rewardor legislatein anormativemulti-agentsystem.In summary, it canbesaid
thatinstitutionalpowersarepredeterminedby normsthatentitleagentsto demandother
agentsto behave in a certainway. Howeverwe admitthatthosenormscanchange.We



canidentify at leastfour typesof institutionalpowersin a norm-basedsystem,namely,
power to issuenew norms,power to punishoffendersof norms,powers to claim a
reward,andpowersto claimbenefitsfrom a norm.
Legal Power This is thekind of power that legislators,asaddresseesof a legislation
norm, have becausethey are entitled to issuenew ordersfor the membersof a nor-
mative multi-agentsystem.For instance,whenthe managerof a factorygivesorders
to workersunderhis control, we canobserve that he is exerting the power acquired
by therole heplaysin thefactory. Here,workersacceptthemanager’sordersbecause
they recognisehis authorityandthereforehis power in the socialstructure.This kind
of power is formally definedin theschemabelow, which statesthatanagenthaslegal
poweroveranotherif thefirst is a legislatorin thesamenormativesystem.Dueto type
compatibility, first a functionto casta normativeagentasanagentis introduced.��cF�<�+9;�+���]A Y ��� E ���������<�:9;�
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Legal CoercivePower It canbesaidthatin a normativemulti agentsystem,anagent
haslegal coercivepoweroveranother, if thefirst is legally allowed,throughanenforce-
mentnorm, to punishthe secondwhen it fails to comply with a norm. Enforcement
normsavoid the situationin which otheragentscoercetheir peers.For instance,in a
factory, only managersareentitled(by norms)to fire their workersif their production
level decreases,no workercando so.2i�L9;��2i5<�1�
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Legal Reward Power Onceanagentcomplieswith its responsibilities,it acquirethe
power to claim the rewardoffered.In fact, this is considereda right of the agentwho
satisfieda norm, andit becomesan obligationof the responsibleagentfor providing
rewards.2i�L9;��2?�>�
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Consequently, anagenthasreward power over another, if thefirst hasalreadyful-
filled a normfor which thesecondagentis responsible(througha rewardednorm)for
providing a reward.

Legal Benefit Power Agentswho areexpectingto receive thebenefitsof a normfor
which non-compliancemight be penalisedarealso empoweredagents,becausethey
can achieve somethingby using other agents’abilities. The benefitsare guaranteed
throughlegal enforcementof fulfillment. In otherwords,an agenthasbenefitpower
overanother, if thereis asatisfiednormfor whichthefirst is abeneficiary, thesecondan
addressee,andthereexistssomeoneentitledto punishnon-compliancewith thenorm.2i�L9;��2i
<�+�Q��\q�I=F��_:�
� A�&:k Y ��� E ���������<�T9��+���ol Y ��� E ���������>�T9��+���Vl Y ��� El Y ��� E ���������
���H!~m

n �+9 ( �1�+9"�%A Y ��� E ���������<�T9��+���
,V��A Y ��� E ,6� E ��@%A Y ��� E ���������
�|�/!�p2y��9;��2y
>�+�Q��\q�I=���_:�+�^k`�"9 ( �1�"9+���+�)�+� E ��@1mtsukSkS��v�� E ��@-xy�Q��� E @ Y �|�/!tm~fk>�+9 ( v�� E ��@-x E � E 
>�+�<@1m~fzka��cF�<�"9��+���o�+9 ( v��)x�
>�+�Q��\T5+�����	���
@1mTfk>�+9"�%v�� E ��@-x E � E 
>�+�<@1m~fzka��cF�<�"9��+���o�+9"�%v��)x��-Z-Z��`�
@>@+�<�
@1mqfk��H�	�{AF� E ��@-xi�>�
_:���`Z��[��� E @6pB�>�
_:���`ZrkS�	�K�"�[m`mSm

4 PersonalPowers
Therearealsopowersderivedfrom anagent’s capabilitieson the onehand,andfrom
the goalsof target agentson the other. Thesepowershave beenstudiedextensively
aspart of SocialPower Theory, andareknown aspersonalpowers [4, 3]. However,
suchpowershave beenlimited to powersdueto dependenceamongagents.Our work
extendssuchtheoryby identifying otherkinds of powers that arealsoa resultof an
agent’s abilities. That is, someagentscaneither facilitateor impedethe satisfaction
of otheragentgoals.On the onehandwe know that agentsareentitieswith abilities
to act.However, thesecapabilitiesarelimited and,consequently, they mayneedother
agentsto succeedin the achievementof their goals.On the otherhand,therearealso
situationsin which,althoughpossessingtheneededabilities,agentscannotsatisfytheir
goalsbecauseotheragentshinderthem.Both casescanleadto thecreationof power.
However, contraryto the casespresentedin Section3 wherepowersaregivenby the
normsof thesociety, personalpowersaregivenfor their capabilitiesto satisfygoals.

Knowing if anagentcaneitherfacilitateor impedetheachievementof somegoals
requirestheevaluationof many aspects.For example,wecanevaluateanagent’scapa-
bilities, its experience,its availability in thecurrentstate(which in turn dependson its
goals),andeven the relationshipsthat suchan agenthaswith otheragents.However,
this is a complex topic that we prefer to discussin future work. At this moment,we
define,andspecifyit withoutdevelopingit further, a relationshipthatholdsbetweenan
agent,a goal,anda specificstateof the systemwhenthe agentis ableto satisfythat
goalin suchanstate.After that,two basicformsof poweraredefinedby usingit.@+�����b@�J<� A�&:k��T9;�
�#�]lz.0�"��2tl  �#�+!Q�L���L��m

Facilitation Power It canbesaidthatanagenthasthepower to facilitate theachieve-
mentof anotheragent’s goal, if thefirst hasthemeansto satisfya goalwhich, in turn,
benefitsthegoalof thesecond.
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Being able to facilitate the satisfaction of goalscreatesdependencerelationsbe-

tweenagentswith the relevant abilities and thosewithout them.Therefore,a depen-
dencerelationshipcanalsobedefinedin termsof powersandtheirabsence,asfollows.Z��L=��
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Theserelationsare,in generalterms,equivalentto thosegivenby Castelfranchiand

colleagues[2,4,17], anda betteranddetaileddefinitionof powersanddependencein
termsof anagent’splansandcapabilitiescanbefoundelsewhere[7,12,20]. However,
for thepurposeof this paperour definitionsseemto besufficient.

Illegal Coercive Power Therearealsoagentswhoseabilities arenot usedto benefit
the goalsof someagents,but to impedeor hinder them.In thesecases,power is ex-
pressedby anagent’scapabilitiesto directly threatenthegoalsof othersagentsin order
to obtainwhatthey want.Wecall this illegal coercivebecausethereis nonormthaten-
titled theseagentsto coercetheothers.On thecontrary, this kind of power is generally
forbidden,which is why althoughsomeagentshave this kind of power, they scarcely
useit. Formally, we saythatanagenthasillegal coercive power over anotherif it can
satisfyagoalthatcanhinderoneof thegoalsof thesecondagent.��2�2i�L9;��2i5<�1�
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Now, we describesituationsin which thesebasicformsof powersareeitherover-

comeor relatedto otherkindsof powers.

Comrade Power Oneof the things that makessmall groupswork is the friendship
relationsthat arecreatedamongits members.In this case,agentshave the power to
requirehelpfrom any of thecomradesof thegroup.In general,membersof thisgroup,
know thatthey canaskfor helpfrom therestwithoutobjection.This representsbenev-
olencetowardsaspecificgroupof agents.For example,agroupof friendshelpingeach
otherasa way of beingidentifiedasmembersof whatthey considera specialgroupof
agents.Notethat theconditionsto have this kind of power arethatbothagentsbelong
to thesamegroupof agents,andthat theagentoverwhomthepower is exertedis able
to facilitatetherequiredgoal.5<� E �`��Z-��=F��_:�
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ReciprocationPower Reciprocationwith previousactionshasbeenconsideredasone
of thekey aspectsunderlyingsocietycohesion[10]. Agentswho have worked in sup-
port of another’sgoalsgenerallyexpectto receivesomereciprocalbenefits,evenif not
explicitly mentioned.This representsanethicalmatterin whichagentsshow theirgrat-
itudeto others.Formally, we saythatanagenthasthepower of beingreciprocatedby
otheragent,if it hasalreadyfulfilled anormwhosebenefitswereenjoyedby thesecond,
andthesecondhasthepower to facilitateoneof thegoalsof thefirst.�`�<5+� =Q�`�15<����������=F��_:�
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Note that in contrastwith legal reward power (describedin Section3), herethe
considerednormsarenotnecessarilysystemnorms,andthegoalof thereciprocationis
neitherpartof anofferedrewardnor theotheragent’s responsibility.
ExchangePower Castelfranchiet al. statethatdependencemakesa network of rela-
tionshipsthatmightbeusedby agentsto influenceeachother[4, 5]. Amongall possible
formsof dependencerelationships,oneis of particularinterest:reciprocal dependence
occurswhenanagentdependsonanotherto satisfyagoalandviceversa.In thispartic-
ular situation,bothagentsacquirewhat is calledexchange power[6], becausebothof
themhavethepowerto offer somethingto benefitthegoalsof theother. In thisway, any
of the agentscanstarta negotiationprocessthat finisheswith the creationof a social
commitmentin which eachpartof thedealreceiveswhatit wants.�>eR5>c����;9;��=F��_:�
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Beforefinishing,we emphasisethat no powers are eternal. In the caseof institu-

tional powers, the authoritiesof a systemare recognisedas long as agentsconsider
themselvesmemberswhich, themajorityof thetimes,is dueto someof their goalsbe-
ing satisfiedsimply by beingthere.However, sometimesagentsevaluatetheir society,
or compareit with othersocieties,in orderto know whatmight bemoreconvenientfor
the satisfactionof their goals.As a resultof this evaluation,agentsmight emigrateto
othersocietiesand,consequently, thenormsthatuntil now haveinfluencedthem,canbe
abandoned;authoritiescould losetheir legal power. Personalpowersarerelativisedto
a particularsituationin whichsomeagents’goalsareeitherhelpedor hindered.There-
fore,whatis truein asituationmaynotbe,if anagent’sinterests,andthereforeits goals,
change.For example,exchangepowerdisappearsif oneof anagent’sgoalsis no longer
consideredimportant.In addition,it canalsobesaidthattherearenoabsolutepowers,
andthereforeeverykind of powerhasits own limitations.

5 Conclusion
Themaincontribution of this paperis a classificationof dynamicpower relationships
thatsomeagentscanuseto make otheragentssatisfytheir goals(seeFigure1). In our
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work, bothpowersacquiredthroughtherolesagentsplay in a societyandpowersthat
emergefrom their own capabilitiesareanalysed.Agentsmustbeableto recogniseei-
thertheirpower, or theirsusceptibilityto beinfluencedbecausepoweris, in somesense,
only ”in themind”. Agentsthatdonotrecognisethesesituationsmaynotbeinfluenced,
but will suffer in thelong termthroughlessoptimalinteractions.If agentsknow where
asituationof powercomesfrom, thelimits of suchpowercanbeestablishedandthere-
fore abusive situationscanbe avoided.For example,whena secretarygetsa job, he
is informedwho is the boss,who hasthe power to control him and,consequentlythe
boss’sordersarefulfilled. However, if heis unableto understandbothwheretheboss’s
powerscomefrom andwherethe boss’s authorityfinishes,his submissivenesscould
be exploited by makinghim to do things beyond his own responsibilities.Although
ouranalysisbuildson importantwork onpower, dependenceandnorms[1, 2,11,19], it
goesbeyondthanpowerdueto dependence[4], or powersto legislate[11] in asociety.
In addition,contraryto muchwork in which powersof agentsaretaken asabsolute,
our power situationshave beenrelativisedto both thesocietyandthegoalsof agents.
In thesameway thatpowersituationswereidentifiedin this paper, futurework will be
directedto analysingtheconditionsthatmakeagentsbecomeinfluenced,andtherefore
willing to adoptbothnew normsandthegoalsof otheragents.
Acknowledgments Thefirst authoris supportedby theFacultyEnhancementProgram
(PROMEP) of the Mexican Ministry of Public Education(SEP)and the Beneḿerita
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