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1 Introduction

Autonomyis perplexing. It is recognisablyandundeniablya critical issuein the field
of intelligentagentsandmulti-agentsystemsyetit is oftenignoredor simply assumed.
For mary, agentsareautonomou$y definition,andthey seeno needto addthetautol-
ogousprefixin explicitly consideringautonomouggentswhile for othersautonomyin
agentss animportantyetproblematidssuethatdemandsattention Thedifficulty when
consideringautonomyhowever, is thattherearedifferentconceptualevelsatwhich to
reasomandargue,includingthe philosophicalandthe practical.

The notion of autonomyhasassociatedvith it mary variationsof meaning.Ac-
cordingto Steels,autonomoussystemsmust be automaticsystemsand, in addition,
they musthave the capacityto form and adapttheir behaiour while operatingin the
ervironment. Thustraditional Al systemsand mostrobotsare automaticbut not au-
tonomous— they arenotindependentf the controlof their designerg7].

2 What is Autonomy?

A dictionarydefinitionwill tell us,amongotherthings,thatautonomyamountdo free-
domof will (andwe will addthatit includesthe ability to exercisethatwill). In short,
thismeanshatit providestheability to exercisechoice whichis particularlyrelevantin
the contet of goalsandgoal-directecbehaviour, asin Castelfranchs notionsof goal
(or motivational)autonomy[1]. In this view, autonomousgentsare ableto generate
their own goals,to selectbetweenmultiple alternatve goalsto pursue,andto decide
to adoptgoalsfrom others(to furthertheir own ends).Franklinand Graesses defini-
tion of anautonomousgentasa systemthat pursuesits own agenda'reinforcesthis
perspectie[4].

Now, from a purely conceptuabr theoreticalpoint of view removedfrom practical
considerationsautonomycannaturallybe regardedasabsolute without dimensionor
measuref degree.Yet, this strongview of autonomycontrastsvith muchof the practi-
calwork with agentdn which autonomyis takento bethesameasindependenceavery
distinctly relative notion. In what might be called this weakview, a non-autonomous
agenteither dependson othersor is fixed (eg an automaton)while an autonomous
agentcaneitherbeindependenbr dependon others.It is this last point that seemdo
suggesthat autonomyis not the sameasindependence— an agentdoesnot simply



loseits autonomyby virtue of dependingon anotheffor a particulargoal; situationsof
dependenceccuralsofor autonomousigents.

Practicallythen, the notion of independenceanbe usedasan approximationfor
autonomywith the addedbenefitthat it admitsthe dimensionsand measure®f de-
greethat are missingfrom the strongview. In this senset might be considerechsa
valuablepracticalrealisationof autonomyandprovidesaway to characteriselifferent
dependencsituations.

3 Autonomy through M otivation

For all thedifficulty in pinningdown autonomyit is in our view key to understanding
thenatureandbehaiour bothof individualagentsandof interactiondbetweerthem.In
aserieof paperswe have describedandformally specifiedanextendedheoryof agent
interaction,basedon goals and motivations which takes exactly this standpoint.The
theorydescribesa framework for cateyorisingdifferentagentg5], andhasbeenused
asabasisfor investigatingaspect®f therelationshipbetweeragentd6], providing an
operationabhccounbf theirinvocationanddestructior[3], aswell asfor reformulating
existing systemsandtheoriesjncludingthoserelatingto dependencsituationd?2].

In essenceautonomouggentspossesgoalsthat aregenemtedwithin ratherthan
adoptedfrom otheragents.Thesegoalsare generatedrom motivations higherlevel
non-dervative componentsharacterizinghe natureof the agentthat canbe regarded
asary desiresor preferenceaffectingthe outcomeof a givenreasoningr behaioural
task.For example,greedis not a goalin the classicalartificial intelligencesensesince
it doesnot specifya stateof affairsto be achieved, nor is it describablén termsof the
ervironment.However, it may give rise to the generatiorof a goalto rob a bank.The
distinctionbetweerthe motivationof greedandthegoal of robbingabankis clear with
the former providing a reasonto do the latter, andthe latter specifyingwhat mustbe
done.

Thisview of autonomousgentds basednthegeneratiorandtransferof goalsbe-
tweenagentsMore specifically somethings anagentf it canbeviewedassatisfyinga
goalthatis first createdandthen,if necessarandappropriatetransferredo anotherit
is theadoptionof goalsthatgivesriseto agenthoodandit is theself-genertionof goals
thatis responsibldor autonomy Thusan agentis just somethingeitherthatis useful
to anotheragentin termsof satisfyingthat agents goals,or that exhibits independent
purposefubehaiour. Importantly agentgely on the existenceof othersto provide the
goalsthat they adoptfor instantiationasagentsln orderto escapen infinite regress
of goaladoptionhowever, we defineautonomousgentsto bejustagentghatgenerate
their own goalsfrom motivations.

4 Conclusion

The answerto whetherwe cancontrol autonomydependwn the viewpoint adopted.
In the strongview, it is by definition impossibleto control autonomyexternally. At
the sametime, hawever, we candesignagentswith appropriatemotivationsand mo-
tivationalmechanismshat constrainandguide agentbehaiour asa resultof internal



imposition.In thisway, controlis on-boaxd, andmoreandbetterprocessingf erviron-
mentalinformationis required.

We mustalsoquestionthe needfor autonomy Certainly thereis valuein the flexi-
bility androbustnesghatautonomycanbring in a dynamicandopenworld, but mary
problemswhich merit an agentapproachdo not necessarilyrequire autonomouse-
haviour. Indeed the strongview of autonomycanbe very dangerousf usedfor exam-
plein military applicationgor tank or missile control;independenceith respecto a
useror designercanoftenbebad.Thus,we alsoneedto considerthekindsof situations
to which autonomyis suited.

While we have offered an absolutetheoreticalviewpoint of autonomyaswell as
a wealer alternatve that providesa practicalrealisationof it thatis usefulfor mary,
it is importantto understandhe differencein purposeand contect of thesenotions,
andnot to be dogmaticin practicalsituations.Clearly thereis valuein studyingthe
generaktoncepbf autonomyregardlessf practicalconcernsbut we mustalsoaddress
oursehesto the practicalimperatie. It matterslittle whatwe call it (just asit matters
little whetherwe call a programanagent)aslong asit givesustherequiredrobustness
andflexibility we desire.
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