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Abstract. We outlinea designbasedtheoryof motive processingandattention,includ-
ing: multiple motivatorsoperatingasynchronously, with limited knowledge,process-
ing abilities and time to respond. Attentional mechanismsaddresstheselimits using
processesdiffering in complexity and resourcerequirements,in order to selectwhich
motivatorsto attendto, how to attendto them,how to achieve thoseadoptedfor action
andwhento doso.A prototypemodelis underdevelopment.Mechanismsinclude:mo-
tivatorgenerators,attentionfilters, a dispatcherthatallocatesattention,anda manager.
Mechanismslike thesemightexplain thepartiallossof controlof attentioncharacteristic
of many emotionalstates.

1. Intr oduction

A motherwhosechild hasbeenrun over reportedthat,for a long time afterwards,shefound
herthoughtsconstantlyandunwillingly drawn backto theevent,to whatshemighthavedone
to preventtheaccident,to whatthechild mighthavebeendoinghadit notoccurred.Shewas
so tormentedby this that only the desirenot to harmher remainingchildrenpreventedher
taking her own life. A commonfeatureof infatuationis that thoughts,desires,questions
andworriesconcerningthe lovedonekeepintruding. An Olympic winnerwill find it hard
not to returnin thoughtto themomentof successandtheassociatedstrugglesandtriumph.
Emotionalstateslike grief, infatuationandelationseemto have in commona partial lossof
control of one’s own thoughtprocesses:in otherwords,attentionis repeatedlydrawn back
to thoughts,desires,regrets,whatmight have happened,whatmayyet happen,andthelike.
This is part of what it meansto be “moved”, or even to be “besideoneself”. Why is this
sucha pervasive featureof humanexperience?We shall not quarrelaboutthedefinitionof
“emotion” sincetheword is full of ambiguityandvagueness.All we areconcernedwith is
that therearecertainfeaturesfound in somementalstatesthatmany peoplewould describe
as“emotional”.

Ourconjectureis thatdesignrequirementsfor intelligentagentsin aworld likeoursleadto
mechanismsthathavethesetendenciesas“emergent”properties.Our “AttentionandAffect”
projectaimsto developthisconjectureinto ahigh level theoryof thearchitectureof ahuman
mind, integratingmany of thephenomenastudiedby AI andPsychology. As a first stepwe
areexploringdesignoptionswithin asimulateddomain,the“robot nursemaiddomain”.This
paperreportssomepreliminarywork.

2. Requirements

Any explanationof how autonomousagents(suchas humanbeings)work must account
for a numberof featuresconcernedwith attentionand motivation, as follows. The agent
will have multiple independentsourcesof motivation operatingasynchronously, triggered
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by externaland internalevents(e.g. hunger, thirst, seeinga friend in trouble). Its mental
processingis parallelat leastat a coarsegrainedlevel: for instancecontrolling a physical
actionwhile monitoringtheenvironment,beingsensitiveto new possiblyunrelatedproblems,
and planningnext steps(compare[18]). Thereare often time constraints(which it may
discover dynamically)on thegoalsor desiresit attemptsto fulfil. Its informationaboutthe
world (anditself) will generallybeincompleteandmaycontaininaccuracies.

In additionanagent’s capacityto dealwith problemsis limited bothmentallyandphys-
ically [11]. For instance,it cannotbe in two differentplaces,look in two quite different
directions,simultaneouslyplan coursesof action for two unrelatedandcomplicatedprob-
lems. Mental resourcelimits requirevariousselectionsto be made: which goalsto try to
achieve,which onesto think aboutnow, which datato look at,which proceduresto applyto
thedata,andsoon. In otherwordsattentionis directedto meetasubsetof currentneeds.

3. Example: a Real Nursemaid

Theproblemsof controllingattentionarisein many humanactivities. Considera nursemaid
in chargeof a collectionof babies:Sheneedsto beableto detectandreactto a greatvariety
of problems,for instance,babiesbecominghungry, sick or injured,or their causingdamage
to themselvesor others. While taking careof a problemsheis ableto reactto other, more
pressing,problems.For instance,if while feedingonebabyandthinkingabouthow to handle
a peculiarrashon anothershenoticesthata third babyis chokingon a string,shemaythen
interrupt the feedingaswell asher train of thoughtaboutthe rash,in orderto decidehow
to carefor the choking baby. Having dealt with it, sheremembersher previous feeding
taskandreturnsto it if no morepressingproblemhasarisen.Dependingon thenursemaid’s
constitution,herskill andfamiliarity with suchsituations,andthespeedwith whichsheneeds
to react,shemaygo throughstatesof alarm,dismay, anxiety, relief or joy.

4. Towards an Ar chitecture

We shall sketch a theory of the processingof motives which postulatesmechanismsthat
bothmeetthegeneralhigh level designrequirements,andalsoaccountfor thesephenomena.
The theory emphasisesthe needfor the control of attention,whereattentionincludesthe
selectionof informationto beprocessedandtheselectionof proceduresto apply to it. The
mechanismscreaterepresentationsof problemsor goals,known as“motivators”,andinclude
processeswhich operateon them. Our explanationwill extendideasin our previouspapers
on this topic. We shallnot hererepeattheexplanationof how emotionalstatesemergewhen
thereis partiallossof controlof attention(see[19,22].) Wearenotdirectlyconcernedin this
paperwith theprocessesunderlyingpleasure,pain,andcreationof attitudes.

We have designeda simplified “nursemaid”domaininvolving an agentfacedwith the
requirementslisted. We proposea partialdesignfor this agentbelow, andreporton a partial
implementationin Poplog[3]. This modellingwork hasalreadyindicateddeficienciesin
earlierversionsof our theoryand led to a numberof refinements.The modelscould also
haveausefultutorial function.

5. RelatedWork

Threeareasof researchareparticularlyrelevantto our theory. Firstly, thereis a long history
of work in Psychologydealingwith affect andattention. For instance,McDougall under-
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scoredtheimportanceof purposein theregulationof humanbehaviour [13]. GordonAllport
emphasisedthathumanbeingshave multiple top level (“functionally autonomous”)motives
[1]. More recently, JuliusKuhl [12] hasdevelopedanextensive theoryof the regulationof
motivation.However, thispsychologicalresearchis not “designbased”[21], andhencelacks
someof therigourandexplanatorypowerthatweseek.Thework of NormanandShalliceon
attentionandbehaviour is potentiallyrelevant,but it is still too sketchy. It doesn’t elucidate
in any detailtherole of motivationin attentionandaction.

Secondly, recently, therehasbeeninterestin Cognitive Scienceon agentsmeetingthe
requirementsmentionedabove [7, 14, 15]. HerbertSimon’s seminalpaperon emotionand
motivation[17], which links themto attention,hasgreatlyinfluenceda numberof cognitive
theoristsof affect, includingourselves.Simonproposesthatmentalprocessingcanbeasyn-
chronouslyinterruptedwhenhumansdetectmotivationallyrelevantstatesor events.Oatley
andJohnson-Lairdproposethatthemindcomprisesahierarchyof processorsmodulatedby a
top level processor. Asynchronousdetectionof changesin thelikelihoodof successof aplan
leadsto theglobalbroadcastingof a signalwhich interruptsprocessinganddirectsit in pre-
determinedwaysto the relevant plan’s goal. This occurrencecorrespondsto an emotional
disturbance.A problemwith this theory is that its actualscopeis larger than its intended
scope. The interrupts,for instance,would seemto apply equallywell to exampleswhere
emotionsarenot generated.That is, global interruptionandredirectionof effort canoccur
without any emotionalstate.BeaudoinandSloman[4] discussthis argumentandapplyit to
Frijda’s work aswell.

Thirdly, AI researchon activity hasuntil recentlymainly focusedon systemswith a
single top level goal. The systemsthat do have multiple goalstend to have very specific
tasks. Georgeff andLansky’s ProceduralReasoningSystem[9], however, takesseriously
theconstraintson time andinterruptability, andtheimportanceof anagent’s productionand
managementof its own goals.However, their provisionsfor controllingattentionarelimited
comparedto what we propose. Moreover the links with motivation and emotionare not
explicitly drawn. The samecommentappliesto Wilensky’s theory[23], which emphasises
theagent’sproductionandmanagementof multiplegoals.

6. Representationsand Mechanisms

Thereis a needfor a designbasedtheory that accountsfor the control of motivation and
attentionirrespective of whetheremotion-like phenomenaare generated. As a result of
analysingthegeneralrequirements,takingnoteof a rangeof commonphenomenain human
beings,andexploring theneedsof a simulatednursemaid,we proposethata minimal setof
mechanismswould includethefollowing, which we believe go beyondthesophisticationof
robotarchitecturesproposedhitherto.

6.1.Motivators

A motivator is a representationof a possiblestateof affairs towardswhich the agenthas
a motivationalattitude. This meansthat the representationhasthe dispositionalpower to
produceaction,thoughthedispositionmaybesuppressedorover-riddenbyotherfactors.The
conceptof a motivatoris similar to thatof a goal asfrequentlyusedin AI (e.g., [5]), except
that its structureis richer, andour conceptcoversmorecases,including ideals,principles,
etc.However in this paperweconsideronly goal-likemotivators.

A motivatorstructurehasthefollowing tenfields: (1) apropositionP denotingapossible
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stateof affairs,whichmaybetrueor false,e.g.“Johnhaseaten”;(2) amotivationalattitudeto
P, which is oneof “make true”, “make false”,“keeptrue”, “make truefaster”,or thelike; (3)
a valuerepresentingwhat is believedaboutP, which may be “true”, “f alse”, “nearly true”,
“unknown”, or somekind of “probability”, andwhich togetherwith field (2) disposesthe
agenttowardscertainsortsof actions(so that if the attitudeis “make true”, andthe belief-
valueis “f alse”,theagentis disposedto try to makeP true,e.g.if “Johnhaseaten”is believed
false,andthe attitudeis “make true”, thenthe agentmay be disposedto get Johncloseto
food): (4) an“importancevalue”, suchas“neutral”, “low”, “medium”, “high”, “unknown”,
or possiblyanumericalvalue,or aconditionaldescription(“high if soandsoagrees”),where
the valueis basedon analysisof the benefitsof fulfilling, or the costsof not fulfilling, the
motive,or assessmentaccordingto idealsor principles,suchasethicalor aestheticprinciples
(thoughour currentsimulationignoresprinciples): (5) an “urgency descriptor”,which in
simplecasesmerelymeasurestime till it’ s too late,or in morecomplex casesrelatestime of
actionto costsandbenefits(e.g. without actiona motivatingsituationmay get worseover
time, making action more important); (6) an “insistencevalue” heuristicallyrepresenting
importanceandurgency, anddeterminingpotentialto attractattention;(7) a plan or setof
plansfor achieving the motive (if available); (8) a commitmentstatus,suchas“adopted”,
“rejected”, “undecided”(possiblywith attachedconditions,andpossiblywith a numerical
degree), reflectingdecisionsthat have beentaken about the motivator, e.g. whetherit is
an intentionor not; (9) “managementinformation” in the form of a setof conditionaction
pairsassociatedwith a motivator, determining,for example,whenactionshouldbegin or be
resumed(wheretheactionsmaybementalor physical);(10) a dynamicstatesuchas“being
considered”,“considerationdeferred”,“current”, “plan suspended”,“plan aborted”.A more
completemodelwould adda field for intensity, a measureof thestrengthof thedisposition
to acton themotive,andpossiblyalsoassociatedpleasureanddispleasure.

Many of the problemsof designingan autonomousagentariseout of the fact that a
lot of motivatorscan exist simultaneouslyin different statesof processing,and new ones
can be generatedat any time, potentially disturbingcurrentprocessing. When thereare
several motivatorsrequiring attentionthat are important,urgent, adopted,and unsatisfied
(but possiblysatisfiable),thesituationwill bedescribedashaving ahigh level of “hastiness”.

6.2.Theprocessingof Motivators

A numberof processesapply to motivators.Beforethey canbeconsidered,motivatorsfirst
needto begenerated.In highly trainedindividualssomemotivatorsproduceactiondirectly
via “cognitive reflexes”,but in generala new motivehasto beattendedto, e.g. to determine
its commitmentstatus(8), or form a plan. But consideringa motivator requiresdiversion
of attentionalresources,andsucha diversioncan in somecasesbe dangerousor counter-
productive. (For example,beingdivertedwhile makinga tricky right turn in traffic, or while
beinggivenimportantinstructions,canhave fatalconsequences.)

Therefore,we assumea processwhich associateswith eachmotivator an “insistence
value”,whichis aquickly computedheuristicmeasureof importanceandurgency, andwhich
determineshow likely it is that the motivator will attractattention,e.g. by exceedinga
thresholdin an attentionfilter. A motivator that penetratesa filter is said to be surfacing.
Note that the role of insistencemeasuresandfiltering is to prevent unsuitablediversionof
resources.This attentionprotectionmechanismis heuristicandmay thereforesometimes
fail. That is, in somecasesit may prevent pertinentmotivatorsfrom beingconsidered;in
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othersit mayallow relatively unimportantmotivatorsto disruptattention.
If a motivatormanagesto penetratethefilter, a furtherrequirementis to decidewhether,

when,andhow it maybeactedupon,andwhetherit oughtevento beconsidered,andif so
whetherit shouldbe considerednow or later. Thesearethe tasksof the managementpro-
cess.At any onetime, themanagementprocesscanbein themidstof adoption-assessment,
scheduling,expansion(planning),or meta-management.Adoption-assessmentaimsat de-
ciding whetherto adoptor reject a motivator. It is influencedmainly by the motivator’s
importanceandthecostof satisfyingit. Schedulingaimsat decidingwhento executea plan
for amotivator. It is primarily influencedby amotivator’surgency. Motivatorexpansionaims
atdecidinghow to satisfyamotivator. It mayinvolveconstructingnew plans(e.g., [5]) and/or
retrieving preformedplansor procedures(e.g., [8]). Motivatorexpansionis oftenreferredto
as‘planning’, thoughplanningoften involvesotherprocesses(e.g., scheduling).Expansion
needsto be sensitive to beliefsconcerningthe instrumentality[10] of possibleactions,i.e.,
theextent to which they increaseor decreasethe likelihoodof themotivatorbeingsatisfied.
Plansmaybepartial,with detailsleft to befilled in at executiontime. Meta-managementis
describedbelow.

Althoughwedescribedthedifferentfunctionsof themanagementprocessseparately, they
are often inextricably linked. For instance,how a goal may be expandedwill dependon
whenit canbeactedupon,aswell ason how importantit is. And whena certainmotivator
is pursuedmay impact on the chancesof success. Henceeachkind of objective of the
managementprocessmayinvolvetheothers.Moreover, thescheduling,expansion,adoption-
assessmentand meta-managementfunctionsmay be triggeredin any order, contradicting
Sloman’s [20] earliersuggestionthat the statetransitionsin the post-filteringprocessingof
motivatorsfollow a rigid order. For example,it is possibleto startexpandinga motivator
beforeevenadoptingit, in orderto assessthecostsof adoption.

If andwhena motivatorpenetratesthe filter the managementprocessis interruptedand
given the objective of producingoneof the four kinds of decisionregardingthe surfacing
motivator (i.e., expansion,scheduling,adoption-assessment,or meta-management).This
raisesthequestion:how is thesystemto decidewhatwill betheobjectiveof themanagement
process,given that it will be consideringa certainmotivator? We assumethat thereis a
mechanism,whichwecall dispatching, whichtakesthisdecisionveryrapidly. Dispatchingis
amechanismfor controllingattention.It is instructiveto comparedispatchingto deliberation
scheduling[6], which quickly determines“what to think aboutwhen” (p. 50). Thefunction
of dispatchingdiffersfrom deliberationschedulingin that(1) ratherthandecidingwhatgoal
to think about,it determineshowto think aboutit, and(2) it takesadecisionaboutamotivator
whichis alreadyguaranteedto beconsiderednext; i.e., it doesn’t haveto decidewhento think
aboutsomething.Variantsof dispatchingareexploredin thetaskdomaindescribedbelow.

In contrastto dispatching,the managementprocessmay take arbitraryamountsof time
andresourcesto producea decision. However, urgency andhastiness(definedabove) may
affect its decisiontime. The managementprocessis a major bottle-neckin the processing
of motivators,becauseit requiresthe most sophisticateddecisionsto be taken. In order
judiciouslyto utilise themanagementprocess,weassumethatit itself may(in somecircum-
stances)decidewhetherandwhena motivatoroughtto be managed,and(possibly)how it
oughtto bemanaged.This functionof themanagementis referredto asmeta-management.

For example,while trying to decidehow to dealwith a baby’s rasha nursemaidmight
startto wonderwhat to do aboutanotherbabywho hasbeenmisbehaving. Shemight then
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giveherselfa meta-managementobjective, to decidewhethersheoughtto bethinking about
thesickbabyor themisfit. Meta-managementis oftenusefulwhentherearecurrentdemands
on themanagementprocessanda motivatorwhich is tangentialto themanagementprocess
surfaces.It is alsousefulunderthoseconditionswherethefilter thresholdshouldbehigh(for
instancewhendistractioncanhave dangeroussideeffects).Of coursenot every processcan
beprecededby meta-managementprocesses,sincethennothingcouldeverstart.Sonormally
some‘routine’ managementstrategy will befollowedautomatically.

Themeta-managementfunctionis similar to thatof filtering, i.e., to protectattention.Fil-
teringrequiresa simpleandrapidmechanism,whereasmeta-managementcanusewhatever
inferenceengineis availableto themanagementprocessandthereforeit cantake longerto
terminate.

7. The NursemaidDomain

In orderto exploreour theorywe designeda domainin which anautonomousagentis given
taskstherequirementsof whicharesimilar to thoselistedin theintroduction.It wasessential
to simplify the domainin orderto make theproblemstractablewithout first solving all the
problemsof AI, including3-D vision,motorcontrol,andnaive physics.We thereforechose
a domainthat presentsthe problemswe wishedto addresswhile avoiding problemsbest
left to others. The domaininvolvesa robot nursemaidwhich must look after a collection
of robotbabiesroamingarounda two dimensionalnursery. Thebabiescanget into various
difficulties, like falling into fatal ditches,runningout of batterycharge, becomingsick, ill,
or violent. The nursemaidcandetecttheseproblemsusinga simulatedcamerawhich can
observe a partof thenurseryat a time. And shecanrespondto themby usinghersimulated
claws to transportbabies,move themaway from ditches,bring themto a batteryrecharge
point,bring themto aninfirmary, isolatethemif they areviolent,or dismissthemif they are
deador havereachedacertainage.Theactual‘physics’and‘psychology’of thedomaincan
beextendedindefinitelyasrequiredfor testinglatermorecomplex versionsof our theory.

In a typical scenario,the nursemaiddetectsthat a baby, sayBa, hasa low charge. As
thenursemaidis startingto expanda solutionto this problem,shenoticesthatanotherbaby,
Bb, is dangerouslycloseto a ditch. Shedecidesto take careof theproblemconcerningBb
first, sinceit is more urgent. As sheis expandinga solution to this urgent problem,she
perceives that Bc is ill. This generatesa new motivator to cureBc. But this motivator is
not noticedbecauseof an attentionfilter, andBc later diesof its illnessbecauseit wasn’t
attendedto early enough. We shall revisit this scenarioin the light of a descriptionof the
nursemaid’s architecture. The domainshouldnot be interpretedas having any political,
social,or economicsignificance.It merelyhappensto embodymany of the problemsthat
interestus. Moreover, it canbeextendedgraduallyby addingnew complications,requiring
increasingarchitecturalsophistication.

8. Designof the Initial Nursemaid

Theinitial designof thenursemaidcomprisesanumberof databases,includingaworld model
anda motivatordatabase.Therearesimultaneouslyactive modules,includinga perception
module,motivatorgenerators,anattentionfilter, adispatcher, amotivatormanager, amotiva-
tor monitor, anda planexecutor. Therearetwo sortsof effectors:claw controllersandgaze
controllers. A perceptualmodulecollectsinformationfrom the nurseryandincorporatesit
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into thenursemaid’sworld model,which is distinctfrom thenurseryandmaycontaindated,
incorrect,information.

Motivatorsarerepresentedasobjectswith the tencomponentslistedpreviously, though
someof thepermittedvaluesaresimplifiedfor thefirst prototype.For examplethecommit-
mentstatus(8) hasonly two options,“true” or “f alse”, urgency isn’t explicitly represented
andimportance(4) is representednumerically. The effect of having condition-actionpairs
is achieved by maintaininga scheduleof motivatorsto executeor consider, as described
below. Insistence(6) is representedasa numberbetween0 and1. The dynamicstateof a
motivator(10)denoteswhetherit is beingmanagedand/orexecuted.Otherinformationabout
themotivatoris containedin themotivatordatabase(seebelow).

Motivatorgeneratorsrespondto theworld modelandinformationaboutextantmotivators
andgeneratenew motivatorswhenthe appropriateconditionsaremet, includingallocating
a numericinsistencevalue. For example,if a baby is dangerouslycloseto a ditch, thena
motivatoris generatedwith aninsistencevaluewhich is proportionalto thebaby’sproximity
to the ditch. It is possiblefor more than one motivator to be generatedor activatedat
a time. We had to decidehow to handlethe casein which someinformation calls for a
motivatorgeneratorto producea motivatorwhosepropositionandattitudearethe sameas
an extant motivator. This raisesthe issuesof individuationandrecognitionof motivators.
We arbitrarily decidedto individuatemotivatorsby their propositionsandattitudes,andto
makethemunique,sothatin thecasein questionthemotivatorgeneratorswouldactivatethe
existingmotivatorratherthangenerateacopy.

Thereis a variablethresholdfilter and a filter thresholdupdater. Recall that the role
of thefilter is to prevent insufficiently insistentmotivatorsfrom disruptingthemanagement
process.Motivatorswhoseinsistencearelessthanthefilter’sthresholdareignored,theothers
arepassedon to the dispatchertherebydiverting attentionfrom otheractivities. The filter
updatervariesthefilter thresholdasthehastinessof thesituationvaries.

Thedispatcher interruptsthemanagementprocesswhenamotivatorsurfaces,anddirects
it to thenew motivator, while specifyingwhat themanagement’s objective shouldbe(either
scheduling,adoption-assessment,expansionor meta-management).Dif ferent dispatching
rulesarebeingstudied;hereis anarbitraryexample.If thehastinessis high,or themotivator
hasbeenpostponeduntil someconditionswhich aren’t currently true, thenfavour a meta-
managementobjective for this motivator. This will allow themanagementto postponecon-
siderationof themotivator, which it is likely to want to do if themotivatorhasalreadybeen
scheduledfor laterexecution.Or thedispatchercouldrandomlychooseatypeof management
objectivewhich hasn’t alreadybeenachievedfor thismotivator.

The managementprocessdecideswhether, when, and how to act on a motivator, by
using either an adoption-assessment,a scheduling,or an expansionroutine, respectively.
Motivatorsareadoptedunlessthey conflict with othersin sucha mannerthat only oneof
the conflictingmotivatorsmaybe executedat all. Schedulingdecisionsarerecordedin the
motivatordatabase(describedbelow). Thesedecisionsmaybeto executea motivatorbefore
or afteranother, to executeamotivatoratacertaintime,or to executeamotivatorwhensome
otherconditionis met. For instance,themanagementmaydecideto recharge a babywhen
thereis sufficient roomin the infirmary. Expansionis currentlysimulatedby retrieving pre-
storedplansandrequiringthatthisretrievalbeextendedin simulatedtime. Meta-management
providesa meansfor thesystemto control its managementof motivators. It maydecideto
postponeconsiderationof amotivatoror to manageit now. And it maydecideon thekind of
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managementprocesswhich is mostappropriate.
The motivatordatabasecontainsinformationaboutextant motivators. A schedulecon-

tainstriples,referredtoasscheduleitems.Thefirstelementof ascheduleitemis itsactivation-
condition; this is a proposition,which evaluatesto true or false. The secondis its action
type, which is an expressionrecordingwhat kind of actionshouldtake place,that is either
“physicalaction”or amanagementobjective. Thethird itemis a list of motivators.Whenthe
activation-conditionof a scheduleitem is found to be satisfied,its motivatorsareexecuted
or considered,dependingon the action-type.The scheduleis updatedby the management
process,andaccessedby themanagementandmotivatormonitor(describedbelow). Thereis
a list of conflictingmotivators known to be incompatible(typically becausetwo motivators
have a high urgency). And thereis a list of importancepriorities, which containspartial
ordersof motivators.Thelatter two lists arealsosetby themanagementprocesswhich can,
in theprocessof adoption-assessment,detectandresolveconflicts.

When the managementprocessis interrupted,a recordof its stateis kept in the man-
agementrecord. This containsinformation about the motivatorswith which the process
was concerned,as well as the objective of the process(scheduling,adoption-assessment,
expansion,or meta-management),and whatever intermediateconclusionsmay have been
produced.Thenext time themanagementis directedto processthesamemotivatorswith the
sameobjective,therecordmaybeusedto resumethepreviousprocessing.

A motivatormonitor examinesthe informationaboutmotivatorsandcanactivatesome
of them,generatenew motivators,andtriggertheplanexecutor. It examinesthescheduleto
determineif therearemotivatorswhoseplansshouldcurrentlybe executed.If it discovers
morethanone,it generatesa ‘managementmotivator’ notingtheconflict. (Sothemonitoris
alsoamotivatorgenerator.) If it discoversexactlyonemotivatorto beexecuted,it triggersthe
plan executor, which executestheplanassociatedwith themotivator, or createsa motivator
to createa plan if necessary. The motivator monitor may also activate motivatorswhose
conditionsof executionhaven’t beenset,or which haven’t beenconsideredfor a while. This
activationwill causethemto gothroughtheusualprocessof filteringandpossiblydispatching
andmanagement.

9. A Scenarioin the NursemaidDomain Revisited

In this sectionwe expoundthenursemaid’s processingin thescenariodescribedabove. The
nursemaidreceivesinformationaboutBawhichsheincorporatesinto hermodel.A motivator
generatorrespondsto the belief that the baby’s charge is of a certainlevel by generatinga
motivator thepropositionof which is “low charge(Ba),” andtheattitudeof which is “con”.
The insistenceof this motivator is greaterthanthecurrentfilter threshold,so this motivator
surfaces. The dispatcherdirectsthe managementprocessto decidewhetherto adopt the
motivator. The managementdecidesto adoptit, andproceedsto scheduleit for immediate
execution.But executionrequiresthat themotivatorbeexpanded.An expansionprocessis
thereforedispatched.However, asthis expansionprocessis running,a motivator regarding
Bb’s proximity to theditch surfaces.Thedispatcherinterruptsthemanagementprocessand
instructsit to schedulethe“Rescued(Bb)”motivator. Thehastinessof thesituationis recorded
andthis drivesthe filter thresholdup. While all this is happening,perceptualinformation
aboutanotherbaby, Bc, beinginjured is insertedinto the nursemaid’s world model,which
generatesa motivatorto cureBc. However, this motivator’s insistenceisn’t sufficiently high
for it to surface.Themanagementdecidesto executethemotivatorconcerningBb now, and
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postponestheoneconcerningBa.

10.Limitations and Future Work

Severallimitationsstill needto beaddressed,only someof whichcanbementionedhere.The
theoryneedsto bemorespecificabouthow differentkindsof objectivesof themanagement
processare to be attained. Existing AI work on plan formation could be incorporatedin
goal expansion. Therehasalsobeena lot of work on scheduling,thoughnot so muchon
schedulingin autonomoussystemswith their own objectives. The processesof adoption-
assessmentandmeta-managementshouldbe moreprincipled. We alsoneedto statemore
clearly how high-resourceprocessesdiffer from low-resourceprocessesandhow resource
limits arise.

Representationandprocessingof motivatorsarestill too limited. Whenschedulingthe
nursemaidconsidersonly theproblemsthatareactuallypresent.A betterversionwouldmake
decisionsthat are sensitive to the probability that otherproblemsmight occur. Moreover,
althoughin real life somemotivatorshave a hierarchicalstructure(cf. [16]), the existing
nursemaid’s motivatorsdo not. (This is partly dueto the fact that the prototypenursemaid
matchesmotivatorsagainstopaque,pre-storedplans.) Ideally, motivatorsthatarenecessary
and/orsufficient for satisfyingothermotivatorsshouldbetreateddifferently.

The nurserydomainis a deliberatelysimplified initial test-bedfor somegeneralideas
about intelligent agents. As our researchprogresses,the domain should be mademore
demandingwith regard to the requirementsof interest. For instance,at presentall of the
conflictsin thedomainaredueto resourcelimits of onesortof anotherratherthanuniqueness
constraints.(A uniquenessconstraintstatesthatonly oneobjectcanbe in a certaintypeof
relationship.) Therearemany morepossibledevelopments.For instance,we could allow
for morekindsof sensors;moredifferentkindsof babies,with degreesof likeableness,the
nursemaidgettingattachedto somebabies.Wecouldallow morenursemaids,andaddideals
and ethical principlesto the nursemaid.Many forms of learningcould be investigatedto
reducethearbitrarinessof decisionproceduresandthresholds.Geneticalgorithmsmight be
usedto evolvedifferentformsof thearchitecturein differentenvironments.

We conjecturethatmany emotionalstates,suchasgrief or elation,involve processesin
which certainhigh-insistencemotivatorsor thoughtstendto divert attentionfrom currently
adoptedmotivatorsof highercurrent‘importance’. We expectto beableto studyemerging
emotionalphenomenain a moreadvancedmodelproducing‘insistent’ motivatorsthat tend
to resurfaceeven if the nursemaidhaspreviously rejected,postponed,or scheduledthem.
We hope that this will help us to understandphenomenalike the casesdescribedin the
introduction,wherepeopleseempartially to losecontrolof their own thoughtprocessesand
attention. It shouldalsoprovide the foundationfor a designbasedexplanationof anxiety
disorders[2], suchasobsessivecompulsiondisorder.

Wedonot,however, claimthatthereis auniquearchitectureevenfor human-likesystems,
sofurtherwork shouldrelatedesignvariationsto evolutionarypressures,variationsin human
development,andpersonalitydifferences.
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