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Abstract. We outline adesignbasedheoryof motive processingandattention,includ-
ing: multiple motivators operatingasynchronouslywith limited knowledge, process-
ing abilities and time to respond. Attentional mechanismsaddresgheselimits using
processedliffering in compleity and resourcerequirementsin orderto selectwhich
motivatorsto attendto, how to attendto them,how to achieve thoseadoptedor action
andwhento do so. A prototypemodelis underdevelopment.Mechanismsnclude: mo-
tivator generatorsattentionfilters, a dispatchethat allocatesattention,anda manager
Mechanismdik e thesemight explainthe partiallossof controlof attentioncharacteristic
of mary emotionalstates.

1. Intr oduction

A motherwhosechild hasbeenrun over reportedthat, for along time afterwards,shefound

herthoughtsconstantlyandunwillingly dravn backto theevent,to whatshemighthave done
to preventtheaccidentto whatthechild might have beendoinghadit notoccurred.Shewas

so tormentedby this that only the desirenot to harm her remainingchildren preventedher

taking her own life. A commonfeatureof infatuationis that thoughts,desires,questions
andworriesconcerningthe loved onekeepintruding. An Olympic winnerwill find it hard

not to returnin thoughtto the momentof successandthe associatedgtrugglesandtriumph.

Emotionalstatedik e grief, infatuationandelationseemto have in commona partiallossof

control of one’s own thoughtprocessesin otherwords, attentionis repeatedlydravn back
to thoughts desiresregrets,whatmight have happenedwhat mayyet happenandthelike.

This is part of whatit meansto be “moved”, or evento be “besideoneself’. Why is this

sucha penasve featureof humanexperience?We shall not quarrelaboutthe definition of

“emotion” sincetheword is full of ambiguityandvaguenessAll we areconcernedwith is

thattherearecertainfeaturesfoundin somementalstateshatmary peoplewould describe
as“emotional”.

Ourconjecturasthatdesigrrequirementsor intelligentagentsn aworld lik eoursleadto
mechanismshathave thesetendenciesis“emeigent” properties Our “AttentionandAffect”
projectaimsto developthis conjecturanto a high level theoryof thearchitectureof ahuman
mind, integratingmary of the phenomenatudiedby Al andPsychology As a first stepwe
areexploring designoptionswithin asimulateddomain,the“robot nursemaidiomain”. This
papermeportssomepreliminarywork.

2. Requirements

Any explanationof how autonomousagents(such as humanbeings)work must account
for a numberof featuresconcernedwith attentionand motivation, as follows. The agent
will have multiple independensourcesof motivation operatingasynchronouslytriggered
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by externalandinternalevents(e.g. hunger thirst, seeinga friend in trouble). Its mental
processings parallelat leastat a coarsegrainedlevel: for instancecontrolling a physical
actionwhile monitoringtheernvironment beingsensitveto new possiblyunrelatedoroblems,
and planning next steps(compare[18]). There are often time constraints(which it may
discover dynamically)on the goalsor desirest attemptso fulfil. Its informationaboutthe
world (anditself) will generallybeincompleteandmay containinaccuracies.

In additionanagents capacityto dealwith problemsis limited both mentallyandphys-
ically [11]. For instance,it cannotbe in two differentplaces,look in two quite different
directions,simultaneouslyplan coursesof actionfor two unrelatedand complicatedprob-
lems. Mental resourcdimits requirevariousselectiongo be made: which goalsto try to
achieve, which onesto think aboutnow, which datato look at, which procedureso applyto
thedata,andsoon. In otherwordsattentionis directedto meeta subsebf currentneeds.

3. Example: a Real Nursemaid

The problemsof controlling attentionarisein mary humanactvities. Considera nursemaid
in chage of a collectionof babies:Sheneedgo beableto detectandreactto a greatvariety
of problems for instance pabiesbecominghungry sick or injured, or their causingdamage
to themselesor others. While taking careof a problemsheis ableto reactto other more
pressingproblems For instanceijf while feedingonebabyandthinkingabouthow to handle
a peculiarrashon anothershenoticesthata third babyis chokingon a string, shemay then
interruptthe feedingaswell ashertrain of thoughtaboutthe rash,in orderto decidehow
to carefor the choking baby Having dealtwith it, sherememberser previous feeding
taskandreturnsto it if no morepressingoroblemhasarisen.Dependingon the nursemaids
constitution herskill andfamiliarity with suchsituationsandthespeedvith 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 postulateanechanismghat
bothmeetthe generahigh level designrequirementsandalsoaccounfor thesephenomena.
The theory emphasiseshe needfor the control of attention,where attentionincludesthe
selectionof informationto be processe@ndthe selectionof proceduredo applyto it. The
mechanismsreaterepresentationsf problemsor goals,known as“motivators”,andinclude
processesvhich operateon them. Our explanationwill extendideasin our previous papers
onthistopic. We shallnot hererepeathe explanationof how emotionalstatesemegewhen
thereis partiallossof controlof attention(see[19, 22].) We arenotdirectly concernedn this
paperwith the processesnderlyingpleasurepain,andcreationof attitudes.

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

5. Related Work

Threeareasof researchareparticularlyrelevantto our theory Firstly, thereis along history
of work in Psychologydealingwith affect and attention. For instance McDougall under



scoredtheimportanceof purposdan theregulationof humanbehaiour [13]. GordonAllport

emphasisethathumanbeingshave multiple top level (“functionally autonomous”)motives
[1]. More recently JuliusKuhl [12] hasdevelopedan extensve theory of the regulation of

motivation. However, this psychologicatesearchs not “designbased’{21], andhencedacks
someof therigourandexplanatorypowerthatwe seek.Thework of NormanandShalliceon

attentionandbehaiour is potentiallyrelevant, but it is still too sketchy It doesnt elucidate
in ary detailtherole of motivationin attentionandaction.

Secondly recently therehasbeeninterestin Cognitive Scienceon agentsmeetingthe
requirementsnentionedabove [7, 14, 15]. HerbertSimon's seminalpaperon emotionand
motivation[17], which links themto attention,hasgreatlyinfluenceda numberof cognitive
theoristsof affect, including oursehes. Simonproposeshatmentalprocessinganbe asyn-
chronouslyinterruptedwhenhumansdetectmotivationally relevant statesor events. Oatley
andJohnson-Lairghroposdahatthe mind comprises hierarchyof processorsodulatedy a
top level processarAsynchronousletectionof changesn thelik elihoodof succes®f aplan
leadsto the globalbroadcastingf a signalwhich interruptsprocessingnddirectsit in pre-
determinedwvaysto the relevant plan’s goal. This occurrencecorrespond$o an emotional
disturbance.A problemwith this theoryis thatits actualscopeis larger thanits intended
scope. The interrupts,for instance would seemto apply equally well to exampleswhere
emotionsare not generated.Thatis, global interruptionandredirectionof effort canoccur
without any emotionalstate.BeaudoinandSloman[4] discusshis agumentandapplyit to
Frijda’s work aswell.

Thirdly, Al researchon actvity hasuntil recently mainly focusedon systemswith a
single top level goal. The systemsthat do have multiple goalstendto have very specific
tasks. Geogeff and Lansky’s ProceduralReasoningSystem[9], however, takes seriously
the constrainton time andinterruptability andthe importanceof anagents productionand
managemenf its own goals.However, their provisionsfor controlling attentionarelimited
comparedto what we propose. Moreover the links with motivation and emotion are not
explicitly dravn. The samecommentappliesto Wilensky’'s theory[23], which emphasises
theagents productionandmanagementf multiple goals.

6. Representationsand Mechanisms

Thereis a needfor a designbasedtheory that accountsfor the control of motivation and
attentionirrespectve of whetheremotion-like phenomenaare generated. As a result of
analysingthe generarequirementstaking noteof arangeof commonphenomenan human
beings,andexploring the needsof a simulatednursemaidyve proposethata minimal setof
mechanismsvould includethefollowing, which we believe go beyondthe sophisticatiorof
robotarchitectureproposeditherto.

6.1.Motivators

A motivator is a representatiof a possiblestateof affairs towardswhich the agenthas
a motivational attitude. This meansthat the representatiortnasthe dispositionalpower to
produceaction,thoughthedispositionrmaybesuppressedr overriddenby otherfactors.The
conceptof a motivatoris similar to thatof a goal asfrequentlyusedin Al (e.g., [5]), except
that its structureis richer, and our conceptcovers more casesjncluding ideals, principles,
etc. Howeverin this paperwe consideronly goal-like motivators.

A motivatorstructurehasthefollowing tenfields: (1) a propositionP denotinga possible



stateof affairs,whichmaybetrueorfalse,e.g.“Johnhaseaten”;(2) amotivationalattitudeto
P, whichis oneof “maketrue”, “make false”,"k eeptrue”, “make truefaster”,or thelike; (3)
a valuerepresentingvhatis believed aboutP, which may be “true”, “false”, “nearly true”,
“unknown”, or somekind of “probability”, andwhich togetherwith field (2) disposeghe
agenttowardscertainsortsof actions(sothatif the attitudeis “make true”, andthe belief-
valueis “false”,theagents disposedo try to make P true,e.qg.if “Johnhaseaten’is believed
false,andthe attitudeis “make true”, thenthe agentmay be disposedo 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 assessmeitccordingo idealsor principles,suchasethicalor aesthetigrinciples
(thoughour currentsimulationignoresprinciples): (5) an “urgeng descriptor”, which in
simplecasesnerelymeasuresimetill it’stoo late,or in morecomplex casegelatestime of
actionto costsand benefits(e.g. without actiona motivating situationmay get worseover
time, making action more important); (6) an “insistencevalue” heuristically representing
importanceand urgeng, and determiningpotentialto attractattention;(7) a plan or setof
plansfor achiezing the motive (if available); (8) a commitmentstatus,suchas“adopted”,
“rejected”, “undecided” (possiblywith attachedconditions,and possiblywith a numerical
degree), reflecting decisionsthat have beentaken aboutthe motivator, e.qg. whetherit is
anintentionor not; (9) “managemeninformation” in the form of a setof conditionaction
pairsassociatedavith a motivator, determining for example,whenactionshouldbegin or be
resumedwherethe actionsmay be mentalor physical);(10) a dynamicstatesuchas“being
considered”;'consideratiordeferred”,“current”, “plan suspended”;plan aborted”. A more
completemodelwould adda field for intensity a measureof the strengthof the disposition
to actonthe motive, andpossiblyalsoassociategleasureanddispleasure.

Many of the problemsof designingan autonomousagentarise out of the fact that a
lot of motivatorscan exist simultaneouslyin different statesof processingand nen ones
can be generatedat ary time, potentially disturbing current processing. When there are
several motivatorsrequiring attentionthat are important, urgent, adopted,and unsatisfied
(but possiblysatisfiable)the situationwill bedescribedashaving ahighlevel of “hastiness”.

6.2. Theprocessingf Motivators

A numberof processeapply to motivators. Beforethey canbe consideredmotivatorsfirst
needto be generatedlIn highly trainedindividualssomemotivatorsproduceactiondirectly
via “cognitive reflexes”, but in generala nev motive hasto be attendedo, e.g. to determine
its commitmentstatus(8), or form a plan. But consideringa motivator requiresdiversion
of attentionalresourcesand sucha diversioncanin somecasesbe dangerouor counter
productie. (For example,beingdivertedwhile makingatricky right turnin traffic, or while
beinggivenimportantinstructions canhave fatalconsequences.)

Therefore,we assumea processwhich associatesvith eachmotivator an “insistence
value”,whichis a quickly computecheuristicmeasuref importanceandurgeng, andwhich
determineshow likely it is that the motivator will attractattention,e.g. by exceedinga
thresholdin an attentionfilter. A motivator that penetrates filter is saidto be surfacing.
Note thatthe role of insistencemeasuresndfiltering is to prevent unsuitablediversionof
resources.This attentionprotectionmechanisms heuristicand may thereforesometimes
fail. Thatis, in somecasest may prevent pertinentmotivatorsfrom being consideredjn



othersit mayallow relatively unimportantmotivatorsto disruptattention.

If amotivatormanageso penetratehefilter, a furtherrequirements to decidewhethey
when,andhow it may be actedupon,andwhetherit oughtevento be consideredandif so
whetherit shouldbe considerechow or later. Thesearethe tasksof the managemenpro-
cess.At ary onetime, the managemenprocesscanbein the midstof adoption-assessment,
scheduling,expansion(planning),or meta-managementAdoption-assessmeatms at de-
ciding whetherto adoptor rejecta motivator. It is influencedmainly by the motivator’s
importanceandthe costof satisfyingit. Sthedulingaimsat decidingwhento executea plan
for amotivator. It is primarily influencedoy a motivator'surgeng. Motivatorexpansioraims
atdecidinghow to satisfyamotivator. It mayinvolve constructingnew plans(e.g., [5]) and/or
retrieving preformedplansor procedurege.g., [8]). Motivatorexpansionis oftenreferredto
as‘planning’, thoughplanningofteninvolvesotherprocessesge.g., scheduling).Expansion
needsto be sensitve to beliefsconcerningthe instrumentality[10] of possibleactions,i.e.,
the extentto which they increaseor decreasehe lik elihoodof the motivatorbeingsatisfied.
Plansmay be partial, with detailsleft to befilled in at executiontime. Meta-mangementis
describedelow.

Althoughwe describedhedifferentfunctionsof themanagementrocesseparatelythey
are often inextricably linked. For instance,how a goal may be expandedwill dependon
whenit canbe actedupon,aswell ason how importantit is. And whena certainmotivator
is pursuedmay impact on the chancesof success. Henceeachkind of objectve of the
managemergrocessnayinvolve the others.Moreover, theschedulingexpansionadoption-
assessmerdnd meta-managemeritinctionsmay be triggeredin ary ordet contradicting
Slomans [20] earliersuggestiorthat the statetransitionsin the post-filteringprocessingof
motivatorsfollow a rigid order For example, it is possibleto startexpandinga motivator
beforeevenadoptingit, in orderto assesshe costsof adoption.

If andwhena motivator penetrateshe filter the managemenprocesss interruptedand
given the objective of producingone of the four kinds of decisionregardingthe surfacing
motivator (i.e., expansion,scheduling,adoption-assessmendr meta-management)This
raiseghequestion:how is thesystemo decidewhatwill bethe objective of themanagement
processgiven thatit will be consideringa certainmotivator? We assumethat thereis a
mechanismwhichwe call dispatding, whichtakesthis decisionveryrapidly. Dispatchings
amechanisnfor controllingattention.lt is instructveto comparedispatchingo deliberation
scheduling6], which quickly determineswhat to think aboutwhen” (p. 50). The function
of dispatchingdiffersfrom deliberationschedulingn that(1) ratherthandecidingwhatgoal
to think about,it determineiowto think aboutit, and(2) it takesa decisionabouta motivator
whichis alreadyguaranteetb beconsideredhext; i.e., it doesnt haveto decidewhento think
aboutsomethingVariantsof dispatchingareexploredin thetaskdomaindescribedelow.

In contrastto dispatchingthe managemenprocessmay take arbitraryamountsof time
andresourcego producea decision. However, urgeny andhastinesgdefinedabove) may
affect its decisiontime. The managemenprocesss a major bottle-neckin the processing
of motivators, becauseat requiresthe most sophisticatedlecisionsto be taken. In order
judiciouslyto utilise the managememnprocessye assumehatit itself may (in somecircum-
stancesyecidewhetherand whena motivator oughtto be managedand (possibly)how it
oughtto be managedThis functionof the managemeris referredto asmeta-mangement

For example,while trying to decidehow to dealwith a baby’s rasha nursemaidmight
startto wonderwhatto do aboutanotherbabywho hasbeenmisbehaing. Shemight then
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give herselfa meta-managemembjectve, to decidewhethersheoughtto be thinking about
thesick babyor themisfit. Meta-managemeid oftenusefulwhentherearecurrentdemands
on the managemenprocessanda motivatorwhich is tangentialto the managemenprocess
surfaces It is alsousefulunderthoseconditionswherethefilter thresholdshouldbe high (for
instancewhendistractioncanhave dangerousideeffects). Of coursenot every processan
beprecededby meta-managemeptocessessincethennothingcouldever start. Sonormally
some‘routine’ managemerdtrategy will befollowedautomatically

Themeta-managemefunctionis similarto thatof filtering, i.e., to protectattention.Fil-
teringrequiresa simpleandrapid mechanismyhereagneta-managemeganusewhateser
inferenceengineis availableto the managemenprocessandthereforeit cantake longerto
terminate.

7. The Nursemaid Domain

In orderto explore our theorywe designeca domainin which anautonomousgentis given
taskstherequirement®f which aresimilarto thoselistedin theintroduction.It wasessential
to simplify the domainin orderto make the problemstractablewithout first solving all the
problemsof Al, including 3-D vision, motor control,andnaie physics.We thereforechose
a domainthat presentghe problemswe wishedto addresswhile avoiding problemsbest
left to others. The domaininvolvesa robot nursemaidwhich mustlook after a collection
of robotbabiesroamingarounda two dimensionahursery The babiescangetinto various
difficulties, like falling into fatal ditches,runningout of batterychage, becomingsick, ill,
or violent. The nursemaidcan detecttheseproblemsusing a simulatedcamerawhich can
obsenre a partof the nurseryat atime. And shecanrespondo themby usinghersimulated
claws to transportbabies,move themaway from ditches,bring themto a batteryrechage
point, bring themto aninfirmary, isolatethemif they areviolent, or dismissthemif they are
deador have reached certainage.Theactual‘physics’ and‘psychology’ of thedomaincan
be extendedndefinitely asrequiredfor testinglatermorecomplex versionsof our theory

In atypical scenariothe nursemaiddetectsthat a baby sayBa, hasa low chage. As
the nursemaids startingto expanda solutionto this problem,shenoticesthatanotheraby
Bb, is dangerouslycloseto a ditch. Shedecidedo take careof the problemconcerningBb
first, sinceit is more urgent. As sheis expandinga solutionto this urgent problem, she
percevesthatBc is ill. This generates nev motivatorto cure Bc. But this motivatoris
not noticedbecauseof an attentionfilter, and Bc later diesof its illness becauset wasnt
attendedo early enough. We shall revisit this scenarioin the light of a descriptionof the
nursemaids architecture. The domain should not be interpretedas having ary political,
social,or economicsignificance.It merelyhappengo embodymary of the problemsthat
interestus. Moreover, it canbe extendedgraduallyby addingnen complicationsyequiring
increasingarchitecturakophistication.

8. Designof the Initial Nursemaid

Theinitial designof thenursemaiccomprisesnumberof databasesncludingaworld model
anda motivator database Thereare simultaneoushactive modules,including a perception
module,motivatorgeneratorsanattentionfilter, adispatchera motivatormanagera motiva-
tor monitor, anda plan executor Therearetwo sortsof effectors: claw controllersandgaze
controllers. A perceptuamodulecollectsinformationfrom the nurseryandincorporatest



into the nursemaids world model,whichis distinctfrom the nurseryandmay containdated,
incorrect,information.

Motivatorsarerepresente@sobjectswith the ten componentdisted previously, though
someof the permittedvaluesaresimplified for thefirst prototype.For examplethe commit-
mentstatus(8) hasonly two options,“true” or “false”, urgeng isn't explicitly represented
andimportance(4) is representediumerically The effect of having condition-actionpairs
is achieved by maintaininga scheduleof motivatorsto executeor considey as described
below. Insistencg6) is representeésa numberbetween0 and1. The dynamicstateof a
motivator(10) denotesvhetherit is beingmanagednd/orexecuted.Otherinformationabout
the motivatoris containedn the motivatordatabas¢seebelow).

Motivator genematorsrespondo theworld modelandinformationaboutextantmotivators
and generatenev motivatorswhenthe appropriateconditionsare met, including allocating
a numericinsistencevalue. For example,if a babyis dangerouslycloseto a ditch, thena
motivatoris generatedavith aninsistencevaluewhichis proportionalto the baby’s proximity
to the ditch. It is possiblefor more than one motivator to be generatedor activated at
atime. We hadto decidehow to handlethe casein which someinformation calls for a
motivator generatorto producea motivator whosepropositionand attitudeare the sameas
an extant motivator. This raisesthe issuesof individuationand recognitionof motivators.
We arbitrarily decidedto individuatemotivatorsby their propositionsand attitudes,andto
make themunique,sothatin thecasen questiorthe motivatorgeneratorsvould activatethe
existing motivatorratherthangeneratea copy.

Thereis a variablethresholdfilter and a filter thresholdupdater Recall that the role
of thefilter is to preventinsufficiently insistentmotivatorsfrom disruptingthe management
processMotivatorswhoseinsistencearelessthanthefilter’ sthresholdareignoredtheothers
are passedn to the dispatchettherebydiverting attentionfrom other actwities. The filter
updatervariesthefilter thresholdasthe hastines®f the situationvaries.

Thedispatderinterruptsthe managemerntrocessvhenamotivatorsurfacesanddirects
it to the new motivator, while specifyingwhatthe managemens’objective shouldbe (either
scheduling,adoption-assessmergxpansionor meta-management)Different dispatching
rulesarebeingstudied;hereis anarbitraryexample.If thehastinesss high, or themotivator
hasbeenpostponedintil someconditionswhich arent currentlytrue, thenfavour a meta-
managemenbbjective for this motivator. This will allow the managemento postponecon-
siderationof the motivator, whichiit is likely to wantto do if the motivatorhasalreadybeen
scheduledor laterexecution.Or thedispatchecouldrandomlychooseatypeof management
objectve which hasnt alreadybeenachieredfor this motivator.

The managiementprocessdecideswhether when, and how to act on a motivator, by
using either an adoption-assessmerd,scheduling,or an expansionroutine, respectiely.
Motivatorsare adoptedunlessthey conflict with othersin sucha mannerthat only one of
the conflicting motivatorsmay be executedat all. Schedulingdecisionsarerecordedn the
motivatordatabasédescribedelon). Thesedecisionanaybeto executea motivatorbefore
or afteranotheyto executea motivatorata certaintime, or to executea motivatorwhensome
otherconditionis met. For instance the managemenmay decideto rechage a babywhen
thereis sufficientroomin theinfirmary. Expansionis currentlysimulatedoy retrieving pre-
storedplansandrequiringthatthisretrieval beextendedn simulatedime. Meta-mangement
providesa meangfor the systemto control its managemendf motivators. It may decideto
postponeconsideratiorof a motivatoror to managet now. And it maydecideon thekind of
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managemerproceswhichis mostappropriate.

The motivatordatabasecontainsinformation aboutextant motivators. A schedulecon-
tainstriples,referredto asscheduletems. Thefirstelemenbf asdeduleatemisits activation-
condition; this is a proposition,which evaluatesto true or false. The secondis its action
type, which is an expressiornrecordingwhat kind of actionshouldtake place,thatis either
“physicalaction” or amanagementbjective. Thethird itemis alist of motivators.Whenthe
activation-conditionof a scheduldgtem is found to be satisfied,its motivatorsare executed
or considereddependingon the action-type. The schedules updatedoy the management
processandaccessetly the managemerdandmotivatormonitor(describedelow). Thereis
a list of conflictingmotivatos known to be incompatible(typically becauséwo motivators
have a high urgeny). And thereis a list of importancepriorities, which containspartial
ordersof motivators.Thelattertwo lists arealsosetby the managemenprocessvhich can,
in the procesof adoption-assessmenigtectandresole conflicts.

Whenthe managemenprocesss interrupted,a recordof its stateis keptin the man-
agementrecod. This containsinformation aboutthe motivatorswith which the process
was concernedas well asthe objective of the process(scheduling,adoption-assessment,
expansion,or meta-managementgnd whatever intermediateconclusionsmay have been
produced.Thenext time the managemens directedto procesghe samemotivatorswith the
sameobjectie, therecordmaybe usedto resumethe previousprocessing.

A motivator monitor examinesthe information aboutmotivatorsand can activate some
of them,generatenenv motivators,andtriggerthe planexecutor It examinesthe scheduldo
determineif thereare motivatorswhoseplansshouldcurrentlybe executed. If it discovers
morethanone,it generatea ‘managemeniotivator’ notingthe conflict. (Sothe monitoris
alsoamotivatorgenerata) If it discorersexactly onemotivatorto beexecutedit triggersthe
plan executor which executeghe plan associateavith the motivator, or createsa motivator
to createa plan if necessary The motivator monitor may also activate motivatorswhose
conditionsof executionhaven't beenset,or which haven't beenconsideredor awhile. This
activationwill causehemto gothroughtheusualproces®f filtering andpossiblydispatching
andmanagement.

9. A Scenarioin the Nursemaid Domain Revisited

In this sectionwe expoundthe nursemaids processingn the scenariadescribedabove. The
nursemaidecevesinformationaboutBawhich sheincorporatesnto hermodel. A motivator
generatoresponddo the belief thatthe baby’s chage is of a certainlevel by generatinga
motivator the propositionof which is “low_chage(Ba); andthe attitudeof which is “con”.

The insistenceof this motivatoris greaterthanthe currentfilter threshold,so this motivator
surfaces. The dispatcherdirectsthe managemenprocessto decidewhetherto adoptthe
motivator. The managementlecidesto adoptit, andproceedgo schedulat for immediate
execution. But executionrequiresthatthe motivator be expanded.An expansionprocesss

thereforedispatched.However, asthis expansionprocesss running,a motivator regarding
Bb’s proximity to the ditch surfaces.The dispatcheinterruptsthe managementrocessand
instructst to schedulehe“Rescued(Bb)'motivator. Thehastinessf thesituationis recorded
andthis drivesthe filter thresholdup. While all this is happeningperceptuainformation
aboutanotherbaby Bc, beinginjured is insertedinto the nursemaids world model, which

generates motivatorto cureBc. However, this motivator’s insistencasn’t sufficiently high

for it to surface. The managemendecideso executethe motivatorconcerning8db now, and
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postponesheoneconcerningda.

10. Limitations and Future Work

Severallimitationsstill needto beaddressedynly someof whichcanbementionechere. The
theoryneedgo be morespecificabouthow differentkinds of objectvesof the management
processare to be attained. Existing Al work on plan formation could be incorporatedn
goal expansion Therehasalsobeena lot of work on scheduling thoughnot so muchon
schedulingin autonomoussystemswith their own objectves. The processe®f adoption-
assessmerand meta-managemeshouldbe more principled. We alsoneedto statemore
clearly how high-resourcerocessesliffer from low-resourceprocessesnd how resource
limits arise.

Representatioand processingdf motivatorsare still too limited. Whenschedulingthe
nursemaiatonsideronly theproblemghatareactuallypresentA betterversionwould make
decisionsthat are sensitve to the probability that other problemsmight occur Moreover,
althoughin real life somemotivatorshave a hierarchicalstructure(cf. [16]), the existing
nursemaids motivatorsdo not. (This is partly dueto the factthatthe prototypenursemaid
matchesnotivatorsagainstopaque pre-storedplans.) Ideally, motivatorsthatarenecessary
and/orsufficient for satisfyingothermotivatorsshouldbe treateddifferently.

The nurserydomainis a deliberatelysimplified initial test-bedfor somegeneralideas
aboutintelligent agents. As our researchprogressesthe domain should be made more
demandingwith regardto the requirementof interest. For instance,at presentall of the
conflictsin thedomainaredueto resourcdimits of onesortof anotheratherthanuniqueness
constraints.(A uniquenesgonstraintstatesthat only oneobjectcanbein a certaintype of
relationship.) Thereare mary more possibledevelopments.For instance we could allow
for morekinds of sensorsmoredifferentkinds of babieswith degreesof likeablenesshe
nursemaidyettingattachedo somebabies.We couldallow morenursemaidsandaddideals
and ethical principlesto the nursemaid. Many forms of learningcould be investigatedto
reducethe arbitrarines®f decisionproceduresndthresholds Geneticalgorithmsmight be
usedto evolve differentforms of thearchitecturan differentervironments.

We conjecturethat mary emotionalstates,suchasgrief or elation,involve processe
which certainhigh-insistencemotivatorsor thoughtstendto divert attentionfrom currently
adoptedmotivatorsof highercurrent'importance’. We expectto be ableto studyemepging
emotionalphenomenan a moreadwancedmodel producing‘insistent’ motivatorsthat tend
to resuriceevenif the nursemaidchaspreviously rejected,postponedpr scheduledhem.
We hopethat this will help us to understandohenomendik e the casesdescribedin the
introduction,wherepeopleseempartially to losecontrol of their own thoughtprocesseand
attention. It shouldalso provide the foundationfor a designbasedexplanationof anxiety
disorderq2], suchasobsessie compulsiondisorder

We donot, however, claimthatthereis auniquearchitectureevenfor human-like systems,
sofurtherwork shouldrelatedesignvariationsto evolutionarypressuresyariationsin human
developmentandpersonalitydifferences.
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