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0.1ReactiveArchitectures

�Therearemanyunsolved(somewouldsayinsoluble)problems
associatedwithsymbolicAI.

�Theseproblemshaveledsomeresearcherstoquestionthe
viabilityofthewholeparadigm,andtothedevelopmentof
reactivearchitectures.

�Althoughunitedbyabeliefthattheassumptionsunderpinning
mainstreamAIareinsomesensewrong,reactiveagent
researchersusemanydifferenttechniques.

�Inthispresentation,westartbyreviewingtheworkofoneofthe
mostvocalcriticsofmainstreamAI:RodneyBrooks.
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0.2Brooks—behaviourlanguages

�Brookshasputforwardthreetheses:

1.Intelligentbehaviourcanbegeneratedwithoutexplicit
representationsofthekindthatsymbolicAIproposes.

2.Intelligentbehaviourcanbegeneratedwithoutexplicit
abstractreasoningofthekindthatsymbolicAIproposes.

3.Intelligenceisanemergentpropertyofcertaincomplex
systems.
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�Heidentifiestwokeyideasthathaveinformedhisresearch:

1.Situatednessandembodiment:‘Real’intelligenceissituated
intheworld,notindisembodiedsystemssuchastheorem
proversorexpertsystems.

2.Intelligenceandemergence:‘Intelligent’behaviourarisesas
aresultofanagent’sinteractionwithitsenvironment.Also,
intelligenceis‘intheeyeofthebeholder’;itisnotaninnate,
isolatedproperty.
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�Toillustratehisideas,Brooksbuiltsomebasedonhis
subsumptionarchitecture.

�Asubsumptionarchitectureisahierarchyoftask-accomplishing
behaviours.

�Eachbehaviourisarathersimplerule-likestructure.

�Eachbehaviour‘competes’withotherstoexercisecontrolover
theagent.

�Lowerlayersrepresentmoreprimitivekindsofbehaviour,(such
asavoidingobstacles),andhaveprecedenceoverlayersfurther
upthehierarchy.

�Theresultingsystemsare,intermsoftheamountof
computationtheydo,extremelysimple.

�Someoftherobotsdotasksthatwouldbeimpressiveifthey
wereaccomplishedbysymbolicAIsystems.
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�Steels’Marsexplorersystem,usingthesubsumption
architecture,achievesnear-optimalcooperativeperformancein
simulated‘rockgatheringonMars’domain:

Theobjectiveistoexploreadistantplanet,andinparticular,to
collectsampleofapreciousrock.Thelocationofthesamplesis
notknowninadvance,butitisknownthattheytendtobe
clustered.
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�Forindividual(non-cooperative)agents,thelowest-level
behavior,(andhencethebehaviorwiththehighest“priority”)is
obstacleavoidance:

ifdetectanobstaclethenchangedirection.(1)

�Anysamplescarriedbyagentsaredroppedbackatthe
mother-ship:

ifcarryingsamplesandatthebasethendropsamples(2)

�Agentscarryingsampleswillreturntothemother-ship:

ifcarryingsamplesandnotatthebasethentravelupgradient.
(3)
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�Agentswillcollectsamplestheyfind:

ifdetectasamplethenpicksampleup.(4)

�Anagentwith“nothingbettertodo”willexplorerandomly:

iftruethenmoverandomly.(5)
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0.3SituatedAutomata

�AsophisticatedapproachisthatofRosenscheinandKaelbling.

�Intheirsituatedautomataparadigm,anagentisspecifiedina
rule-like(declarative)language,andthisspecificationisthen
compileddowntoadigitalmachine,whichsatisfiesthe
declarativespecification.

Thisdigitalmachinecanoperateinaprovabletimebound.

�Reasoningisdoneoffline,atcompiletime,ratherthanonlineat
runtime.
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�Thetheoreticallimitationsoftheapproacharenotwell
understood.

�Compilation(withpropositionalspecifications)isequivalenttoan
NP-completeproblem.

�Themoreexpressivetheagentspecificationlanguage,the
harderitistocompileit.

(Therearesomedeeptheoreticalresultswhichsaythataftera
certainexpressiveness,thecompilationsimplycan’tbedone.)
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1HybridArchitectures

�Manyresearchershavearguedthatneitheracompletely
deliberativenorcompletelyreactiveapproachissuitablefor
buildingagents.

�Theyhavesuggestedusinghybridsystems,whichattemptto
marryclassicalandalternativeapproaches.

�Anobviousapproachistobuildanagentoutoftwo(ormore)
subsystems:

–adeliberativeone,containingasymbolicworldmodel,which
developsplansandmakesdecisionsinthewayproposedby
symbolicAI;and

–areactiveone,whichiscapableofreactingtoeventswithout
complexreasoning.
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�Often,thereactivecomponentisgivensomekindofprecedence
overthedeliberativeone.

�Thiskindofstructuringleadsnaturallytotheideaofalayered
architecture,ofwhichTOURINGMACHINESandINTERRAPare
examples.

�Insuchanarchitecture,anagent’scontrolsubsystemsare
arrangedintoahierarchy,withhigherlayersdealingwith
informationatincreasinglevelsofabstraction.
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�Akeyprobleminsucharchitecturesiswhatkindcontrol
frameworktoembedtheagent’ssubsystemsin,tomanagethe
interactionsbetweenthevariouslayers.

�Horizontallayering.

Layersareeachdirectlyconnectedtothesensoryinputand
actionoutput.

Ineffect,eachlayeritselfactslikeanagent,producing
suggestionsastowhatactiontoperform.

�Verticallayering.

Sensoryinputandactionoutputareeachdealtwithbyatmost
onelayereach.
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2Ferguson—TOURINGMACHINES

�TheTOURINGMACHINESarchitectureconsistsofperceptionand
actionsubsystems,whichinterfacedirectlywiththeagent’s
environment,andthreecontrollayers,embeddedinacontrol
framework,whichmediatesbetweenthelayers.
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�Thereactivelayerisimplementedasasetofsituation-action
rules,àlasubsumptionarchitecture.

Example:

rule-1:kerb-avoidance
if

is-in-front(Kerb,Observer)and
speed(Observer)>0and
separation(Kerb,Observer)<KerbThreshHold

then
change-orientation(KerbAvoidanceAngle)

�Theplanninglayerconstructsplansandselectsactionsto
executeinordertoachievetheagent’sgoals.
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�Themodellinglayercontainssymbolicrepresentationsofthe
‘cognitivestate’ofotherentitiesintheagent’senvironment.

�Thethreelayerscommunicatewitheachotherandare
embeddedinacontrolframework,whichusecontrolrules.

Example:

censor-rule-1:
if

entity(obstacle-6)inperception-buffer
then

remove-sensory-record(layer-R,entity(obstacle-6))
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