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Abstract. Three approachego the study of mind are distinguished: semantics-based,
phenomena-basexthddesign-basedRequirements$or the design-basedpproachareout-
lined. It is aguedthat Al asthe design-basedpproacho the studyof mind hasa long
future,andpronouncementegardingits failure areprematureto saytheleast.

1. Intr oduction

The deathof Artificial Intelligence,or more specificallythe failure of the computationakp-
proachto the studyof mind, is oftenannouncedeitherby corvertsto some'new’ approachpr
by peoplewho don't like theideaof a scientificor mechanistiexplanationof how the human
mind works. Suchannouncementare nave insofar asthey assumehatwe alreadyknow (a)
what canand cannotbe explainedor modelledin computationaterms,and (b) what we are
trying to explain or replicate.Thefirstassumptiomgnoresthefactthatthe studyof computation
is still in itsinfang. The secondassumptiongnoresthedepthof ourignoranceaboutthenature
of the humanmind.

Regarding(a): During its shortlife computersciencehasdeepeneaur understandingf
which sorts of processesare possibleand useful, and which are not. For exampleit has
produceda sequenceof generalisation®f the notions of mechanismand process,through
the developmentof new forms of ‘programming’ language;and, in studiesof ‘complexity’
issuesjt hasexploredthe boundarybetweenwhatis theoreticallyor mathematicallypossible
and what is feasiblein the physicaluniverse. Yet we still have a very long way to go, for
instancein exploring forms of parallelcomputationandthe hugevariety of virtual machines
that have propertiesquite unlike the physicalmachinesn termsof which they are ultimately
implemented.

Reagarding(b): althoughmostpeoplethink they understandhe essencef mind from direct
experienceof their own, muchof this confidenceis misplaced,andthe conceptsof ordinary
languageausedto formulatequestion®or theoriesarenearlyall ill-definedandunsuitablefor the
task. Thus peoplewho think they know what questionghey are posingwhenthey askwhat
the function of consciousness, how consciousnessvolved, or whetherconsciousnessan
be explainedin computationaterms,are probablydeceving themseles,aswe’ll eventually
discover.

By comparisonwith the natureof matter our understandingf the natureof the human
mindis patheticallyshallov andincomplete andworse riddledwith confusions Wheretheres
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conceptuakonfusion,we canexpectfutile aggumentsat cross-purposeandunproductve in-
vestigations. Collection of new datafrom experimentand obsenation on humansand other
animalsis an endlesgprocesshut unlessdriven by deeptheory-baseadonceptdt doesnotin
itself provide insightsinto the natureof the underlyingmechanismsif pursuedn the light of
goodtheoriesaboutmechanismsjew datacanhelpto exposeflawsin ourhypotheseanddrive
the developmenibf new theorieshatengagebetterwith thefine structureof reality.

At leastthreedifferentactvities needto be inter-related: (i) explorationof new forms of
mechanism@cludingnew formsof computation(ii) theconstructiorof workingmodelsusing
thosemechanismsand (iii) collectionof significantempiricaldata. All threeneedto go hand
in hand,eachfeedingoff, stimulatingandcorrectingthe others.This is whatAl asthe science
of intelligenceis all about. Alas, too often peoplepursuenarrav intereststied to only oneor
two of thesethreesub-discipline®f thestudyof intelligence.

| includeundertheumbrellaof Al sereralapproachethatputthemselesforwardasrivals
to symbolicAl, includingconnectionismgeneticalgorithmsandartificial life models.It is silly
to treattheseasmutuallyexclusiverivalsin the currentstateof our knowledge.For all we know
now, it couldturnoutthatintricatecombination®f thesetechniquesor theirsuccessorsyill be
requiredin the end,bothfor explaininghumancapabilitiesandfor building usefulhuman-like
engines.As indicatedbelaw, it may alsobe sensiblefor Al to take accountof someprocesses
thatmary peoplewould not classascomputationale.g.chemicalprocessesuchasthe effects
of alcoholandotherdrugs.

2. Work to bedone

Therearemary aspectf humanandanimalcompetenceéhat we cannotyet explain or sim-
ulate. In the early daysof computerst seemedo somethatthe ability to do logic and math-
ematicsor play ‘intellectual’ gameslike chesswere going to be the main challengedor the
studyof intelligence sincethesewerethingspeoplefound hardest But we've sincelearntthat
therearewaysof gettingmachinego matchor exceednormalhumanperformancen sub-areas
of mathematicsgchessandothersimilar activities, without necessarilymitating humanways
of doing thingsin ary depth. By contrastthereare capabilitiesthat are apparentlyachieved
effortlessly even by children and other animalsbut which we cannotyet begin to approach
on computers. E.g. althoughthereis a considerableamountof Al work in vision inspired
by both scientificand engineeringgoals, existing systemscomenowherenearthe generality
flexibility , andspeedof biological vision (a topic developedfurtherin Sloman[19]). (Though
somespecial-purposédl image processingsystemsmay perform a specifictask betterthan
humans.) Moreover, phenomenaassociatedvith variousforms of brain damageshav that
visualcompetencés composedf sub-competencdblat canexist or degradeindependentlyn
waysthatdo notcorrespondtall to the organisatiorof visualcompetencen currentAl models
of vision. Similar criticismsof the currentstateof Al comparedwith humanabilities canbe
madeconcerningsub-fieldssuchaslanguagaunderstandingnd production,problemsolving,
planning,learning,and motor control. Even whenwe look closelyat humanperformancen
taskswherecomputersalreadydo aswell asor betterthanpeoplewe find striking differences
in how thoseabilitiesarelearntandhow they integratewith otherabilities.

Although Al’' s achieementshithertolag a very long way beyond its long term objectves,
thatin itself is not areasorfor pessimismaboutits prospectsThe work of peoplelik e Galileo
andNewton laggedfar behindthelong termobjectvesof physics.Theviability andvitality of



a disciplineis not definedby the successeandfailuresat ary particulartime, so muchasby
the variety of unsohed problemsto which the approachof that discipline seemsbettersuited
thanrivalsatthattime. Rightnow | do notknow of ary otherdisciplinethatprovidestoolsand
techniguedettersuitedthanthoseof Al to approactthe explanationof intricateinformation-
processingcapabilitiesthat characterisehe humanmind. Theorieswithin other disciplines
that study humansoften lack the ability to accountsimultaneouslyfor the fine structureand
globalorganisationof humanabilities, eventhoughthey may helpto identify whatneedgo be
explained.

Like the conceptsand techniquesusedby Galileo, currentAl tools and techniqguesmay
not yet have the power requiredfor long term success.Neverthelesghe disciplined, relent-
less,critical applicationof the mostpromisingtechniquesavailableis a sureway to discover
requirementgor their successorghat’s how scienceandengineeringnake progress.

3. Approachesto the study of mind

Different varietiesof Al have in commona design-baseapproachto the study of mental
phenomenawhich contrastswith semantics-basednd phenomena-baseapproacheso the
study of mind. The threeare not mutually incompatible: someresearchersombinetwo or
more,thoughthisis rare.

3.1. Semantics-baseapproadesto the studyof mind

Semantics-basdtieoriesattempto find outhow peopleinterpretwordsandphrasesf ordinary
languagedescribingmentalstatesandprocessesthey explorethe structureof someportion of
thelexiconof ordinarylanguagde.g. Ortory etal. [11]; Clore& Ortory [4]; andJohnson-Laird
& Oatley [8], unlike Johnson-Laird7], which presentsa design-basetheory). As a source
of information aboutmental processesuchenquiriesrestrictus to current‘common sense’
with all its errorsandlimitations. Someof the conceptuahnalysistechniquef philosophers
alsoproducesemantics-basettieories thoughmostesch& empiricalsurweys (e.g. Ryle [13],
Sloman[16] chapter4) and sometimeshey are more concernedwith the spaceof possible
conceptgatherthansimply analysingexistingconcepts.

3.2.Phenomena-basepproadtesto the studyof mind

Phenomena-baseéavestigationsaboundin the work of mary psychologistsSuchresearchers
presupposéehat we alreadyunderstanctlearly what we are talking aboutwhen we refer to
somephenomenonsuchas “consciousness™emotion”, “motivation” andthat examplescan
be intuitively recognizede.g. emotionalstates). They theninvestigateotherthingsthat are
correlatedvith the phenomenoin someway;, e.g. ervironmentalcausesphysiologicalcauses,
physiologicaleffects,behaioral responses;ognitive processesThe correlationamay or may
not include experimentallymanipulatedvariables.(I shallnot herediscusshe vexed question
asto whethercorrelationsddemonstrateausalconnections.)

Phenomena-basé¢keoriesthatappearto be concernedvith mechanismsyecausehey re-
latebehaiour to neurophysiologicadtructure®r processegftenturnoutoncloseexamination
to beconcerneanly with empiricalcorrelationdetweerbehaiour andinternalprocesseshey
do notshonv why or howthe mechanismglentifiedproducetheir allegedeffects. Thatrequires
somethinganalogouso a mathematicaproof, or logical deductionandmostcognitive theories
fall far shortof that.



3.3.Design-base@dppmoadesto the studyof mind

The design-basedpproachattemptsto go beyond theselimitations by adoptingthe ‘design-
stance’(Dennett[1]). Designsare not restrictedto artificial systems: we can analysethe
designof a biological organismby (i) investigatingits capabilitiesand the constraintswithin

which it hasto function, (ii) explaining how it is enabledto meetthese‘requirements’by its

architectureandthe mechanismsised,and(iii) shoving how thesefeaturesmply satisaction
of therequirementsThelastis akinto alogical or mathematicatiemonstrationTheconcepf

“design”usedhereis very generalanddoesnotimply theexistenceof adesignerNeitherdoes
it requirethatwheretheres no designettheremusthave beensomethingik e an evolutionary
selectionprocess.We are not primarily concernedwith origins, but with what underliesand
explainscapabilitiesof aworking system.

A full design-baseéxplanationis rarelyachiesedin practice.lt is quiteacomplicatedhffair,
ideally includingfive differentsortsof componentsanalysisof requirementshighlevel design
specificationjmplementatiordetails,analysisof how the designmeetsthe requirementsand
explorationof alternatvesandtrade-ofs. Thesepointsarespelledoutin moredetailin (a) to
(e) below, andlatersections.Therearemary varietiesof design-basedpproachput whatthey
have in commonis thatthey all directly or indirectly contributetowardsconstructiorof a multi-
facetedtheorythatincludesall the elementd have mentioned. Many design-basetheories
do notincludeall five componentsandarethereforepartly lackingin explanatorypower. The
five componentgannotbe sharplydistinguishedsincethey overlap, and areto someextent
recursve,aswill becomeclear Thefirst three,(a), (b) and(c) below, arecommonplacemong
engineersand correspondapproximatelyto Marr’s threelevels[9]. They arenot enoughfor
science:(d) and(e) arealsoneeded(e) is alsousefulwhenengineersieedto evaluatedesign
options.

(a) Analysisof requirrmentdor an autonomousgntelligentagent.

Therequirementénclude: relevantfeaturesof the ervironmentwith which the agentinter-
acts,resourceconstraintsvithin the agent,whetherthe agentis partof a socialsystemor
not, which sortsof behaiours the agentshouldexhibit, andso on. The relevantfeatures
of the ervironmentmay be subtleanddifficult to identify. For example,it is not obvious
which aspect®f theervironmentahuman-like visual systenneedgo beableto detectand
distinguish.If the agentinteractswith otherintelligentagentsthe requirementwill have
to includetheformsof interaction,andif thatincludeslinguistic communicatiorwill need
to specifythe type of languagejts syntax,semanticspragmaticsgtc. Often peoplewho
criticise Al by shaving how humanabilitiesdiffer from Al modelsaretherebyunwittingly
helpingto refineandclarify therequirementso be satisfiedoy design-basetheories.

(b) Adesignspecificatiorfor a workingsystenmeetingtherequirementsn (a).

This shouldinclude an architecturalanalysis,i.e. a global decompositiorof the system
into majorcomponentsvith adescriptionof theirfunctionalrelationshipsaindinterfaces A
designcanberecursve: it mayincludereplicationof points(a), (b), (c), (d) and(e)for some
of the componentsi.e. providing detailedfunctionalrequirementsa specificationof how
to meetthoserequirementsn termsof a sub-architecturegletailsof how the architecture
is to be implemented,and theoreticalanalysesof types(d) and (e) for the components.
The designspecificatiormay be restrictedto a singlehigh level virtual machineor it may
includespecificationsat lowerimplementatiorievels,in which caseit overlapswith (c).



(c) Adetailedimplementatioror implementatiorspecificatiorfor a workingsystem.
Dependingon the objectvesof the investigationthis may beintendedmerelyasa simula-
tion with predictve power, or asa realisticmodel,down to somelevel of detail. In either
case theimplementatiommay involve severallevels of virtual machinesandpossiblyalso
anumberof partly independentasynchronouslynteracting,sub-systemsThe virtual ma-
chinesat differentlevels may be very differentin characterfor instancesomeconstituting
symbol-manipulatingnachinessomeconnectionistnachinesandsomeelectro-chemical
engines.

In somearchitecturesherecanbe closecouplingbetweerow level andhigh level virtual
machinesmakingthemodelsextremelyhardto analyse for examplea machinehatallows
high level programgo alterits own microcode or which containsmicrocoderoutinesthat
invoke high level procedures.It may turn out that somechemicalprocesses the brain
alsoillustratessuchclose coupling, for instancewhen alcohol, drugsor hormonesalter
high level qualitatve behaiour whilst cognitive processealterchemicalprocesses.

(d) Theoeticalanalysisof howthedesignspecificatiorandtheimplementationatdletailsensue
or fail to ensue satisfactionof therequirements.
We mustallow for requirementghat cannotall be satisfiedperfectly sothatsomeviable
designsmerely approximateto the requirements. The analysis,sometimesreferredto
as ‘design verification’, generallyrequireslogical or mathematicaformalisationof the
relationshipsbetween(a), (b) and (c) andis often very difficult. The proofs may need
horrendousombinatorialcomplexity in orderto cover all casesmakingthemtotally im-
practicalin reality, in which caseapproximateantuitive analysiscombinedwith systematic
testingis all thatcanbeachieved.

(e) Analysisof the neighbourhoodn ‘design-space’.

A full design-basetheorywould locate humanmechanismsvithin a ‘spaceof possible
designs, covering both actual and possibleorganismsand also possiblenon-biological
intelligent systemgartifacts). Consideringimplicationsof possiblealternatvesto a par
ticular designD leadsto deepemunderstandingf thatdesign.For example,demonstrating
the consequencesf replacingor modifying somefeatureF of D, helpsto reveal the sig-
nificanceof F in D. More generally studyingcontrastsbetweendesignoptionshelpsus
understandrade-ofs within any one design. This is relatedto (d) insofar asa rigorous
mathematicabnalysisof a particular designor implementationcan provide a basisfor
showving how variationsin thedesignor implementationelateto variationsin requirements,
ervironmentsand constraints. (CompareGrossbey [5].) Sowork on (d) contritutesto
analysisof type(e). Moreover, (e) is essentiaif (d) is extendedo shaving thata particular
designis optimal

One benefitof eithera working systemimplementinga design-basetheory or a mathe-
maticalanalysisto shav relationshipdetweensystemfeaturesandbehaioural capabilitiesjs
thatit cansometimeglemonstratéhe possibility of new kindsof phenomenasuchasmightbe
producedn artificial agentsptherbiologicalsystemspr evenin humanswith specialtraining,
new social conditions, brain damage,mental disturbancegtc. This helpsus to clarify our
conceptdy forcing usto definehow they applyto thesepreviously unconsideredases.



4. Noteson the design-basedpproach

Thereareseveral variantsof the design-basedpproach.This sectiondescribesomeof them
andattemptdo dealwith somepotentialmisunderstandingsf the precedingdescription.

4.1.Actualvsideal design-basewvork

Very little work in Al hasso far explicitly addresseall of (a) to (e), exceptperhapsn con-
nectionwith small modelsof tiny fragmentsof anintelligent system,thougheventhereit is
more usualto presentonly one design,which is rarely analysedn depth. In the worst cases
all thathappenss thatthe programis presente@sa ‘theory’ andshavn to passsometests—
what JohnMcCarthyoncecalledthe “Look ma: no hands!” approach. OutsideAl, control
engineersvho modelcontrolsystemse.g. usingsetsof differentialequationscomeclosesto
meetingthe ideal sketchedhere,thoughusuallythey neednot simultaneouslhyaddressasmary
differentlevels of virtual machinesaswould be requiredfor intelligent systems,nor would
theirmethodswork for systemsnvolving structure-manipulatioanda developingarchitecture.
Biologistsoften conform (approximatelyXo the design-basedpproache.g. whenthey study
how the physicalandchemicalstructureof someportion of a cell enablest to do a particular
job requiredfor thefunctioningof thatcell, andalsocomparat with slightly differentstructures
in othercellsin the sameor a differentorganism.Anotherexampleis analysisof how different
flower designaneetdifferentrequirementsor reproduction.

Most of the design-basedvork in cognitive scienceand Al hitherto hasbeenconcerned
with relatively smallfragmentsof intelligentagents.e.g. parsing,low level vision, planning,
learning, etc., all restrictedto small subclassesf phenomena.Examplesof more ambitious
yet very sketchy design-basetheoriescanbe found in Minsky [10], Johnson-Laird7], and
chapterss to 10 of Sloman[16], with furtherelaborationn [19] and[21]. Work on Soar[12]
appearso have severalof thesdevels,thoughstill mostlywith arathemarrav focuson problem
solvingactuities.

4.2.Designdoesnot haveto betop-down

The useof the word “design” may suggesto somereadersthat this approachis concerned
only with top-downstudiesthat follow the traditional formal designmethodologyof certain
softwareengineersasif (a), (b) and(c) hadto be sequentiaktages.This is not the case.As
in engineeringit is possibleto try working top-davn from high level specificationgo detailed
implementationspr bottom-upby combiningknown mechanismso seewhatsortsof systems
canbe built from them(e.g. Braitenbeg [2], Brooks[3]). More commonis a mixture of top-
down, bottom-upandmiddle-outanalysis.

A limitation of puretop-davn synthesiof very complex designds thatthe searchspaces
horrendouslycomple, sothatwe risk exploring design-spacéorever without producingary-
thing thatworks asrequiredandwhich canbe implementedon mechanismsvith the required
propertieqe.g. brain-like mechanisms)houghthe searchcanbe reducedf guidedby studies
of existing systems.A similar limitation confrontsentirely bottom-upapproacheshat build
incrementallyon simple,well-understoodmechanismsthe searchspaceg(of possibledesigns)
is solargethatwithout someguidancerom top-donvn analysishe bottom-upexplorationsmay
endlesslyroamarounddesignsmimicking primitive organismsthatlack the propertieswve are
trying to explain or replicate. Combiningthe two approachegrovides a greaterchanceof
success.



Another natural misunderstandingvould be the assumptiorthat all the designsstudied
shouldbe producedby humanbeings. This is not so: somepeopleare exploring automated
designprocessesncluding mimicking biological evolution by allowing geneticalgorithmsto
producedesigns,thoughit is not clear wherethe evaluationfunctionsfor suchexperiments
shouldcomefrom: if survival weretheonly criterionthensuchexperimentamight endup with
nothingbut designdor insectswhich areamongthe mostsuccessfusurvivors.

4.3. Variationswithin the design-basedpproac

The distinctionbetweenop-davn andbottom-upstratejiesis only oneamongseveraldimen-
sionsin which design-basedtudiesof intelligencevary. Anotherdimensionconcernswvhether
the study s restrictedto the humanmind or includesothertypesof systemssuchas other
animals.

Evenamongthosewho studythe humanmind someareconcernednly with attemptingto
understan@rathemarrow classof ‘intellectual’ capabilitieswherea®therswishto encompass
a broademrangeof phenomenaincluding sourcesof motivation, personality emotions,moods
andthelike.

Somewho go beyondthe studyof humanbeingsrestrictthemselesto biological systems
(e.g.modellingcapabilitiesof monkeys, cats,spiders)wherea®thershave agrandewisionof a
moregenerakciencestudyingthe spaceof designsiotonly for biologicalsystemghatactually
evolved but othersthat might have evolved, and also possibledesignsfor totally artificial
autonomousgentsthat usequite differentbasicbuilding blocksfrom biological systemsand
arethereforesubjectto differentimplementatiorconstraintge.g. Sloman[17]).

Yet anotherdimensionalongwhich researchersary concernsvhetherthey restrictthem-
selesto consideringonly computationaimplementationspr whetherthey alsoconsidemon-
computationaimechanismssuchaschemicalprocesseOf coursejnsofarasthecomputational/non-
computationadlistinctionis somevhatblurred,thisdimensions unclearandit is thereforesilly
to amgueoverwhetherAl requiresonly computationamechanismsyhichis why philosophical
debatesbout'StrongAl’ areof little relevanceto Al asscienceor engineeringcomparg20]).

Among thosewho restrictthemselesto computationaimechanismshereare differences
accordingto whetherthey are committedto a particularapproachor not, e.g. usinglogic,
usingconnectionishetworks,usingAl symbol-manipulatiomanguageslin our currentstateof
ignoranceconcerningvhich designsarepossibleandwhattheir propertiesare, it is pointlessto
legislateon thesematters:if we force everyoneto usethe sametechniquesve risk missingim-
portantdiscoveries.Someof thesedisputesareconcernedvith formalismsfor useat ‘compile-
time’, for generatinghe agent,otherswith notationsrequiredby the agentitself, at ‘run-time’.
(I aguein [15] and[18] thatintelligentagentsneedmultiple formsof representationCompare
Hayes[6]). Someformalisationssuchaslogics of belief or desire,are more concernedvith
external descriptionsof an intelligent agent,and are thereforemainly relevant to specifying
requirementsof type(a).

Somewho follow the designapproachind it usefulto build simulatedenvironmentsand
simulatedagentsoperatingin thoseernvironments. Othersclaim that this is ‘cheating’ and
insist on having real robotsin a real physicalervironment, for example. Of course,this is
a silly disputeaslong asthosebuilding simulationsmake their assumptionglearanddo not
over-generalisegheir conclusions. This is no differentin principle from the role of thought
experimentan physicswheretheimplicationsof extremelyidealisedsituationsareanalysedn
orderto clarify problemsgconceptsandtheories.
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The simulated/reatonflict often goeswith a distinction betweenpeoplewho work only
on fragmentaryportionsof an intelligent agent(vision, language planning, etc.) andthose
who areinterestedn designingcompletesystemsHowever, criteriafor completenessanalso
vary: somewho build ‘complete’ robotsdo not attemptto give themautonomousnotivational
systemsfor example,nor humancuriosity, imagination,aesthetiqreferencesegtc. andin that
casethey arenothinglike completemodelsof humancapabilities,evenif they are complete
robots.

That contrasttendsto be relatedto the long term goalsfor which the researchs pursued:
somepeopledo Al essentiallyasanengineeringexercise andareinterestedn humancapabili-
tiesonly insofar astheseeitherprovide usefulideas,or helpto definethe ervironmentin which
machineswill have to work (i.e. the machinesmay have to interactwith humans).Othersare
moreinterestedin the long term)in finding scientificexplanationsfor capabilitiesof existing
intelligentagents.

| have tried to shaw thatwhat!’ve calledthe ‘design-basedapproackcoversawide variety
of alternatve and complementaryesearchstratgies. Unfortunately the proponentsof one
approachwill oftendisparageeoplewho follow others.Thisis usuallydueto alack of insight
into the limitations of their own approachand a failure to understandhe needto combine
differentapproaches orderto understandhe mostcomplex mechanism&nown to science.

5. Putting it all together

An autonomousuman-like agentneedsto include componentsith all the differentsortsof
capabilitieshathave hithertobeenstudiedin Al, andmorebesidesin particular anythinglike
ahumanbeingor otheranimalwill notbedrivenby somesinglehighlevel goal,but will have a
hostof differentmotivationalmechanismall coexistingandcompetingwith oneanotheysome
concernedvith bodily requirementstherswith intellectualor socialneeds,someshortterm
otherslong term, someself-centredthersrelatedto the needsof otherindividualsor eventhe
whole of mankind,or otherthreatenedpecies(Comparevinsky [10].)

The computationaktudy of humanmotivation and relatedphenomenauchas emotions,
moodsandthelikeis still in its infang/. We don't yetevenknow which of thethingsthatseem
to beindependentausalfactorshave their own mechanismsndwhich aremerely‘emeigent’
phenomenaarising out of complec interactionsbetweensub-systemsvhosereal functionis
quite different. Someof the early studiesin this areabuilt modelsin which statedik e anger
fear, joy wererepresentethy explicit variablesor database-entrieghich could have numeric
values,or symbolicvalueslike “low”, “medium”, “high” etc. My guessis thatthesedesigns
aretotally misguidedandthatthoseaffective statesarebestthoughtof asemepgentproperties
of processethatsene morespecificpurposesn thetotal system.

Of course,insofar asanintelligentagentincludessomeinternal self-monitoringcapability
it maylearnto detectthe patterngnvolvedin suchglobalemepgentstatesandasaresultthere
may be an explicit internalrepresentationf the state(aswhena personnot only is angrybut
alsofeelsangry),but thatkind of self-monitoringis a secondaryprocessnot an essentiapart
of the original state which canoftenoccurwithout beingrecognizedy theagent.

However, theseare issueson which it is too early to be dogmatic: we needto explore
alternatve approachesandseewhatwe learn.



6. The structur e of designspace

It is worth commentingon the ‘shape’ of designspace. Peoplewho think they understand
whatthey meanby intelligenceor consciousnessften assumehat suchconceptscorrespond
to dichotomieswhich divide thingsin the world up into two mutually exclusive classes:ithe
entitiesthatareinstancef the concept(e.g. have minds,or areconsciouspandthosethatare
not. Thisis easilyunderminedyy shaving theimplausibility of finding a cleardivision among
living organismswhich areandwhich arenot consciouspr intelligent.

That often leadsto anothermistale: the assumptiorthat the spaceis a continuum,with
smoothvariationand no clear point at which any importantdistinctionrelevantto the nature
of mind canbe made. This is a mistake becausearnyonewho hasexploredreal designoptions
is awarethattherearemary discontinuities.A simpleexampleis the differencebetweenwo
programs,one of which hasan extra ‘elseif’ clausein a multi-branchconditional. Thereis
no possibility of half of sucha clause,or a quarter etc.: the clauseis either there or not
there. Changesin physical network topologies,or in abstractnetwork structures,are also
discontinuous. Someof thesedesigndiscontinuitiesmake importantqualitatve differences
to the overall capabilitiesof the systemwhereathers(e.g.addinganextramemorylocation)
may malke only a mamginal difference unlessa thresholds exceeded.

Oneof thetaskson which work hasbarelybegunis to explore the discontinuitiesn design
spaceto seewhat differentkinds thereare,andwhat differencethey make to the capabilities
of anagentor organism.Sucha studymay helpus understandbetterthe evolution of different
sortsof intelligentcapabilitiesn differentanimals.

7.Conclusion

Readersvantingmoredetailedillustrationsof the designbasedapproactwill find mary in this
volume,someprospectre someretrospectie.

This discussionof prospectsfor Al hasnot mentionedargumentsby Searleand others
purportingto showv that Al cannotpossibly provide an explanationof anything like human
intelligencebecausdiumanbeingshave capabilitieswhich canbe shavn to beimpossiblefor
computationasystemsSuchargumentssomebasedn Godel'sincompletenestheoremsome
basedon philosophicalanalysis somebasedon thoughtexperimentsn which implicationsof
the succes®f Al areexplored,all purportto refute the so-called*Strong Al” thesis. | shall
not attemptto answertheseargumentsherebecausé have alreadydonesoin [20], wherel try
to shav, amongotherthings,thatthereare at leasteight distinctinterpretationsof the Strong
Al thesis,on someof which it is patentlyfalseand not worth attacking,whereasotherspose
interestingandopenquestionswhich canbe answerednly by furtherinvestigationof design
possibilities,notarmchaimpontification.

Thereslotsmoreto bedone.HubertDreyfus, thearch-criticof Al, oncelikenedAl to trying
to getto themoonby climbing trees.Suchcommentsgnorethefactthatpathwaysto scientific
knowledgeandachievementhave never beensimpleandstraight. Perhapsearly tree climbers
weregoingthroughessentiaktepstowardsunderstandinghe physicaluniverse without which
spacdravel would never have beenachieredby their descendants?

We have alreadylearntagreatdealaboutthe natureof the problemsandwhy sometempting
mechanismslon’t work andwhy othersarebetter Evenif few specificnotations techniques,
algorithmsor architecturegrom twentiethcenturyAl survivein explanatorytheoriestwo cen-
turies hence,it could still turn out that our currentexplorationswere an essentialpart of a



profoundlearningprocessGermsandseedsion't have to look like whatthey grow into.
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