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SUMMARY

Muchresearclonintelligentsystemsasconcentrate@n low level mechanismsr limited
subsystemsWe needto understandhow to assemblehe componentsn anarchitecture for a
completeagentwith its own mind, drivenby its own desires A mindis a self-modifying
controlsystemwith a hierarchyof levelsof control,anda differenthierarchyof levelsof
implementation Al needgo explorealternatve controlarchitecturesndtheirimplications
for human,animal,andartificial minds. Only whenwe have a goodtheoryof actualand
possiblearchitectureganwe solve old problemsaboutthe concepiof mind andcausakoles
of desirespeliefs,intentions etc. Theglobalinformationlevel “virtual machine”
architecturas morerelevantto this thandetailedmechanismsE.g. differenceetween
connectionisandsymbolicimplementationsnay be of minorimportance An architecture
providesaframavork for systematicallygeneratingconceptsf possiblestatesand
processeslackingthis, philosophergannotprovide goodanalyse®f concepts,
psychologistandbiologistscannotspecifywhatthey aretrying to explain or explainit, and
psychotherapistandeducationalistareleft gropingwith ill-understoodproblems.The
paperoutlinessomerequirementgor sucharchitectureshoving theimportanceof anidea
sharedbetweerengineerandphilosophersthe concepif “semanticinformation”.



1. INFORMATION, CONTROL AND Al

Thequestiongposedwere: How doesthe engineers concepf “information” differ fromthe
philosophers? In particular, canmeaningfuinformationexist withoutan undeistander?!’ |l
answertheformerdirectly, thelatterindirectly.

My claim, asa philosopherengineeris thata mind, or understanders an
information-basedontrol systemrandall informationwithin amindis anaspecof oneor
morecontrol substatesn sucha controlsystem.Mentalstatesandprocesseésuchasbeliefs,
desiresfears)areimplemente@n the basisof information-bearingontrolsubstatesand
processesvolving them,asaresophisticate@domputingsystems.Thesecontrolsubstates
may beimplementedisinga hierarchyof levelsof “virtual machines™

This standpointinks philosophyandengineeringsolvesthe mind-bodyproblemand
mary relatedphilosophicabroblemg(e.g. we canunderstandvhy qualiaareneededn some
self-monitoringcontrolsystems), and, like any goodtheory it opensup fascinatingnew
researclproblemsge.g. problemsaboutthe architectureequiredto producehuman-like
controlsubstatege.g. desiresandbeliefs). Thusdesignproblemsreplacemary old
philosophicaproblems.

This paperintroducessomeof thekey conceptssketchesa subsebf thelinks between
philosophyandengineeringelatingto the “information level” descriptionof behaing
systemsandrelatesthisto theaimsof Al.

2. WHAT IS ARTIFICIAL INTELLIGENCE?

Al is misnamedfor its purview includeshumanandanimalintelligence.l seeit asthe
geneal studyof sophisticatedelf modifyinginformation-drivencontrol systemshoth
natural (biological) andartificial, bothactualand possible(includingwhatmighthave
evolvedor mightbe made).This includesexploring architecturesor information-drven
systemsanda variety of implementatiormechanismsncluding connectionisandsymbol
manipulatingmechanismsAl canhelpusbothto understandheworld andto improveiit.

Narrow, but all too commonyviews of Al, e.g.asabranchof engineeringor asa studyof
rule-baseadystemsgdo notdo justiceto the contentof Al journals,Al conferencesandAl
researchaboratoriesThefull scopeof Al is closeto “cybernetics’asdefinedby Norbert
Wiener(1948),whosepioneeringoook shavedthathe understoodhe centralityof
informationandthelink betweerhis new disciplineandphilosophy

Therearemary trapsfor theunwary. Oneis to assumehatwe know whatwe meanby
rich andcomple, but inherentlyvagueandambiguoushotionslike “mind”, “consciousness”,
“information” or “understander” Design-basetheorieswill provide a basisfor refiningsuch
notions.

A moresubtletrapis to assumehatour ordinarywordsmarkdichotomies namelysharp
divisionsbetweerninstancesandnon-instances.g. betweerunderstanderand
non-understanderdotionslik e “understandingtesignatea very complex clusterof human
capabilities.Differentsubsetsnaybefoundin differentanimalsandmachinesdependingn
their architecturesndmechanisms’ andthereis no “right” subset.Arguingaboutwhereto

As explainedin (Sloman1978)and(Dennett1991).
2(Sloman1989,1993b)
3(Sloman,1985,1986a,1986b)



draw theline is pointlessput notbecausehereis a continuunmof casesmary designchanges
arediscontinuouse.g. addinganextra instructionto analgorithm. We needto explorethe
implicationsof the mary subtlediscontinuitiesn designspace We canthendefinenew
theory-basederminologyin termsof differentclustersof designfeaturesandcapabilities.

This studyof actualandpossibledesignamay help usbuild newv usefulmachineshut,
moreimportantly it alsodeepen®ur understanding@f whatwe are,andprovidesa general
framework for understandinghe natureandvariety of behaing organismsandhow they
evolved. Thatshouldleadto betterwaysof helpingpeoplethroughnew formsof education,
theragy or counselling.You cant repairsomethingvhosenormalfunctioningyou don't
understand.

Wieners vision of amind asaninformation-basedontrolsystemis not new. It canalso
bereadinto Freud,andeveninto Plato’s view of a mind asanalogoudo a political system.
Whatchangess the depth,precisionandgeneralitywith which theideais developed,and
this depend®n the setof conceptuatoolsavailablefor thinking aboutthe designand
functionality of controlsystems.

Someversionsof theidearisk circularity: by postulatingcapabilitiesn subsystemgke
thosewe aretrying to explainfor whole systemsA political modelof mindis circularif the
political systemis composedf intelligentagentsvhosemindswould thereforealsobe
political systemsomposedf intelligentagents.

Early controltheoristshadnon-circular but very limited, conceptuatoolsassociateavith
themathematicshenavailablefor describingprocessedpr instancdinearequations
describingreedbacKoops. In the prefaceto his second1961)edition, Wienerstresseghe
needfor new conceptuahndmathematicatoolswith broadempowers. Computerscienceand
Al werethenin their pre-infang/. Thoughstill infantsin 1994 ,they have considerably
enrichedour notionsof whatsortsof mechanismarepossible jncludingmechanismsor
manipulatingcomple structureswith rapidly changingtopologieswhich cannotbe
accommodatedy differentialequations.

Usingricherconceptuatoolswe cansurwey morearchitecturesandmechanismsor
self-modifyingcontrol systemsandusetheirimplicationsto generate classificatiorof types
of behaing systemsandfor eachtype of systemataxonomyof thetypesof statesand
processethatcanoccur Thisis the“design-basedapproactto the studyof mind:*

Philosophershouldbe creatve designershelpingengineersThe “design-stanceyives
deepeiinsightsthanDennetts (1978)“intentional stance”or Newell’s (1982)“Knowledge
level” analysis sincebothassumeationality, andcannotaccountor the mary departures
from rationality dueto differentdesigngoals,imperfectdesign,incompletedevelopment,
hardwaremalfunctionsor softwaresurprisesMuch intelligentbehaiour is notbasedlirectly
onrationalprinciples,but, for instancepn learntheuristicsactivatedby patternmatching
undertime pressurelt’sin thedesignthatwe shouldseekrationality, notin the behaiour.

Wienerunderstoodhis sortof point: his chapteron psychopathologgealtmainly with
abnormalitiesof perceptuabindmotorcontroldueto neuraldamageor abnormality but he
hadtheinsightthatmoresubtleproblemsmight ariseout of incorrectinformation,including
whatwe would now call “softwarebugs”.

Our conceptuatoolsandour understandin@f designrequirementsrestill primitive.
New theoriesaboutarchitecturegndthe functionsthey cansupportwill generatenore
usefulclassificatiorsystemsandtaxonomieq“periodic tables”of mentalstatesand
processesjustascomputersciencesxtendedour conceptf processandphysicsand

41t is describednorefully elsavhere(BeaudoinandSloman1993,Sloman1993a,1994a,1994b).
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chemistryextendedour conceptf matter

Explorationof designspaceandthe associatedequirementspacepr nichespacé helps
to solve or dissole philosophicaproblemsandto addresgjuestiondik e:

e Why andhow do differentcapabilitiesevolve (suchasthe obscurecollectionsof
capabilitiescurrentlyvaguelylabelledas“consciousness’or “emotionalstates”)?

e Which sortsof capabilitiesmight have evolvedin differenternvironmentsor mayevolvein
thefuture?

¢ Theoreticauestionaboutwhich sortsof capabilitiesvariouskinds of machineswill have.
¢ Practicalguestionsaabouthow to build machinedo performparticulartasks.

e Questionsaboutdeparturegrom “adult normality” in humanbeings for instancen
children,in peoplewith congenitabraindefectsor braindamagedueto accidentor disease,
and,aboveall, in peoplewhosemotivational,or socialor conceptuatievelopmenthasgone
awry in someway thatisn’t dueto physicalor geneticfactors.

¢ Practicalgquestionsabouthow to helpin someof thesecases.

Conceptf informationarecentralto this exploration. Therearedifferentconceptsof
information,somesharedetweercommonsensephilosophy scienceandengineeringl
shalldistinguishsyntacticandsemantioversionsandshav how thelatterarecommonto
notionsof mind andto softwareengineeringandwill try to bring out furtherlinks between
designissuesandphilosophicalquestionssuchasquestionsaboutthe reality of
information-processinggvelsandwhetherthey have “real” causabpowers.

3. “SYNTACTIC INFORMA TION”

A notation,languageor representingtructurehasdifferentaspectssometimeseferredto as
syntax,semanticspragmaticsandinference.l have shovn elsavheré how thesenotionscan
be appliedto differentkinds of controlsubstatessomenot usuallythoughtof ashaving a
syntaxor semanticse.g. the“representationdf ambienttemperaturén athermostat.

Syntaxs concernedvith the structureandforms of variationof a classof objects
(sentenceictures signalsor controlstates).Semanticénvolvesreferencedo otherthings,
in theervironment,within the systemjn thefuture,in the past,andpossiblyalsothingsthat
have never existedandneverwill (like my olympic gold medal).| take pragmaticsto cover
therolesor functionsof representingtructureswithin anintegratedsystem.Inferenceis
concernedvith thetransformatiorof structuresn amannerthatusefully preseresor
changesemantiqropertiesor pragmatiaoles.

We candiscerntwo usesof theword “information” by engineerspneprimarily syntactic
andonesemantic.

Whendealingwith issuesf signaltransmissionsignalcompressioranddetectionand
correctionof transmissiorerrors,engineer®ftenusesyntacticconceptof information,
concernednainly with the patterngn structuresndependentlyf whetherthosestructures
referto anything outsidethemseles,assentenceandpicturestypically do. Onesyntactic
measuref “information” in a stringis thelengthof the shortesprogramfor ageneral
purposeTuring machinewhich givenary N returnsthe Nth symbolin the string. Thisdefines
“algorithmic compleity”, aninversemeasuref theamountof patternor regularity in the
string: the moreregularity thelessinformation. Logicians,linguistsandcomputerscientists
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useconceptf syntaxthatarenot concernedvith measuesbut with descriptionsof
structuresaandtheir transformations.

4. “"SEMANTIC INFORMA TION”

Thesemanticconcepibf information,usedinformally by engineersis closerto the familiar,
thoughextremelyill-defined, notion of the “meaning”, or “information” thatmaybe
conveyedby amessagenr storedin abookor videotape It is applicableto internalstatesas
well asexternalcommunicationsThis includesordinaryconceptf mentalstatesand
processesuchas“understanding”;believing”, “desiring”, “deliberating”,“perceving”,
“regretting”, andmary more. Philosophergall thesestatesandprocessesntentional”
becausehey referto somethingutsidethemseles,including,in somecasesnoneistent
entities,e.g. hallucinatingdaggersintendingto performactionswhich turnoutto be
impossible or praying. Doing, preventingandtrying arealsosemanticstatesfor they
involve referenceo futureresults.

All semantianformation-processingdependsiltimately on (internal)syntactic
capabilities for semantianformation-processingepend®n syntax-processing.e.
structure-manipulatinggngineswhetherin computersneuralnetsor othermechanisms.
Agentsneedrepresentationdbrmswhosesyntacticmanipulationis semanticallyuseful,
unlike “languages’inventedmerelyto illustratethe theoryof syntaxor parsing.A notation
someof whosesyntacticallywell formedformulaearesemanticallyuninterpretablglik e
“Happinessatsdemocratimumbergantelligibly”) is wasteful thoughsomemeaninggaps
may beimportantseedf semantiddevelopment.Internalsyntaxis usefulfor processing
informationif it providessyntacticmanipulationghatmapontousefulsemantiaelationships
(e.g. syntacticderivability preserestruth). Much of the developmenibf scienceand
mathematichasbeenthe creationof new formalismsthatusefully compilesemantic
relationshipsnto syntacticones.

Computemprogramshave severalkinds of semanticsOnesort(calledthe“information
level” below) refersto theapplicationdomain,usuallyoutsidethe computere.g. information
aboutemployees.Anothersortrefersto theabstractatastructuresanipulatedat runtime in
themachineg.g. numbersstrings,lists. Anotherrefersto the low level machineinstructions
andmemorylocationsmanipulatedvhena programruns. Somelanguageslsoinclude
compile-timesemantic®.g. for macroscompilerdirectivesor type definitions,which
controlcompilationratherthansubsequentunning. Semantianformationcanvary bothin
contentandpragmaticrole. For instancet may beaboutwhatis the case aboutwhatto do,
abouthow to dothings,or it may expressa questionor test. Which pragmaticrolesare
possibledepend®nthearchitecture.

Objectswith semanticstatesnclude:

(a) humansandotheranimals,

(b) passve artefactslik e books,
thoughthe latterareoftensaidto have only “derivative” intentionality becausé¢heir
semanticstatesdepencon theformer. | shallaguebelow that

(c) active artefacts
suchasfactorycontrol systemspffice automatiorsystemsareoftenmorelik e (a) thanlike
(b). Questionsaboutthe semanticstatesof biological controlsystemsinformationin DNA,
chemicalor neuralmessagesrealsoimportant,but will beignored.



5. SEMANTICS IN CONTROL SYSTEMS

Engineerglesigningplantcontrol systemspffice supportsystemsandthelik e, often startat
theglobalinformationlevel, analysingsemantiaequirements$or the whole system.For
examplea systemmay needinformationaboutthe environment,rulesandprocedureso be
followed,legal constraintscompary objectvesandwhich risksto avoid. Meta-information
(informationaboutinformation)is alsoneededfor example:whereto getcertain
information,whatto do whenit arrives,how to copewith contradictoryreports,andsoon.
Internalmonitoringmight yield meta-informatiorabouthow quickly informationis dealt
with, which kindsturnoutto beunreliable,andsoon.

Designinginformationsystemsalsoraisesmplementationssuesat differentlevels,such
as:

e how informationwill bestoredin thesystem,

e how to accesst,

e selectingformsof representation,

e selectingsyntactictransformations,

e selectingorogramminganguage(sandoperatingsystems,
e selectingcomputersinterfacesnetwork links, etc.

e functionaldecompositiorof the system.

Thesemanticpr informationlevel, specificationge.g. thatthe systemmustinclude
informationaboutemployeesandtheir rolesanduseit to performcertaintasks sayslittle
aboutsuchimplementationatletails. The specificatiorcanbe givenin animplementation
independentvay: includingrequirement$or andthe behaiour of a certainkind of
information-processingirtual machine)eaving the computationabr electronicdetails
concerninglower level” virtual or physicalmachinedor later.

Moreover, implementatiordetailsmay be revisedastechnologyadwvances.Processors
usedthememorytechnologyandeventhe programminganguagesndsomeof thelow
level algorithmsmay all changewithoutimplying ary changen whatinformationis
processedasfar astheusersanddesignerareconcernedi.e. the globalinformationlevel
descriptionis not affected.

However, informationlevel descriptionsnayimply a certainsortof architectuie: atop
level functionaldecompositiongefiningwhich sortsof major subsystemsoexist, andwhich
informationthey handle.For instancepeingundecidedaboutwhetherto goto A or to B,
presupposesiechanism$or manipulatinggoals,for evaluatingandselectingoetween
alternatves,andfor actingon aselection.

For subsystemsve canalsodefineaninformationlevel: whatthey “know” abouttherest
of thesystemj.e. their erwvironmentsandtheir tasks. Typically, userswill notbeconcerned
with that,thoughdesigneraindmaintainerswill.

6. IMPLEMENTING INFORMATION STATES

Ourunderstanding@f how onemachine‘implements”anotheiis still mostlyintuitive, for we
lack goodgenerl theoriesandterminology Neverthelessthereis no mystery:we canmake
it happen.

A working systemalwayshasa physicallevel of description.Phenomenat otherlevels
may be“emeigent”in thatconcepteededo describehemcannotbe definedin termsof
thelower levels,andthelaws of behaiour of higherlevel virtual machinesaredifferentfrom
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andnotderivablefrom thelaws governingthe lower implementatiorievels. Information
level conceptdik e “refersto” or “attemptsto”, or, for thatmatter “customer”,cannotbe
definedin termsof massyelocity, voltage,etc.,andneithercantheinformationlevel
principlesof behaiour bederivedfrom physicallaws: e.g. they maydependon business
practices|egal constraintsandthe socialenvironment,which changewhile physicsdoesnt.
Mentalstateanaydependon aculture,e.g. physicsdoesnt determinemusicalstyle or
acceptablgrammar Thusinformationlevel specificationgnrichour ontologywith new
conceptandnew laws, relative to physics.

Severallevelsof abstractvirtual machinescancoexist in asinglesystemgeachwith
their own informationlevel characteristicsln aword-processooneabstracimachine
performsoperation®n chapterssectionsparagraphsyords,footnotesandsoon. It maybe
“implemented”in termsof anotherthatmanipulatesrrays strings,lists, andother
datastructures;orrespondingo “high level” programmingdanguagesBelow thatlevel is a
virtual machinedefinedin termsof operationn bit-patternsdescribablen the computers
“machinecode”. Still lower levelsconsistof abstractdigital machinesgescribedn circuit
diagrams.Below thatarephysicalstatesof componentsgescribablen thelanguageof
physics.

Thereis nowell defined*bottom” level. Thelowestlevel actuallyconsiderealependsn
thetask. For mary softwareengineerdower layersareirrelevant(exceptwhenthingsgo
wrong),thoughfor compilerwritersandhardwaredesignershey arecrucial. Sometimes
close-couplingbetweerhigh andlow levelsis useful,e.g. microcodeinstructionsinvoking
high level proceduresguantum-basethndomisersandperhapshemicalsoupsfor global
controlin futurecomputers.

Normally conceptsat eachlevel arenot definablein termsof the conceptsatalower
level. Word-processoconceptslike “page” or “sentence’arenot definablein termsof
conceptof physics,norin termsof arrayslists or strings. Page-formattingulesarenot
deduciblefrom physics,norfrom equationslefiningdata-typesEachlevel definesan
emepgentontology with its own laws.

/7. IMPLEMENT ATION AND SUPERVENIENCE

Many have likenedtherelationshipbetweeraninformationlevel virtual machineandlower
levelsin asoftwaresystento therelationshipbetweemmentalprocesseandthe physical
brainmechanismgmplementingghem. Mentaldescriptionslik e “believes” and“desires”,
areusedin ignoranceof implementatiordetails,just asinformationlevel descriptionf
softwaresystemsareusableby peoplewho know nothingaboutthe programminganguages,
datastructureandalgorithms,or underlyingelectronicmechanisms.

Someinformationstatesnvolve relationshipgo externalobjectsandthereforecannotbe
implementedsolelyin termsof internal states. A computingsystemcannotstoreinformation
aboutJoeSmithsolelyin virtue of internalstates:how the systemis relatedto thatexternal
individual alsomatters.Similarly my beliefsaboutJoecannotbeimplementecentirelyin my
brainstates.Suchinformationlevel stateshave “intrinsically relationalcontent”,andthe
environmentprovidespartof theirimplementation(Somephilosopherdabelthis “wide
content”or “broad content”.) Thustwo physicallyidenticalsystemsn differentlocations
will notnecessarilyontainabsolutelyidenticalinformation.

Particularlower level statesarenot necessaryor the high level statesjf alternatve
implementationgrepossible.Neitherarethey sufficient, if successfuimplementation
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depend<rucially onthe currentervironment,lik e referenceo Joe.

In philosophicakerminology mentalphenomenare“supenenient”on physiologicalor
physicalphenomenaSimilarly, computefbasednformationstatesaresupenenienton
physicalphenomengbothinternalandexternal). This philosopherstelationis simply the
converseof theengineers relationof implementation(Both needto accommodate
intrinsically relationalcontent.)Philosophergrapplingwith “emeigence”,or
“supenenience’(e.g. Robinson1990,Horgan1993)might be helpedby software
engineeringzxampleswhich arealreadywell understood.

Animal or machinecontrol systemsincludinghumanminds,have anunderlyingphysical
implementationwhetherbasedn transistorsneuronspr rotatingwheels.But this doesnot
imply thatdifferentitemsof informationmustbe mappedontophysicallysepagable
componentgphysicalsymbols).High level virtual machinedetails(including semantic
content)neednot correlatewith or maponto physicalstructures Distinctitemsof
informationcanbe superimposedn electromagnetigvavesandlater separate@dut using
filters. Neuralnetsallow informationitemsto be superimposednddistributedovera
collectionof synapticweights,or over activationlevelsof a setof neurons.Two numbersan
encodeherow, columnandbothdiagonalsa chessieceis on—four itemsof information
superimposedntwo. Huge‘sparse’arraysin avirtual machineincludefar more
componentshanthe physicalstructureghatimplementhem. A setof axiomscanencodejn
adistributedandsuperimposefbrm, anindefinitevariety of differentitemsof logically
derivableinformation,andwhich informationis extractablecanvary with context or
time-pressureFinally, relationshipsvith the ervironmentmay helpto determinecontent.

In suchcasesgxaminationof internalphysicalstructureswill not revealinformation
systemshey implement:for muchof it is implicit in how substructureareusedby other
components.

Someimplementatiordetailshave little impacton overall functionality: they make a
maiginal difference(e.g. to speedpr to reliability underhigh temperaturethatrarely occur)
or abig differenceonly in raresituationg(e.g. gettingmostcommonquestionsight).
Whetherparticularsubset®f anarchitecturaiseneuralnetsor someothermechanisnmay
bemaginalin relationto the functioningof thewhole system.It is globaldesignthatmatters
most: which subfunctionsareprovided,how they arelinked,how they areusedandhow they
change Architecture dominatesmetanism

8. LIMITS OF TRANSLATABILITY

An architectureandthe mechanism#volveddo not determinanformationcontent:as
shown by the possibility of the samecomputingsystemcontainingdifferentinformationat
differenttimes. But systemcharacteristicenay limit the possiblesemanticstatesfor atleast
two reasons:

e Variability in the mechanisnor notationmay not matchthe variability in the semantic
contentjustasnotall theinformationin humanmentalstatess fully expressiblen external
or internalsentences.g. ones knowledgeof someonesface,how stravberriestasteor the
appearancef swirling rapidsin afastflowing river. (J.L. Austinoncewrote: “Factis richer
thandiction”).

e Thearchitecturanay not supporttherequiredfunctionality. E.g. phrasedik e “believes
that..”, “percevesthat..”, maynotfit the pragmaticof control statesof organismswith
non-humararchitectures.



Thisimpliesthattherearelimits to semantidranslatability If ananimalhasa perceptual,
or motivational,or cognitive state humansmaybeincapableof experiencingor imagining
thosestatespecauséhosestatesexist in anarchitecturaoo differentfrom ours. Thuswhatit
is liketo beabat,or anew bornbaby or arobotof thefuturemaynot beexpressiblan
informationstructuref anadulthumanbrain. Or vice versa.This supportsWittgensteins
remarkthatif alion couldtalk we would not understandhim. (It's hardenoughwith someof
ourown kind.)

This sortof problemmaylimit replicationof certainhumanstatesn computerbased
robots.Lik ewise,implementation-leel differencedetweerbrains(e.g. adultsandinfants)
mightrule outidenticalmentalstatesamonghumans.Neverthelessf we don't demandexact
correspondencd, maybe possibleto replicatemary aspect®f humaninformationstatesn
meatlessnachinesWhich, andhow, remainsaresearctproblem.(The so-calledStrongAl
thesis claimingthatit is possible breaksdown into atleasteightdifferentthesesasl’ ve
shavnin (Sloman1992).)

9. INFORMA TION AND CONTROL

Whatis specialaboutinformation-processingystems”o treesandcloudsstoreanduse
semantianformation?Are they understandersndif notwhy not? As remarledin section
2, “understandingrefersambiguouslyto a clusterof capabilitieswith no uniquedefining
subset.Neverthelessve canmake a roughdistinctionbetweermechanismsontrolledonly
by physicallaws andmechanismsontrolledby virtual machinesnvolving information. The
latterinvolvesexplicit prior representationf possibleactionsprior to their execution.
Examplesaresystemgontainingtwo or morecontrol substatesapableof producing

differentbehaiour (internalor external)betweenwhich selectionsaremade for exampleby
examiningsomeothersubstatef the system.Simpleexamplesncludecomputingsystems
thatsupportinstructiondike:

i f <condition> then <actionl> el se <action2>
In moresophisticatedaseshe<act i ons> areparametrisedyith detailsfilled in asa
side-efect of testinga<condi t i on>. (Thatusuallyrequiredower level conditionalsto
have explicit alternatves.) Whatis thenexplicit initially is a schematicactionspecification,
with building blocksfor creatingthefinal specificationn advanceof performingtheaction.
By contrastmovementof a cloudor atreedepend®n externalandinternalconditionsbut is
not controlledby selectiongrom or constructiorof explicit prior representationsf options.

A slightgeneralisatiomccommodatesonnectionissystemsithey exhibit parallel and

cumulativeconditionalinfluencesandsomedepartfrom simplebinarylogic. The patternof
firing of a setof neurongypically depend®n

e theprevious patternin someother(possiblyoverlapping)set,

e thecurrentweightson the connectiondetweerthetwo sets,

e adecisionfunctionfor combiningweightedinfluences.
Thisis alsoconditionalcontrol, but all conditionsaretestedn parallel andthe outcomesare
sentin parallel to representationsf possibleactions which aretriggeredor deactvatedon
the basisof thetotal accumulatedsupportor inhibition they receve. Suchnetworksmaybe
clockedor asynchronoudyasedon discreteor continuousvariation(e.g. of weightsor
activationlevels),andmayusedifferentnumbersof coexisting layersandconnection
topologies(e.qg. cyclic or agyclic). Theseareall variantsof the generahotionof
information-basedontrol,asareprobabilisticor fuzzy logic systemsHowever, we should
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not expecta sharpandtotal division betweersystemghatarecontrolledby informationand
thosethatarenot. Thisis another‘clusterconcept”.

Amongthe usefulfeaturesof information-basedontrolis context sensitivityi.e.
producingdifferentbehaiourson differentoccasionsn responseo the samespecific
(internalor external)stimulus,becausdinks betweercauseandeffectareindirectinsofar as
they dependon conditionals.

How a conditionworks may changeconditionallyunderhierarchiccontrol. How A
influencesB candependoninformationstructureC. How it depend®n C candependon D
(e.g.if D changeshetestsin C, re-arrangeshe orderof testingor altersconnection
weights). Theexactrole playedby substatesf C, andhow theinformationis usedto change
B, canvary enormouslyfrom momentto moment,undertheinfluenceof otherinformation
states.How D influenceghetestingcandependn E, andE’s influenceon D maybe
modifiedby F, andsoon. For instancehelengthof time a programP runscandepenconthe
schedulelS, andwhichfiles P mayaccesslepend®n thefile managerM, whereboth S and
M canbe modifiedby anadministratve tool, or may evenbe modifiedby the operating
systemitself usingperformancestatistics.

In contrastwith animalbrains,artificial information-basedontrolmechanismsrewell
understoodIn simplecasegprogramsaccessnformationstoredin memory or in input
registers,andwhatthey find determineselectionof actions.A moreabstracwirtual machine
in avision systemmay at oneinstantinterpretanintensitydiscontinuityin animagearrayas
acrackin asurface ,thenmomentdaterasanedgeof asurfaceor asastretchedstring. The
resultingactionswill bedifferent.

In suchcaseshow A affectsB is nota physicallaw. Comparedvith controlby physical
(e.g. mechanicabr electrical)influencesjnformation-basedontrol:
¢ is moreflexible (e.g. canbe moresensitve to changingcontext),

e admitsmorerapid changeof controlrelationships,

¢ allows moresuperimposethyersof dispositionsconcernedvith differentfunctionswith
differenttime scales,

e permitseffectsto be sared up for future use(sothatfeedbackoopsneednot have fixed
time constants),

e supportdeleologyof akind oncethoughtmysterious:namelycontrolby representationsf
future objectsthatdon't yet exist, including pipe-dreamshatnever will.

Thesefeaturesdependon differentinternalstateshaving differentcontrolfunctionsand
embodyingdifferentsortsof information. This functionaldifferentiationof control stateds
whatl call (highlevel) architectureln generait will notmapontophysicalarchitecturen
ary simpleway. Thatis onereasorwhy the evolution of biological control capabilitiess so
hardto study: virtual machinedeave no fossil records.

10. HUMAN-LIKE INFORMATION STATES

Whatsortsof virtual machinearchitecturesrerequiredfor human-like, chimp-like, or
squirrel-like agents?Autonomousagentsapparentlyneeda coarse-grainetigh-level
functionaldivisioninto componentsvith differentbut interlockingfunctions,suchas
perceptionmotorcontrol,variousshorttermandlong terminformationstoresjnference
systemsandplanningsystems Humansseento usea complex controlhierarchyof
motivationalstatesdealingwith differentlevelsof abstractior(e.g. personalityattitudes,
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desires)differenttime scalesanddifferentforms of decision-making. Therearealso
problemsaboutresourcdimits, especiallyin high-level “managementprocessesyhere
interrupt-drivenattentionswitchingis oftenneededo copewith new problemsor motives,
but which sometimeseedto be protectedrom suchdiversions perhapsisingcontext
sensitve filtering. Thesearchitecturalssuesarecloselyboundup with notionsof
self-controlandpartiallossof control,e.g. in someemotionalstates

Somehumansemanticstateqe.g. beliefs)supportnotionsof “truth” and“f alsity”. These
involve botha semantiaelationbetweerrepresentatioandreality andpragmaticolesin
selectingactions.For computingsystemswith two-branchconditionalstruth of the
<condi t i on> is simply whatever valuemakesthe systemperform<act i on1> rather
than<act i on2>. If the procesf evaluatinga conditionis liable to error, andvarious
checksandalternatve methodsareavailable,the machinecantreattruth andfalsity as
involving somethingaccessibleria differentcheckingroutes.Informationmaythenbemore
or lesscomplete moreor lessdetailedandmoreor lessaccurate A human-like concepiof
truth would requireafurtherlevel of self-knavledgethatimplied thatany currentchecking
methodcouldturn outto beinadequat@ndrequirereplacement.

Sinceconditionsmay befalsemoreoftenthantrue, meaningdoesnot dependn
correlationswith reality.

Specifyinghigh level architecture$o supporthuman-like semanticstatess notrivial
matter Our approachs cyclic: analysinga variety of humanscenariogincluding
motivationalandemotionalprocessesgttemptingto extendthe currentarchitecturego
accountfor them,thendiscoveringthatit cannotcopewith furtherscenariossothatthe
architecturehasto befurtherenrichedor replaced. This processwhich hasmuchin
commonwith philosophicalnalysig® canbe combinedwith “bottom up” physiologicaland
physico-chemicalnvestigationsevolutionarystudies andthelik e.

11. THE TURING TEST

Thedesignstances importantbecauseery differentinternalprocessesanproducethe
sameinput-outputrelationships.This makesit impossibleto infer internalinformation
processesimply from externally obsenablebehaiour. Onesystemmay explicitly consider
alternatves,evaluatethem,selectoneandactonit, andpossiblylearnfrom theresult,while
anothemehaesthe sameway (externally) becauséts designerthoughtaboutall the
guestionghatmight arise,consideredhe alternatves,andpre-programmethe answers.
Thisis oftenreferredto assimulatingintelligenceby meansf a“hugelookuptable” (HLT).
Softwareengineer®ftencornverta programfrom oneof theseformsto anotheye.g. trading
compactnesandgeneralityfor speed.

Sinceall we have to go onin judging mentalstatesof othersis behaiour, somepeople
think thatconceptof mentalstatesandprocessearedefinablesimply in termsof
behaioural capabilitiesanddispositionsof the wholesystemjndependentlyf how it works
internally, e.g. whatits architecturas. Similarly the ‘intentionalstance’ignoresinternal

’(Sloman1993b)

8(Beaudoin& Sloman1993)
9(SeeSloman1985,1986b,1993a,bBeaudoin1993)
10(Sloman1978,ch. 4)

11



processinglf intelligencedepend®n howbehaiour is producedhis mustbewrongt

Philosophershouldgo beyondglobalcapabilitiesandbehaioural criteria,andadoptthe
design-stancé they wish for a deepunderstandingf ordinarymentalconceptsIf | am
wrongandordinaryconceptsarenot design-basedhensomuchtheworsefor them:
design-basedonceptsaareimportantfor full understanding@f how our mindswork andhow
they mayfail to work, or work inappropriately New theoriesabouthow mindswork will
causeour mentalconceptgo evolve, justasmodifiedconceptof kinds of stuff grew out of
theoriesaboutthe architectureof matter

12. INFORMATION STATES AS CAUSES

Why do| call abstracsystemsmachines”?Because¢hey have statesandprocesseand
causalinteractions.Thecommonobjectionthat“real” causations possibleonly between
physicalevents? ignoresthefollowing:
¢ We oftentalk aboutcausalkonnectionbetweemon-physicakvents: noticingsomeones
expressiorcancauseoneto suspechis motive,andchangesn thetax law canmake one
muchpoorer
e Theconcepf causations still notwell understoodandmaybe systematically
ambiguousasdescribedn (Taylor 1992).
e Theobjectorspresupposa well-definedbottomphysicallayer of reality, whereagprogress
in physicsleadsto ever moresubtleandmysteriousotionsthatseemnto have little to do with
our ordinaryconceptof causality
e Softwaredesignereommonlytalk aboutcausalkonnectionbetweereventsin virtual
machinesE.g. “Theseinstructionscausedhe wordsto be sortedinto reversealphabetical
order’ “Information aboutreceiptof aninformationpaclet causesnotherto besent’ “A
syntacticerrorin a programcauseccompilationto terminate. Theseall describecausal
relationshipsetweereventsor processem virtual machines.They allude,in a subtleway,
to counterfctualconditionalsaboutwhatwould or would not have occurrechadsomething
beendifferent. Of coursethereareunderlyingphysicalcausalprocessesBut to claim that
only the physicalcausesrereal causesvould imply thatsoftwareengineergannotdo their
job without becomingelectronicengineersor perhapgjuantumtheorists.This is clearly
absurd:they cananddo setup desiredcausalkonnectionsgdiagnosaunwantedcausal
connectionsandexplain the behaiour of complex systemsall attheinformationlevel.

| concludethatthereis noreasorfor philosophersengineersor ordinaryfolk, to
“eliminate” talk of informationstatesandprocesseashaving causalpowers. Nevertheless,
bettertheoriesof thevirtual machinesnvolved, will reviseandextendconceptof human
mentalphenomena.

13. NON-DERIVATIVE SEMANTICS

Anotherobjection,usingthedistinctionintroducedn section4, stateghatintentionalityin
computerss “derivative”. Whenwe saythata persons worriedaboutpoverty, or thatabook
is aboutpoverty, bothinvolve semanticsbut the semantigropertiesof thebookare

MTuring himselfwastoo intelligentto proposepassinghis testasa criterionfor intelligenceor understanding:
he merelyofferedit asatechnologicathallengehethoughtcould be metwithoutusinganHLT.

1?Robinson(1990)suneys theamguments.
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“derivative” becausehey dependon somethingelseto understandhe contentswhereasa
persondoesnot requireothersto understandhis stateof mind.

Somephilosopherglaim thatactive artefacts, lik e computingsystemsareno different
from books,sinceboth containinformation,but notinformationthatthey canunderstand:
computersarejustautomatediling cabinetsandtheir stateshave only “derivative”
semantics.

It is truethatmary computerdatabaseso moreunderstandheir contentghana book
does-they manipulateput do not use theinformation. But this missesa subtlepoint.

Althoughthe mathematicatonceptof “computation”is purely syntactic(Sloman1992),
working computersarenot purely syntaxmanipulators.Their usefulnesslependon their
ability to interpretaswell asmanipulatesymbols.A computersearchinglist for words
endingin ‘ing’ usesnformationaboutwherethe contentf thelist are,aboutthe wordsto
be selectedandaboutwhatto do with them. At a lower level it usesmachinenstructions
andinformationaboutmemorylocations both of which it understandsalbeitin a primitive
fashion®® Self-tuningoperatingsystemsanassembl@nduseinformationaboutcurrentand
pastprocessethatis known only to andusedonly by the computer Robotsandplant
controllerscanuseinformationaboutthe ervironment.

Mutual dependenciewithin anarchitecturebootstrapa collectionof meremechanisms
into anunderstandenwhatsortof understandedepend®n thearchitecture.

Currentmachinesarealong way from humansemanticcompetenceOvercomingthis
(for practicalor theoreticalpurposesyequiresusto understandhe variety of mental
functionsof which a humanbeingis capableandlearnhow to putthemtogetheyincluding
motivationalprocessemissingfrom mostexisting Al systems.

It is oftenassumedhatnon-dervative semanticgor “symbol grounding”)requireshe
architecturéo beembeddedn andconnectedo a physicalervironmentvia sensorand
motors. By definition,suchembeddings requiredfor intrinsically relationalinformation
statege.g. beliefsaboutJoe),andthe majority of humanmentalstateanaywell belik e that.
But not all referencenvolvesthe ervironment. Many mentalstatesjncludingbeliefs,
desireshopesplans,joy, despairandmore,could,in principle,occurin anappropriate
architectureconcernecentirely with theinternalexplorationof numbertheory (Peoplewho
have never experiencednathematicatesearchmay notunderstand!)

Somephilosopherglaim thatunlessa machines the productof biologicalevolutioniits
internalstatesandprocessesannotbe beliefs,desiresandsoon. Thisis justlinguistic
imperialism.If suchpeoplerestrictcertainwordsto connotehaving a biologicalhistory;
theres nothingto stoptherestof ususingthemfor closelyrelatedconceptghatapplyto
objectswith similar capabilitiesanddifferenthistories: productsof laboratoriesnot
evolution. If machinesvork in amannetthatis sufficiently like usthenby usingthe
ahistoricalconnotationsve cansave oursehesthetroubleof inventinga whole nev
vocahulary for describingandcommunicatingvith them. As Young(1994)statesijt’s not
history but the potentialfor future actionsthatmatters.

14. CONCLUDING COMMENTS

Theintuitive concepif semantianformationor “aboutness’ls partof commonsenseand
alsophilosophyandengineeringlt appliesto informationstatesandprocesseasopposedo

BThisis elaboratedn (Sloman1985)
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physicalandphysiologicalstatesandprocessesinformationstatesenterinto causal
interactionsandcontrolfunctionsin highlevel virtual machinesenablingsophisticatecnd
flexible internalandexternalbehaiour.

We currentlyunderstand lot aboutcausalkconnectionsn informationlevel virtual
machinesn computingsystems.This providescluesabouthow to think aboutcausal
connectionsn the high level virtual machinesonstitutinghumanminds,andmay eventually
leadto animprovedtheory-basedlassificatiorof mentalstatesjust asunderstandinghe
architectureof mattergave usimproved conceptof kindsof stuff. E.g. our muddledideas
about“‘consciousnessihcludingthe prejudicethat“consciousstates areintrinsically
differentfrom othersmay prove merelyto reston a distinctionbetweenrstateshatareand
stateghatarenot accessibldy certainhigh level self-monitoringprocesse$! Somestates
andprocessethatareinaccessibléo consciousnessiay be exactlylik e accessibl®nes,and
theboundarycanchangehroughtraining.

Many unansweredjuestiongemain.E.g. how andwhy did different
information-processingapabilitiesevolve? This breaksdown into severalquestions How
did differentformsof syntaxevolve? How did differentfunctionalroles(pragmaticsfor
controlsubstatesvolve? How did differentsemanticcapabilitiesevolve? How did different
inferencecapabilitiesavolve? And how did architecturegvolve thatintegrateall these
capabilitiesn amulti-functionalwhole? Whethercomputerbasedsystemsouldreplicate
high level functionality of naturalbrainsis alsoopen.

AnsweringthesequestiongequiresAl theoriststo suney andclassifythevariety of
information-bearingtateso befoundin humanbeings,otheranimals,andmachinesof
varioussorts. We needto study“dimensionsof sophistication’in which architecturegan
differ, including: the numberandvariety of concurrentiigh level functions,the varietyand
compleity of formsof syntaxandstructuremanipulationusedin informationstoresand
controlstatestheflexibility anddepthof perceptuaprocessingthe variety of sourceof
motivation,differentkinds of internalself monitoring,differentkinds of self controland
internalmanagementarietiesof self-modificationandlearning,including modificationsof
thearchitecturatself by additionof new capabilitiesor mechanismsndnew links between
old ones.Thesethemesaredevelopedin paperdisted below.

This “explorationof designspace?® hasbarelybegun,eventhoughsomeAl researchers
prematurelycommitthemselesto particularrepresentation®.g. logical or connectionistor
to restrictve architectures.

Becausehetasksaresodifficult, Al maylook like a“deadend”to thosewho do not
understandhevariety of importantbut difficult problemsthatremain.A subjectwith so
muchimportantunfinishedousinessannotbe at a deadend. But we shouldnotinsiston
somenarrov setof explanatorytoolsandconcepts.Thatwould beassilly astrying to restrict
physicsto the conceptandmathematicshatNewton understoodinfantdisciplinesmustbe
allowedto grow.

Many philosophicaViews arebasedn emotionalcommitmentsandcannotbe changed
by evidenceandrationaldiscussionln thelong term, resultsof design-basethvestigations
may corvince somedoubtersput never all. For some theoreticalnalysiswill suffice. Some
will changeonly afterdevelopingpersonatelationswith intelligentandroids.Othersmaybe
corvincedwhenthe new theorieshelpussolve difficult humanproblemsfor examplein
educatiorandtherapy, which, at presentareneithersciencenor engineeringut often

14(Sloman1978ch 10)
Sandthe nichespacedescribedn (Sloman1994a).
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hit-and-misscraft activities.
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