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[[Chooseanothettitle? Abstractto be re-written?]]

Abstract

Replicdion or even modeling of consciousessin machine requires someclarifi-
catiors andrefinemens of our concept of conseousress. Forturately, desgn of, con-
strucion of, andinteraction with artificial systens canitself assst in this concetual
development. In particular, if we startwith the terntative hypothesisthat consciousness
is a form of information procesing, we canbuild virtual machire archtectureswhich
attemptto capure various aspectsof conséousress. This activity may in turn nurture
the developmentof our concepts of consciousnessin sucha way that we can at last
undestandwhy consciousessis a form of informationprocesing. This processleads
gradwal refinemeniof mary of our pretheoketical concets of mind, shoving how they
canbebestconstruedas“architecture-based” concepts.
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1 Intr odudion

The studyof consciousesswasbanishedrom sciencefor mary years,but hasrecentlyre-
entered'somewould sayby a backdoorthatshouldhave beenkeptlocked). It hasalways,
however, beena partof philosoply of mind andof metaphygs. MostAl researcheyignore
the topic, thoughpeoplediscussinghe scopeandlimits of Al do not. We claim thatmuch
of thediscussia of consciousnedss confusedecausavhatis beingreferredto is not cleat
Thatis partly becauséconsciousnessis a clusterconceptasexplainedbelow.

Progressn thestudy or modelling of consciousassrequiressomeclarificationsandrefine-
mentsof our conceptsFortunately designof, constructiorof, andinteractionwith artificial
systemsanitself assistin this conceptuadeveloprent. In particular if we startwith the
tentatve hypohesisthat consciousessis a form of informationprocessingywe candesign,
build, analyse andexperimentwith virtual machinearchitecturesvhich attemptto capture
variousaspect®f consciousnesslhis activity mayin turn nurturethe developmentof our
conceptf consciousness sucha way thatwe canat lastunderstandvhy consciousness
is aform of informatian processing.

This procesdeadsto gradualrefinementof mary of our pre-theoreticatonceptsof mind,
shaving how they canbe bestconstruedas“architecture-basedéoncepts.

It alsoleadsto anexplanationof how aninterestin questios aboutconsciousness general
andqualiain particularcanarisein machineswith a certainsortof architecturghatincludes
a“meta-managementayer. We suggesthatthatis the explanaton of humanphilosoptical
guestiors, andconfusionsaboutconsciousess.We emphasis¢éheimportanceof the notion
of a virtual machinearchitectureand usethat asthe basisof a notion of virtual madine
functioralism which is immuneto someof the attackson more corvenionalist functional
analysef mentalconcepts.Thuswe simutaneouslyattemptto advancescienceandphi-
losophy aswell asproviding afirst draftgenerahrchitecturaschemdor agentarchitectures.
which offersa usefulframework for long term Al researcton human-like systens.

1.1 Confusedconceptsof consciousness

Beforeconsideringhe possibilty anddetailsof machineconsciousnessye mightwonder:
whatdo we meanby “consciousness”Ret’s startwith somequestions:
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Figurel: “The Parableof the Blind Men andthe Elepharn”

Is afish conscious?

Is afly consciouf thefly-swatterzoomingdown atit?
Is anew-bornbabyconsciougwhennotasleep)?

Are you consciousvhenyou aredreaming?

Is thefile protectionsystemin an operatingsystemconsciousof attemptsto violate
accesgermissios?

e IsasoccetplayingrobotconsciousZanit be consciouof anopporturity to shoot?

Not only do different peoplegive differentanswersto theseand similar questionsbut it
seemghatwhatthey understanadonsciousnes® bevarieswith the question.

A central(thoughnot particularly original) motif of this paperis that our currentsituatian
with respecto understandingonsciousneg@ndmary othermentalphenomeneag.g.learn-
ing, emotiors, beliefs)is similar to the situationdescribedn “The Parableof the Blind Men
andtheElephant™ In Saxe’s poem,six blind menencountewhatis, unbeknavn to them,a
smallpartof anelephant Eachfeelsadifferentpart,andinfers(incorrectly)from the proper
tiesof the portionencounterethe natureof thewhole (onefeelsthetuskandconcludeghat
he hasencounteredomethiig very muchlike a spear anotherfeelsthe trunk anddeduces
thathehasmetasnale, etc.). Seefigure 1.

We arein the sameposition with respectto consciousess.Noneof us canseethe “whole
elephant’of consciousnes What's worse,it may be that thereare actually several “ele-
phants”involved: consciousassis probablya “cluster concept’sometimesreferiing to one
collectionof phenomenasometimedo anothercollection,e.g. whenwe think aboutcon-
sciousness differentanimals,or in humaninfantsandadults.

Our blind gropinghasresultedin anastonishindack of consensusn ary of the important
featuresof consciousnesasdisplayedn tablel.

Canwe do somethig aboutthis babel? We needto find a way to stepoutsice the narrov
debatingarenado geta biggerpicture. Hopefully thenwe’ll thenseeall the sub-picturest
which myopc debatergpeer andunderstandvhy their descriptios are at bestonly part of
thetruth, andat worstproductsof muddle,confusionjgnoranceandprejudice.

LJohnGodfrey Save, 1816-1837; see e.g.,http://wwwwvu.edu lawfac/jelkins/Ip-2001saxe.htmi
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Somesay consgousnesss... \ While others sayconsciaisnesss...

Indefinable, knowable only throughhavingit | Whatit is like to be something, e.g.,hungy,
in pain, happy, abat...(Nagel19817

Absentwhenyou areaslesp Presentvhenyou dream

Essentiafor processes$o be mentd Notrequred (there arementalprocessegac-
cessble to consgousress)

Causedumandecsionsandaction Epipheromenal(causally inefficadous)

Independen of physial matter(i.e. disem-| A specal kind of stuff somehowprodwedby

bodied mindsarepossilie) physial stuff

Justa collection of behaiourd dispacsitions | Justacollection of brainstaesandprocesses
or a neutal realty which hasboth physial
andmentalaspe&ts

Justamythinventedby philosoplers,bestig- | Somethingo do with talking to yourself
nored

Somethingyou either have or don't have A matterof degree(of sometling or other)
Requiresapublic (human)language Presentn animalswithout language
Presenbnly in humans Presentn all animak to somedegree
Locatedin specfic regions or processesin | Non-localisable; talk abou alocationfor con-
brains sciowsnesss a“category mistale”
Necessadly correlted with specific neural | Multiply realisdle, and therebre need not
events have fixedneuial corrdates

Not realisablein amachne Realisale in amachirethatis (behavioually;

functionally) indistingushale from us
Possiblyabgentin sometling (behavioually; | Necessaly possesedby somethng which
functionally) indistinguishale from us(zom- | hasthe sameinformationprocessingcapali-
bies) itiesashumans

Tablel: A babelof views of the natue of conséousress

aComparehttp://www.cs.tham.ac.l/"axs/misc/lileto_bea.rock/

2 Partial diagnosisof the confusian

In orderto seethebiggerpicture,it will helpto askwhy thereis a babelof viewsin thefirst
place. Blind gropingis only partof the story; muchscientificand philosophicaldiscussio
of consciousassis confusedor sereralreasonsincluding:

e Thereis muchconceptuatonfusion(causedoartly by unwitting useof ‘clustercon-
cepts?

2|t is not easyto define“cluster corcept” predsely. Thisis notthe sameasthe notion of a vague concep
(e.g.“larg€’, “orange”) for which a boundary canna be preciselyspecifiedalongsomecontiruum of values.
A clusterconcep conrotesa collectionof featuesor abilitiesin sucha way thatsomecombirationsof those
featues definitely justify applicdion of the concept,and othes definitely fail to justify it, while for some
intermaliatecombirationsthequestionvhetrer somethings or is notaninstancas indeterninate: peoge may
disagreeandthe samepersam may find conflictingreasos for andagainstapgying the concep. Thus, most
peope will agreehathumanshave emotionsandthatvirusesdo not, but maydisagreeasto whetherinsectsdo
or fishdo. The phraseseemdo have beencoinal by D. Gaskingandhasbeenin intermittent usesincethe mid
20thcentuy. Closelyrelatednotiors are“family resembanceconcep’ (Wittgenstein1953, “open texture’
(Waismannl1966) and Minsky’s notion of a “suitcaseconcep’ usedin his draft bodk on Emotians online



e Thereis anexcessve focuson onecase:normaladult(academic?humans

e Marny thinkers operatewith limited ideasaboutpossibletypesof machinegdue to
deficienciesn our educationasystem)

e Thereis especiallyalack of understandingboutvirtual, information processingna-
chines(evencompuer scientistgdo not all graspthe generalityandimportanceof the
ideaof suchvirtual machinesthoughthey useinstancesof the conceptevery day).

e Many arevictims of theillusion of “direct access’to the natureof consciousnes@ve
experiencet sodirectly thatthereis noroomfor mistakenbeliefsaboutit — but simu-
taneityis alsoexperiencedirectly andthatdid not preventconfusionsaboutit.)

2.1 Thelimits of intr ospection

As a partialremedyto this situatian, we proposehe following guidelire:

A GoldenRule for studying consciousnessDo notassumehatyou cangrasp
thefull natureof consciousnessmplyby lookinginsideyourself,howeverlong,
however carefully, however analytically

Introspections merelyoneof mary typesof perception.Like otherforms of perceptiont
providesonly informationthatthe perceptuamechanisnis ableto provide (that’s a tautol-
ogy!). Comparestaringcarefully at trees,rocks, clouds, stars,birds and beastshopingto
discover the natureof matter At bestyou learna subsebf whatneedso be explained,like
perceving only the elephant trunk. This is not to saythatintrospectio is uselesson the
contrary introspectvely analysingthe differencedn the (probablyfamiliar) visual flips in
figure 2 helpsto identify the needfor a multi-layeredperceptuakystemgdescribedelow.

AN

Necker cube Duck-rabbit

Figure 2. The Necker cube and the duckrabbt: both are visually ambiguous,leadng
to two perceps. Describng what happ&s whenthey ‘flip’ shaws that one involvesonly
geometical coneptswhereadhe othe is moreabstrat andsubte.

Whenthe Necker cube‘flips’, all thechangesregeometric.They canbedescribedn terms
of relative distanceandorientatian of edgesfacesandvertices.Whentheduck-rabbitflips’,
thegeometrydoesnot change Thefunctionalinterpretatiorof the partschangege.g.,“bill”

at http://wwwmedia.mit.ed/"minsky/. CompareCh. Xl in (Cohenl1962). We argue hereandin (Sloman
to-appear)that by constring clustercon@ptsas “architectue-based'we canredice their indeterninacy by
improving our architectual theories.See:http://www.cs.blam.ac.W/researckcogaf/sloman-Inpsfinal.pd
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into “ears”). More subtlefeatureschangeattributableonly to animateentities.For example,
“Looking left”, or “looking right”. Whatdoesit meanto saythatyou “seetherabbitfacing
to theright”? Perhapst involvesseeingherabbitasa potentialmover, morelikely to move
rightthanleft. Or seeingt asapotentialperceiver, gaininginformationfrom theright. What
doescatayorisinganotheranimalasa percever involve? How doesit differ from categoris-
ing somethingashaving a certainshape?ls this seeing,or only inferring? The differences
betweerdifferentexperience®f the sameambiguas picturearevisual,notsimply inferen-
tial, whichis why the examplesoccurin textbookson vision notreasoningSloman1989) 3
Anotherexampleis seeingafaceashapyy or sad.We returnto theperceptiorof otheragents
in thediscussia of “multi-window” perceptionjn explainingthe H-Cogaf architecturejn
section5.8.

Theseexamplesremind us that the experienceof seeinghashiddenrichness. What con-
stitutes our experienceat ary time includesa large collectionof unrealisedun-actvated,
but potentiallyactivatablecapabilities,in additionto a large collectionthatwe unavare of
actvatng. Canwe saymoreaboutwhatthoseunacknevledgedcapabilitesare? Oneway
is to learnfrom psychologsts and brain scientistsaboutthe mary bizarrewaysthat these
capabilitiescango wrong. But we canalsolearnnewv waysof looking at old experiences:
For exampk, how exactly do you experienceanemptyspaceSeefigure 3.

Figure3: Thefinal frontier?

Humans(e.qg.,painters creatorsof animatedcartoonsgtc.) canexperiencean emptyspace
asfull of possiblities for shapesgcolours,textures,and processesn which they change.
How? Canary otheranimal? CurrentAl vision systemscannot; what sort of machine
could? (A possibleansweris: Harold Cohens remarkableAARON programon displayat
http:/www.kurzweilg/berart.com/An earlyversionis discussedn (Boden1990).)

Theseconclusionsaboutthe natureof perceptuakxperienceare partly basedon introspec-
tion: introspectve analysisof experiencecanbe useful. But doing it well canbe very dif-
ficult, sincemostof what makesan experiencewhatit is is not partof the experience.An
experienceis constitted partly by the collectionof implicitly understoodgoossililities for
change inherentin thatexperience- a sortof “grammar”for experiencegrocessesrhisis
closelyrelatedto Gibsoris “affordance”theory(Gibson1986,Sloman1989,Sloman1996).
We needa moreprecisecharacterisationf the graspof whatis andis not possiblein order
to constrainthe searchor explanatey mechanisrmandformsof representation(Are modal
logicsplausibe candidatesYhatalternatves arethere?)

Theexamplesshawv thatwhenwe have experiencesheremayalsobealot goingon of which
we arecompletelyunavare. e do not experiencewhatit is to experiencesomething This
leadsusto make a secondconjecture:

3Comparehediscussiorof ‘Seeingas’in Part 2 sectionxi of (Wittgensteinl 953)
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The Iceberg conjecture Consciousnesaswe know it is necessarihthetip of
anicebeg of information-processinghatis mostly totally inaccessibl¢o con-
sciousness

2.2 Beyond intr ospection

Insteadof merelygazingat our internalnavels, we needto collectfar moredata-pointse.g.
concerning:

e the varietiesof tasksfor which different sortsof experiencesare appropriate- e.g.
what sortsof experiencesupportaccurategraspingmovements,obstacleavoidance,
dismanling and re-assemblyof a clock, avoiding a predatoy catchingfast moving
prey, etc.

differencedetweernumansat variousstagef developnent;
differencedetweementalphenomenan differentcultures;

unolviousaspect®f consciousxperiences(includingunconsciog aspects);
surprisirg effectsof braindamageor disease;
similaritiesanddifferencedetweerdifferentspecies;

stagesandtrendsin evolution.

Like its counterpartjntrogection,meredatacollectionis not enough. In particular“on-
tological blindness”canlimit the datawe notice: we may lack the ability to perceve or
conceve of someaspectf whatneedsto be explained,like peoplewho understandvhat
velocity is but do not graspthata moving objectcanhave aninstananeousacceleratiorand
thatacceleratiortandecreaseavhile velocity is increasing So effective datacollectionoften
requiresus to refine our existing conceptsand develop new ones— an activity which can
be facilitatedby collectingandattemping to assimihteandexplain new data,especiallyby
building working models.

We als needdeeperricherformsof explanatorytheoriesableto accommodatall the data-
points mary of which arequalitative (e.g. structuresandrelationshipsaandchangesherein)
notquantitatve (i.e. notjuststatistcal regularitiesor functionalrelationshipsandaremostly
concernedvith whatcanhapperor canbe done ratherthanwith laws or correlations.

Thelanguagef physcs(mainly equationyis notaswell suitedto describinghesearealmsof
possibiity asthelanguage®f logic, discretemathemats, formal linguistics (grammarsf
variouskinds)andthelanguage®f compuer scientiss, softwareengineerandAl theorists
(including languagesvhich specifymachineghatinterpretnew languages).The latter are
languagedor specifyingandexplainingthe behaiour of information processingnachines.
As we try to shaw belaw, suchlanguagesnay have a specialconnectiorto consciousness
evenif no existingprogramminganguageor designlanguageas adequatdor our purposes.

Sotheresfarmorebesidegheactualcontentof experienceghatneeddo beunderstoo@nd
explainedin explainingwhatexperiencings. In particular we needto understanavhatsort
of machinerymalkespossibé the implicit graspof myriad possibilties for changeinherent
in humanconsciousnessf somethingunchanging.Insofar asdifferentorganismspor chil-



dren,or peoplewith varioussortsof braindamageor diseasehave differentkindsof mental
machinerythetypesof experiencegossibé for themwill bedifferent?

Understandingpur own caseinvolvesseeinghow we fit into the total picture of biologcal
evolution andits products,including other possble systens on other planets,andalsoin
futurerobotlabs. Therearemary moreelephantshanmeetthe eye — wherever you look, or

grope.

2.3 Virtual machinesand consciousness

To make afreshstartatexplainingconsciousneset’s make explicit afundamentapremise:

Basic working assumption: Consciousness not magic; it resultsfrom the
operationof (very comple) information-processmmachinesvhich we do not
yetunderstand.

Consciousnesstartedasa biologcal phenomenonit wasproducedoy evolution, somehav
using physicalresources.But that doesnot make it itself a physcal phenomenonin the
sensef beingbestdescribedisingtheconcept®of thephysicalsciencegphyscs, chemistry
astronomyetc.). Many thingsthatareproducedy or realisedn physicalresourcesrenon-
phystalin this sensege.g. poverty, legal obligations,etc.

Nor is consciousnessnething: therearemary varietiesof consciousness biologcal or-
ganisns. We needa hew conceptuaframework for thinking abouthow thesevarietiesdiffer
and how they are similar. But despitetheir differenceswe claim that thereis a commam
core: they all dependon the factthatbiological organisns areinformationprocessorsWe
canalsoabstraciaway from someof the specificsof evolvedlife on earthto explore more
varietiesof informationprocessorsaslong aswe take careto learnfrom the biologicalsub-
set. Suitablenon-biologcal machinesshoudl, in principle,be ableto replicatemostaspects
of biologicalforms of consciousness-uturehuman-lke machineswill re-discwer all the
puzzlesof consciousassthathave befuddlechumans-if they have the sameor very similar
mentalfeatures(NB: notall humansarealike).

Thisapproachencompassinmary physicalformsof organismandmachinds madetractable
by (temporarily)ignoringmary of thephysicaldifferencesetweersystens andfocusingon
higherlevel, moreabstractommaalities.For thatwe needto talk aboutwhatsoftwareengi-
neerswould call thevirtual informationprocessingnachinesmplementedn thosephyscal
machinesPhilosopheraremorelik ely to saytheformeraresupervenienvnthelatter(Kim
1998).We believe they bothhave a partialview of the samerelation. (Anotherelephant.)

4Evenif aheavenly leopad lies down with akid or alion with alambtheir visualexperiencesvhengazing
atthesamescenamaybedifferentbecaseof the affordancesequiedin their evolutionary history



3 Information processingMachines

3.1 Typesof machines

Centralto the approachwe are advocatinghereis the conceptof a machine. Thereare at
leastthreetypesof machines:

e Mattermanipulathg machinesDiggers, drill s, cranescoolers...

e Enegy manipulathg machinesDiggers, drill s, cranes,coolers, transfomers, steam
engines...

e InformationmanipubtingmachinesThermostatscontmollers, mostorganisns,oper
ating systemsgompiless, businesrganisatons,governments...

We areconcerneavith thethird classof machinestheinformationprocessingnachinesThe

mechanismghat make information manipudation possibé are not just physcal machines,
e.g. madeof blood, meat,etc. They includealsovirtual machines.In compuer science,
softwareengineeringand Al we have learnedtheimportanceof virtual machinese.g. Lisp,

Prolog and Java virtual machines;chessvirtual machines;spreadsheetsjeuralnets; etc.

Mechanismghat operateon rapidly changingcomplex information structuresaretypically

virtual machinegatherthanphysicalmachines;for exampk, parserscompilers,structure
matcherssearchenginesplannersetc. Physicaimachinesannotchangeheir structurefast
enoughthoughvirtual machinesmplementedn physicalmachinesan.

3.2 Information processingvirtual machines

Whatmakesthemvirtual machiness thefactthatthe entitieswithin themareabstract non-
phystal entities like words, sentencespumbers pit-paterns,trees,procedurestules, etc.
andthecausalawsthatsumnarisetheiroperatiorarenotthesameasthelaws of thephyscal
sciences.

It maybetrue of a chessvirtual machinethatwheneer it detectghatits king is threatened
it attemptdo make a defensve move or a counterattack,but thatis notalaw of physcs. In
fact, without changingary laws of physcsit maybe possilte for the samevirtual machine
to play in “teachingmode” for beginners,in sucha way thatthat generalisatiomo longer
holds (ascana humanchessplayer). Its (partial) predictabilityasa chessplayerdepends
onthefactthatthecomponentén whichit is implementedbey thelaws of physcs, but the
very samevirtual machinecouldbeimplemenedin differentcomponerg subjecto different
laws (e.g.valvesinsteadof transistorspr somenew kind of computingmachinery).

Moreover, the laws that govern the virtual machineare not derivable by pure mathematis
or purelogic from the physicallaws governing the components:bridging postulates'will
be neededo link the statesand processe# the virtual machineto thosein the physcal
machine. They cannotbe linked by logic alonebecausdahe conceptgequiredto definea
chessvirtual machine(e.g. “queen”,“check”, “win”, “capture”)arenot explicitly definable
in termsof thoseof physcs. It'sa differentontology But the ontologyis built by engineers,
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not by magic,andno mysteriousspiritualmachinesareneedec.

If we areto explorethefull rangeof designsor behaing systemswe needto be familiar
with a wide rangeof techniquedor constructingvirtual machinesof varioussorts. Many
cluesto thevariety of possble typesof virtual machinessomefrom living things.

Evolution “discovered” and usedmary thingslong beforehumanengineersand scientists
thoughtof them. Paleontologyshavs the development of physblogy and provides some
weakevidenceaboutbehaioural capabilities But thereis very little directevidenceregard-
ing earlyforms of information processingyvirtual madinesleaveno fossils But surviving
formsof informationprocessingyive clues,andwe cantesttheoriesn working models.

Someof the forms are evolutionarily very old. Othersrelatively new (e.g. the ability to
learnto read,designmachinery do mathematicspr think aboutyour thoughtprocesses.)
We returnto questios aboutthe powersandfunctionsof differentsystemsandhow they fit
togethetbelow in sectiord.

3.3 How to think about non-physicallevelsin reality

the biosphere

W editors
compilers

W Al systems
internet
p

species niches

clouds
tornados
rivers

computational
virtual
machines

animals

plants

cells
organic *}!g
chemist;

physics
physics
physics

Figure4: Various levels of reality, mostof which arenonphysial

Therearemary familiesof conceptspr “levels” on which we canthink aboutreality (see
figure 4 for someexamples).At all levels thereareobjects,propertiesrelations structures,
mechanismsstatesgvents,processeandcausainteractionge.g. poverty cancausecrime).
But we arenotadvocatinga “promiscuous pluralism theworld is onein atleastthis sense:
all non-physical levels are ultimately implementedn physicalmechanismsHowever, no-
body knows how mary levelsof virtual machinegphysciststhemseles will eventualy dis-
cover. In ary case,the histay of humanthoughtand culture shavs not only that we are

STheseare controsersialcommerts, discussedat greaterlength, though possiblynot yet conclsively, in
papes here: http://www.cs.tham.aaik/researa/cogdf/. (Scheutz1999 arguesthatthe existenceof virtual
machireswith therequred structurecanbederived mathenatically from adescriptiorof the physicalmachire
by abstractig from detailsof the physicalmacthne.
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ableto make gooduseof ontologesthatarenot definablein termsof thoseof the physcal
sciencesbut thatwe cannotcopewithoutdoingso.

Sowhenwe talk aboutinformation processingirtual machinesthisis no moremysterious
thanour commaplacethinking aboutsocial, economic,and political statesand processes
andcausalnteractionsetweerthem.

3.4 Virtual machinefunctionalism

Functionalistanalysef mentalconceptsarefairly popular thoughtherearea numker of
difficulties(e.g.the“zombie” problemdiscussdbelow). We claimthatthesedifficultiescan
be overcone by basingour analyse®n virtual madinefunctionalsm

Most philosophersand cognitive scientiss write asif ‘functionalismi were a well defined
generallyunderstooadoncept.E.g. (Block 1996)says

Accordingto functionalism the natureof a mentalstateis justlik e the natureof
anautomatorstate:constititedby its relationsto otherstatesandto inputsand
outpus. All thereis to S1lis thatbeingin it andgettinga 1 inputresultsin such
andsuch,etc. Accordingto functionalign, all thereis to beingin painis thatit
dispogsyouto say‘ouch’, wonderwhetheryouareill, it distractsyou, etc.

I.e. accordingto Block a functionalstateS of a machineor animalA is definedin terms
of setsof possble inputsand outputsto A and other functional statesof A. The stateS
is identified by what happendor eachpossibleinput of A: what outputwill A producein

respons€if arny) andwhat statetransitiors will occurin A. So a functional stateof A is

definedin termsof causakonnectiondetweerinputsandoutpus of A andotherfunctional
states.On this view therecould not be part of the systemthatwasnever affectedby inputs
anditself never affectedary outputs for instancea sub-processunningin a compuer that
did nothingbut explore mathematal proofs,usingonly internalstoragemechanisrs.

In contrastwhatwe call “virtual machinefunctionalisni refersto virtual machinesvhose
statesand eventscan have causalconnectionsnly with othersuchstatesandwithout re-
quiringary links to externaltransducersThesestatesnaybelinkedto externaltransducers,
but they neednot be. Virtual machineentities,statesand processegan exist andinteract
withoutary externalcausakconnectionsAn examplewould beaprocessunninga program
thatneitherreadsnor prints arnything, but merelyexplorestheoremsierivable from a setof
axioms,or which repeatedlyplaysgamesof chesswith itself.

After sucha processstartsup, it maybe possibé for new causalinks to be createdbetween
it andotherprocesseshathave links to externaltransducershut thatis not a preconditio
for its existence.Lik ewise a procesghat startsoff with suchlinks might becomedetached
(assometineshappengo “runaway” processes computers).

In principleit mightbepossbleto infer whatis happeningn suchadetachedirtual machine
by examiningstatesandprocesses physicalbrainmechanismsr in thedigital circuitry of
a computey but thatwould require“*decompiling” which might be too difficult in principle,
aspeoplewith experienceof detuggingoperatingsystemswill know. (E.g. searchingor a
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suitablehigh level interpretatiorof phystcal tracesmight requiremoretime thanthe history
of theuniverse.)

3.5 Causalpowers of inaccessiblecomponents

Although eventsin sucha decoupledcomponentof a virtual machineare not externally
detectabldoy modifying inputsandcheckingoutputs,neverthelessthey supporttrue coun-
terfactualconditional statement®f the form “If suchandsucha connectionwere madeto

the speechunderstandingndspeectgeneratingnechanismshenthis individual would an-
swerquestionsabouttheoremst hadproved. But thetruth of thatcounterfctualdoesnot
requirethe sub-machindo be actually connectedo input or outputmodules.Moreover, it

is possibé thatthe bandwidthof the available outputdevicesmaybetoo limitedto express
full information aboutthe virtual machinestates® Despitethe difficultiesin testing,a soft-
ware engineewho hasdesignedandimplementedthe systemmay know thatthosevirtual

componentgxist andarerunning,becausehe mechanismsisedfor compilingandrunning
a programaretrusted. (A very clever optimising compiler might detectandremove code
whoserunningcannotaffect output But suchoptimisationcanbeturnedoff.)

In Block’s definition,quotedabove, we seea hint of all this, for he allows internaleventsto

have two kindsof effects,external(e.g.saying‘'ouch’) andinternal(e.g.wonderingwhether
you areill, beingdistacted). It is not clear however, whetherhe realisedthat someof the
statesandprocesseallowedasfunctionalmightbecompletelydisconnecteffom inputsand
outputs Theverylabel“functional” is oftentakento connotehaving somekind of potental

survival valuefor an organismor robot, which disconnectednternal processeould not

have.

3.6 Could decoupkedcomponentsevolve?

Thatis a problemfor “virtual machinefunctionalisni if it is proposedasa frameawork for
analysingmentalphenomendumansand otheranimals. For it is unlikely that biological
evolution could producesuchdisconnectedirtual machines:if they have no behaioural
effectsthatinfluencebiologicalfitnessthey would notbe selectedThe answelto thisis that
selectedmechanismsan have side-efects. A mutatian that producedbiologically useful
brainprocessemightalsoproducedisconnectedirtual machinecomponentsOr aharmless
mutatian might producea disconnectedopy of aconnectedirtual machine.Theadditioral
machinewould requireadditionalenegy to be consumedo no purpose but the difference
mightbetoo smallto be selectedagainsin alushervironment

Fromour viewpaint the variouscomponent®f a virtual machinecanthemseles be seenas
evolving sub-systmsinfluencedby co-evolving subsytems: a mind canbe viewed asan
eco-systenfSloman& Logan2000).

The upshotof all thisis thatwe cantalk aboutarchitecturegor virtual machinesywherethe
component®f the architecturesredefinedprimarily in termsof causalinteractiongurely

6\We claim thata carefu readingof (Ryle 1949, especiallyhis chapteron imaginatio, shavs a view very
similar to virtual machire funcdionalism, althowgh he did not have our computationalconceps. He is often
wrongly characterisedsa behaviourist.
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within the virtual machinesJike two chessprogramsrepeatedlyplaying chesswith each
other We canthenregardary director indirectlinks to externaltransducerss contingent
additiors, not logically necessaryfeatures. A consequencef this is to reducethe signif-

icanceof psychologtal experimentsasa way of studyng psycholay. It alsoundermines
“zombie” agumentsagainsfunctionalismasexplainedbelow.

3.7 Global statesvsrich ontologies

Anotherfeatureof virtual machinefunctionalsm is thatit is not restrictedto referringto
statesof the wholesystem.Whena virtual machineis running for instancea chess-playing
virtual machine,there are virtual machineentitiesthat endureacrossevens that change
the machines state,for instancethe board, positions on the board, pieceson someof the
positions, etc. Their statesdo not necessarilyall changein synchrory. In additionthere
may be someentitiesthat exist for only a shorttime, with componentsand relationships
thatvary rapidly. For instancewhile the machineis consideringa move it maytemporarily
build a partiallookaheadreewhich it examines,andthenextends,andthenshortensand
thenextendsin anotherway. So while somenodesof the tree are createdand destryed
otherscontinueto exist. Later almostall of the tree may be removed just beforea move
is selected.So the notionthat an informatian processingnachinehasonly one global but
atomic (unanalysableytateat a time, as indicatedin statetransitiontables,doesnot do
justiceto the compleities andsubtletieghathave beenfoundnecessaryor the purpose®f
Al andsoftwareengineering.

Evenif all the statesof varyingcompleity canbe mappedontoa collectionof suchglobal
stateswith transitiors betweenthem (e.g. by treatingevery changeof sub-stateno matter
how minor, asa changeof stateof the whole machine) this factgivesno insightinto what
really happensvhenmostinterestingcomputermprogramsun. Thereis thereforeno reason
to believe thatthe notion of a unitary state-transion tablewill be helpful in thinking about
humanmindseither

Soinsteadof thinking of a virtual machineonly in termsof transitiors betweenpossilbe

statesof the whole systemwe needto think of it ashaving a rich ontology of entitiesof

differentkinds anddifferentdegreesof compleity, which coexist but endureover different
time-scalesbeingcreatedanddestryed asrequired,with changingpropertiesof andrela-
tionsbetweenhoseentities,andchanginginternalstructureandcomplexity in someof the
entities’

Moreover, evenif someof the mainfeaturesof sucha virtual machineare capableof being
testedfor while it is running,therecanbe mary detailsin thetemporarydata-structurethat
have nolinks to externalsensor®r effectors,andcouldnot be revealedby the program.For
someotherinternalprocesseg maybe possilte to revealthemin sumnary form, but notin

completedetail. For others,any attemptto reporttheir existence,or their featuresandrela-
tionshps, will interferewith the runningof the machine asmary studentf programmirg

have foundif they attempto turnontrace-printingor theprinting sub-routhes.Thiskind of

complity is commonplacén programmingyetignoredin mostphilosophicaldiscussions

"Thisis alsoanobjectionto standad presetationsof dynanical systemgheoy.
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3.8 Somelimits to self-maitoring

Later, we’'ll introduce the notionof a systemin which somevirtual machineprocesseson-
itor, categorise, evaluate and perhapsalso modify other processes.This kind of internal
self-obseration canitself be a processof a kind that, in somecasescannotbe externally
reportedpr in somecasesanonly bereportedpartially or inaccurately Thusa systemmay
have informationaboutitself thatis not accessiblexternally But someinternalprocesses
may not be self-accessiblegitherbecauseuitableconnectionglo not exist or becausehere
is no suitableinternalformalismfor recordingwhathappensn thoseprocessesr because
the information routeswithin the systemdo not have sufficient band-widthto allow all the
detailsto berecordedpr becauseecordingall detailswould requirethe memorycapacityto
grow toofast.

4 Organismsasinformation processocs

Successfubrganismsareinformationprocessorgin this discussionwe use“information”

in the everydaysense not the Shannon/\WWaver technicalsense).This is becausesurvival

for organismsunlike rocks, mountins, planetsand galaxies typically requiresaction(ex-

ceptionsmay be certaindormantsporesthat are ableto survive indefinitely without doing
anything), and actionsmust be selectedand initiatedundercertainconditions. Therefore
successfuselectionandtimed initiation requiresat a minimum information aboutwhether
thoseconditiors obtain. Seefigure5.

[[SHOULD THE FIGURE BE OMITTED?]]

Once upon atime there were only inorganic things:
atoms, molecules, rocks, planets, stars, etc.

These merely reacted to resultants of all the physical
forces acting on them.

Later, there were simple organisms. And then more and
more complex organisms.

O

These organisms had the ability to reproduce. But more interesting
was their ability to initiate action, and to select responses, instead
of simply being pushed around by resultants.

That achievement required the ability to
acquire, process, and use information.

Figure5: A fairy tale?

4.1 Organismsneedto processnformation

Acting or selectingrequiresinformatian, which in an organismmay includethe following:
informatian about:
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densitygradientsof nutrientsin the primaeval soup
the presenc®f noxious entities

wherethegapis in abarrier

preciselocationsof branchesn atreeasyoufly through
how muchof your nestyou have built sofar

which partof the nestshouldbe extendednext
wherea potentialmateis

something thatmight eatyou

something you might eat

whatthatthing overthereis likely to do next

how to achieve or avoid variousstates

how you thoughtaboutthatlastproblem
whetheryour thinking is makingprogress

andmuch,muchmore. Although mostof theseprocessedo notinvolve self-consciousness
they do involve a kind of consciousnes®r sentiencegdefinedasthe ability to acquirein-
formationaboutsomethng. We shall seethat someorganisns have richer varietiesof con-
sciousness

4.2 Wedon't needto define our terms

It is importantthatwe resistthe urge prematurelyto askfor a strict definition of “informa-
tion”. Compare'enelgy” —thatconceptasgrown muchsincethetime of Newton,andnow
coversforms of enegy beyond his dreams.Did he understandvhat enegy is? Insteadof
defining“information” we needto analysethe following:

thevariety of typesof informationthereare,
thekindsof formsthey cantake,

themeansf acquiring information,
themeansf manipuhting information

the meansf storing information

themeansf communicatig information

the purposedor which information canbeused,
thevariety of waysof usinginformation.

As we learnmoreaboutsuchthings, our conceptof “information” grows deeperndricher.
Like mary deepconceptsn scienceijt is implicitly definedby its role in ourtheoriesandour
designdor working systems.To illustratethis point, we offer this partialanalysisof things
an organismor madine cando with informaion:

e Reactingmmedately (it cantriggerimmedateaction,eitherexternalor internal)
e Sgmentiry, clusteringlabelling of componentsvithin a complex information struc-
ture(i.e. parsing)
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e Trying to derive new informationfrom it (e.g. whatcausedhis? whatelseis there?
whatmighthappemext? canl benefitfrom this?)

Storingit for future use(andpossiby modifying it later)

Consideringalternatve possibilities, e.g.in planning

Interpretit asascontaininginstructiors, andobeying them,e.g. carryingoutaplan
Observingthe processof doing all the above and derving new informationfrom it
(self-monibring, meta-management)

Communcatingit to others(or to oneselflater)

e Checkingit for consisteny, eitherinternalor external.

...andmary more.Differentformsof representatiomaybe usedfor differentpurposes.

4.3 Information processingand architecture

Whatanorganismor machinecando with information depend®nits architecture- notjust
its phystcal architecturebut alsoits virtual machinanformationprocessingrchitecture An
architecturencludes:

formsof representation,

algorithms,

concurently processig sub-systems,
connectiondetweerthem,

In additionsomearchitectureslevelopi.e. they changethemselesover time so that the
componentandlinks within the architecturechange.A child’s mind anda computeroper
ating systemare both examples.The variouskinds and usesof informatian processinglid
notall evolve atthesametime. Not all of themoccurin all animals.For example perceptual
mechanismghatevolved at differenttimesprovide very differentsortsof information about
theenvironment:

e Someinformationis very localisedandsimde (heres adot, theres somemotion);

e Otherinformation may be far more holistic (e.g. recognisinga sceneasinvolving a
forestglade);

e Somemay be very abstract(the weatherooks fine; it looks asif a fight is aboutto
breakoutin thatcrowd) compardigure 2;

e Someperceptuamechanisménvolve only general-purposknowledge aboutthe ge-
ometryandtopology of staticandmoving shapes;

e Othersrequirespecificknowledgeaboutthingsthat arerelevantonly in a particular
part of the world, or a particulartype of actwvity. For example,seeingtext, hunting
fast-mwing prey, seeinggeologicalformationsooking atexposedbrains.

Thesedifferentbiological informatian processindunctionsrequiredifferentkinds of mech-
anismspftenoperatingon differentforms of representatioanddifferentformsof long and
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1. A dichotomy (one big division):

microbes

clouds waves
rocks

atoms

2. A continuum (seamless transition):

microbes fleas chickens chimps humans

3. A space with many discontinuities:

Y

Figure 6: Models of coneptud spaces It is often assumed that the only
alternative to a dichotomy (consciows/noncongious) is a continuumof case
with only differencesof degree Thereis athird altemative.

shorttermstorage Sometimeshey requiredifferentsub-mechanismsorkingtogetherper
cewving, learning,usingprior knowledge,decidingwhatto do, constructingolans,executirg
plans,etc.). But thereis alwaysan overall architecturecontainingall the mechanisrme and
the processethey produce.

Someof the more sophisicated mechanismsnd architecturesvolved only relatively re-
cently, andarein very few speciege.g.deliberatve capabilities describedelow). We need
to understandhow thenew mechanisndiffer from, how they arebuilt on,andhow they inter-

actwith themucholder, morewide-spreadnechanismsThe sameorganism e.g.ahuman,
mayincludebothvery ancienttommonphcemechanismandvery new raremechanismsn

mary sub-sysms.

If whatwe have saidsofar is correct,thenin orderto understanadonsciousnesse need
to understandhe spaceof information processingrchitecturesndthe statesandprocesses
they cansupport-includingthevarietiesof typesconsciousnesg.heres no unigue, correct
architecturethe belief thatthereis amountsto believing the conscious/no-conscioudis-
tinctionis adichotomy asin figure 6. Many assumehattheonly alternatve is a continuum
in which all divisionsare arbitraryandall differencesare differencesof degree. Both are
wrong, sinceconceptuakpacesnay have mary disconinuities. Examplesarethe spaceof
possibé designsaandthe spaceof requirements$or designgniches)(Sloman2000).

4.4 The spaceof designsis discontinuous
The view that consciousnesss just a matterof degree (seefigure 6) ignoresthe fact that

mary evolutionary anddevelopmentalchangesn biology areinherentlydiscontinwus,in-
volve mary changef kind, andcanbe big or small, for exampk, structuralchangesand
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developmentof new capabilities.Therearetwo reasondor this discretenessa) molecular
structuresand molecularchangesn DNA are discrete,and (b) therecanbe only a finite
numberof generation®etweerary two time points,which rulesout a continuumof stages.
Likewise niches,andsetsof requirementsganchangedisconinuously dependingon how
surroundingdesignschange. Somediscontnuities may be big, otherssmall, so not every
spaceis eithera continuumor a dichotony. All of this is not only compatiblewith, but
impliedby Darwinianevolution (Sloman2000).

Therearemary differenttypesof designsandmary waysin which designsanvary. Some
variationsare continuougqgettingbigger faster heavier, etc.). But somevariatiors aredis-
continuos. For exampleschangedetweenwo softwaredesignsaredisconinuous.

Many of the changeghatmight be madeto a system(by evolution or design)arediscontn-
uous:

duplicatng a structure,

addinga new connectiorbetweenrexisting structures,
replacinga componentvith anothey

extendirg aplan.

addinganew controlmechanism

We don't know what sortsof evolutionary changesaccountfor the factsthat humansun-
like all (or most)otheranimalscanusesubjuncive grammaticaforms, canthink aboutthe
relationbetweenmind andbody, canlearn predicatecalculusandmodallogic, canseethe
structuralcorrespondencieetweerfour rows of five dotsandfive rows of four dots®

5 Evolvable architectur es

Evolution hasobviously producedan enormousvariety of physicaldesignsfor organisms
Differentsortsof informationprocessingystemsarerequiredfor organismswith different
bodies,with differentneeds,with differenternvironments— andthereforedifferentniches.
Sincetheseare virtual machinegheir architecturesannoteasily be inspectedor read off
brainstructuresSoary theoryaboutthemis necessarilatleastpartly conjectural However,

it seemghatthevastmajority of organisns have purelyreactve architecturesA tiny subset
seemto have deliberatve capabilitiesin addition. An even smallersubsetseemto have
meta-managemergtpabilities(describedelon). Thesedifferentarchitecturacomponents
supportdifferentvarietiesof consciousness

5.1 Reactive architectures

A reactve mechanisn(figure 7) is one that producesoutpus or makes internal changes,
perhapgriggeredby its inputsand/orits internalstatechangesbput without doing arnything
thatcanbe understoodasexplicitly consideringandcomparingalternatvesor deliberating
aboutexplicitly representegossibilities.

8Canachimpazeedo ary of those?Someapescando amazim things (Hauser2001).
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Figure 7: A simple, insect-like architecture. Arrows indicate direcion of
informationflow. Somereactonsproduceintemal changesthatcantrigger or
modulatefurther charges. Perceptal andactionmecharmsmsmay operde at
differentlevels of abgraction, usingthe samesensos andmotors

Many alternatve reactve architecturesre possble: somediscreteand somecontinousor

mixed somewith and somewithout internal statechangessomewith and somewithout
adaptatioror learning(e.g. weightchangesn neuralnets);somesequentiahndsomewith

multiple concurrenprocessessomewith global“alarm” mechanisméfigure 15), andsome
without

Somereactionsgproduceexternalbehaiour, while othersmerelyproduceinternalchanges.
Internalreactionsnayform loops. Teleo-reactie systemgNilsson1994)canexecutestored
plans.An adaptve systenmwith only reactve mechanismsanbeaverysuccessfubiologcal
machine.

Somepurely reactve specieshave a social architectureenablinglarge numbersof purely
reactve individuals can give the appearance®f considerablantelligence. (E.g. termites
building “cathedrals”).Themainfeatureof reactve systemss thatthey lack the coreability
of deliberatve systemsgexplainedbelow, namelythe ability to representindreasonabout
non-«istent or unpercered phenomende.g. future possibé actionsor hiddenobjects).
However, we have yetto explorefully the spaceof intermediatedesigngScheutz& Sloman
2001).

In principle a reactve systemcan produceary externalbehaiour that more sophisicated
systemsanproduce However, to do soin practiceit mightrequirealargermemoryfor pre-
storedreactve behaioursthancouldfit into thewholeuniverse.Moreover, theevolutionary
history of any speciedss necessarilyimited, andreactve systemsannotusestratgiesnot
previoudy selectedy evolution (or by a designelin the caseof artificial reactve systens).
Theselimitationscanbe overcomeby deliberatve capabilities,asevolution seemdo have
discovered,for someorganisns.

5.2 Consciousnes# reactive systems

Whatabout‘consciousnessih reactve organism® Is a fly consciousof the handswooping
down to kill it? Insectsperceve thingsin their environment,andbehae accordingly How-

20



Long
—term

memory

DELIBERATIVE PROCESSES
(Planning, deciding,
scheduling, etc.)

\

Motive
activation

- REACTIVE PROCESSES

$ THE ENVIRONMENT AE.

perception action

Figure8: An archtecture thatis bothreactve anddeliberative.

ever, it is notclearwhethertheir perceptuamechanisrmaproducenformation statedetween
perceptiomandactionusablein differentwaysin combinationwith differentsortsof infor-
mation. (Comparewaysof usinginformationthatatableis in theroom.) Rather it seems
that their sensoryinputs directly drive action-controlsignals,thoughpossiby after trans-
formationswhich may reducedimensonality, asin simplefeed-forward neuralnets. There
may be exceptiors: e.g. beesgetinformationwhich canbe usedeitherto controltheir own
behaiour or to generatémessagestateron thatinfluencethe behaiour of others.

Typically purely reactve systemsdo not useinformationwith the sametype of flexibility
asa deliberatve systemwhich canconsidemon-&istent possililities. They alsolack self-
awarenessself-catgorisingabilities. A fly thatseesanapproachindgiandprobablydoesnot
know thatit sees— it lacksmeta-managememntechanismsjescribedater Sothevariety
of consciousawarenesshata fly hasis very differentfrom the kinds of avarenessve have
by virtue of our abilities to recombineand processsensoryinformation, our deliberatve
capabilities,andour capacityfor reflection. It is this more elaborateanswey ratherthana
simple “yes” or “no”, whichis the bestreply to the questiortis afly conscious?”

5.3 Pressuesfor deliberative mechanisms

Sometimesheability to planis useful;in suchcasesanarchitecturesuchasthatdepictedn
figure8is anadwantage Thelaminarstructuren theverticaldimensiomeednotcorrespond
to spatialy distinct aspectsf the system;more usually the higherlayerswill be realised
in (somesubsef) the phystcal aspectf the systemwhich realisethe lower layers. This
couldresultfrom anevolutionary stepin which somereactve components first duplicated
thenlatergivenanew function(MaynardSmith& Szathnary 1999).

Deliberatve mechanisraprovide the ability to represenpossililities (e.g. possibleactions,
possibé explanatios for whatis perceved). Purelydeliberatve architecturesvereusually
employedin traditional Al (exceptin robotics, sincerobotsneedreactve mechanismsn
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additionto planningcapabilities). A famousexamplewas Winograds SHRDLU (Wino-

grad1972). Otherexamplesincludetheoremprovers, plannersprogramdor playingboard
gamesnaturallanguagesystemsandexpert systens of varioussorts. Deliberatve mecha-
nismscandiffer in variousways,e.g.:

e theformsof representationgsed(oftendata-structurem virtual machinese.g. logi-
cal, pictorial, activaton vectors— somewith andsomewithout compositonal seman-
tics).

e whetherthey useexternalrepresentationgsin trail-blazingor message-sendin

e thealgorithmsimechanismsavailablefor manipuhtingrepresentations

the numberof possibilties thatcanbe representedimulianeously(working memory

capacity)

thedepthof ‘look-ahead’in planning

theability to representuture, past,or remotepresenbbjectsor events

theability to represenpossibleactionsof otheragents

theability to representnentalstatesof others(linkedto meta-managemenrtiglow).

theability to represenabstracentities(hnumbersyules,proofs)

theability to learn,in variousways

thevariety of perceptuamechanismgseebelow)

Somedeliberatve capabilitiesrequirethe ability to learnnew abstractassociationse.g. be-
tween situatons and possibleactions,betweenactionsand possibleeffects. In a hybrid
reactve-deliberatre architecturethe deliberatve partmay be unableto actdirectly on the
deliberatve part,but maybeableto train it throughrepeategerformances.

The kinds of information processingavailable in deliberatve mechanismsan be usedto
definekinds of consciousneswhich merely reactve systemscannothave, including for
instance*awarenes®f what can happen”. The perceptionof possiblities and constraints
on possillities (affordances)s somethng thathasnot yet beenadequatelyxharacterisedr
explained(Sloman1996). Hybrid reactve-deliberatre systemscanhave more varietiesof
consciousnesshoughthekindsin differentpartsof thearchitectureneednot beintegrated.

5.4 Pressuesfor multi-win dow perception and action

Deliberative capabilitiesmay provide the opportuniy for more abstractperceptuabndac-
tion mechanismshatfacilitate deliberationand actionto evolve, New levelsof perceptual
abstraction (e.g. perceving objecttypes,abstractaffordances)and supportfor high-level
motorcommandse.g. “walk totree”, “graspberry”) mightevolve to meetdeliberatve needs
—hencethe*“taller” perceptiorandactiontowersin figure 9. If multiple levelsandtypesof
perceptuaprocessinggo on in parallel,we cantalk about“multi-window perception”,as
opposedo “peephole”perception.Likewise, in anarchitecturegherecanbe multi-window
actionor merelypeepholeaction. Laterwe’ll extendthis ideain connectiorwith thethird,
meta-managemengyer. Few currentAl architecturesnclude suchmulti-windov mecha-

nisms
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Figure9: Reactve-celiberative architecture with “multi-window” perceptionand
action. Higher level percetual and motor sysems (e.g. parsers, command
interpretes) mayhave “direct” conrectiors with highe level cential mechamsms.
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5.5 Pressuesfor self-knowledge,self-evaluation and self-control

A deliberatve systemcaneasilygetstuckin loopsor repeathe sameunsuccessfuhttempt
to solve a sub-problen{one of the main cause®f stupdity in mary symboic Al programs
with sophisicatedreasoningmechanisms One way to prevent this is to have a parallel
sub-systmmonitoring andevaluatng the deliberatve processedf it detectssomethng bad
happeningthenit may be ableto interruptandre-directthe processingWe call this meta-
manaemenfollowing (Beaudoinl994).(CompareMinsky on“B brains”’and“C brains”in

(Minsky 1987).) It is sometimegalled“reflection” by othersthoughwith slightly different
connotatims. It seemgo be rarein biological organisns and probablyevolved very late.

Much researclon ‘reflective’ Al systens is in progress.A simplfied versionis depicted
in figure 10. As with deliberatve andreactve mechanismsthereare mary forms of meta-
managemerandwe’ll discusanoreelaboraterersiors below.

Self monitoring canincludecategorisaton, evaluation,and(partial) control of internalpro-
cessesnot just measurementThe richestversionsof this evolved very recently and may
be restrictedto humansthoughthereare certainkinds of self-avarenessn otherprimates
(Hauser2001).

Absenceof meta-managemectinleadto “stupid” reasoninganddecisionmakingbothin
Al systens, andin brain-damagear immature humans,thoughthis may sometines be
mis-diagmsedas due to lack of emotioral mechanismsasin (Damasio1994). Among
psychologsts and psychiatriss it is fairly comman to refer to “executve” functions. We
believe thatthis conceptasnormally useddoesnot adequatelyistinguishdeliberatve from
meta-managemeifiinctions. Both the weaknessesf early Al programswith powerful de-
liberative capabilitiesandsomeeffectsof braindamagen humanghatleave “intelligence”
asmeasuredh |Q testsinteactindicatethe needfor a sub-dvision.
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Figurel0: A reflective architecture

5.6 Accesdo intermediate perceptual data

In additionto monioring of central problem-soling and planningprocesseshere could
be monitoring of intermediatestagesn perceptuaprocessesr actionprocessesequiring
additioral arrows goingfrom within the perceptiorandactiontowersto thetop layerin fig-
ure10. Examplesvould betheability to attendto fine detailsof one'’s perceptuaéxperience
insteadof only noticingthingspercevedin the ernvironment andthe ability to attendto fine
detailsof actionsoneis performing,suchasusingproprioceptve information to attendto
whenexactly onebendsor straighten®ne’s kneeswhile walking. Theformerability is use-
ful in learningto draw picturesof things andlatterhelpswith developmentthe development
of variousmotor skills, for instancenoticing which ways of performingactionstendto be
stressfulandthereforeavoiding them— a problemfamiliar to mary athletesandmusicians
A full catalogueof usedor suchinternalmonitorihg mechanismiasnotyetbeenproduced.

5.7 Yetmore perceptual and motor “windows”

We conjecturethat, asindicatedin figure 11, centralmeta-managemelted to opportunites
for evolution of additianal layersin “multi-window” perceptuabnd action systems:e.g.,
social perception(seeingsomeoneas sador happy or puzzled),and stylised social action
(e.g. courtly bows, socialmodulaton of speechproduction). This would be analogoudo
genetically(anddevelopmentally)determinedarchitecturamechanismsor multi-level per
ceptionof speechwith dedicatednechanismgor phonobgical, morphologcal, syntactic
andsemantigrocessing.
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In particular the categyoriesthat an agents meta-managemersystemfinds useful for de-
scribingandevaluatingits own mentalstatesmight alsobe usefulwhenappliedto others.
The reverseprocesscanalsooccut during sociallearning,e.g. whenpeoplelearnto think
of theirown thoughtsas‘sinful’, a powerful tool of socialcontrol. So:

Other knowledgefr om self-knowledge: The representationalapabilitiesthat
evolved for dealingwith self-catgorisationcanalsobeusedor othercateyorisation
andvice-versa.Percgtualmechanismsnay have evolvedrecentlyto usethese
representationaapabilitiesn perceptsExample:seeingsomeonelseashapyy,

or angry(cf figure 12).

5.8 Further stepsto a human-like architecture

Additional requirementdor copingwith a fastmoving ervironmentand multiple motives
(Beaudoin1994)andfor fitting into a societyof cognitively capableagentsprovide evolu-
tionarypressurdor furthercompleity in thearchitecturee.g.:

¢ ‘interruptfilters’ for resource-limitechttentionmechanisms,

e moreor lessglobal ‘alarm mechanisrg’ for dealingwith importantandurgentprob-
lemsandopporturities,

e asociallyinfluencedstoreof personalities/prsonaei.e. modesof controlin thehigher
levels of the system

Theseareindicatedin thefigure 11, with extended/multi-window) layersof perceptiorand
action,alongwith globalalarmmechanisms:

Like all thearchitecturesliscussedofar, this conjecturedarchitecture(which we call “H-
CogAff”, for “human-like architectureor cognition andaffect) could berealisedin robots
(in thedistantfuture).

5.9 Other minds and “philosophical” genes

If we are correctaboutlater evolutionary developrrents providing high level conceptual,
perceptuahndmeta-managementechanismshatareusedbothfor selfcateyorisaton and
othercategorisaton (in multi-window perceptionillustratedin figures2 and 12) thenin-

steadof anew-borninfanthaving to work out by somephilosoghical procesof inductive or

analogicalreasoningopr theoryconstructiorthatthereareindividualswith mindsin the en-

vironmentit maybe providedgeneticallywith mechanismslesignedo usementalconcepts
in perceving andthinking aboutothers. This canbe usefulfor predatorspeciesfor prey

speciesand for organismsthat interactsocially Suchmechanismslik e the innatemech-
anismsfor perceving and reasoningaboutthe physicalervironmentmight have a “boot-

strapping”componenthat fills in mary detailsduring individual development througha

proces®f interactingwith theenvironment.

Insofar asthosementalconcepts|ik e the self-catgorisingconceptsrefer to internalstates
andprocesseshey will be architecture-baseesenthoughthe naturallydeveloped,implic-
itly pre-supposedrchitecturesare probablymuchsimplerthanthe actualvirtual machine
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architecture®f otheragents.In otherwords,evenif someanimalswith meta-management
naturally usearchitecture-basedonceptshey arelikely to be over-simplified conceptan
partbecauséhey presupposever-simplified architectures.

Neverthelessevolution apparentlysolvedthe “other mindsproblem”beforearyoneformu-
latedit, by providing built-in apparatugor conceptualisingnentalstatesin othersat least
within intelligentprey speciespredatorspeciesaandsocialspecies.

6 Somelmpli cations

We have specifiedin outline an architecturaframenork in which to placeall thesediverse
capabilitiesaspartof thetaskof exploring designspace Laterwe canmodify theframework

aswe discover limitationsand possibledevelgpmentsboth for the purposef engineering
designandfor explanationof empiricalphenomenaThe framewvork shoutl simukaneously
helpusunderstandhe evolutionary processandthe resultsof evolution.

Within thisframework we canexplain (or predict)mary phenomenasomeof which arepart
of everydayexperienceandsomewhich have beendiscoveredby scientiss:

e Severalvarietiesof emotions at leastthreedistincttypesrelatedto the threelayers:
primary (exclusiely reactve, suchasanger),secondarypartly deliberatve, suchas
frustration)andtertiary emotiong(including disrupton of meta-managemerduchas
grief). Someof theexplainedemotionsmightbe sharedwith otheranimals,somewiill
be uniqueto humangWright, Sloman& Beaudoinl996,Sloman& Logan2000);

e Discovery of differentvisualpathwayssincetherearemary routesfor visualinforma-
tion to be used(Sloman1989,Goodale& Milner 1992,Sloman1993)— thoughwe
canexpectlaterresearcho distinguishmary more perceptuapathwaysaswe come
to understandhe varyingarchitecturarequirementgor perceptualnput (e.g. detect-
ing variouskinds of affordancesandfunctionirg in variouskinds of feedbackcontrol
loops);

e Many possibé typesof brain damaje andtheir effects,e.g. frontal-lobedamagenter-
fering with meta-managemefiDamasiol994);

e Blinddght: damagdo somemeta-managemeatcessoutespreventsself-knavledge
aboutintact(reactve?)visualprocessefWeiskrantz1997);

e Marny varietiesof learninganddevelopnent. For example,“skill compilation” when
repeatedactionsat deliberatve levelstrain reactve systens to producefastfluentac-
tions, and action sequences.This requiressparecapacityin reactve mechanisms
(perhapscorrespondingin the humancase,to structuresn the cerebellum). Infor-
mationalsoflows in the reversedirectionas new deliberatve knowledgeis derived
from obsenation of one’s own reactve behaiours, like a violinist discovering that
changingheelevation of theelbow of thebowing armis usefulfor switching between
violin strings andchangingthe angleof the elbov movesthe bow on onestring. We
canalsoanalysedevelopnentof thearchitecturan infangy, including developmentof
personalityasthe architecturegrows;

e Themodeldoesnotentailthatself monitoringis perfect:soelaboration®f themodel
mightbe usedto predictwaysin which self-avarenesss incompkteor inaccurate A
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familiarexampleis ourinability to seeour own visualblind-spos. Theremaybemary

formsof selfdelusion jncludingincorrectintrospectiorof whatwe do or do notknow,

of how we do things(e.g. how we understandgentences)f whatprocessesfluence
our decisionsandof timing: peoplemaytake partin experimentghatindicatewhen
they becomeawarethatthey have decidedwithout realisingthattheir decisionswvere
actuallytakenslighty beforethe avarenes®f the decisionwasbroughtabout.

[[XXX REFERENCHo Libet'swork??]]

Experimenton change-blindned$XXX ref O’Regan]]andmary othersassumehat
peoplecantell whatthey see.Fromour point of view they maybe ableto reportonly

on the seeingprocesseasthey aremonitoredby the meta-managemenystem.But

that neednot be an accurateaccountof everything thatis seen,e.g. in partsof the
reactve layer.

e Thedistinctions provided by the architectureallow usto make a conjecturethatcan
be investgatedempirically: mathematicatlevelopnent dependon developnent of
meta-managementthe ability to attendto andreflecton thoughtprocesseandtheir
structure e.g. noticing featuresof your own countingoperationspr featuresof your
visualprocesses;

e Furtherwork may help us understandsomeof the evolutionary trade-ofs in devel-
oping thesesystems (Deliberatve and meta-managemembhechanismgan be very
expensve, andrequireafood pyramidto supportthem.)

e Discoveryby philosghersof sensoryqualia’. We canseehow philosophicakhoughts
(andconfusion} aboutconsciousassareinevitablein intelligentsystemswith partial
self-knavledge(discussedurtherbelow in section9.1).

7 Multiple elepharts: The CogAff architecture schena

Themulti-disciplinaryview of thewholearchitectureof anorganismor systemandthedif-
ferentcapabilities statesprocesses;ausalinteractionsmadepossilte by the variouscom-
ponentspresentsa (fairly) completeelephant.(At leastmore completethannormal). But
therearedifferentarchitecturesyith very differentinformationprocessingapabilities sup-
portingdifferentstatesandprocesseds-or example fleas,fishes,andphilosghicalhumans.
Sotherearemary elephants- notjustone.

Thus, we considerfamilies of architecture-basethental concepts. For eacharchitecture
we can specify a family of conceptsof typesof virtual machineinformation processing
statesprocesseandcapabilitiessupportedy the architecture Theoriesof the architecture
of matterrefinedand extendedour conceptsof kinds of stuff (periodictable of elements,
andvarietiesof chemicalcompounls) and of physical and chemicalprocessesLikewise,
architecture-basethental conceptscan extend and refine our semantally indeterminate
pre-theoreticatoncepts)eadingto much clearerconceptselatedto the mechanisra that
canproducedifferentsortsof mentalstatesandprocesses.

This changeshe natureof muchof philosoply of mind. Insteadof seekingto find “correct”
conceptualanalysesof familiar mentalconceptsthat are inherentlyindeterminateve ex-
ploreaspaceof moredeterminateonceptandinvestgatewaysin whichour pre-theoretical
conceptgelatedto varioussubsetgasthe pre-theoreticatonceptof “water” relatesto the
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architecture-basecdonceptof H,O and D,O andold conceptf chemicalelementrelate
to newer architecture-basecbnceptof differentisotopesof anelement.

New questionghensupplanibld ones;we canexpectto replaceold unanswerablguestions
(“Is afly conscious?’or “Can afoetusfeel pain?”) with nev empiricallytractablequestions
(e.g.“Which of the57 varietiesof consciousassdoesafly have,if any?” and“Which types
of paincanoccurin anunbornfoetusagedN monthsandin which senseof ‘being aware’

canit beawareof them,if any?”).

7.1 Towards an architecture schema

We have proposedhe CogAff schemdSloman& Logan2000,Sloman2001)asaframenork
for thinking abouta wide variety of information processingarchitecturesjncluding both
naturallyoccurringandartificial ones.

Two coarsedivisionswithin component®f information processingrchitecturesre famil-
iar, asdepictedin Nilsson’s “triple tower” model(Nilssan 1998)and modelswith ‘layers’
(e.g.reactve, deliberatve andmeta-managemetdyers),asin figure 13. Theseorthogoral
functionaldivisionscanbecombinedn agrid, asindicatedn figure 14. In suchagrid, boxes
indicatepossibé functionalrolesfor mechanismsOnly a subsebf all possble information
flow routesareshawn; cyclesarepossble within boxes but notshown.

We call this superimpsition of the tower andlayer views the CogAff architecture schema
or “CogAff” for short. Unlike H-CogAff (seesection5.8), CogAff is a schemanot an ar-

chitecture:it is asortof ‘grammar’for architecturesDifferentorganisns, differentartificial

systemsmay have differentcomponerg of the schemadifferentcomponerd in the boxes,
and/ordifferentconnectiondetweencomponents.For example,someanimals,andsome
robotshave only the reactve layer (e.g. insectsmicrobes). The reactve layer caninclude
mechanismsf varyingdegreesandtypesof sophisication,someanalog,somedigital, with

varyingamountsof concurreng. The othertwo layerscanalsodiffer betweerspecies.

The CogAff schemacanbe extendedin variousways: e.g.,seefigure 15. It may turn out
thatthereare betterwaysof dividing up levels of functionalty, or that more sub-dvisions
shouldbe made- e.g. betweemanaloganddiscretereactve mechanisrs, betweerreactve
mechanismsvith andwithout chainednternalresponsedyetweerdeliberatve mechanisms
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with andwithoutvariouskindsof learning,or with variouskindsof formalisns; andbetween
mary sortsof specialisedalarm” mechanismsAlarm mechanismslealwith the needfor
rapidreactionausingfastpatternrecognitionbasedn information from mary sourcesinter
nalandexternal. An alarmmechanisnis likely to befastandstupd, i.e. errorprone thoug
it maybetrainable.The CogAff schemas still adratft, likely to evolve.

7.2 CogAff and consciousness

Differentarchitecturesubsuned by the CogAff schemasupportdifferentkinds of mental
processesonnectedanoreor lesscloselywith our normalnotion of ‘consciousness’-or ex-

ample all supportsomeform of ‘sentience’j.e. awarenessf somethingn theenvironment

including thefly’ sawarenessf yourhandswoopingdown to catchit. If two perceptuapath-
waysare affectedwhenthefly detectsmotion of the hand,e.g. onerelatively slow normal
behaioural controlpathway, andarapidreactionpathway involving an“alarm” mechanism
thenthefly hastwo sortsof awarenes®f the hand. But thatdoesnotimply thatit is aware
of thatawarenessCompargLeDoux1996)on emotionsn rats.

Architecturalchangecan occur not only over evolutionary timescalesput also within an

individual. Learningcanintroducenew architecturalcomponert, e.g. the ability to read
music,the ability to write programs Developmentof skill (speedandfluengy) throughprac-
tice canintroducenew connectiondetweermoduks,e.g.links from higherlevel perceptual
layersto specialistreactve modulesfor instancen learningto readfluently, or developing

sophisicatedathleticskills. Highly trainedskills canintroducenew “layer-crossing”path-
ways.for example,in vision, recognitionof a cateyory originally developedfor deliberation
can,aftertraining,triggerfastreactions.Sothe varietiesof consciousessthatare possitbe

within anindividualcandevelopovertime.
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7.3 Somesub-specie®f the CogAff schema

An examplesub-catgory of the CogAff schemas whatwe call “Omegaarchitectures”Here
only someof the possibleroutesthroughthe systemareused forming roughly the shapeof
anOmaga €2 (seefigure 16). Thisis justa pipeline, with “peephole”perceptiorandaction,
asopposedo “multi-window” perceptionand action (seesection5.4). For examplessee
(Albus1981,Cooper& Shallice2000).

Anothersub-speciesf CogAff isthesubsumtionarchitectur¢Brooks1991);seefigure17.
Thisarchitectures usefulfor understandig or designingcertainrelatively primitive sortsof
organisns (e.g.insectsfish, crabs?)androbots.

By locating variousarchitecturesvithin a commonschematidramework, we facilitatethe
taskof comparingandcontrastinghevariousformsof consciousnesshichthearchitectures
support.Comparingdesignsandanalysingrade-ofs is a betterway to proceedhanarguing
endlesslyaboutwhichis “correct”, or “sufficientfor consciousness

8 Summay of our proposalsofar
Thesoluionsanddissolutonsof muddlesaboutconsciousneghatwe offer arebasedon:

e Virtual machinefunctionalisn — emphasisingnternal causalpowers, states,nterac-
tions,implementedn physicalmechanism, but notthemselesphyscal(lik e poverty);

e Comparatrestudiesof mindsof mary kinds(infants toddlerschildrenhumanshealthy
damageddisturbedmary kindsof animalsmary kindsof machines);

¢ Investgationof the(huge)spaceof virtual machinearchitecturesncludingbothevolved
anddesignedarchitectures;

¢ Refiningandextending(not replacing)existing confusedconceptswith severalfami-
lies of architecture-basecbnceptdmary ‘elephants’)(differentinformationprocess-
ing architecturesupportdifferentvarietiesof consciousess— anddifferentvarieties
of learning,motivation, beliefs,emotionsintentiorality, etc..);
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e Separatiorof conceptualjuestims (how to distinguishdifferentconceptsof experi-
ence)from empiricalissuegwhich typesdoesa new bornhumaninfant,or a mouse,
have);

e Integration of multiple disciplines(for example, Philosophy psychology ethology
neurosciencegvolution, artificial intelligence softwareengineeringandcomputersci-
ence);

This is a comple, long term researchprogramme.Our approachs a mixture of science,
engineeringand philosghy. The scienceand engineeringnclude the study of evolvalde
virtual informationprocessingrchitecturesspartof alargerstudyof:

the spaceof possibledesigns;

thespaceof possibleniches;
relationsbetweernthosespaces;

trajectorieswithin thosespaces;

thedynamicsof interactingtrajectoriesn thosespaces.

Onthe basisof suchexplorations we develop a generalconceptuaframenork for defining
differenttypesof consciousness termsof the information processingarchitectureghat
supportthemandthekinds of statesgventsandprocesseshatcanoccurin thosearchitec-
tures.Thatcanthenleadto empiricalinvegigatiorsto find outwhich animalshave particular
preciselydefinedsortsof consciousnessa deeperand more rewarding questthanarguing
aboutthe presencer absencef oneill-definedsort.

9 Someobjedions

9.1 An architecture-basedexplanation of qualia?

At this point, somereadersmight be at the point of exasperationwonderinghow these
architecturahotionscouldmake any headvay on someinfamousgproblemsof consciousness
e.g.,the problemof qualia— the private, ineffableway thingsseemto us. In section6, we
suggestedhat an architecture-baseexplanation of qualiais possble. Suchan approach
doesnt explain qualiaby sayingwhatthey are. Insteadwe explain qualiaby explaining the
phenomen#hat generte philosghical thinking of the sort foundin discussias of qualia.

The discovery of the conceptof ‘qualia’ is a consequencef having the ability to attendto
aspectof internalinformationprocessinginternal self-avareness)andthentrying to ex-
pressthe resultsof suchattention. That possillity is inherentin any systemthat hasthe
H-CogAff architecturgseesection5.8), thoughdifferentversionswill be presenin differ-
entarchitecturesgependinge.g.,on the forms of representatiomnd modesof monitorirg
availableto meta-managemenf meta-managemesystemcouldgive anagentthe ability
to attendnot only to whatis percevedin the ervironment,but to alsofeaturesof the mode
of perceptionthatarecloselyrelatedto propertiesof intermediatesensorydata-structures.

Considerperceving a table. You canattendnot only to the tableandits fixed 3-D shape,
but alsoto the 2-D appeaanceof the tablein which anglesand relative lengthsof lines
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Figure18: Noticing two persgctiveson the sameobject is oneroute to concernsabou qualia.

changeasyou changeyour viewpoint (or thetableis rotated;seefigure 18). Theappearance
canalso changeasyou squint tap your eyeball, put on colouredspectaclesetc. This is
exactly the sortof thing thatled philosghers(andothers)to think aboutqualia(previously
called“sensedata”) assomethingnternal,non-phygcal, knowableonly from inside,etc. If
meta-managemeptocesselhave accesso intermediat perceptuastatesthenthis canpro-
duceself-monitorirg of sensorycontents)eadingrobot philosopherswith this architecture
to discover “the problem(s)of qualia”. And the samewould go for anythingwhich hasthat
architecture:six reflectve robotsdiscussg their experienceof the sametable seenfrom
differentviewpaints could get boggeddown discussig consciousnesgust like six blind
philosophers.

Moreover, if the precisesetof conceptausedby eachindividualis in parta productof that
individual's learninghistory, for instanceif the conceptsare producedby a self-oganisirg
neuralnetwork, thenthe conceptof qualia,or sense-datajsedby differentindividualswill
be strictly non-comparablenot only canyou know which of your qualiaare the sameas
mine, the questionis incoherentfor the natureof the qualiawill be determinedmainly by
how they fit into a systemof relationshpsto otherqualiathatcanexist in the samesystem
Asking whetherthe qualiain two experiencersarethe samewould thenwould beanalogous
to askingwhethertwo spatiallocationsin differentframesof referencearethe same when
theframesaremoving relative to eachother

Notethatwe arenotsayingwhatqualiaare. We ratherexplain how the procesof comingto
think andworry aboutqualiais explainedby the natureof the architectureof the thinker. (It

is an“architecture-dwen”) concept(contrastedvith architecture-basecbonceptsvhich are
not necessarilysedwithin thearchitectureahatsupportghem).

Is thisa new kind of explanaton? Perhapsalthoughit seemgo have somesimilaritieswith
oneof Humess explanatonsof the conceptof “causation”.Humeattemptedo explain what
acausewnasby looking atwhatit wasaboutusthatmadeuslook attheworld in termsof that
concept.Kant attemptedo reformulatethis by arguing that having a conceptof causation
wasnecessaryor having experience®f anobjective externalworld.

Again,we arenotsaying:“this iswhatqualiaare..” Insteadwe offer (conjecturedyuficient
conditionsfor aninformatian processingystento gothroughthevery sameprocesseasled
humando startthinking aboutsensory(andotherkinds of) qualia. Becominginterestedn
andpuzzledby qualiais a side-efect of sophsticatedbiologicalmechanisrs. In casessuch
astheproblemof qualia,we think thatthe problemneedsotasolution, but aresolution. We
do notoffer adirectansweyandwe do not saythe problemis nonsensicahssomepositvist
philosopherswould. Sucha resolutionis provided by explaining the mentalmechanisms
thatgenerateaninterestin thinking andtalking aboutqualia. Robotswith our informatian
processingarchitecturewould do the same. The moreintelligentonesshouldacceptour
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explanatian of how thathappens.

9.2 Is somethingmissing?

Therewill alwaysbe peoplewho are corvincedthatthis sort of projectinevitably fails to
answerthegquestionsaboutconsciousnesshichthey think aretherealones.Oftentheseare
peoplewho sayof consciousnessomeof thethingsin we listedin tablel, e.g.:

¢ It'sindefinable knowableonly throughhaving it;
e It'swhatit is liketo be something (hungry in pain,happy, abat...);

e It's possiby absenin somethig (behaiourally, functionally) indisinguishabé from
us(zombies).

The fact that mary peopledo think like this is part of what needsto be explainedby arny

adequatetheory of conscioumsess. Our explanationis that it is a side-efect of someof

the processemadepossibé by the existenceof a meta-managemerdyerwhich allows an
informatian-processingystento attendto aspect®f its own internalfunctioning, e.g.some
of theintermediatestatesn its sensorynechanisms.

Thereforewe offer yetanotherconjecture:

The inevitability of consciousnestalk: Whenrobotshave suitaby rich inter
nal informationprocessin@rchitecturesomeof themwill alsofeelinclinedto
talk aboutconsciousnesgndqualia,in away similarto theway we do.

This isn’t a particularly new idea; sciencefiction writers though of this long ago. it im-
pliesthatevenif philosghicaltheoriesaboutqualia,about‘whatit is like to be somethiig”,
involve muchconfusionandeven error, it doesnot follow thatthey are completelywrong.
They arebasedn a correctpartial view of the natureof mind. A meta-managemest/stem
candevelop its own conceptuaframework for categorisingits own internalstatesandpro-
cesseswhich may have featureswhich it cannotpossiblycommunicatgreliably) to others.
This could lead robot philosophersto raise unanswerableguestiams aboutwhetherothers
have the sameexperiencessthey do.

We take a differentapproachWhena questionrhasno answerbecausét is basedon confu-
sions,the next bestthing to giving anansweris to presenta theoryof the architecturesand
mechanismsvhich lead, in humans o the questionbeing formulated,and would alsodo
in machineswith a similar informationprocessingarchitecture.But it appeardo be much
easierto persuadsix blind menthatthey arefeelinga smallpartof amuchlargerobject.

9.3 Zombies

Whenpeoplefeelthatthekind of explanationbeingofferedherecannotsuffice sincethey are
convincedthatsomething is left out, this oftenthis takestheform of the ‘zombie’ agument:
arobot could have all the informationprocessingapabilites describedchereandstill lack
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“this” — saidattendinginwardly, usinghumanmeta-managemeiwapabilities. Thatis, the
robot might be a zombie (For a surwey of agumentssee(Chalmersl996))Usually thisis
basedn aconfusionbetween:

1. arobothaving all the externally observablebehaiours humanshave, without being
consciousand

2. arobothaving all theinternd informationprocessingapabilitieshumanshave, with-
outbeingconscious.

Case? is hardto understanavenif you arefamiliarwith the designandoperatiorof virtual
machinesandmuchharderif you arenot! Wheninternalprocessingf a human-lile virtual
machineis describedn great detail, including the meta-managemeitbilities involved in
thinking aboutqualia, it is not clearthat anything intelligible is left over: the descriptim
of azombieasbeingjust like usin all its capabilitiesyet unlike usin experiencingqualia
becomesncoherent.

9.4 Arewecommitted to “computationalism”?

It is importantto distinguishtwo questions:

1. Isary informationprocessingirtual machinearchitecturesufficientto producemental
statesandprocessebk e ours?

2. Which, if any, of thesevirtual machinescan be implementedon a computer(of the
sortthatwe currentlyknow how to build)?

It is often assumedwrongly, that a negaive answerto 2 implies a negatve answerto 1.

That's becausenary peopledo notappreciatehatthe generahotionof aninformationpro-

cessingnachines notdefinedin termsof computers- computergust happerto bethebest
toolswe currentlyhave. In the next centurywe may invent new kinds of informationpro-

cessingenginesasdifferentfrom computersascomputersarefrom mechanicatalculators.
It might turn out that certainsortsof virtual machinearchitecturesreadequatdor the im-

plementatn of all typical adulthumanmentalphenomenahut that no digital computeris

ableto supportthemall. Findingout the answersequiresusfirst to clarify meaningof the

questios andthe availableanswers.We know no bettermethodthanthe methodoutlined

here.

9.5 The causationproblem: Epiphenomenalism

A problemnot discussedhereis how it is possiblefor eventsin virtual machineso have
causalpowers. It is sometinesarguedthatsince(by hypottesis)virtual machinesarefully
implementedin physcal machinesthe only causegeally operatingarethe physicalones.
This leadsto the conclusionthatvirtual machinesandtheir contentsare “epiphenomenal’;
i.e. lackingcausalpowers. If correct,thiswouldimply thatif mentalphenomenarestates,
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processeser evensin virtual informatian processingnachinesthenmentalphenomenée.g.
desiresdecisionshave no causalpowers.

A similar agument,if correct,would refutemary assumpons of everydaylife, e.g. igno-
rancecan causepoverty, poverty cancausecrime, etc. Dealingwith this issuerequiresa
deepanalysisof the notion of ‘cause’,probablythe hardestinsohedproblemin philosophy
In theabsenc®f afull accounbf causationye cansaythis: virtual machinestatesareonly
asepiphenomenasary otherstateexisting on alevel of descriptiorhigherthanthelowest
level of physcs(if any suchlevel exists). Soonouraccountmentalstateswill bejustasreal
asarything else:moleculestrees,nterestrates justice,poverty, war, etc.

9.6 Falsifiability? Irr elevant.

What we have proposedsn’t directly confirmableor falsifiableas a scientific hypahesis.
Some perhapsarmedwith asuperficiareadingof Poppel(Popperl934), mighttakethislack
of falsifiability asgroundsfor rejectingour proposal.But to ask:“Is thetheoryfalsifiable?”
is to askthe wrong question. Within the proposedramenork we canmake simultaneous
progressn sciencgseveral differentsciencespandphilosoply, including invedigatingrela-
tionshps betweenbrain mechanismsndthe virtual machinearchitectureslescribedhere.
What'smoreimportantthan(immediate¥alsifiability is theability to generatéargenumbers
of different,non-trivial consequencesboutwhatis possble, e.g.implicationsaboutpossilte
typesof learning,aboutpossble formsof perceptionaboutpossilbe typesof emotions.

You cant empirically refute statementsf the form “X canhappen”.But they canopenup
major new lines of researclandunify old ones.Following PopperandLakatoswe needto
askwhetherthiswill turnoutto be a progressiveor a deggeneativeresearctprogrammeWe
hopewe have givenreasorto believe thatit is theformer.
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