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I.I. IntroductionIntroduction 

WeWe proposepropose aa newnew researchresearch programprogram whichwhich providesprovides anan approachapproach toto consciousnessconsciousness 
andand thethe problemproblem ofof deepdeep reality.reality. OurOur modelmodel isis basedbased onon categorycategory theory.theory. TheThe needneed 
toto relaterelate locallocal behaviorbehavior toto globalglobal behaviorbehavior hashas convincedconvinced usus earlyearly onon thatthat aa goodgood 
modelmodel forfor consciousconscious entitiesentities hadhad toto bebe foundfound inin thethe notionnotion ofof sheaf.sheaf. WithWith thisthis 
formulation,formulation, everyevery presheafpresheaf representsrepresents aa brainbrain (or(or consciousconscious entity).entity). AnAn importantimportant 
aspectaspect ofof thethe theorytheory wewe willwill developdevelop isis thethe notionnotion ofof sheafificationsheafification ofof aa presheafpresheaf 
whichwhich willwill allowallow usus toto includeinclude complementaritycomplementarity asas partpart ofof thethe descriptiondescription ofof thethe 
universe.universe. OUfOUf modelmodel isis intendedintended toto describedescribe aa notionnotion ofof consciousnessconsciousness whichwhich isis 
pervasivepervasive throughoutthroughout thethe universeuniverse andand notnot localizedlocalized inin individualindividual consciousconscious entities.entities. 
AtAt thethe samesame time,time, wewe willwill provideprovide aa wayway ofof describingdescribing howhow consciousnessconsciousness cancan arisearise 
fromfrom non-consciousness;non-consciousness; itit hashas alwaysalways beenbeen aa majormajor problemproblem toto understandunderstand howhow itit 
isis possiblepossible thatthat thethe fundamentalfundamental componentscomponents ofof aa brainbrain areare inin factfact non-conscious,non-conscious, 

th~whilewhile thf; entireentire brainbrain obviouslyobviously possessespossesses consciousness.consciousness. InIn otherother words,words, wewe neededneeded 
toto provideprovide aa modelmodel whichwhich showsshows thatthat "objects""objects" whichwhich areare locallylocally trivialtrivial dodo notnot 
necessarilynecessarily remainremain trivialtrivial atat aa globalglobal level.level. InIn ourour paperpaper wewe dodo exactlyexactly thisthis throughthrough 
thethe introductionintroduction ofof thethe newnew conceptconcept ofof consheafconsheaf (consciousness(consciousness sheaf),sheaf), aa conceptconcept 
intermediateintermediate betweenbetween presheafpresheafandand sheaf.sheaf. TheThe notionnotion ofofconsciousnessconsciousness hashas obvious­obvious­
lyly beenbeen widelywidely debateddebated inin aa greatgreat varietyvariety ofof settings,settings, rangingranging fromfrom thethe scientificscientific toto 
thethe philosophic.philosophic. InIn particular,particular, aa veryvery interestinginteresting approachapproach toto thethe wayway inin whichwhich 
consciousconscious identitiesidentities areare createdcreated waswas recentlyrecently givengiven byby WalkerWalker BynumBynum (1999)(1999) inin herher 
19991999 JeffersonJefferson Lecture.Lecture. OurOur modelmodel isis inin strikingstriking accordanceaccordance withwith mostmost ofofthethe ideasideas 
whichwhich WalkerWalker BynumBynum expressesexpresses fromfrom aa totallytotally differentdifferent pointpoint ofof view,view, andand oneone 
couldcould seesee ourour paperpaper asas aa "mathematical"mathematical interpretation"interpretation" ofof herher ownown work.work. AtAt thethe 
samesame time,time, ourour modelmodel isis designeddesigned toto bebe consistentconsistent withwith aa BuddhistBuddhist world-viewworld-view asas 

Oka's Okaprovided,provided, forfor example,example, inin Suzuki'sSuzuki's andand aka's (Suzuki(Suzuki 1991;1991; aka inin press).press). 



2.2. FormulationFormulation 

wiltInIn thisthis paper,paper, wewe will focusfocus onon aa formulationformulation ofof understandingunderstanding ofofconsciousconscious entity.entity. 
moment.ForFor aa givengiven moment, wewe seesee thingsthings andand understandunderstand thingsthings inin aa restrictedrestricted domain.domain. 

WhenWhen wewe getget moremore informationinformation onon thethe subject,subject, wewe getget aa betterbetter picture.picture. WeWe wouldwould 
likelike toto beginbegin withwith familiarfamiliar examples.examples. WhenWhen youyou readread onlyonly threethree wordswords fromfrom thethe 
thirdthird sentencesentence onon pagepage xx ofof aa piecepiece ofof aa literature,literature, andand onlyonly fourfour wordswords fromfrom thethe 

of thebottombottom sentencesentence onon pagepage y.y. itit isis nearlynearly impossibleimpossible toto understandunderstand thethe meaningmeaning ofthe 
storystory andand thethe valuevalue ofof thethe literature.literature. ButBut ifif allall ofof thosethose partsparts areare givengiven toto covercover thethe 
entireentire literature,literature, itit isis possiblepossible withwith goodgood memory,memory, toto understandunderstand thethe meaningmeaning andand 

recogni7.ethethe beautybeauty ofof thethe literatureliterature asas aa completecomplete piece.piece. ThenThen youyou willwill recogni7-O eacheach piecepiece 
ofof informationinformation asas aa restrictionrestriction ofof thethe wholewhole toto thisthis particularparticular piecepiece ofof information.information. 
OneOne cancan observeobserve aa similarsimilar formulationformulation inin music,music, personalitypersonality understanding,understanding, 
painting,painting, andand mathematicsmathematics andand physicsphysics theories.theories. ItIt seemsseems thatthat aa consciousconscious entityentity likelike 
aa humanhuman beingbeing hashas aa constantconstant desiredesire toto understandunderstand aa globalglobal picturepicture fromfrom thethe 
collectioncollection ofof locallylocally givengiven information.information. 

Historically,Historically, thethe notionnotion ofof aa sheafsheaf appearedappeared inin mathematicsmathematics duringduring 1940's1940's byby 
LerayLeray inin thethe studystudy ofof topologytopology andand byby OkaOka inin thethe studystudy ofof analyticanalytic functionsfunctions ofof 
severalseveral complexcomplex variables.variables. ThenThen H.H. Cartan,Cartan, Serre,Serre, andand GrothendieckGrothendieck developeddeveloped thethe 
theorytheory ofof categoriescategories andand sheafsheaf cohomoJogies.cohomoJogies. WeWe willwill useuse thisthis devicedevice toto studystudy 
consciousness.consciousness. TheThe theorytheory ofof sheavessheaves inin thethe categoricalcategorical settingsetting providesprovides aa generalgeneral 
frameframe workwork forfor thethe analysisanalysis ofof consciousness.consciousness. 

LetLet usus phrasephrase thethe aboveabove mechanismmechanism inin thethe followingfollowing formulation.formulation. WhenWhen anan 
individual,individual, whomwhom wewe callcall PtriesPtries toto understandunderstand aa certaincertain globalglobal objectobject inin aa categorycategory 
ofof mentalmental activityactivity A,A, oneone firstfirst observesobserves onlyonly aa partpart P(U)P(U) ofof thethe globalglobal (whole)(whole) object.object. 

additionalItIt usuallyusually requiresrequires extraextra timetime andand additiunal informationinformation toto graspgrasp thethe wholewhole ofof thethe 
object.object. HereHere UU maymay bebe consideredconsidered asas aa partpart ofofaa generalizedgeneralized timetime spacespace T,T, i.e,i.e, proposepropose 
TasTas aa modelmodel forfor aa multi-dimensionalmulti-dimensional andand nonlinearnonlinear time.time. 

ThisThis generalizedgeneralized timetime spacespace TT isis aa topologicaltopological spacespace containingcontaining U.U. OneOne cancan 
considerconsider thethe GrothendieckGrothendieck topologytopology associatedassociated withwith thethe topologicaltopological spacespace T.T. LetLet UU 
bebe thethe categorycategory ofof allall presheaves,presheaves, i.e,i.e, allall contravariantcontravariant functorsfunctors fromfrom TtoTto aa certaincertain 

set ,.productproduct ofof categoriescategories indexedindexed byby aa possiblypossibly uncountableuncountable set}. 

UU == !{PP :: TT ~...... TITICCjj II 
jC!JCI 

ThatThat is,is, ifif PP isis anan objectobject ofof U,U, i.e,i.e, PP isis aa presheaf,presheaf, thenthen P(V)P(V) == {-{- -- -,-, P/V),P/V), -- --}--} 
P/V)wherewhere ~(V) isis anan objectobject inin categorycategory CCtt WeWe suggestsuggest thatthat UU isis thethe appropriateappropriate modelmodel 

forfor aa consciousconscious universe,universe, oror asas wewe preferprefer toto callcall it,it, aa seasea ofofconsciousness.consciousness. ThoughtsThoughts 
willwill bebe sectionssections ofof suchsuch presheaves.presheaves. 

SupposeSuppose thatthat thesethese smallsmall timetime periodsperiods UsUs areare coveringcovering V,V, wherewhere VV isis largerlarger thanthan 



UU inin thethe generalizedgeneralized spacespace T,T, i.e,i.e, UcUc Vand VV isis maximalmaximal inin thethe sensesense thatthat forfor V"V and V'" 
containingcontaining V,V, wewe havehave P(V')=P(V)P(V')=P(V) inin thethe categorycategory A.A. IfIf oneone recognizesrecognizes eacheach 

informationinformation P(U)P(U) asas thethe restrictionrestriction ofof thethe globalglobal informationinformation P(V)P(V) toto P(U),P(U), thenthen wewe 

saysay thatthat therethere existsexists aa restrictionrestriction mapmap p~p~ fromfrom P(V)P(V) toto P(U)P(U) inin thethe categorycategoryA.A. ThisThis 

restrictionrestriction mapmap maymay bebe calledcalled thethe understandingunderstanding ofof p(U).p(U). Namely,Namely, P(V)P(V) isis aa globalglobal 

understandingunderstanding ofof P(U).P(U). ThatThat is,is, forfor aa consciousconscious entityentity P,P, aa formulationformulation ofof anan 
observationobservation inin categorycategory A,A, duringduring aa generalizedgeneralized timetime periodperiod U,U, isis anan assignedassigned objectobject 

P(U)P(U) inin A.A. AnAn understandingunderstanding ofof P(U)P(U) isis anan objectobject P(V)P(V) inin categorycategory AAsoso thatthat therethere 

existsexists aa restrictionrestriction p~p~ fromfrom P(V)P(V) toto P(U)P(U) wherewhere UcUc V.V. LetLet usus nownow turnturn toto thethe 
considerationconsideration ofof thethe problemproblem ofof howhow toto modelmodel thethe emergenceemergence ofofconsciousnessconsciousness fromfrom 

unconsciousunconscious material.material. AsAs waswas mentionedmentioned earlier,earlier, whenwhen aa paintingpainting isis lookedlooked atat fromfrom 

veryvery closeclose by,by, thethe beautybeauty ofof itit disappearsdisappears andand oneone cancan claimclaim that,that, locally,locally, thethe 
paintingpainting isis trivialtrivial oror uninteresting.uninteresting. However,However, whenwhen allall thethe pixelspixels areare putput together,together, 
thethe paintingpainting acquiresacquires aa totallytotally differentdifferent meaning.meaning. WeWe thereforetherefore realizedrealized thatthat neitherneither 
justjust presheavespresheaves nornor sheavessheaves werewere thethe bestbest objectsobjects toto modelmodel thethe processprocess ofof arisingarising 

consciousness.consciousness. WhatWhat isis neededneeded isis somethingsomething likelike aa sheafsheaf inin which,which, however,however, locallocal 
trivialitytriviality doesdoes notnot implyimply globalglobal triviality.triviality. 

WeWe thereforetherefore definedefine thethe notionnotion ofof consheafconsheaf asas aa presheafpresheaf PP suchsuch thatthat 

I.I. LetLet {U{Ujj }} bebe aa coveringcovering forfor U,U, ss anan elementelement ofof P(P( U),U), andand Sj=Sj= SkSk onon thethe intersec­intersec­
5 5tiontion ofof UUjj andand Uk;Uk; thenthen therethere existsexists s inin P(U)P(U) suchsuch thatthat thethe restrictionrestriction ofof s toto 

eacheach UUjj isiss.s. 
2.2. IfIf ss isis anan elementelement ofof P(U)P(U) andand eacheach restrictionrestriction toto thethe UUjj vanishes,vanishes, thenthen thisthis doesdoes 

notnot automaticallyautomatically implyimply thatthat sS isis thethe trivialtrivial sectionsection inin P(U).P(U). 
Note.Note. IfIf PP werewere aa sheaf,sheaf, thenthen s5 inin conditioncondition 22 wouldwould bebe thethe trivialtrivial sectionsection inin P(U).P(U). 

AnAn importantimportant processprocess inin sheafsheaf theorytheory isis thethe so-calledso-called sheafificationsheafification process.process. GivenGiven aa 
presheafpresheaf P,P, oneone cancan alwaysalways constructconstruct aa sheaf.sheaf. (See(See BredonBredon 19971997 forfor thisthis construc­construc­
tion.)tion.) TheThe associatedassociated sheafsheaf withwith thisthis givengiven presheafpresheaf PP hashas thethe samesame stalksstalks ofof thethe 
originaloriginal presheafbutpresheafbut notnot necessarilynecessarily thethe samesame globalglobal sections.sections. ThisThis associatedassociated sheafsheaf 
isis calledcalled thethe sheafificatonsheafificaton ofof thethe presheafpresheaf P.P. ThisThis processprocess hashas anan interestinginteresting interpre­interpre­
tationtation inin termsterms ofof thethe recognitionrecognition ofof complementaritycomplementarity asas aa fundamentalfundamental aspectaspect ofofthethe 
universe.universe. InIn fact,fact, whenwhen aa sheafsheaf isis lookedlooked uponupon fromfrom thethe pointpoint viewview ofof itsits stalks,stalks, itsits 
naturenature isis particle-likeparticle-like andand localizedlocalized atat eacheach pointpoint ofof T.T. ButBut ifif wewe looklook atat aa sheafsheafasas aa 

satisfYingpresheafpresheaf satistying thethe sheafsheaf axiomsaxioms (namely,(namely, conditioncondition 11andand thethe conditioncondition inin NoteNote 
inin thethe above),above), thenthen itsits elementselements areare sectionssections whichwhich areare distributeddistributed inin naturenature andand notnot 
atat allall localized.localized. So,So, thethe samesame consciousconscious entityentity hashas aa double,double, complementarycomplementary nature,nature, 

awhichwhich isis a perfectperfect metaphormetaphor forfor thethe particle-waveparticle-wave dualismdualism ofofmodernmodern physics.physics. 
NextNext wewe willwill considerconsider thethe interactioninteraction betweenbetween twotwo consciousconscious entities.entities. ThereThereareare 

twotwo differentdifferent kindskinds ofof communications,communications, whichwhich maymay bebe calledcalled verticalverticalandand horizontalhorizontal 
becommunications.communications. LetLet PP andand QQhe twotwo individuals,individuals, i.i. e.e. consciousconscious entities.entities. Through,Through, 

forfor example,example, verbalverbal oror writtenwritten communicationcommunication methods,methods, P(U)P(U) influencesinfluences Q(U)Q(U) inin 



aa categorycategory ofof mentalmental activityactivity AA overover thethe generalizedgeneralized timetime periodperiod U.U. WeWe writewrite thethe 
--.communicationcommunication asas P(U)P(U) -) Q(U).Q(U). 

ThisThis influenceinfluence fromfrom PP toto QQ overover UU isis calledcalled aa morphismmorphism fromfrom P(U)P(U) toto Q(U)Q(U) inin 
categorycategory A.A. WhenWhen UU isis notnot specified,specified, thisthis correspondencecorrespondence isis calledcalled aa naturalnatural 
transformationtransformation fromfrom functorfunctor PP toto functorfunctor Q.Q. ThisThis isis aa horizontalhorizontal communicationcommunication fromfrom 
individualindividual PP toto anotheranother individualindividual Q.Q. 

Next,Next, letlet AA andand BBbebe twotwo categories,categories, e.g,e.g, mentalmental activities.activities. ThenThen forfor anan individu­individu­
alal P,P, thethe thoughtthought ofof PP inin thethe categorycategory BB isis sometimessometimes interpretedinterpreted asas aa thoughtthought inin aa 
differentdifferent categorycategory A.A. TheThe diagramdiagram forfor thethe interpretationinterpretation ofof thethe thoughtthought ofof thethe 
consciousconscious entityentity PP inin AA toto thethe thoughtthought ofof PP inin BB overover thethe generalizedgeneralized timetime periodperiod UU 

--. areare thethe B-componentB-component andandmaymay bebe writtenwritten asas PiU)PiU) -) PA(U)PA(U) ,, wherewhere PoPo andand PPAA 

fABA-componentA-component ofof P.P. ThisThis communicationcommunication isis denoteddenoted asas lAB fromfrom categorycategory AA toto 
fAB(PB(U)) = fABcategorycategory BB soso thatthat wewe havehave IA8(P8(U))= PA(U).PA(U). ThisThis lAB isis aa functorfunctor fromfrom AA toto B.B. 

ThisThis communicationcommunication isis whatwhat wewe callcall thethe verticalvertical communication.communication. ThatThat isis thethe verticalvertical 
communicationcommunication isis aa personalpersonal communication.communication. Namely,Namely, aa horizontalhorizontal communica­communica­
tiontion isis aa communicationcommunication betweenbetween individualsindividuals inin thethe samesame category,category, andand aa verticalvertical 
communicationcommunication isis amongamong oneselfoneself amongamong differentdifferent categories.categories. 

(1999)InIn herher recentrecent lecture,lecture, WalkerWalker BynumBynum (I999) hashas addressedaddressed thethe issueissue ofof con­con­
sciousscious identityidentity fromfrom aa ratherrather differentdifferent viewpointviewpoint andand certainlycertainly withinwithin aa differentdifferent 
intellectualintellectual framework.framework. HerHer approach,approach, tootoo beautifulbeautiful asas wellwell asas tootoo complexcomplex toto bebe 
reproducedreproduced here,here, leadsleads toto thethe resolutionresolution ofof thethe body-soulbody-soul dualismdualism byby definingdefining 
identityidentity asas shapeshape withwith aa story.story. TheThe body,body, thethe corporealcorporeal aspectaspect ofof anan identity,identity, isis 
identifiedidentified byby WalkerWalker BynumBynum withwith aa shape.shape. TheThe shapeshape doesdoes notnot carrycarry identityidentity unlessunless 
itit hashas aa story,story, andand thisthis isis thethe dynamicaldynamical componentcomponent ofof thethe identity.identity. FromFrom ourour pointpoint 
ofof view,view, thethe bodybody isis aa concreteconcrete mathematicalmathematical object,object, andand probablyprobably thethe bestbest wayway toto 

story.representrepresent itit isis throughthrough thethe notionnotion ofof set.set. ButBut ifif wewe wantwant aa setset toto carrycarry aa story, wewe 
needneed toto endowendow itit withwith aa variabilityvariability throughthrough time.time. TheThe perfectperfect wayway ofof representingrepresenting 
suchsuch aa notionnotion ofofvariablevariable setssets isis exactlyexactly throughthrough thethe conceptconcept ofofsheaf.sheaf. AA sheafsheaf isis aa set,set, 
butbut notnot aa fixedfixed one;one; ratherrather itit isis aa setset whichwhich isis indexedindexed byby thethe familyfamily ofof openopen setssets ofof 
thethe topologicaltopological spacespace onon whichwhich itit isis defined.defined. IfIf thethe corporealcorporeal bodybody isis thethe sheafsheafonon thethe 
topologicaltopological setset constitutedconstituted ofofaa singlesingle point,point, thethe shapeshape withwith aa storystory isis thethe sheafsheafonon T.T. 

3.3. ConclusionsConclusions 

WeWe havehave introducedintroduced aa newnew formulationformulation forfor consciousconscious entitiesentities whichwhich followsfollows thethe wellwell 
knowknow theorytheory ofof categoriescategories andand functors.functors. WeWe havehave interpretedinterpreted severalseveral fundamentalfundamental 
conceptsconcepts inin suchsuch aa theorytheory fromfrom thethe pointpoint ofof viewview ofof aa theorytheory ofof consciousness.consciousness. InIn 
particularparticular wewe havehave describeddescribed aa modelmodel forfor understandingunderstanding andand thoughts,thoughts, forfor thethe 
processprocess ofof arisingarising ofof consciousness,consciousness, andand forfor communicationcommunication betweenbetween consciousconscious 
entitiesentities andand interpretationinterpretation ofof thoughtsthoughts withinwithin anan individualindividual entity.entity. WeWe havehave shownshown 



howhow ourour formulationformulation isis intrinsicallyintrinsically linkedlinked toto thethe philosophicalphilosophical assumptionassumption ofof aa 
consciousconscious universeuniverse andand howhow ourour mathematicalmathematical descriptiondescription isis surprisinglysurprisingly inin 
agreementagreement withwith bothboth EasternEastern andand modernmodern WesternWestern approachesapproaches toto identityidentity andand 
consciousness.consciousness. MuchMuch moremore workwork willwill bebe neededneeded toto furtherfurther exploreexplore thethe meaningmeaning ofof 
manymany fundamentalfundamental notionsnotions fromfrom thethe theorytheory ofof categories.categories. ForFor example,example, wewe willwill 
exploreexplore whetherwhether conceptsconcepts suchsuch asas inverseinverse andand directdirect limitslimits cancan shedshed somesome lightlight ontoonto 
ourour interpretation.interpretation. WeWe believebelieve thatthat whatwhat wewe havehave describeddescribed indicatesindicates thethe naturalnessnaturalness 
ofof thethe useuse ofof categorycategory theorytheory forfor thethe studystudy ofof thethe formulationformulation ofof consciousness.consciousness. 
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