
AA SheafSheaf TheoreticTheoretic ApproachApproach toto ConsciousnessConsciousness 

GoroKato�GoroKato 
Mathematics�DepartmentDepartment ofof Mathematics 

University�CaliforniaCalifornia PolytecluricPolytecluric StateState University 
93407�SanSan LuisLuis Obispo,Obispo, CaliforniaCalifornia 93407 

and�and 

Struppa�DanieleDaniele C.C. Struppa 
Sciences�DepartmentDepartment ofof MathematicalMathematical Sciences 

22030-4444�GeorgeGeorge MasonMason University,University, Fairlax,Fairlax, VAVA 22030-4444 
dstruppa@osfl.gn1u.edu�Email:Email: dstruppa@osfl.gn1u.edu 

AbstractAbstract 

AA newnew fundamentalfundamental mathematicalmathematical modelmodel ofofconsciousnessconsciousness basedbased onon categorycategory theorytheory isis presented.presented. TheThe modelmodel isis basedbased onon 
twotwo philosophical-philosophical- theologicaltheological assumptions:assumptions: a)a) thethe universeuniverse isis aa seasea ofof consciousness,consciousness, andand b)b) timetime isis multi-dimensionalmulti-dimensional 
andand non-linear.non-linear. 
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1.01.0 IntroductioDIntroductioD 

TheThe purposepurpose ofof thisthis paperpaper isis toto proposepropose aa fundamentallyfundamentally 
newnew approachapproach toto consciousnessconsciousness andand thethe problemproblem ofof deepdeep 
reality.reality. OurOur approachapproach willwill provideprovide aa mathematicalmathematical modelmodel 
based.based. onon categorycategory theorytheory (we(we wUlwUl specificallyspecifically useuse thethe 
categorycategory ofofprespresheavesheaves asas modelmodel forfor aa consciousconscious universe),universe), 
whichwhich appearsappears toto bebe veryvery promising.promising. OnOn oneone hand.hand. categorycategory 
theorytheory (originally(originally developeddeveloped inin thethe fiftiesfifties byby EilenbergEilenberg andand 
MacMac LaneLane forfor purelypurely algebraicalgebraic reasons)reasons) isis abstractabstract enoughenough 
toto allowallow treatmenttreatment ofaofa fundamentallyfundamentally abstractabstract phenomenonphenomenon 
suchsuch asas consciousness.consciousness. OnOn thethe other.other. categorycategory theorytheory isis 
nownow soso advanced.advanced. andand fullyfully developed,developed, thatthat itit providesprovides aa 
thootythooty richrich enoughenough forfor thethe complexitycomplexity ofof thethe problemproblem atat 
hand.hand. 

GivenGiven thethe preliminarypreliminary naturenature ofof thisthis firstfirst 
announcement,announcement. wewe havehave decideddecided againstagainst providingproviding aa fujifuji 

backgroundbackground onon thethe mathematicalmathematical notionsnotions VieVie willwill use;use; 
rather,rather, wewe wouldwould likelike toto referrefer thethe readerreader toto thethe fundamentalfundamental 
treatisetreatise ofofMacMac LaneLane [S][S] asas farfar asas categoriescategories areare discussed,discussed, 
andand toto thethe introductionintroduction ofof BredonBredon [I),[I), forfor thethe necessarynecessary 
notionsnotions fromfrom sheafsheaf theory.theory. 

AsAs wewe said,said, thisthis articlearticle proposesproposes aa modelmodel whichwhich isis 
basedbased onon aa veryvery specificspecific worldworld-view;-view; thethe modelmodel andand itsits 
implicationsimplications willwill needneed muchmuch refinement.refinement. verification,verification, andand 

discussiondiscussion beforebefore itsits fullfull strengthstrength cancan bebe established.established. 
Nevertheless,Nevertheless, wewe havehave decideddecided toto presentpresent itit herehere inin thethe hopehope 
thatthat itit willwill bebe sufficientlysufficiently controversialcontroversial toto generategenerate 
insightfulinsightful discussion.discussion. 

TheThe secondsecond authorauthor wisheswishes toto expressexpress hishis gratitudegratitude 
toto hishis bolleaguebolleague ProfessorProfessor KafatosKafatos forfor thethe manymany 
illuminatingilluminating discussions,discussions, andand forfor sharingsharing anan earlyearly copycopy ofof 
[2),[2), whichwhich furtherfurther stimulatedstimulated hishis thinking.thinking. TheThe proposalproposal 
presentedpresented herehere shouldshould notnot bebe seenseen inin oppositionopposition toto [2J,[2J, butbut 
ratherrather asas aa complementcomplement andand itit isis ourour hopehope thatthat ourour 
formalismformalism maymay inin thethe futurefuture bebe usedused toto supportsupport thethe ideasideas 
putput forwardforward inin [2].[2]. 

2.02.0 TheThe ModelModel 

OurOur modelmodel isis basedbased onon twotwo fundamentalfundamental philosophical­philosophical­
theologicaltheological assumptions:assumptions: 

a)a) thethe universeuniverse mustmust bebe interpretedinterpreted asas aa sea.sea. ofof 
consciousness,consciousness, 

b)b) timetime isis multi..<fimensionalmulti..<fimensional andand non-linearnon-linear 

BothBoth assumptionsassumptions areare consistentconsistent withwith BuddhistBuddhist worldworld viewsviews 
I7J,[6}.[6}. {7], andand withwith manymany recentrecent interpretationsinterpretations ofof quantumquantum 
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physicsphysics (3],(3], butbut wewe stillstill wishwish toto brieflybriefly discussdiscuss whatwhat wewe 
havehave inin mind.mind. AssumptionAssumption a)a) isis essentiallyessentially aa consciousconscious 
universeuniverse view,view, andand rejectsrejects thethe existenceexistence ofof individualindividual 
consciousconscious entitiesentities asas wewe usuallyusually perceiveperceive themthem (though(though ourour 
modelmodel willwill provideprovide anan explanationexplanation forfor theirtheir perception);perception); 
ratherrather thanthan agreeingagreeing toto thethe existenceexistence ofof suchsuch individualindividual 
entities,entities, wewe postulatepostulate thethe essentialessential tmitytmityofofallall consciousnessconsciousness 
outout ofof whichwhich individualindividual consciousconscious entitiesentities appearappear andand 
disappeardisappear (consistently(consistently withwith aa fundamentalfundamental principleprinciple ofof 
impermanenceimpermanence ofof allall things).things). AssumptionAssumption b),b), onon thethe otherother 
hand,hand, isis refutingrefuting thethe existenceexistence ofof timetime asas wewe perceiveperceive itit 
(though,(though, onceonce again,again, ourour modelmodel willjustifywilljustify suchsuch perception)perception) 
andand pcstulatespcstulates aa timetime inin whichwhich therethere isis nono past,past, present,present, 
future,future, butbut onlyonly aa collectioncollection ofof presents,presents, allall equivalentequivalent toto 
eacheach other.other. 

InIn orderorder toto mathematicallymathematically describedescribe suchsuch aa model,model, 
wewe considerconsider aa topologicaltopological spacespace rr ofof arbitrarilyarbitrarily largelarge 
dimensiondimension (or,(or, possibly,possibly, ofof infiniteinfinite dimension),dimension), whichwhich wewe 
caUcaU "time""time" andand wewe considerconsider thethe categorycategory U,U, forfor universe,universe, ofof 
presheavespresheaves onon T.T. TheThe mostmost appropriateappropriate wayway toto regardregard aa 
prepresheafsheaf isis toto considerconsider itit asas aa contravariantcontravariant functorfunctor fromfrom thethe 
categorycategory ofof opensopens setssets inin TT toto aa targettarget categorycategory CC toto bebe 
specifiedspecified atat aa laterlater stage.stage. InIn ourour interpretation,interpretation, thethe categorycategory 
UU representsrepresents thethe "sea"sea ofof consciousness",consciousness", itsits objectsobjects 
representrepresent thethe individualindividual consciousconscious entities,entities, whilewhile itsits arrows,arrows, 
oror maps,maps, representrepresent communicationscommunicationsbetweenbetween suchsuch consciousconscious 
entities.entities. ItIt isis appropriateappropriate toto thinkthink ofof inanimateinanimate objectsobjects asas 
particularlyparticularly "poor""poor" prespresheaves.heaves. ForFor example,example, aa singlesingle 
particleparticle inin aa stablestable statestate couldcould bebe representedrepresented byby aa constantconstant 
sheafsheaf whosewhose stalkstalk isis thethe trivialtrivial objectobject inin CC (either(either defineddefined 
onon allall ofof T,T, oror onlyonly onon aa subsetsubset ofof T,T, ifweifwe wantwant toto considerconsider 
itsits existenceexistence asas confinedconfined toto aa subsetsubset ofof time).time). Similarly,Similarly, aa 

particleparticle withwith twotwo possiblepossible statesstates (say(say spinspin ±± 1)1) couldcould bebe 

representedrepresented byby aa constantconstant sheafsheaf whosewhose stalkstalk isis 2222 ifif Cis,Cis, 

forfor example,example, thethe categorycategory ofof abelianabelian groups.groups. OnOn thethe otherother 
handhand ofof thethe spectrum.spectrum. complexcomplex consciousconscious entitiesentities (such(such asas 
aa "brain")"brain") couldcould bebe representedrepresented byby veryvery "rich""rich" andand complexcomplex 
presheaves.presheaves. TheThe interpretationinterpretation ofofbrainsbrains likelike presheavespresheaves oror 
shea\'esshea\'es isis particularlyparticularly interestinginteresting andand lendslends itselfitself toto anan 
abstractabstract discussiondiscussion ofof thethe notionnotion ofof "thoughts""thoughts" andand 
"understanding""understanding" inin termsterms ofof sectionssections andand restrictionrestriction maps,maps, 
[4].[4]. 

InIn orderorder toto understandunderstand thethe apparentapparent paradoxparadox ofof thethe 
perceptionperception ofof thethe everydayeveryday realityreality (which(which wewe cancan callcall 
"shaJlow""shaJlow" reality,reality, inin contrastcontrast withwith thethe "deep""deep" realityreality 
discusseddiscussed inin [2]),[2]), wewe cancan postulatepostulate anan injectiveinjective mapmap 

i:i: JRJR ~~ T.T. 
IfIf wewe nownow considerconsider thethe categoriescategories UU TT andand UU11RR ofof 
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presheavcspresheavcs onon TT andand fRfR respectively,respectively, wewe cancan definedefine aa 
functorfunctor 

whichwhich wewe shallshall callcall thethe "shallow""shallow" functor,functor, byby takingtaking thethe 

puU-backpuU-back ofof everyevery objectobject inin UUTT So,So, ifif 

PP EE Ob(UOb(UT)T) ,we,we definedefine 

.. S(P):=S(P):= t(P)t(P) EE Ob(UOb(UIRIR ),), 

andand wewe interpretinterpret S(P)S(P) asas thethe perceptionperception ofof PP inin thethe 

"shallow""shallow" reality;reality; notenote thatthat sincesince S(P)S(P) isis aa presheafpresheafonon IIRR ,, 
itit isis notnot surprisingsurprising thatthat allall timetime isis perceivedperceived linearlylinearly inin thethe 
shallowshallow reality.reality. 

OtherOther apparentapparent paradoxesparadoxes ofof modemmodem physicsphysics cancan 
bebe easilyeasily understoodunderstood withinwithin thisthis framework.framework. TheThe famousfamous 
non-localitynon-locality AspectAspect experimentexperiment described,described, forfor example,example, inin 
[3],[3], cancan bebe interpretedinterpreted byby consideringconsidering thethe twotwo photonsphotons asas 

twotwo constantconstant sheavessheaves ~~ andand Pz.Pz. withwith stalkstalk 22 22 ,, andand 

regardingregarding thethe experimentexperiment asas simplysimply thethe mapmap 

f:f: ~~ ~~ ~~ defineddefined asas thethe identityidentityonon eacheach stalk.stalk. TheThe 

existenceexistence ofof suchsuch mapmap cancan bebe interpretedinterpreted asas thethe possibilitypossibility 
ofof perfomringperfomring thethe experiment.experiment. whichwhich showsshows whywhy oneone 
particleparticle "learns""learns" instantaneouslyinstantaneously fromfrom thethe other.other. 

LetLet usus concludeconclude thisthis shortshort notenote byby pointingpointing outout aa 
fewfew ofof thethe issuesissues whichwhich thethe authorsauthors areare exploring.exploring. WeWe havehave 
mentionedmentioned thethe interpretationsinterpretations whichwhich sectionssections andand 
restrictionsrestrictions havehave withinwithin thisthis model.model. EvenEven moremore intriguingintriguing 
(for(for itsits philosophicalphilosophical andand theologicaltheological interpretation)interpretation) isis thethe 
discussiondiscussion ofof initialinitial andand terminalterminal objectsobjects inin U.U. WhenWhen 
infonnationinfonnation isis transmittedtransmitted betweenbetween twotwo oror moremore objects,objects, itit 
maymay bebe worthwhileworthwhile toto eliminateeliminate insignificantinsignificant oror redundantredundant 
information;information; suchsuch aa processprocess cancan bebe accomplishedaccomplished byby 
introducingintroducing aa cohomologycohomology theorytheory forfor sequencessequences (not(not 
necessarilynecessarily complexes)complexes) inin U.U. SuchSuch aa theorytheory hashas beenbeen 
developeddeveloped independentlyindependently byby thethe firstfirst authorauthor andand findsfinds herehere 
anan interestinginteresting application.application. PushingPushing eveneven further,further, wewe willwill 
developdevelop aa theorytheory forfor thethe derivedderived categoriescategories whichwhich arisearise inin 
thisthis contextcontext Finally,Finally, thethe authorsauthors willwill proposepropose otherother 
interestinginteresting functorsfunctors which.which. asas thethe shallowshallow functor,functor, areare 
susceptiblesusceptible ofof relevantrelevant interpretations.interpretations. OfOfparticularparticular interestinterest 
isis thethe problemproblem ofof analyzinganalyzing thethe meaningmeaning ofof autofunctorsautofunctors 
(i.e.(i.e. functorsfunctors fromfrom UU toto itself).itself). 
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