
On Constructing a Reality1

Heinz von Foerster

Abstract: “Draw adistinction!”2

ThePostulate: I am sureyou rememberthe plain citizen Jourdainin Moliere's BourgeoisGentilhomme
who, nouveauriche, travels in the sophisticatedcirclesof the Frencharistocracy, andwho is eagerto
learn. On oneoccasionwith his new friendsthey speakaboutpoetryandprose,andJourdaindiscovers
to his amazementandgreatdelightthatwhenever hespeaks,hespeaksprose.He is overwhelmedby this
discovery: “I amspeakingProse!I havealwaysspokenProse!I havespokenProsethroughoutmy whole
life!”

A similar discovery hasbeenmadenot so long ago,but it wasneitherof poetrynor prose—itwasthe
environmentthatwasdiscovered.I rememberwhen,perhapstenor �fteen yearsago,someof my Amer-
ican friendscamerunningto mewith thedelightandamazementof having just madea greatdiscovery:
“I amliving in anEnvironment! I have alwayslivedin anEnvironment! I have livedin anEnvironment
throughoutmy wholelife!”

However, neitherM. Jourdainnormy friendshaveasyetmadeanotherdiscovery, andthatis whenM. Jour-
dainspeaks,mayit beproseor poetry, it is hewho inventsit, andlikewisewhenweperceiveourenviron-
ment,it is wewho inventit.

Everydiscoveryhasapainfulanda joyful side:painful,while strugglingwith anew insight;joyful, when
this insight is gained. I seethesolepurposeof my presentationto minimize thepainandmaximizethe
joy for thosewho have not yet madethis discovery; andfor thosewho have madeit, to let themknow
they arenot alone.Again, thediscoverywe all have to make for ourselvesis thefollowing postulate:the
environmentasweperceiveit is our invention.

Theburdenis now uponmeto supportthis outrageousclaim. I shallproceedby �rst inviting you to par-
ticipatein anexperiment;thenI shallreportaclinical caseandtheresultsof two otherexperiments.After
this I will give an interpretation,and thereaftera highly compressedversionof the neurophysiological
basisof theseexperimentsandmy postulateof before.Finally, I shallattemptto suggestthesigni�cance
of all thatto aestheticalandethicalconsiderations.

I. Blindspot. Hold [Figure 1] next pagewith your right hand,closeyour left eye and�xate asteriskof
Fig.1 with yourright eye. Movethebookslowly backandforth alongline of visionuntil atanappropriate
distance,from about12 to 14 inches,theroundblackspotdisappears.Keepingtheasteriskwell focused,
thespotshouldremaininvisibleevenif the�gure is slowly movedparallelto itself in any direction.

Figure1

This localizedblindnessis a directconsequenceof theabsenceof photoreceptors(rodsor cones)at that
point of theretina,the“disc”, whereall �bers, leadingfrom theeye's light sensitivesurface,convergeto

1This is anabbreviatedversionof a lecturegivenat theopeningof the fourth InternationalConferenceon Environmental
DesignResearchonApril 15,1973,at theVirginiaPolytechnicInstitutein Blacksburg, Virginia.

2Brown, G. S.,Lawsof Form. New York, JulianPress,page3, 1972.
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Figure2

form theoptic nerve. Clearly, whentheblackspotis projectedontothedisc,it cannotbeseen.Notethat
this localizedblindnessis not perceivedasa dark blotch in our visual �eld (seeinga dark blotch would
imply “seeing”), but this blindnessis not perceived at all, that, is, neitherassomethingpresent,nor as
somethingabsent:whatever is perceivedis perceived“blotch-less”.

II. Scotoma. Well localizedoccipitallesionsin thebrain,e.g.,injuriesfrom highvelocityprojectiles,heal
relatively fastwithout thepatient'sawarenessof any perceptiblelossin his vision. However, afterseveral
weeksmotordysfunctionin thepatientbecomesapparent,e.g.,lossof controlof armor leg movements
of onesideor the other, etc. Clinical tests,however, show that thereis nothingwrong with the motor
system,but that in somecasesthereis substantiallossof a large portion of the visual �eld (scotoma)
(Fig. 2)3. A successfultherapy consistsof blindfolding the patientover a periodof oneto two months
until heregainscontroloverhis motorsystemby shifting his “attention” from “non-existent”visualclues
regardinghis postureto “fully operative” channelsthat give direct posturalcluesfrom “Proprioceptive”
sensorsembeddedin musclesandjoints. Noteagaintheabsenceof perceptionof “absenceof perception”,
andalso the emergenceof perceptionthroughsensor-motor interaction. This promptstwo metaphors:
“Perceiving is Doing”; and,“If I don't seeI amblind, I amblind; but if I seeI amblind, I see”.

III. Alternates. A singleword is spokenonceinto a taperecorderandthetapesmoothlyspliced,without
a click, into a loop. Theword is repetitively playedbackwith a high ratherthanlow volume. After one
or two minutesof listening,from 50to 150repetitions,thewordclearlyperceivedsofarabruptlychanges
into anothermeaningfulandclearlyperceivedword: an“alternate”.After 10 to 30 repetitionsof this �rst
alternate,asuddenswitchto asecondalternateis perceived,andsoon4.

Thefollowing is a smallselectionof the758alternatesreportedfrom a populationof about200subjects
who were exposedto a repetitive playbackof the single word Cogitate: agitate; annotate;arbitrate;
artistry; back andforth; brevity; ca d'etait; candidate;can't yousee;can't youstay; capecodyousay;
card estate;cardio tape;car district; catch a tape;cavitate;chachache;cogitate;computate;conjugate;
consciousstate;countertape;countto ten; countto three;countyer tape;cut thesteak;entity; fantasy;
God to take; God you say; got a date; got your pay; got your tape; gratitude; gravity; guard the tit;
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Figure3: Trial 1 (nobehavioral evidenceof learning)

Figure4: Trial 13 (beginsto wait for tones)

Figure5: Trial 4/20(hypothesizes)

Figure6: Trial 6/9 (understands)
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gurgitate;hadto take; kindsof tape;majesty;marmalade.

IV. Comprehension. Literally de�ned: con � together;prehendere � to seize,grasp. Into the various
stationsof theauditorypathwaysin acat'sbrain,micro-electrodesareimplantedwhichallow arecording,
“Electroencephalogram”,from thenerve cells �rst to receive auditorystimuli, CochleaNucleus:CN, up
to theAuditory Cortex5. Thesopreparedcat is admittedinto a cagethat containsa food box whoselid
canbeopenedby pressinga lever. However, thelever-lid connectionis operativeonly whenashortsingle
tone(hereC6, that is about1000Hz) is repetitively presented6. The cat hasto learnthat C6 “means”
food. Figures3 to 6 show thepatternof nervousactivity at eightascendingauditorystations,andat four
consecutivestagesof this learningprocess7 Thecat'sbehavior associatedwith therecordedneuralactivity
is for Fig. 3: “Randomsearch”;Fig. 4: “Inspectionof lever”; Fig. 5: “Lever pressedat once”; andfor
Fig. 6: “Walking straighttoward lever (full comprehension)”.Note thatno toneis perceived aslong as
this tone is uninterpretable(Figs. 3, 4; pure noise),but the whole systemswingsinto action with the
appearanceof the�rst “beep”(Figs.5, 6; noisebecomessignal)whensensationbecomescomprehensible,
whenourperceptionof `'beep”, “beep”, “beep”, is in thecat's perception“food”, “food”, “food”.

Interpretation. In theseexperimentsI havecitedinstancesin which we seeor hearwhatis not “there”, or
in which we do not seeor hearwhatis “there”, unlesscoordinationof sensationandmovementallowsus
to “grasp” whatappearsto be there. Let mestrengthenthis observationby citing now the,“Principle of
UndifferentiatedEncoding”:

Theresponseof a nerve cell doesnot encodethephysicalnatureof theagentsthatcausedits
response.Encodedis only “how much”at thispointon my body, but not “what”.

Take, for instance,a light sensitivereceptorcell in theretina,a “rod”, whichabsorbstheelectro-magnetic
radiationoriginatingfrom adistantsource.Thisabsorptioncausesachangein theelectrochemicalpoten-
tial in therodwhichwill ultimatelygiveriseto aperiodicelectricdischargeof somecellshigherup in the
post-retinalnetworkswith a periodthat is commensuratewith theintensityof theradiationabsorbed,but
withoutacluethatit waselectro-magneticradiationthatcausedtherod to discharge.Thesameis truefor
any othersensoryreceptor, may it be the tastebuds,the touchreceptors,andall theotherreceptorsthat
areassociatedwith thesensationsof smell,heatandcold,sound,etc.: they areall “blind” asto thequality
of their stimulation,responsiveonly asto their quantity.

Although surprising,this shouldnot comeasa surprise,for indeed“out there” thereis no light andno
color, thereareonly electro-magneticwaves;“out there” thereis no soundandno music,thereareonly
periodicvariationsof the air pressure;“out there” thereis no heatandno cold, thereareonly moving
moleculeswith moreor lessmeankineticenergy, andsoon. Finally, for sure,“out there”thereis nopain.

Sincethephysicalnatureof thestimulus—itsquality—is notencodedinto nervousactivity, thefundamen-
tal questionarisesasto how doesourbrainconjureupthetremendousvarietyof thiscolorful world aswe
experienceit any momentwhile awake, andsometimesin dreamswhile asleep.This is the “Problemof
Cognition”, thesearchfor anunderstandingof thecognitiveprocesses.

3Teuber, H. L., “NeuereBetrachtungenuberSehstrahlungund Sehrinde”in Jung,R., KornhuberH. (Eds.) Das Visuelle
System, Berlin, Springer, pages256–274,1961.

4Naeser, M. A., andLilly , J.C., “The RepeatingWordEffect: PhoneticAnalysisof ReportedAlternates”,Journalof Speech
andHearingResearch, 1971.

5Worden,F. G., “EEG Studiesand.ConditionalRe�exesin Man”, in Brazier, Mary A. B., TheCentral NervousSystemand
Behavior, New York, JosiahMacy Jr. Foundation,pages270–291,1959.

6“Hz” means1 cyclepersecond,is theunit for oscillationsnamedafterHeinrichHertzwhogeneratedthe�rst radiosignals.
7opcit.
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Theway in which a questionis askeddeterminestheway in which ananswermaybe found. Thus,it is
uponmeto paraphrasethe“Problemof Cognition”in suchawaythattheconceptualtoolsthataretodayat
our disposalmaybecomefully effective. To this endlet meparaphrase( � ) “cognition” in thefollowing
way:

COGNITION � computinga reality.

With this I anticipateastormof objections.First, I appearto replaceoneunknown term,“cognition” with
threeotherterms,two of which, “computing” and“reality”, areevenmoreopaquethanthede�niendum,
andwith theonly de�nite word usedherebeingtheinde�nite article“a”. Moreover, theuseof theinde�-
nitearticleimpliestheridiculousnotionof otherrealitiesbesides“the” only andonereality, ourcherished
Environment;and�nally I seemto suggestby “computing” that everything,from my wristwatchto the
Galaxies,is merelycomputed,andis not “there”. Outrageous!

Let metake up theseobjectionsoneby one. First, let meremove thesemanticsting that theterm“com-
puting” may causein a groupof womenandmenwho aremoreinclined toward the humanitiesthanto
thesciences.Harmlesslyenough,computing(from com-putare) literally meansto re�ect, to contemplate
(putare) thingsin concert(com-), withoutany explicit referenceto numericalquantities.Indeed,I shalluse
this termin this mostgeneralsenseto indicateany operation,not necessarilynumerical,that transforms,
modi�es, re-arranges,or ordersobservedphysicalentities,“objects”,or their representations,“symbols”.
For instance,thesimplepermutationof thethreelettersA, B, C, in which thelastletternow goes�rst: C,
A, B, I shallcall a computation.Similarly, theoperationthatobliteratesthecommasbetweentheletters:
CAB; andlikewisethesemantictransformationthatchangesCAB into TAXI, andsoon.

I shallnow turn to thedefenseof my useof theinde�nite articlein thenoun-phrase“a reality”. I could,of
course,shieldmyselfbehindthelogical argumentthatsolvingfor thegeneralcase,implied by the“a”, I
would alsohave solvedany speci�c casedenotedby theuseof “the”. However, my motivationlies much
deeper. In fact, thereis a deephiatusthat separatesthe “The”-school-of-thoughtfrom the “A”-school-
of-thoughtin which respectively the distinct conceptsof “con�rmation” and“correlation” are taken as
explanatoryparadigmsfor perceptions.The“The-School”:My sensationof touchis con�rmation for my
visualsensationthathereis a table.The“A-School”: My sensationof touchin correlationwith my visual
sensationgenerateanexperiencewhich I maydescribeby “hereis a table”.

I amrejectingtheTHE-positiononepistemologicalgrounds,for in thisway thewholeProblemof Cogni-
tion is safelyputaway in one's own cognitiveblind spot:evenits absencecanno longerbeseen.

Finally onemayrightly arguethatcognitiveprocessesdonotcomputewristwatchesor galaxies,but com-
puteat bestdescriptionsof suchentities. Thus I am yielding to this objectionandreplacemy former
paraphraseby:

COGNITION � computingdescriptionsof a reality.

Neurophysiologists,however, will tell usthatadescriptioncomputedononelevel of neuralactivi ty, saya
projectedimageon theretina,will beoperatedon againon higherlevels,andsoon,wherebysomemotor
activity may be taken by an observer asa “terminal description”,for instancethe utterance:“here is a
table”8. Consequently, I have to modify thisparaphraseagainto read:

8Maturana,H. R., “Neurophysiologyof Cognition,” in Garvin,P., Cognition: A Multiple View,. New York, SpartanPress,
pages3–23,1970.
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wherethearrow turningbacksuggeststhis in�nite recursionof descriptionsof descriptions. . . etc. This
formulationhasthe advantagethat oneunknown, namely, “reality” is successfullyeliminated. Reality
appearsonly implicit astheoperationof recursive descriptions.Moreover, we maytake advantageof the
notionthatcomputingdescriptionsis nothingelsebut computations.Hence:

In summary, I proposeto interpretcognitiveprocessesasneverendingrecursiveprocessesof computation,
andI hopethatin thefollowing tour deforceof neurophysiologyI canmakethisinterpretationtransparent.

Neurophysiology

I. Evolution. In orderthattheprincipleof recursivecomputationis fully appreciatedasbeingtheunderly-
ing principleof all cognitiveprocesses—evenof life itself, asoneof themostadvancedthinkersin biology
assuresme—it may be instructive to go backfor a momentto themostelementary—orasevolutionists
would say, to very “early”—manifestationsof this principle(6). Theseare the “independenteffectors”,
or independentsensory-motorunits, found in protozoaandmetazoadistributedover thesurfaceof these
animals(Fig. 7). Thetriangularportionof thisunit, protrudingwith its tip from thesurface,is thesensory
part, the onion-shapedportion thecontractilemotor part. A changein the chemicalconcentrationof an
agentin the immediatevicinity of thesensingtip, and“perceptible”by it, causesan instantaneouscon-
tractionof thisunit. Theresultingdisplacementof thisor any otherunit by changeof shapeof theanimal
or its locationmay, in turn, produceperceptiblechangesin the agent' s concentrationin the vicinity of
theseunitswhich, in turn,will causetheir instantaneouscontraction,?etc.Thus,wehave therecursion:

Separationof thesitesof sensationandactionappearsto have beenthenext evolutionarystep(Figure8).
Thesensoryandmotororgansarenow connectedby thin �laments, the“axons” (in essencedegenerated
muscle�bers having lost their contractility),which transmitthesensor'sperturbationsto its effector, thus
giving riseto theconceptof a “signal”: seesomethinghere,actaccordinglythere.

Thecrucialstep,however, in theevolutionof thecomplex organizationof themammaliancentralnervous
system(CNS) appearsto be the appearanceof an “internuncialneuron”,a cell sandwichedbetweenthe
sensoryand the motor unit (Fig. 9). It is, in essence,a sensorycell, but specializedso as to respond
only to a universal“agent”,namely, theelectricalactivity of theafferentaxonsterminatingin its vicinity.
Sinceits presentactivity mayaffect its subsequentresponsivity, it introducestheelementof computation
in theanimalkingdom,andgivestheseorganismstheastoundinglatitudeof nontrivial behaviors. Having
oncedevelopedthe geneticcodefor assemblingan internuncialneuron,to add the geneticcommand
“repeat”is asmallburdenindeed.Hence,I believe,it is now easyto comprehendtherapidproliferationof
theseneuronsalongadditionalverticallayerswith growing horizontalconnectionsto form thosecomplex
interconnectedstructureswecall “brains”.

II. Neuron. The neuron,of which we have more than ten billion in our brain, is a highly specialized
singlecell with threeanatomicallydistinct features(Fig. 10): (a) thebranch-like rami�cationsstretching
up andto theside,the“dendrites”;(b) thebulb in thecenterhousingthecell's nucleus,the“cell body”;
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and(c), the“axon”, thesmooth�ber stretchingdownward. Its variousbifurcationsterminateon dendrites
of another(but sometimes[recursively] on thesame)neuron.Thesamemembranewhich envelopesthe
cell body forms also the tubular sheathfor dendritesandaxon,andcausesthe insideof the cell to be
electricallychargedagainsttheoutsidewith aboutonetenthof avolt. If in thedendriticregionthischarge
is suf�ciently perturbed,theneuron“�res” andsendsthisperturbationalongits axonsto theirterminations,
thesynapses.

III. Transmission. Sincetheseperturbationsareelectrical,they canbepickedup by “microprobes”,am-
pli�ed andrecorded.Fig. 11 shows threeexamplesof periodicdischargesfrom a touchreceptorunder
continuousstimulation,thelow frequency correspondingto aweak,thehigh frequency to astrongstimu-
lus. Themagnitudeof thedischargeis clearlyeverywherethesame,thepulsefrequency representingthe
stimulusintensity, but theintensityonly.

IV. Synapse. Fig. 12 sketchesa synapticjunction. Theafferentaxon(Ax), alongwhich thepulsestravel,
terminatesin anendbulb (EB) whichis separatedfrom thespine(sp)of adendrite(D) of thetargetneuron
by a minutegap(sy), the“synapticgap” (Note themany spinesthatcausetheruggedappearanceof the
dendritesin Fig. 10). Thechemicalcompositionof the“transmittersubstances”�lling thesynapticgapis
crucialin determiningtheeffectanarriving pulsemayhaveon theultimateresponseof theneuron:under
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Figure12

Figure13

certaincircumstancesit mayproducean“inhibitory effect” (cancellationof anothersimultaneouslyarriv-
ing pulse);in othersa “f acilitory effect”' (augmentinganotherpulseto �re the neuron). Consequently,
thesynapticgapcanbeseenasthe“micro-environment”of a sensitive tip, thespine,andwith this inter-
pretationin mindwemaycomparethesensitivity of theCNSto changesof theinternal environment(the
sum-totalof all micro-environments)to thoseof theexternalenvironment(all sensoryreceptors).Since
thereareonly ahundredmillion sensoryreceptors,andaboutten-thousandbillion synapsesin ournervous
system,weare100,000timesmorereceptive to changesin our internalthanin ourexternalenvironment.

V. Cortex. In orderthatonemaygetat leastsomeperspectiveon theorganizationof theentiremachinery
thatcomputesall perceptual,intellectualandemotionalexperiences,I haveattachedFig. 13 whichshows
magni�ed asectionof about2 squaremillimetersof acat'scortex by astainingmethodwhichstainsonly
cell bodyanddendrites,andof thoseonly 1%of all neuronspresent9.

Although you have to imaginethe many connectionsamongtheseneuronsprovided by the (invisible)
axons,anda densityof packingthat is a hundredtimesthatshown, thecomputationalpower of eventhis
verysmallpartof abrainmaybesensed.

VI. Descartes. This perspective is a far cry from that beingheld, saythreehundredyearsago: “If the

9Sholl,D. A., TheOrganizationof theCerebral Cortex, London,Methuen,1956.
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Figure14

�re A is nearthefoot B (Fig. 14), theparticlesof this �re, which asyou know move with greatrapidity,
have thepower to move theareaof theskin of this foot thatthey touch;andin this way drawing thelittle
thread,c, thatyouseeto beattachedat thebaseof toesandonthenerve,at thesameinstantthey openthe
entranceof thepore,d, e,at which this little threadterminates,just asby pulling oneendof acord,at the
sametimeonecausesthebell to soundthathangsat theotherend10.

Now theentranceof theporeor little conduit,d, e, beingthusopened,theanimalspiritsof thecavity F,
enterwithin andarecarriedby it, partly into the musclesthat serve to withdraw this foot from the �re,
partly into thosethat serve to turn theeyesandthe headto look at it, andpartly into thosethat serve to
advancethehandsandto bendthewholebodyto protectit.”

Note, however, that somebehaviorists of today still cling to the sameview with one differenceonly,
namely, thatin themeantimeDescartes'“animal spirit” hasgoneinto oblivion11.

VII. Computation. Theretinaof vertebrateswith its associatednervoustissueis a typical caseof neural
computation.Fig. 15 is a schematicrepresentationof a mammalianretinaandits post-retinalnetwork.
The layer labeled#1 representsthearrayof rodsandcones,andlayer#2 thebodiesandnuclei of these
cells. Layer#3 identi�es thegeneralregion wheretheaxonsof thereceptorssynapsewith thedendritic
rami�cations of the “bipolar cells” (#4) which, in turn, synapsein layer #5 with the dendritesof the
ganglioncells (#6) whoseactivity is transmittedto deeperregionsof thebrainvia their axonswhich are
bundledtogetherto form theoptic nerve (#7). Computationtakesplacewithin thetwo layerslabeled#3
and#5,thatis, wherethesynapsesarelocated.

As Maturanahasshown, it is therewherethesensationof colorandsomecluesasto form arecomputed12

Formcomputation:takethetwo-layeredperiodicnetwork of Fig.16,theupperlayerrepresentingreceptor

10Descartes,R., L'Homme, Paris, Angot, 1664. Reprintedin Ouevresde Descartes, XI, Paris, Adam andTannery, pages
119-209,1957.

11Skinner, B. F., BeyondFreedomandDignity, New York, Knopf, 1971.
12Maturana,H. R., “A Biological Theoryof Relativistic ColourCodingin thePrimateRetina”,Arch. Biologia y Medicina

Exper., Suppl.No. 1, Soc.BiologiadeChile,Santiago,UniversidaddeChile,1968.
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Figure15

cellssensitiveto, say, “light”. Eachof thesereceptorsis connectedto threeneuronsin thelower (comput-
ing) layer, with two excitatorysynapseson theneurondirectly below (symbolizedby buttonsattachedto
thebody),andwith oneinhibitory synapse(symbolizedby a loop aroundthetip) attachedto eachof the
two neurons,oneto the left andoneto the right. It is clearthat thecomputinglayerwill not respondto
uniform light projectedon thereceptive layer, for thetwo excitatorystimuli on acomputerneuronwill be
exactly compensatedby theinhibitory signalscomingfrom thetwo lateralreceptors.This zero-response
will prevail understrongestandweakeststimulationaswell asto slow or rapidchangesof theillumination.
Thelegitimatequestionmaynow arise—“Whythiscomplex apparatusthatdoesn't doa thing?”'

Considernow Fig.17in whichanobstructionis placedin thelight pathilluminatingthelayerof receptors.
Again all neuronsof the lower layerwill remainsilent,excepttheoneat theedgeof theobstruction,for
it receivestwo excitatorysignalsfrom thereceptorabove,but only oneinhibitory signalfrom thesensor
to theleft. We now understandtheimportantfunctionof this net,for it computesany spatialvariationin
thevisual�eld of this “eye”, independentof intensityof theambientlight andits temporalvariations,and
independentof placeandextensionof theobstruction.

Althoughall operationsinvolvedin this computationareelementary, theorganizationof theseoperations
allowsusto appreciateaprincipleof considerabledepth,namely, thatof thecomputationof abstracts,here
thenotionof “edge”.

I hopethatthis simpleexampleis suf�cient to suggestto you thepossibilityof generalizingthisprinciple
in the sensethat “computation”canbe seenon at leasttwo levels, namely, (a) the operationsactually
performed,and(b) theorganizationof theseoperationsrepresentedhereby thestructureof thenervenet.
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Figure18

In computerlanguage(a)wouldagainbeassociatedwith “operations”,but (b) with the“program”. As we
shallseelater, in “biological computers”theprogramsthemselvesmaybecomputedon. This leadsto the
conceptsof “meta-programs”,“meta-meta-programs”,. . . etc. This, of course,is theconsequenceof the
inherentrecursiveorganizationof thosesystems.

VIII. Closure. By attendingto all theneurophysiologicalpieces,wemayhavelosttheperspectivethatsees
anorganismasa functioningwhole. In Fig. 18 I haveput thesepiecestogetherin their functionalcontext.
TheblacksquareslabeledN representbundlesof neuronsthatsynapsewith neuronsof otherbundlesover
the (synaptic)gapsindicatedby the spacesbetweensquares.The sensorysurface(SS)of the organism
is to the left, its motor surface(MS) to the right, and the neuropituitary(NP) the strongly innervated
masterglandthat regulatedthe entireendocrinalsystem,is the stippledlower boundaryof the arrayof
squares.Nerve impulsestraveling horizontally (from left to right) ultimately act on the motor surface
(MS) whosechanges(movements)areimmediatelysensedby thesensorysurface(SS),assuggestedby
the“external”pathway following thearrows. Impulsestravelingvertically (from top to bottom)stimulate
theneuropituitary(NP)whoseactivity releasessteroidsinto thesynapticgaps,assuggestedby thewiggly
terminationsof thelinesfollowing thearrow, andthusmodify themodusoperandiof all synapticjunctures,
hencethe modusoperandi of the systemasa whole. Note the doubleclosureof the systemwhich now
recursively operatesnot only on whatit “sees”but on its operatorsaswell. In orderto make this twofold
closureeven moreapparentI proposeto wrap the diagramof Fig. 18 aroundits two axesof circular
symmetryuntil thearti�cial boundariesdisappearandthetorus(doughnut)asin Fig. 19 is obtained.Here
the“synapticgap”betweenthemotorandsensorysurfacesis thestriatedmeridianin thefront center, the
neuropituitarythestippledequator. This, I submit,is thefunctionalorganizationof a living organismin a
(dough)nutshell. (Fig. 19)

The computationswithin this torus are subjectto a non-trivial constraint,and this is expressedin the
Postulateof CognitiveHomeostasis:

Thenervoussystemis organized(or organizesitself) sothatit computesastablereality.

Thispostulatestipulates“autonomy”,i.e.,“self regulation”,for every living organism.Sincethesemantic
structureof nounswith pre�x “self-” becomesmoretransparentwhenthis pre�x is replacedby thenoun,
“autonomy” becomessynonymouswith “regulation of regulation”. This is preciselywhat the doubly
closed,recursively computingtorusdoes:it regulatesits own regulation.
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Figure19

Signi�cance. It maybestrangein timeslike theseto stipulateautonomy, for autonomyimpliesresponsi-
bility: If I amtheonly onewhodecideshow I actthenI amresponsiblefor my action.Sincetheruleof the
mostpopulargameplayedtodayis to makesomeoneelseresponsiblefor myacts—thenameof thegame
is “heteronomy”—myargumentsmake, I understand,a mostunpopularclaim. Oneway of sweepingit
undertherug is to dismissit asjustanotherattemptto rescue“solipsism”, theview thatthisworld is only
in my imaginationandtheonly reality is theimagining“I”. Indeed,thatwaspreciselywhatI wassaying
before,but I wastalkingonly aboutasingleorganism.Thesituationis quitedifferentwhentherearetwo,
asI shalldemonstratewith theaidof thegentlemanwith thebowler hat(Fig. 20).

Figure20
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He insiststhathe is thesolereality, while everythingelseappearsonly in his imagination.How ever, he
cannotdeny thathis imaginaryuniverseis populatedwith apparitionsthatarenot unlike himself. Hence,
hehasto concedethatthey themselvesmayinsistthatthey arethesolereality andeverythingelseis only
aconcoctionof their imagination.In thatcasetheir imaginaryuniversewill bepopulatedwith apparitions,
oneof whichmaybehe,thegentlemanwith thebowler hat.

Accordingto thePrincipleof Relativity whichrejectsahypothesiswhenit doesnothold for two instances
together, althoughit holds for eachinstanceseparately(EarthlingsandVenusiansmay be consistentin
claimingto bein thecenterof theuniverse,but theirclaimsfall to piecesif they should,evergettogether),
thesolipsisticclaim falls to pieceswhenbesidesmeI inventanotherautonomousorganism.However, it
shouldbenotedthatsincethePrincipleof Relativity is not a logical necessity, nor is it a propositionthat
canbeprovento beeithertrueor false,thecrucialpoint to berecognizedhereis thatI amfreeto choose
eitherto adoptthisprincipleor to rejectit. If I rejectit, I amthecenterof theuniverse,my reality aremy
dreamsandmy nightmares,my languageis monologue,andmy logic mono-logic.If I adoptit, neitherme
nor theothercanbethecenterof theuniverse.As in theheliocentricsystem,theremustbea third that is
thecentralreference.It is therelationbetweenThouandI, andthis relationis IDENTITY:

Reality= Community

Whataretheconsequencesof all this in ethicsandaesthetics?

TheEthical Imperative: Act alwayssoasto increasethenumberof choices.

TheAestheticalImperative: If youdesireto see,learnhow to act.
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