On Constructing a Reality*

Heinz von Foerster

Abstract “Draw adistinction!?

ThePostulate | am sureyou remembethe plain citizen Jourdainin Moliere's Bourgeois Gentilhomme
who, nouveaurichg travels in the sophisticatectircles of the Frencharistocrag, andwho is eagerto
learn. On oneoccasionwith his new friendsthey speakaboutpoetryandprose,andJourdaindiscovers
to hisamazemenandgreatdelightthatwheneer he speakshe speakgprose.He is overwhelmedoy this
discovery: “I amspeakingProse!l have alwaysspolkenProse!l have spokenProsethroughoutmy whole
life!”

A similar discovery hasbeenmadenot so long ago, but it was neitherof poetry nor prose—itwasthe
environmentthatwasdiscovered.| remembewhen,perhapgenor fteen yearsago,someof my Amer-
icanfriendscamerunningto mewith the delightandamazementf having just madea greatdiscovery:
“I amliving in anEnvironment! | have alwayslivedin an Ervironment! | have livedin an Environment
throughoutmy wholelife!”

However, neitherM. Jourdaimormy friendshave asyetmadeanothediscovery, andthatis whenM. Jour
dainspeaksmayit be proseor poetry it is hewho inventsit, andlik ewisewhenwe perceve our erviron-
ment,it is we who inventit.

Everydiscovery hasa painful andajoyful side: painful, while strugglingwith a new insight;joyful, when
this insightis gained.| seethe sole purposeof my presentatiorito minimize the pain and maximizethe
joy for thosewho have not yet madethis discovery; andfor thosewho have madeit, to let themknow
they arenotalone.Again, thediscovery we all have to make for oursehesis the following postulatethe
environmentswe perceiveit is our invention

Theburdenis now uponmeto supportthis outrageouglaim. | shallproceedby rst inviting you to par
ticipatein anexperiment;thenl shallreporta clinical caseandtheresultsof two otherexperiments After
this | will give an interpretation,andthereaftera highly compressedersionof the neurophysiological
basisof theseexperimentsandmy postulateof before.Finally, | shallattemptto suggesthesigni cance
of all thatto aestheticahndethicalconsiderations.

l. 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
distancefrom aboutl2to 14 inchestheroundblack spotdisappearsKeepingthe asteriskwell focused,
the spotshouldremaininvisible evenif the gure is slowly movedparallelto itself in any direction.

* ®

Figurel

This localizedblindnesss a direct consequencef the absencef photoreceptorqrodsor cones)at that
point of theretina,the“disc”, whereall bers, leadingfrom the eye's light sensitve surface,corvemgeto

1This is an abbreviatedversionof a lecturegiven at the openingof the fourth InternationalConferenceon Ervironmental
DesignResearclon April 15,1973,atthe Virginia Polytechnidnstitutein Blackshurg, Virginia.
2Brown, G. S.,Lawsof Form. New York, JulianPresspage3, 1972.
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Figure2

form the optic nene. Clearly whenthe black spotis projectedontothedisc,it cannotbe seen.Note that
this localizedblindnesss not perceved asa dark blotchin our visual eld (seeinga dark blotch would
imply “seeing”), but this blindnessis not perceved at all, that, is, neitheras somethingpresentnor as
somethingabsentwhateveris percevedis perceved“blotch-less”.

Il. ScotomaWell localizedoccipitallesionsin the brain,e.g.,injuriesfrom high velocity projectiles heal
relatively fastwithout the patients awarenes®f ary perceptibldossin his vision. However, afterseveral

weeksmotor dysfunctionin the patientbecomesapparentge.g.,lossof control of armor leg movements
of oneside or the other etc. Clinical tests,however, shav thatthereis nothingwrong with the motor
system,but that in somecaseghereis substantialoss of a large portion of the visual eld (scotoma
(Fig. 2)%. A successfutheragy consistsof blindfolding the patientover a period of oneto two months
until heregainscontrolover his motor systemby shifting his “attention” from “non-existent” visualclues
regardinghis postureto “fully operatve” channelghat give direct posturalcluesfrom “Proprioceptve”

sensorembeddedh musclesandjoints. Noteagaintheabsencef perceptiorof “absencenf perception”,
and alsothe emegenceof perceptionthroughsensomotor interaction. This promptstwo metaphors:
“Perceving is Doing”; and,“If | don't seel amblind, | amblind; but if | seel amblind, | see”.

lll. Alternates A singleword is spokenonceinto ataperecorderandthetapesmoothlyspliced,without
aclick, into aloop. Theword is repetitvely playedbackwith a high ratherthanlow volume. After one
or two minutesof listening,from 50to 150repetitionstheword clearly percevedsofarabruptlychanges
into anothemeaningfulandclearly percevedword: an“alternate”. After 10 to 30 repetitionsof this rst
alternatea sudderswitchto a secondalternates perceved,andsoon®.

Thefollowing is a smallselectionof the 758 alternateseportedfrom a populationof about200 subjects
who were exposedto a repetitive playbackof the single word Cogitate: agitate; annotate; arbitrate;
artistry; bad andforth; brevity; ca d'etait; candidate;can't you see;can't you stay; capecodyousay;
card estate;cardio tape;car district; catch a tape;cavitate;chachache;cogitate; computateconjugate;
consciousstate;countertape; countto ten; countto three; countyer tape; cut the steak;entity; fantasy;
Godto take; God you say; got a date; got your pay; got your tape; gratitude; gravity; guard the tit;

Heinzvon Foerster On Constructinga Reality



Figure3: Trial 1 (no behaioral 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. Compehension Literally de ned: con  together;prehendeg  to seize,grasp. Into the various
stationsof theauditorypathwaysin a cat's brain, micro-electrodeareimplantedwhich allow arecording,
“Electroencephalogramfrom the nere cells rst to receve auditorystimuli, CochleaNucleus:CN, up
to the Auditory Cortex®. The so preparectatis admittedinto a cagethat containsa food box whoselid
canbeopeneduy pressingalever. However, theleverlid connectioris operatve only whenashortsingle
tone (hereC6, thatis about1000 Hz) is repetitvely presente®l The cat hasto learnthat C6 “means”
food. Figures3 to 6 shav the patternof nenousactvity at eightascendinqauditorystationsandat four
consecutie stageof thislearningproces$ Thecat's behaior associatewvith therecordecheuralactivity
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 perceved aslong as
this toneis uninterpretablgFigs. 3, 4; pure noise), but the whole systemswingsinto actionwith the
appearancef the rst “beep”(Figs.5, 6; noisebecomesignal)whensensatiotbecomegomprehensible,
whenour perceptiorof "'beep”, “beep”, “beep”,is in thecat's perceptiorfood”, “food”, “food”.

Interpretation In theseexperimentd have citedinstancesn which we seeor hearwhatis not “there”, or
in which we do not seeor hearwhatis “there”, unlesscoordinationof sensatiolmndmovementallows us
to “grasp” whatappeargo be there. Let me strengtherthis obsenation by citing now the, “Principle of
UndifferentiatedEncoding”:

Theresponsef anene cell doesnot encodehe physicalnatureof the agentshatcausedts
responseEncodeds only “how much” at this pointon my body; but not“what”.

Take, for instancealight sensitve receptorcell in theretina,a“rod”, which absorbghe electro-magnetic
radiationoriginatingfrom a distantsource.This absorptiorcauses changdn the electrochemicgboten-
tial in therod whichwill ultimatelygiveriseto a periodicelectricdischage of somecellshigherupin the
post-retinahetworkswith a periodthatis commensuratwith theintensityof the radiationabsorbedbut
without a cluethatit waselectro-magneticadiationthatcausedherod to dischage. Thesames truefor
ary othersensoryreceptor may it be the tastebuds,the touchreceptorsandall the otherreceptorghat
areassociateavith thesensationsf smell,heatandcold, sound etc.: they areall “blind” asto thequality
of their stimulation,responstie only asto their quantity

Although surprising,this shouldnot comeasa surprise,for indeed“out there” thereis no light andno
color, thereareonly electro-magnetievaves; “out there” thereis no soundandno music,thereareonly
periodic variationsof the air pressure;‘out there” thereis no heatandno cold, thereare only moving
moleculesvith moreor lessmeankinetic enegy, andsoon. Finally, for sure,“out there”thereis no pain.

Sincethephysicalnatureof the stimulus—itsguality—is notencodednto nenousactvity, thefundamen-
tal questionarisesasto how doesour brainconjureup thetremendousariety of this colorful world aswe
experiencet any momentwhile awake, andsometimesn dreamswhile asleep.This is the “Problemof
Cognition”, the searchfor anunderstandingf the cognitive processes.

3Teuber H. L., “NeuereBetrachtungember Sehstrahlungind Sehrinde”in Jung,R., KornhuberH. (Eds.) Das Visuelle
SystemBerlin, Springer pages256—274,1961.

“NaeserM. A., andLilly , J.C.,“The Repeating/Nord Effect: PhoneticAnalysisof ReportedAlternates”, Journal of Speeh
andHearingReseath, 1971.

SWorden,F. G.,“EEG Studiesand.ConditionaRe exesin Man”, in Braziet Mary A. B., TheCential NervousSystenand
Behavior New York, JosiahMacy Jr. Foundationpages270-291,1959.

8“Hz” meansl cycle persecondis theunit for oscillationsnamedafterHeinrichHertzwho generatedhe rst radiosignals.

“opcit.
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Theway in which a questionis asled determineghe way in which ananswemay be found. Thus,it is
uponmeto paraphrastehe“Problemof Cognition”in suchaway thattheconceptuatoolsthataretodayat
our disposalmaybecomdully effective. To this endlet me paraphrasé ) “cognition” in thefollowing
way:

COGNITION  computingareality.

With this | anticipatea stormof objections.First, | appearto replaceoneunknavn term,“cognition” with
threeotherterms,two of which, “computing” and“reality”, areevenmoreopaquehanthede niendum,
andwith theonly de nite word usedherebeingtheinde nite article“a”. Moreover, the useof theinde -
nite articleimpliestheridiculousnotionof otherrealitiesbesidesthe” only andonereality, our cherished
Environment;and nally |1 seemto suggesby “computing” that everything,from my wristwatchto the
Galaxiesjs merelycomputedandis not “there”. Outrageous!

Let metake up theseobjectionsoneby one. First, let me remove the semanticsting thatthe term“com-
puting” may causein a group of womenandmenwho are moreinclined toward the humanitiesthanto
the sciencesHarmlesslyenough computing(from com-putae) literally meando re ect, to contemplate
(putare) thingsin concert(com), withoutary explicit referenceo numericalquantities.Indeed, shalluse
this termin this mostgeneralsensdo indicateary operationnot necessarilynumerical thattransforms,
modi es, re-arrangesyr ordersobsered physicalentities,“objects”, or their representationssymbols”.
For instancethe simplepermutatiorof thethreelettersA, B, C, in whichthelastletternow goesrst: C,
A, B, | shallcall acomputation.Similarly, the operationthat obliterategshe commadetweertheletters:
CAB; andlikewisethe semantidransformatiorthatchangesCAB into TAXI, andsoon.

| shallnow turnto the defenseof my useof theinde nite articlein thenoun-phraséa reality”. | could,of
course shieldmyselfbehindthe logical agumentthat solving for the generalcase implied by the“a”, |
would alsohave solvedary speci ¢ casedenotedoy the useof “the”. However, my motivationlies much
deeper In fact, thereis a deephiatusthat separateshe “The”-school-of-thoughtfrom the “A”-school-
of-thoughtin which respectrely the distinct conceptsof “con rmation” and“correlation” aretaken as
explanatoryparadigmdor perceptionsThe“The-School”: My sensatiorof touchis con rmation for my
visualsensatiorthathereis atable. The“A-School”: My sensatiorof touchin correlationwith my visual
sensatiorgenerateanexperiencenvhich | maydescribeby “hereis atable”.

| amrejectingthe THE-positionon epistemologicafjroundsfor in this way thewhole Problemof Cogni-
tion is safelyput away in one's own cognitive blind spot: evenits absenceanno longerbeseen.

Finally onemayrightly arguethatcognitive processedo not computewristwatchesor galaxiesput com-
pute at bestdescriptionsof suchentities. Thus| am yielding to this objectionand replacemy former
paraphrasey:

COGNITION  computingdescriptionf areality.

Neurophysiologistdhowever, will tell usthata descriptioncomputednonelevel of neuralactvi ty, saya
projectedmageontheretina,will be operatedn againon higherlevels,andsoon, wherebysomemotor
activity may be taken by an obsener asa “terminal description”,for instancethe utterance:“hereis a
table’®. Consequentlyl have to modify this paraphrasagainto read:

8MaturanaH. R., “Neurophysiologyof Cognition’ in Garvin,P.,, Cagnition: A Multiple View,. New York, SpartarPress,
pages3-23,1970.
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wherethe arrav turning backsuggestshis in nite recursionof descriptionsf descriptions.. etc. This
formulation hasthe adwantagethat one unknavn, namely “reality” is successfullyeliminated. Reality
appear®nly implicit asthe operationof recursve descriptionsMoreover, we maytake advantageof the
notionthatcomputingdescriptionss nothingelsebut computationsHence:

In summaryl proposdo interpretcognitive processeasnever endingrecursve processesf computation,
andl hopethatin thefollowing tour deforceof neurophysiology canmake thisinterpretatiortransparent.

Neuophysiolay

|. Evolution In orderthatthe principle of recursve computationis fully appreciatedsbeingtheunderly-

ing principleof all cognitive processes—wenof life itself, asoneof themostadvancedhinkersin biology

assuresne—it may be instructive to go backfor a momentto the mostelementary—ogsevolutionists
would say to very “early’—manifestationf this principle(6). Thesearethe “independenteffectors”,

or independensensory-motounits, foundin protozoaandmetazoadistributedover the surfaceof these
animals(Fig. 7). Thetriangularportionof this unit, protrudingwith its tip from the surface,is the sensory
part, the onion-shapegbortion the contractilemotor part. A changein the chemicalconcentratiorof an

agentin the immediatevicinity of the sensingtip, and“perceptible”by it, causesan instantaneouson-

tractionof this unit. Theresultingdisplacemenof this or any otherunit by changeof shapeof theanimal

or its locationmay; in turn, produceperceptiblechangesn the agent's concentratiorin the vicinity of

theseunitswhich, in turn, will causeheirinstantaneousontraction,?etcThus,we have therecursion:

Separatiorof the sitesof sensatiorandactionappearso have beenthe next evolutionarystep(Figure8).
The sensoryandmotororgansarenow connectedy thin laments, the “axons” (in essencelegenerated
muscle bers having losttheir contractility), which transmitthe sensors perturbationgo its effector, thus
giving riseto the conceptof a“signal”: seesomethinghere,actaccordinglythere.

Thecrucialstep,however, in the evolution of the complex organizationof themammaliarcentralnernous
system(CNS) appeardo be the appearancef an “internuncialneuron”,a cell sandwichedetweenhe
sensoryand the motor unit (Fig. 9). It is, in essencea sensorycell, but specializedso asto respond
only to auniversal‘agent”, namely the electricalactvity of the afferentaxonsterminatingin its vicinity.
Sinceits presentactiity may affectits subsequemntesponsiity, it introduceshe elementof computation
in theanimalkingdom,andgivestheseorganismshe astoundindatitudeof nontrivial behaiors. Having
oncedevelopedthe geneticcode for assemblingan internuncialneuron,to add the geneticcommand
“repeat”is asmallburdenindeed.Hence| believe, it is now easyto comprehendherapidproliferationof
theseneuronsalongadditionalverticallayerswith growing horizontalconnectiongo form thosecomplex
interconnectedtructuresve call “brains”.

Il. Neuon. The neuron,of which we have more thanten billion in our brain, is a highly specialized
singlecell with threeanatomicallydistinctfeatureqFig. 10): (a) the branch-like rami cations stretching
up andto the side,the “dendrites”; (b) the bulb in the centerhousingthe cell's nucleus the “cell body”;
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and(c), the“axon”, thesmooth ber stretchingdownward. Its variousbifurcationsterminateon dendrites
of another(but sometimegrecursiely] on the same)neuron. The samemembraneavhich envelopesthe

cell body forms also the tubular sheathfor dendritesand axon, and causeghe inside of the cell to be

electricallychagedagainsthe outsidewith aboutonetenthof avolt. If in thedendriticregionthischage

issufciently perturbedtheneuron res” andsendshisperturbatioralongits axongto theirterminations,
thesynapses.

lll. Transmission Sincetheseperturbationsareelectrical,they canbe picked up by “microprobes”,am-
plied andrecorded.Fig. 11 shavs threeexamplesof periodicdischagesfrom a touchreceptorunder
continuousstimulation,the low frequeng correspondingo a weak,the high frequeng to a strongstimu-
lus. Themagnitudeof thedischageis clearly everywherethe same the pulsefrequeny representinghe
stimulusintensity but the intensityonly.

IV. SynapseFig. 12 sketchesa synapticjunction. The afferentaxon(Ax), alongwhich the pulsestravel,
terminatesn anendbulb (EB) whichis separatedfom thespine(sp)of adendrite(D) of thetargetneuron
by a minutegap(sy), the “synapticgap” (Note the mary spinesthat causethe ruggedappearancef the
dendritesn Fig. 10). Thechemicalcompositionof the“transmittersubstances’lling thesynapticgapis
crucialin determiningheeffectanarriving pulsemayhave on theultimaterespons®f the neuron:under
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Figurel2

Figurel3

certaincircumstanceg mayproducean“inhibitory effect” (cancellatiorof anothersimultaneousharriv-
ing pulse);in othersa “facilitory effect” (augmentinganotherpulseto re the neuron). Consequently
the synapticgapcanbe seenasthe “micro-ernvironment” of a sensitve tip, the spine,andwith this inter-
pretationin mind we may comparehe sensitvity of the CNSto change®f theinternal ernvironment(the
sum-totalof all micro-ervironments)to thoseof the external environment(all sensoryreceptors).Since
thereareonly ahundredmillion sensoryeceptorsandaboutten-thousandillion synapses our nenous
systemwe are100,000timesmorereceptve to changesn our internalthanin our externalervironment.

V. Cortex. In orderthatonemaygetatleastsomeperspectie onthe organizationof the entiremachinery
thatcomputesall perceptualintellectualandemotionalexperiencesl have attached-ig. 13 which shows
magni ed a sectionof about2 squaremillimetersof a cat's cortex by a stainingmethodwhich stainsonly
cell bodyanddendritesandof thoseonly 1% of all neurongpresent.

Although you have to imaginethe mary connectionsamongtheseneuronsprovided by the (invisible)
axons,anda densityof packingthatis a hundredtimesthatshown, the computationapower of eventhis
very smallpartof abrainmaybe sensed.

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

9Sholl, D. A., TheOrganizationof the Cerebral Cortex, London,Methuen,1956.

Heinzvon Foerster On Constructinga Reality



Figurel4

re A is nearthefoot B (Fig. 14), the particlesof this re, which asyou know move with greatrapidity,
have the power to move the areaof the skin of this foot thatthey touch;andin this way drawing thelittle
thread,c, thatyou seeto beattachedtthe baseof toesandonthenerne, atthe sameinstantthey openthe
entranceof the pore,d, e, atwhich thislittle threadterminatesjust asby pulling oneendof acord,atthe
sametime onecauseshe bell to soundthathangsat the otherend®.

Now the entranceof the poreor little conduit,d, e, beingthusopenedthe animalspirits of the cavity F,
enterwithin andare carriedby it, partly into the musclesthat sene to withdraw this foot from the re,
partly into thosethat sene to turn the eyesandthe headto look atit, and partly into thosethat sere to
advancethe handsandto bendthewhole bodyto protectit.”

Note, however, that somebehaiorists of today still cling to the sameview with one differenceonly,
namely thatin the meantimeDescartes*animal spirit” hasgoneinto oblivion**.

VII. Computation Theretinaof vertebratesvith its associatechenoustissueis a typical caseof neural
computation.Fig. 15 is a schematiaepresentatioof a mammaliarretinaandits post-retinalnetwork.

Thelayerlabeled#1 representshe array of rodsandcones,andlayer#2 the bodiesandnuclei of these
cells. Layer#3identi es the generalregion wherethe axonsof the receptorssynapsewith the dendritic
rami cations of the “bipolar cells” (#4) which, in turn, synapsen layer #5 with the dendritesof the
ganglioncells (#6) whoseactvity is transmittedto deeperegionsof the brainvia their axonswhich are
bundledtogetherto form the optic nene (#7). Computatiortakesplacewithin the two layerslabeled#3

and#5, thatis, wherethe synapsearelocated.

As Maturanahasshown, it is therewherethe sensatiorf color andsomecluesasto form arecomputed?
Formcomputationtake thetwo-layeredperiodicnetwork of Fig. 16,theupperayerrepresentingeceptor

0pescartesR., L'Homme Paris, Angot, 1664. Reprintedin Ouevresde Descartes X|, Paris, Adam and Tannery pages
119-209,1957.

1skinner B. F., BeyondFreedomand Dignity, New York, Knopf, 1971.

2MaturanaH. R., “A Biological Theoryof Relatiistic Colour Codingin the PrimateRetina”, Arch. Biologiay Medicina
Exper, Suppl.No. 1, Soc.Biologia de Chile, SantiagoUniversidadde Chile, 1968.

Heinzvon Foerster On Constructinga Reality



Figurel5

cellssensitveto, say “light”. Eachof thesereceptorss connectedo threeneuronsn thelower (comput-
ing) layer, with two excitatory synapse®n the neurondirectly belonv (symbolizedby buttonsattachedo
the body),andwith oneinhibitory synapsd€symbolizedby a loop aroundthe tip) attachedo eachof the
two neuronsponeto the left andoneto theright. It is clearthatthe computinglayerwill not respondo
uniform light projectedon thereceptve layer, for thetwo excitatory stimuli on acomputemeuronwill be
exactly compensatetly the inhibitory signalscomingfrom the two lateralreceptors.This zero-response
will prevail understrongesandwealeststimulationaswell asto slow or rapidchange®f theillumination.
Thelegitimatequestionrmay now arise—*Whythis complex apparatushatdoesnt do athing?”

Considemow Fig. 17in whichanobstructionis placedn thelight pathilluminatingthelayerof receptors.
Again all neuronsof the lower layerwill remainsilent, exceptthe oneat the edgeof the obstruction for
it recevestwo excitatory signalsfrom the receptorabove, but only oneinhibitory signalfrom the sensor
to theleft. We now understandhe importantfunction of this net, for it computesary spatialvariationin
thevisual eld of this“eye”, independentf intensityof theambientight andits temporalvariations,and
independendf placeandextensionof theobstruction.

Althoughall operationsnvolvedin this computatiorareelementarythe organizationof theseoperations
allowsusto appreciat@ principleof considerablelepth,namely thatof thecomputatiorof abstractshere
thenotionof “edge”.

| hopethatthis simpleexampleis sufcient to suggesto you the possibility of generalizinghis principle
in the sensethat “computation” canbe seenon at leasttwo levels, namely (a) the operationsactually
performedand(b) the organizationof theseoperationgepresentetiereby the structureof the nere net.
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Figurel8

In computedanguagga) would againbe associateavith “operations”,but (b) with the“program”. As we
shallseelater, in “biological computers’'the programshemselesmaybe computedon. This leadsto the
conceptof “meta-programs”;meta-meta-programs’.,.. etc. This, of course|s the consequencef the
inherentrecursve organizationof thosesystems.

VIII. Closute. By attendingo all theneurophysiologicgbieceswe mayhave lostthe perspectiethatsees
anorganismasa functioningwhole. In Fig. 181 have putthesepiecegogetherin their functionalcontext.
TheblacksquaresgabeledN represenbundlesof neuronghatsynapsevith neuronof otherbundlesover
the (synaptic)gapsindicatedby the spacedetweensquares.The sensorysurface(SS) of the organism
is to the left, its motor surface (MS) to the right, and the neuropituitary(NP) the strongly innenated
mastegland that regulatedthe entire endocrinalsystem,is the stippledlower boundaryof the array of
squares.Nerve impulsestraveling horizontally (from left to right) ultimately act on the motor surface
(MS) whosechangegmovementsareimmediatelysensedy the sensorysurface(SS),assuggestedby
the“external” pathway following the arrows. Impulsestraveling vertically (from top to bottom)stimulate
theneuropituitary(NP) whoseactvity releasesteroidsnto the synapticgaps,assuggestetby thewiggly
terminationsf thelinesfollowing thearrav, andthusmodify themodusoperandiof all synaptigunctures,
hencethe modusoperandi of the systemasa whole. Note the doubleclosureof the systemwhich now
recursvely operatesiot only on whatit “sees”but onits operatorsaswell. In orderto make this twofold
closureeven more apparent proposeto wrap the diagramof Fig. 18 aroundits two axesof circular
symmetryuntil thearti cial boundarieslisappeaandthetorus(doughnutlasin Fig. 19is obtained Here
the“synapticgap” betweerthe motorandsensorysurfacess the striatedmeridianin thefront centey the
neuropituitarythe stippledequator This, | submit,is the functionalorganizationof aliving organismin a
(dough)nutshell. (Fig. 19)

The computationswithin this torus are subjectto a non-trivial constraint,and this is expressedn the
Postulateof Cognitve Homeostasis:

Thenenoussystemis organizedor organizedtself) sothatit computesa stablereality.

This postulatestipulates'autonomy”,i.e., “self regulation”, for every living organism.Sincethe semantic
structureof nounswith pre x “self-” becomesnoretransparentvhenthis pre x is replacedoy the noun,
“autonomy” becomessynorymouswith “regulation of regulation”. This is preciselywhat the doubly
closedrecursvely computingtorusdoes:it regulatests own regulation.
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Figurel9

Signi cance It may be strangein timeslik e theseto stipulateautonomyfor autonomyimpliesresponsi-
bility: If I amtheonly onewhodecideshow | actthenl amresponsibldéor my action. Sincetherule of the
mostpopulargameplayedtodayis to make someonelseresponsibldor my acts—thenameof the game
is “heteronomy”—myargumentsmalke, | understanda mostunpopularclaim. Oneway of sweepingt
undertherug s to dismissit asjustanotherattemptto rescuée‘solipsism”, theview thatthis world is only
in my imaginationandthe only reality is theimagining“l”. Indeedthatwaspreciselywhat!l wassaying
before,but | wastalking only abouta singleorganism.The situationis quite differentwhentherearetwo,
asl shalldemonstratevith the aid of the gentlemarwith the bowler hat(Fig. 20).

Figure20
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He insiststhathe is the solereality, while everythingelseappear®nly in hisimagination.How ever, he

cannotdery thathisimaginaryuniverseis populatedwith apparitionghatarenot unlike himself. Hence,
he hasto conceddhatthey themselesmayinsistthatthey arethe solereality andeverythingelseis only

aconcoctiornof theirimagination.In thatcasetheirimaginaryuniversewill bepopulatedvith apparitions,
oneof which maybehe,the gentlemarwith the bowler hat.

Accordingto the Principleof Relatvity whichrejectsa hypothesisvhenit doesnotholdfor two instances
together althoughit holdsfor eachinstanceseparatelyEarthlingsand Venusiangnay be consistenin
claimingto bein thecenterof theuniverse pbut their claimsfall to piecesf they should,evergettogether),
the solipsisticclaim falls to pieceswhenbesideane | inventanotherautonomou®rganism.However, it
shouldbe notedthatsincethe Principleof Relatvity is not alogical necessitynor is it a propositionthat
canbe provento beeithertrue or false,the crucial pointto be recognizechereis thatl amfreeto choose
eitherto adoptthis principleor to rejectit. If | rejectit, | amthe centerof the universe my reality aremy
dreamsandmy nightmaresmy languagas monologueandmy logic mono-logic.If | adoptit, neitherme
nor the othercanbethe centerof the universe.As in the heliocentricsystem theremustbe a third thatis
thecentralreferencelt is therelationbetweenThouandl, andthisrelationis IDENTITY:

Reality= Community

Whatarethe consequencesf all thisin ethicsandaesthetics?
TheEthical Impemtive Act alwayssoasto increasehe numberof choices.

TheAestheticalmpemtive If you desireto seelearnhow to act.
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