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Abstract It is shown how soruc aslru:ts of comciormnoss (:alr l;c stnrr:trucrl urathcrnat-
ically. This is basc<l ou the catcgory of artificial perccptiou.s, that ha^s becrr corrccivcd
turd proposexl as an irrfrastruetule for a thcory of AI prot,csscs, turd as a high lcvel AI
alchitectrue.' This unified thcrolctical standard lras ah'etly bcr:rr showrr to eirable a rigor-
ous interrry-eaving and inte'gratiou of rarioru intclligcnt capabilitics, and in this paper self
reflective capabilities iu'e also irrtegratcd irrto the scherua.
Keywords: I\'Iatheruatical foundations of ,tr, Cognitivc ruode'lliug, High-levc'l llcrt:cp[1611,
Consciousness, Anticipation.

1 Introduction

A gcncral cont:ept of intelligcnt tucn[al activitics, r.rarucly tlxr rrliud, tlllit,ally inl'olvcs
the complex organized wholc of thc individual's adal>tivc activity, inchrding pcx:civirrg,
reruenrbering, considering, couccivirrg, rcasoning, cviiluatinl;, dct:i<ling, arrcl thc like. Thesc
ar:tivities are, in philosophical tcrruirrology, intcntiornl: thcy arc about tlrc thirrgs that arc
being pcrceive'd, considcred, ctt:. fl11;sç alc, filst arxl forcruost, c'ntitics iu thc cnviroruucrrt
of thc agent rurder coruideratiou. Coruruon exaruples are plrysicarl objcr:ts, other ageuts.
physical and social events that involvc those, ctc. Wheu oue conceives of a merrtall.y
capable AI artefact, tlræe would ofterr be the issucs corrsidcrcrl.

We are still far froru achieving thc loug tcnu goal of dcsiguiug a functioning artificial
'mind' tlrat integrates the above (partial) list of activitits. However, various restxlrch iu
AI and related disciplinæ has benen able to oonc up *'ith proposed architectules and with
analys€s of ruluireruents for divers æptrts of such architq;tu'trs (Slomarr, 2000 [20]). Let
rrs rrc thcse preliminary stcps a.s ba-sis fcrr a {igrucnt of tlu: innrginabion, aml a.ssrrnrc for a
tuotucnt tlr.at all this has ult,o,ly bcur ruc-xlclletl. This papcr is about what would happerr
if a modelled 'ruind' werc able to bentl its pcrt:eptive binoculars to view etscf æ thc
object that is beirrg perceived, evaluaterl, etr:. I\'[ore sper:ifically, iIr^steatl of rclatirrg to x
which is an extemal entity the'ruind' is allowed to substitute its owrr workings for x. A
few questiorrs that coul<l be asked:
1. Under what t:onditions is this theoretit:ally valid.
2. Is this an interesting topic of stucly: would it extend or iruprovc agcut's eapabilities?
3. Wrat natural nind capabilities does this calrtulc, if at all.
4. To what extent could the capability to rclatc to its owrr self as an objoet, be pherroru-
cnally grounderl iu an Rt artefaet.
5. Wlrat would be the liruitatiorrs or undæired efit*ts of that.

To grountl the discus.sion, we takc off froru a urathcruatical ruodcl of uental plocessqs
that has bccn proposc<l arrd disuus.scd in a scri<s of publicatiorrs. To ruakc thc discussion
sorucwhat self conbaiucrl, the futt pau't of the paper providæ an outline of tlmt ruodel,
and briefly sunrruanizes tlrc published lcsults. It will be eugued tlut thc ruatheruatit:al
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categorical schLyua cul)turcs iùl csscncc of rucntal tr)r'o(:usscs, 1'ct it avoids ovcr deterruinisu
aur<I is hence geircrarl crrough. for its pu{posc. (Nlatheruaticarl category thoory typically
provides forrual tools to captu'e a strucrttrral csscrr(:c witlrout bcing over dcteuuinistic.)
The second part of the paper constitutcs its nove'l irulrort, integrating into the hig| level
catcgorical scherua thc self referencc that has ber:rr proposerl above, ofrcring terrtative
auswtlrs to the qucsbions a^skcd.. As is sourctimcs thc cesc with ucw rcscarch tlircttions,
arswers are also providu-l to <lutstiorrs that havc rrot bL\.,u irriiially raisc<I. Thc capability
to perccive onc's own rucntal apl)arattË, hcre and now, rcquircs conccl-rtualizatiorrs that
can also bc al4rlictl to othcr ruil.ds alurl slat,ts of urirxl, arxl to prot:tlsstx; otl,tx th.an tlrt:
crurcut ones. Sonre fallout capabilitirs will lxr discusscd as well.

1.1 A word about corrsciousness

Allcady in 1690, Jolur Lockc defincd consciorrsncss as 'làr: peru'yttion, of what passes in
a ntan's owrt, nûttd'. Hence, if one ruturagcs to plovidc au artificial artefact with the
possibility to pereeivc, cognizc, arxl t:ruotc aborrt its owrr pcrt:cptual crognitive an<I afiective
proce&ses, this ruay perhaps approxiruate soruo it^spcrts of coruciorrsness.

Consciotuncss has becr.r au intriguing tolric iu lrldlosophy for ccntulitx, but only later
irr the 20th ccntru'y it startcd to tlraw attcntion also froru psychologists, neuroscientists,
evolutiorr biologists, antl AI rosoarchers. In thc last dct:adc it has finally bex:ome a le-
gitiruate topic of scicntifie irrquiry, with eur crcr irrerasing rnuubcr of publications. It is
bc1'orrd the scope of this 1>aper to tlo jrrstiee to hhc last bo<ly of bhought and resealch
about corrsciousrress. A ruethotlical sru'vey of a variety of approaclræ to consciousness
is providcd by Scagcr' (1999 [23]). A ;nrtial list of il-flrrcutial motleirr thcorists of con-
sciousrress should irrelutle, aruong ruarry others, Ned Blot:k, David Chahuers, Patricia and
Paul Churchland, Robert Cruruuins, Autouio Damasio, Douald Davidson, I\Iartin Davier,
Darricl Dcrrrrctt, Ftc<l Drctskr:, Gcraltl Edchuarr, Oweir Flanagarr, .Icrry Fodor, Williaru
Lyt;arr, Colin lr'IcGinn, Thoura^s Nagel, .Iolur Scarlc, anrl David Roscnthal.

The pulpose ofthis study is ncither to say rrew things, that have rrot been said befote,
about consciousness, rror is it to argrre with, or arbitrate betrvecn, different theoriea of
corr.sciousnqss. Tlre pru'pose is to show how sorue irsper.lts of consciotuntss carr bt: rigorously
dcscrille'tl urathernatically. Bcsitltx; an cvcrrtual t:ontribution of ruathcruatical uodelling to
scielrtilie wrderstanclirrg, this is a proposal for a high level, coruputational, AI axcldt$ture
for agcnts with percqrtual alf<rctivt: an<l cogrritivc t:t4xrbilitics, that frrrl,lrt.r <lclrloys thc
stuue basic capabilitirs to sullport aslrtrts of cousciorrsut.r*s.

Consciousn<ss is not a spcr:ilic phcuoruc'norr. It is soruebiurt-r.s said to bc a clu,ster con-
<:cyt. It eûcorupa.sses a broal slleutrwu of ruerrtal capabilitirx, arrd there is rro gerreral
agreeruent trbout its dclinitiou and boundariqs. Valious rcsearchers havc cotuc up with
valuable distincôions: plreiroruenal conseiousntss, stif cousciousiu(ss, acctss consc,iousness,
uronitoring consciousrrss, highei.order thought, au<l morc. Sorue of those will be ruen-
tionetl in context. The ontology tlrat eiuerges fronr the scherua that is dæcribed iu this

I)aper often scr:urs to agree w'ith thc discriurinabions of Daruasio (1999 [15]), antl this will
also be poirrtcd out at the relel'ant 1>lat:es.
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Fig. 1: A pert:t:ptiorr st:lxmra

2 ISAAC - An Integrated Scherna of Affective Artificial Cogni-
tion

Tlrc sc'lrcrrra is base<-l ou a urathenratit:al (:at(Bor)' of puccpt.ions, ruxl pctrttpt'iort, rrtor'-

Ttltisttls fonualizc cogrritivc proccssr:s as trarrsitiorrs bctwctrrr pcrccptiorr.s. A tategoric:al
approach deals with th.e natulc aml tlrc structtuc of pLoccsscs aud rrot with particular
irrstantiatiorrs. Slxrilic serrory-ruotor-utrual alrparttuscs, t:oupltxl with spet:ifir: etrvitorr-
lncuts, should plovi<lc sul.rstitutiou irlstaucr:s of ilrc scheura. Conuuutativc diagrauu olfer
'cilt:rrit blucllrirrts'l for variorrs pcrceptrrai cogrrit,ive arrtl affcctivc l)rocrxJsqs.

This sertiou sruuualizrs ruaterial fi'oru rel'ererrces [3] tluough [9], eat:h fonualizirrg a
rlifiererrt kirxl of pert:eptual r:ogrritivt: l)ro(r(rss. These ref'ercnctx l>rovi<lt: exaruplts and
discræs the prethc'ory, the tlxrcrry', and thc rrsrrlts, at bngth, u'hilc the s1'nopsis below is
rather skelctal.

2.1 Basic Constructs

Tlre irrtcrrtional rratrur: of uriud l)ro(:csscs, Llrcî uboutrtcss, is bchirrtl tLc dccisiou to boot-
stralr tlre selreiua froru perccptiou. Allcrr (1998 [2]), f<rr irrsta,rrcc, says: 'a pru'u1u'i.sitc for
sorrtctltirtg to bc irttcllige.rtt is tlmt'it ltus sorrt.c uu11 of setuirtrt tlt.c ertLtùvrnrtcrtt ttrtd then.
:;tllccting urul perfonrt,irtg uct'iorls. ' High lcvcl pcrt:clltiou is thcn l.rascrl ott a classificatiou
of cuviroruuent:rl chunks.

A Perce:ptiort, is dclincd as tr }tu1ilc P: (t,T,g) whcre t a;rxll are fuiitc, disjoint

scbs, arrd p is a 3-valued prcdi*rtc g: t xI - {t,f, u}. Tlrc sct t lcpreseuts thc perccivcd

ervironruerrt, world elenrcrû.s (w-clenterû"s) tlui coLrld lreriralrs be discerrtetl lry a pereeiving

artelâct. Tlre set Z starrds for the irrterrral labels of regrrlarities irr w-eletuerrts, untlt'otations
that have a subja:tive existence that is dependent orr the perceiving artef'act. The $rnrlued
Perc.elttion. Predi,cate (p-predicnte) p relates w-cle.ruerrts and t'orurotations. At:trtal sets 6
awJ.T, and the values of 4), once givcrr, providc a substitrrtiorr instarrc:e, captuling the
intuition that perceptions and scnsatiorrs arc iru-ratc to artc'facts, and dcl'clop relativc
to thcir cnviroruucnts. Thc P's starrd for erubodicd pcrccptual statcs. Thcy arc higlr-

lcvcl, happerring at ancl above thc lcvel of rccogrrition of cohcsive wholcs, wherc consciotts

<;oglizarrcc bcgirrs to play a rolc. Pcrecptiorr^s vary a(iross agcrrts, situatiorr^s, ctt:. Thc
diagraruruatic tlcscriptiorr of a perccption ç'ill bc ba,scd on figtu'e 1: An oral dcsigrratcs a

set of w-eleùerrts, a circle designates a set of coilnotations, arrd the corurccting thiu linc

replesents sonre plcdicative t;orurection p bctwccn thc two.
Be[avioru at the level of this tlcfirftion was introtluce{ in (Arzi-Gon)zarowski' 1998

[5]). Typicallg it has to do with survirability. It r:onsisbs of eiuotive rraetions that are

conju'al by perception, providing for agents that can not only passively petceive, but also

rutporrd and interact with the enviroruuent. In (object orientcrl) prograruruing terruinol-

ogy: for every courotatiorr o € Z arrd w-eleruent w e. t, the coubination of cr, w, arrd
g(w,u) could send a rue.ssage bo an object Meiltods that arc uctiuatd by these nessages

"ffr. t*"u""f"S, 
" 

fr"*"-.a f. æuau and lteyes (f994 [21]), who suggest that categorical

corrstructs provide bLueprinls fior the design of cogrritive activities.
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Fig. 2: A trmuitiou betweçu two perccptions

ale the reaetions that a'e assot'iabcd with pcrrcpbion, antl tlrcy arc llart of tlrc tlcfirritiorr
of P. This forrualisru is ruost typicallv lequirc'rl to capturc wircd rcar:tive physical bc.
haviotu' of srrrviral (like sclf tlcfcncc, foorl constuuptiou, rcprorltx:tion). All agrce tlrat
this is the evolutionaly origin of hlrc eurntion^s of biok4ical ageuts. However, orrce the
'r:ircttitry' lor rt:atrtions is provirltxl. it nray st:rve acti<xr t<xnlern:its lreyond fiur<laruerrtal
urges. Researchers of biologirral evolution use the tertn exaptotions lor noveltie.s that arise
a"s fcattues acqrdrcd irr onc contcxt, lrcfols 1,,r1tr* cooptul in a <lifferent orxr (Goulrl and
Vrln, 1982 [19]). A wirirrg t:oultl 'exapt' by bcirrg corurecLcrl lo ongtlûng that, t.lte art"efact
is copable of doiry1. For exiuuple, irr agerrts that featru'e ureruory or ratioual capabilititx;,
reactiorrs could lrc wirer.l to rrp<labe or retrieval of data ntent,bers, delegation of ta^sks to
higher-level rational procerlurts. etc. 'Think!' or 'Rerucruber!' r:ould corue to be wired,
not jrrst 'Fight!' or 'Fliglrt!'.

Tlre flow lretweeu 1;ercelrtion^s is fouualizetl b.y plrorphisun (petrnptiorr, rntn1tltisrtts):
If Pr: (€t,Tt,gt) alrd P2 : (tyT2, Oz) are pcrccptions, thcn a l>ruorphisru h : P1 -+ p,

delines tlre set urappirrg.s: h: t1- t'2, h :11+ Tzt anxl No lllur is thc stntt:ttuc l)roser'-
vatiorr corrdition: for all rv irr.1, o irr 7, whenel'er gr(rv,a) f u their gz(/r(w),/l(<r)) :
gr(w, tr). Thc diagrauuutrtit' dc'sr:r'iptiou of pruorlrhisru trarrsitious t:onsists of thick lirxs
between sets of w-e'lcmetrts iuxl bc'twccn scts of corurotatioru as in figtuc 2. Evcry sueh
trarrsitiorr ccur be factorizcrl into arr ûû,t:r7netutioru, which cousists of thc ruapllirrg, of corr-
uobatiorrs, and a literul utuktgy, which cousists of the ruapping of cuviroruucnts. They
caur be coruposed in any order. TLat is why tlrcy a,rc showrr a^s parallcls iu the figurc.
Wrcbhe'r bhe intcrprctatiorr (or thc litetal arelogl') is tLe lirst or the set:oud far:tor ellct:ts
tlrc nrctupltoricul pen:cyttiorr, that is geireratcd iu bcbwcuu. Thc tlottsl rliagonals in ligrlre
2 dcsigrrate thc ructallhorical pcrceptious tha,t lrleinl ccxurotatir-rrr^s froru orrc pcn;cptiorr
with w-elcruerrts frour anothcr.

A brausibion from Pl to ?2 rua1'als<.r iuvolvc a t'Laugc iu soruc, or trll, r'cat:l,ioru, fcatur'-
irrg a changl of ruood clr trttiturlc. l\Iorcovcr, siut:c a rcat:tiorr t:mrltl lrc wirtxl t,o alrything
tlrat tlre artcfact is capable of tloing, this mtr.l' also be t,lrc w:titrution of u p-tttotplùstrt;
pcrcciviug soructhing iu the euviromucut cau bc rvirerl to au inbcural trausitiou. Au ex-
arrrple transitiorr nray ocurr whelr an age.rrt 1>crt:eives horr tlrc tlliromuent, rcsl>orxls to
onc of its bchavi<luls, arrd it is irupcllcrl tcl urdergcl arr irrtcrnal transitiorr to a ruoclificrl
perccptual state that featurcs that bdraviour reinforcerl (or rucllou'cd) accortling to thc

lrerceived resporne.
Composition and the identity are <letined lly tlrosc of set mqrpings. A tlreoreru shows

tlrat perceptions with pruorphisurs makc a nrattreruatir:al category, tlesignated Prc, pro-
virling a well developed infrastrrrctrue for a nrathematir:al tlrr:clry.

lnterpretnti(rn
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Fig. 3: Doolcan Rcplcscl[atiou GcrrL{'atiol

2.2 Higher Level Constructs

Boolean constructs werc applicd to liuthor tler'clo1.r a thcor';'. Figurativcly, thc 'planc' that
is showrr in figure 2 is going to scrve as a'base'fot u conuuutativc diagraru tlnrt looks
like a 'box'. Thc consbruction of tlvo 'suprporting walls' will bc sunuuafizcd now.

Analytic organizations of groruxlcd rcprscrrtatiorLs wcrc forrutrlizsl lry Book'ut, qeîL(r'

ati,ons, that closc scts of corurobatiorrs uudcr Bnolctur opcLahions, t;r'lnsfortuitrg lJrc Z's into
Boolean algebras. (With an ade<1uate lestri(:tiou of the 3 r'aluctl l>plcdicertc lbr thcse pcr'-
ceptions.) P-ruorphisru trausitioru a,rc theu btrsc<.I ou Boolcau houroruorplisrus bctwccn
corurotations, capturing acutc, structurc aligriug, iutcrprctatior$. Catc'gory thcorctical
nattu'al transformations systcmatizcrl thc tlarsitions irrto pcrcqrtiorrs that fcatrrrc the
Boolean property. A Boolerr corubination of corrrrotatiorrs is irrtcrprctable a^s a logical
formula, so that higher-levcl reasoning moduls could takc this represeutation as input. It
follows tllat thc corrcretcncss of thc basir: pcrt:cptual a1>paratus is ruar-ricrl with thc powors
of abstraction and the rational capabilities of thc highcr-lcvcl apparatus. Thc trarrsition
is schenratized in figure 3, lvhcrc thc Boolcan sct of corurotatiorrs is tol4rcd with a dia-
ruond. The arrow ruarked armlyze dtsigrratts thc natural trarrsforruation2. Evcrythiug
here pertains to a single environrucut (thc oval). The discussion will bc extcrrdcd latcr to
ruore enviloruuents.

The iruport of thc Booleau corrstruct to bchavioul arc urore advarrccd lcvcls of au-
tonoruy and t:ontrol. Boolcan corubinations of perccptual coustitucnts arc thcruselvc's
perceptual constituents, that carr bc wire'tl to rcac;tions, as iu siruple pcrccptiorrs. A possi-
bility follows to couple arbitralily coruplcx corubinatiorrs of pcrcclrbual (:orrstituents lvith
whatcver actions, overt as well es irrtrovcrt, that thc ageirt cam cffcrr-t. The ruost obviou-s
application is an autonoruous regulatorl' control of eruotional couflicts: A eourplcx ttoru-
biuation of perceptual constituerrts ruay cvcu.tually be wiled to a comlllex corubinatiou
of conflicting reactiors. This calls for rcgulatory t;onbrol tlut shoultl be collocatcd at
the 'junction' of the wirings. The lattice structulc of Boolearr closurq; providæ natural
junction collocations for such ç'ired t:outrol. Exauple rcactiorrs to couflicts: r'tul awa)'
to avoid the conflict, or trarrsit to a statc of ruirnl with rro t:orr{lict ('sou gralxs'), ctc.
(Being a uon-trivial possession, intcgrative regulatory corrtrol coultl bc lo.st, either because
some tJ4)es of eruotiors (e.g. roruamtic attractiorr in hunrans) ruay resist being subdued

to reg'ulatory conùrol, or berause systerrs may uot be ablc to cope coruputationally with

arbitrarily coruplex Boolcan corubirration^s of perceptual eoustituents. This could rtxult

in a (partial or total) derailiug of attcntion and control.)
The generating arrow of ligruc 3 is a usclul 'wall sulrport'. If therc exists a siruplc

path (irrtcrpretatiorr, corruururication) bctwcx:n two pcrccptions, iùs irr ligruc 2, thcu this

2'I'he two canonical Boolean closures will lrc outlirred in section 2.4
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Fig. 4: Two Booleau represerrtatiorrs with inte,4rre.tations

path is pr<scrvul also after thc rtsper:tivc Booluur geircratiorrs takc placc, and can be
extcnded tô a Boolean-structur-c-prcsetving-path bctwæn the gcncratcd reprcsentations.
This property is ruatheruatically warrarrted by the rratural traursfornratiorr. The underlyiug
t:omruutative diaglaru is sllown in figurc 4: A path fronr thc lowcr lcft circle to the
upper riglrt tliaruoud caur be cfiected in c'ither oue of two possible ways: Olc coultl first
gcneratc a ruental reprcsentation aud thcu follow with a structured iutcrpretation, or,
alterrratively, onc could fu'st follow tr siruçrle iuterpretation betw<xln basic perceptions,
artd then g'eneratc a struc:ttued rucntal rcprcscntation that is bascd on thc interpretation.
This systeruatiztx the irrterrclation betwer.rrr analyticaû and iuterpretive (corurururicative,
learning) capbilities. (As state<i by Barr arrd Wells (1995 [11]), corruuutative diagrarus
'are'the categorist's woy of erpressing quotions'.)

A salient property of the prcrnises is the syn:metry between t, the environment, and
Z, the representation. Flom a purely tec.hnical, context free, point of view, the roles that
a \4.elcuent and a connotation play in thc de,liuitions are interchangeable. Tlis dual-
ity bas the teclurical conscquence that any r:onstruct or theorem that is established for
t:orurotations (w-eleruents) can autou.ratically be appliexl to w-eleruents (connotations),
urutatis ruutandis. The duality wers applietl to support a stN:ond wall that factx the wall
li'oru figure 4. A formalization of creative-iruaginative processes is surnmarized in tigure
5, which is dual to figure 4: it was technically based on mathematical results that were
a<:hieved lry sweeping the roles of t and of Z. However, the cognitive proce,sses that are
forrualizc<l lrere are differeut. Irr perceptions with atn<niued, Baolenrr. erwironnænts llte
sets of w-clerueuts are Boolean algebras, providing an adequate furternal conception of
corubinatiorrs of siruiles arrd exarupkx froru the actual enviroruuent. (Boolean environ-
ruents are designated here by an ol,al topped wiùh a diaruond.) This sets a ba.sis for a
planned perceptual-cognitive ruaLipulatiorr oferwironruents, for the creative inragination
alrd r-igorons plaruring of designs. Tr'ansibions betrveen perceptioru of conce'ived Boolean
enviroruuents are based on Booleôn honoruorllhisnrs of w-elerucnts. They systenratize
structtu'e aliguing analogics.

Siruilar to the geueration of ruental reprtsentations, natural transfornrations forrual-
izcd ruethodical cognitive transitions froru authentic euviroruuents to corrceivetl cnvirorr-
rucuts. A Booleau courbination of w-clurents is interpretable as a logical formula that
carr bc further applied for a rigorous cffcttive plarr to n:alize the conceived desigrr, narry-
iug creative iruaginative capabilitics with higher-levcl rationarl capabilities. Thc natulal
trarrsforruation warrarrts tlrat, if thcrc exists a siruplc arralogy path betwe.err two errvi-
rQtulrcltts, bhcrr bhis path is prc'scrvctl by bhc rcspccbivc Boolean genoratior$, ancl cur
bc cxtcndcd to a Boolearr-structurLLprcscrving-path betwer:rr the conceivcrl cnvirorunents.
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Fig. 5: Corrt:civcrl eirviroruut:uts rvith tutalogics

T[is is thc iurport of thc rliagraru iu figruc 5, that interrclatcs l;ctçrrcrr atralogies aud crc'

ativc {eign. A trarrsitiorr floru the lowcr left oval to the u14rcr right oval (witb. diaruorrd)

carr bc cllectetl irr cither onc of two r-t4's: Onc coukl lirst cout'eivc of a dcsign arxl tlterr

follow rvit[ a structule aligrriug arralog;i to arrotlrt:r rlesigrr, or, altenrativell', one t;otrltl

first follow a siruplc analog;r bctwc--n cxisting ctn'irorrtucuts, trutl thclr t:otttrcivc of a desigrr

t[at is a['ætly bascr-l on thc auzr,logical crrviloruucrrt. Evcrythirrg herc pcrtairrs to a sirrglc

sct tlf t:omrot,ntions (tlrc t'irtle), ilutl thc tlist'rtssiort will lxr t:xtcntltxl lirtcr.

Elrotiols that, art.: t:oujrucrl l-r1' pcrr:cptions of t'ont'ciu:tl crtvirotuucuts s1'stcmatizc
'w[at if' e111otiorrs, perhaps likc l,Le tlcliberativc laycr irr (Sloruarr, 2000 [25]). Au agerrt

t[at pcrccircs tur tiltcrior cuvirorutrerrt \a'ith its iuttcl eyr uray [t:at,tut: emotivc rcat:tions
'as if' t[e iruagincrl situatiorr wa^s rcal. Exaruple ctuotiolrs of this typc could bc arrxictics

t|at ar.c causc<l b1' antit:ipatiou of failule ol' su('r'css tlrat have uot haPPcrrcd yet, but arc

irrtcrnally' corrccivcd.
A coruposite diagraurr orrerÉlcs: a l;ase witL two walls tleliuc a box, a wholc that

ftstrues ruore t|a1 t[c sorue of its ptu'ts. By tigulc 0, a 'top t;ovcl" t;u'o 'sidc rvalls', arrd

two 'diagolal u'nlls' irrt: Élutined, rcprcscuting rtrorc l)cl'r:cl)bioru aud cotupositc trarsitious,

all of w[ic[ can bc irrtcrwovr:rr in a sirrgle arcldtccttu'c. Thc t;atcgorv tlrtx-rrctical cquatiorral

rctrsoliug affirrns that thc corupositc box coruruutc;. Variotts AI t:ogrrifirre Lalbilitntions a'e

irrtcrrclatcrl in a widcr tlrenoretical fi'iuucwork, with a high-levcl bluepriut for arr irrtegratcd

t:onrpubatioual fraurework.
Each onc of the uew walls describes a tra,usitiou that takes a basitr Pcrceptiou (Pl aud

22, respccti!-cly) antl sctrles it up to a t:ogrritivc pcrt:cption u'ith (r,) Arurlytic ruental re1>

r.cseltatio1, (ar) A perceptivc irurer c1'e that t:onccivcs of potential tlesigrrs and plans, (zzz)

Iltcgrative emotional capabilities with autorrornous rc'gttlatory control that are enablcd

by thc Booltnn structure as dcsc:ribcd bcforc. Thc top covcr dcscribcs an interprctivc and

analogical transition that applics Boolcarr horuomorl>hislus to align the tlucc high level

capabilitics that were just describc<i.
Diagolals aud diagonal walls of thc diagrarn havc to tlo with ructaPhorical pcrc:cptions,

tfuat werc stuciicrl in (Arzi-Gorrczarowski, 1999 [7]) (rrot all diagonals arr: s]rown in the

ûgrue). Eruotious tfuat are conjurcrl by ruetaphorical perceptioltsi ruôy feature intertsting

{iscrellancies: A pe,rceptual state that asso<;iatts lrt:twtrn arr etrvirotuuetrt froru oue per-

ception and corurotations from another perception, could bring about emotive reactions

tlrat have develope{ re.lative to anothe.r li,tem,l cottt'<xt. They corrlcl be qrrite rurexl>cttal

in the borrowed context.

2.3 Mental Activity

A1 agent could be initialized to a 'genetic inherittxl' perccptual state that featu'es es.sential

corrstituents: it attel{s to envirorunerrtal ehunks (t) and to discriurinations (Z) that are
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vitally eonsequeutial to its srrrviral, antl its urgcs arxl irul;ulses are thosc t,hat will make
it erxlure. Wren thc initial pcrtelltual state leixls itsclf to t:otrtirrgent transitiorrs, adapts
aml ruatrues, thcrr perhaps it t:amc with a t:crtain 'rucutallity'. Thc various types of
actiou tcudeircitx that are fouualizL\l b1' thc prol)osLd scheiua are cataloguerl irr (Arzi-
Gonr:zarowski, 2000 [9]), wit]r ctr4rhasis on rnotiwrtious to a(:tually 1>c'rforur thc trarsitiorrs
that thc diagranr affords.

Bæides tlansitioru tlut happcr as (cither rationally plarurcrl, or instinctivc) rcactious
to pert;civcd corstitueuts, sotuc'ruin<l vitality'coulcl also have its roots in action tcndcn-
eiæ that are not rclated to the agcut's relatiorrship with its cnviroruucrrt. Pcrseverant
cxplorer t14rw, for exaurple, arc often motivatcrl by pcrsistcnt drivcs. Behaviour could
hcuec be driven by irr.tcrrral rucutal agcrr<Ias as wcll. Thcsc are captured ns built-iu drivts
towards athactor statcs (altlmrgh onc luav uevcl really get to the attractor state)3. A for-
uralizatiorr of such states is basetl on categorit:al 'teuninal obju:ts', that will be presented
irr tlre next srrtion.

2.4 Boundaries of the Schema

À,{atheruatical tools that ale aflorded by thc r:atc'gorit:al forrualisru may læ crul>loycrd to
systematize rnore intuitious aborrt the t:onfinqs of ruinds arrd irrtelligcnt:c. trVhcthcr the cir-
cuit box is boundcd froru various <lircr:tions is thc category thcorctical l'crsiolr of<lucstions
regarding boundary conditions orr cqrrations.

2.1.1 Corubinatorial Bowrds

In the gcrrertù case, pmorphisrus add new eorstitucnts (the cxccptioru are ruergcrs of
sJ.nonyru constituents). Hcnce, a siruple type of bouxl tlut ruay be considercd is ou thc
nulrber of tlifferent constituenbs. lFlonr thc corubinatorieù point of view, thc bourtl ou tlrt:
ûutrber lZl of connotations are 0 < lzl < 2lrl çor a giverr 6 (i.e. thc porsible subsets of w-
eleruents eircumscribe the discrirnirratious that orre ruay ruake). Dually 0 < ltl <2lxl tor
a given Z (i.e. the pmsible subsets of corurotation^s circuurscribe the <listirrct w-eleruents
that one may conceive of). These arc oln'ious borrrrds aloug thc dircr:tion of the arron's.

The category the.orctical version of stating that 'onc carurot gct auy fu'ther than
tlrat' is to show that rur objtrt in a category (a pcrccptiorr it Prc) is tennirml The
Total Uniuersul Percepti.on of €,Ur: (€,2€,e), with 2ltl corulotations, has the existence
property of (arrows luxling to) a teuuinal obia:t, and this larca terruinal objett is unique

3Â sirnilar idea is o[Gred by the dyrramical systerrrs starrcc irr coguitive scierxn.
4Tlte utri<luettcrrs propcrty o[ (antrvs lca<lilg to) this percr:ption dtæs lot lnltl il tlrr: j]-ralued <:oul.ext.
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up to isoruorphisru. TLis pcrccption La^s thc ruost cvolvcrl r<:prcscntation at the far light
of tlre front wall of the box. Dually, a siruilar colrstruct, with thc Urtiuu'sal Erwironrncrtt
of T tbat featru'es 2ltl w-eleruents, ha.s the existenee ploperty of (auow's leatliug to) a
ternrinal objer-t, and this læc ternrirral object is unique up to isoruorphisru. This perception
has the ruost evolved conceived envirorunerrt at the I'ar riglrt of the lnck wall of the box.
These bounclary perceptions marry thc combirratorial asllcct u'ith thc catcgorical algcbraic
larrguage. They are tlrc uttractor states rucntionerl irr thc forrucr sectiou.

Tlrc irritial object for the category is tlx: Ernptll Pcrccptiott Po: (0,0,ps). lt sttgr<-ls
for 'tro cnvloruucnt and no rcprcscntation', ir,ntl puts a thcorctical bourrd orr thc 'origin'

of tlre arrows, froru thc lcft and froru thc bottoru of thc box (perhaps a tllcloratical tubula
rusa).

2.4.2

A stronger result than the abovc wa.s also shown, deploying thc strcngths of the catc'gorcal
setting to systeruatize ruorc iutuitiors about intelligeucc. Figru'ativelS the 'top covcr' of
the 'box' could perhaps scrl'e as a baso for anothcr box, and thc <lucstion is whcthcr it
is possible to 'pile up' infinitely ruarry boxtx;, onc on top of thc other'. This would have
meant that a mind could infinitcly iruprovc its high levcl capabilities, constantly adding
ruore corupourd concepts, ruorc plaus and drsigrrs, arrd ruorc intcgrated bchaviouls.

The vcrticeû alrows of the tliagrams arc basetl on perccption cndofrurctors of thc forru
Ç : Prc ---+ Prç, where 9(P) is a Boolean perccption. A vertical arrow { :P ---+ Ç(P) is a
rratural trarsforruatiou frour the identity fiurctor on Prc to the frurctor ç. lf. (P, lu) were
a fued point of 9, then 9(P) would be the same as P, practically stopping the 'piling up
of borces'. This would mean that (z) The cognitive transition that is systematized by Ç
is unable to further scale up perception be1'en4 that which is already feature<l lr1 Ç(P).
(at) Ç is a scnsible cognitive process that lcuows its liruitatiolrs and is 'awarc' of property

lx).
Two calonical Boolean closures were studied in (Arzi-Gorrczarowski aud Leluuarur,

1998 [3], Arzi-Gonczarowski, 1999 [6]). Only one of theru fcatrrres a fixed point (Arzi-
Gonczarowski, 2000 [8]). The differcuce between thcru is related to ralidity and conr-
pleteuess in Boolean perceptions. Thcsc notiorrs arc based on rclationships l-rotween the
Boolean partial order ( on constitucrrts (corurotatiorrs, w-clerucnts) ou oue harrd, arrd
perceive<l lawlike patterns on the other hard. For:ually, the pcrccptual quasi order {
i sdeûned :  ( z )  Fo r  u ,  13  €T ,  a4B  i f  Vwe  t  p (w ,u ) :  t  *  p (w ,p ) :  t and  a l so
p(w, 13): f + p(w,u): f. (zz) For x,'g €. €, u4y is defurcd in a dual ruanncr. Lawlikc
patterns ruay also involve Boolean corubinatiorrs of constituents.

As already explained in se'ctiou 2.2, since Boolearr latticrs ftlature a partial order, this
enables tlre organization of corurotatious in hicrarchies. In a ual'id Boolean perception
< g <, rueaning that the formal Boolean hierarchy carr be verifi.e<l by perceptuaù ol>
servations. In a æmplete Boolean perception < ç <, rueaning that all observed lawlike
patterns are re'flected in the Boolean structure. Booleiur pcrceptioru arc always valid,
but not necc.ssarily complete. Perceptions in tlrc uulid and contplete Boolcan subcategory,
Prcbt- P, feature total internalization of perceivul lawlike patternss.

sDetection of lawlike patterns can be based ou a pr(ETatnmed implenrent,ation like r.lo (floros and
al., 1996 [13]).

A Fixed Point Bound
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The silrplest Booleau elosurc takes thc t:onstituents of basic pcrccption as frer: gen-

crators, dcfuns a free functor ÇL : Prc -- Pr'tt't, atrd systcruatiztx a gcrreral cognitivc

tra,nsitiorr froru basic perceptions to Boolearr perceptiorrs. It eaptures rnethodieahress antl

open-mindedness, but not perceptual acuity, becau^se (ù çÎ'(P) is, in the general case,

incomplete (freedom mearu that there is no dependence between constituents, which is

tlre æsence of lawlike patterrr,s). ç,2) ÇL has no Iixexl point. In particrrlar , Çf is rrnable to
'scnse' a case wherc P is ah'eady a Booleau perccption, turd it uneonditionally generates a

Boolean set of22" constituents over any given n eonstituents. (A conrbinatorial explosion
will be avoided when the'pile' evelrtually hits the general corubinatorial upper bound of

section 2.4.1).
The sketch-structure of perception^s (ArziGonczarowski and Lehmarui, 1998 [3]) an-

swers the inrperviousness of çit'. Looselg a 1>morPhism in the sketch-structured srrbcat-

egory, Prcsk, pleserves lawlike patterns, namely the <prasi order ! (the teclrnical details

carr be fbund in the citerl wolks). The endof'unclot Çt'curu ' 
'pr'"sk -- Prcbt-"'p is a lree

frurctor. Looselv, it 'moves things arorurd' in tlre Boolean lattice to re{lsct the perceived

1>irttcrns. Consetlrcntll,, the tra,nsition is pcrcrlrtrrally at:rrtc: (r) çÎ'- u(P) is ralicl and

complcte: it fintrues total obscrvabion and intcrnalizatiorr of all lawlikc patterns that are
perceptible lty P. Q.'r,) For all valid and courplete Boolean perceptions P, (P,{-t) is a
fixe<l 1>oint of. çtr''nt'. This is a serrsible cogrritive l)ro(:<lss that knows ibs limitations, it is
'aware' of property (r,), and would not ruodify lrcrceptiorrs that it"is unable to anrend.

The fixed point forrnalism tells rrs that çrr-ctnp is superior to Çr', not only because it is

ruorc perceptually acutc, but also trq:ause it ha"s arr 'awarc'ness' that avoids the 'unneces-

sary piling up of bor<es'. This bound is cognibively dcrivcd from within, on the basis of own

obsertatious amd own intelligcnee. This is different froru tlrc 'burtnucratic' conrbinatorial
l;otrntl tlut has nothing to do with irurate perceptual capabilities. Familiar intuitions
that have just bcen systeruatized arc (o) Abstraet speculabions are not enougb for real

cognizarrce. A perceptive agent should aautely relate to its enviroruuent to construct a

truly irrtelligent mental representation. (r.z) Sensible cogrritive process€:s should be aware

of tlreir limitations.
Based on the observation that the cate.gory of Çr'-n'n-.1gebras is, in particular, a

generalized poset, one gets a hierarclry of valitl and complete Boolearr perceptions as

Iixe<l poirrts (P,€-t) of gir''-p. (Fign'ativety: a scluence of bounderl walls of ascending
size.) This systeruabizes the intuitiou that aruong perceptious with equally rNlvarrced
Boolean capabilities (naruely gr'*"'P), those with the more <Ietailed grounding apparatus
will generate better cognizance. Tlre initial, eruptS percelrtion makes tlrc lenst Jhed, Ttoi.nt
(a zero sizc wall). This captrrræ tlre intrrition that e.ven n'ith the best spetrrlative mind,

uo brut: cogrrition can ernelge if thcro is no grounding apparatus that irrteracts with an
autlrerrtic crrvfuoruueirt. Cognition is both eirabled arnl circuruscribcd by perceptiou.

2.5 So Far

Like a reducctl instrut:tion sct for a coruputer, thc fonutrl ontolog;r that has becn outlinetl

couflates the typur of building blocks that are requircd for a high level art:hittttu'e (rt'

t:lcrucnts, corrrrotations, 1>pr<xlir:atc, t:atcgorie:al primitivcs, Boolcan yrrimitives), but not
ntx:essarily the spec:truur of ruind mechanisms that are ruodelletl. The uext stop is to show
how the sarue building blocks carr be <leployed to lbrrrralize aspects of consciotrsness.
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3 Perceptions that perceive thenrselves

3.1 Senses of self

Let P : (€,I, g) be a perctlrbiou as in scctiou 2. Froru thc tcclurical poiut of vicw, there
scrrrus to be rro probleru with a'rettusivc'eall: p([P],rr). As a ruattcr of fact, why not

r:onsidcr also:

u{P1, " )  ,  a ( IP ' -P l ,u )  ,  a ( IP  - -P ' -P" l ,u )  ,  ' . .

Onc could procced to pcrceivc various Prc: catcgorical construets and diagraruso. For
instanco, onc couhl 'squeezc' (an instancc of) tlrc box of diagruu G into one of thc ovals,
uraking it a w-eleiuerrt irr, say tt. Of coul$e, propel care has io be takeu bo avoid eonfu-
sioru. For exaruple, when a 1>ruorphisru I is applie<l, therr ll : P '--+ h,(P) is rrot the sarue
as tlre eleruent ruapping h:[Pl *- lr([P]). Perceptions like the above, that are capable
of perceiving (instarrtiatecl) entities flom the propostxl scltema, will be calle<l re.tlec.tiue
pen:elttions. Corurotations arrd cruotivc rrnctiorrs that aro associatcd with retlectiue w-
elent.ents will bc calle,J, retlectiue connot,at'ions, rctlectiuc renctions, etc.

It should be rroterl that, froru the thcoretical point of vicw, reflcrctive corrstituents

clrallcrrge tlvitcratiue ltierarvlry of thc prolroscrl construets: begin with somc primitive

elcruents, therr fonu all possible percelrtiorls with thcru, thcu fortu all possiblc perccptions

ç'ith coustituc'nts forrucd so far', antl so orr. hr sct thcorctit: notiotls this has to do with a
possiblc violatiou of tTrc aûonr of fountluti,tn, norrually ad<It:d to thc {ivc origirral axioru^s

of Zcrrrrelo, that warrants against soruc sct theorcbic paradc.rxcs. Hctrce, € aul I nray
rrot be cla^ssical scts wherr they corrtaiu rcfltrl,ive elemeirts. Following Dubois (1998 [16]),
reatlcrs are refei'ed to discrrssions on thesc issucs by Aczel (1987 [1]) and by Barwise antl

Ivtoss (1991 [12]).
Sorrre exaruples of 'senscs' (Daurasio (1999 [15J) sornctiures calls thcur supersers<s)

that reflective pcrceptioru could fcrnualizc:
1. A sense of self and the bourrdarics of the self corrltl be systcruatizetl usirrg ownership

connotatioru such as:
p(lPl, n'y -percelttion) : t, or A([P' l, n ry -perception') : 1.
2. A sensc of the perceiving sclf could be s1'steuratized as follows: Let the rcfltrtive w-

clcrucnt b" [P], and the reflcctive corurotatiorr bc [g(w, <r) : r]. Thc valuc of thc reflcr:tive

1>lrledicate e(P),[p(*,.r) : 
"]) 

: y then luearrs:

It is y (narucly: t or for u) that perccptiou 2 has thc propcrty that it perccives

tlrc w-c'lcucrrt rr els haviug/lackngf .. . L:orurotabiou t-t.

lf 'g : ç had invariably held when, trrrd orùy whcu, s(rv,<r) : rr thetr the discriruina-

tion rliglrt not have bean so intcrestirrg. Howevcr, we krlow that evcn healthy hrurrans
sonretirues fail to make perceptual reports, on occasions we nc{d to pinch ourselves to

ruake certain that we arc not hallucinatirrg, and on other occasions we nray be unawale

of a noise, an itch, etc.
Perceptions and emotions arc tiglrtly couplcd, hcncc tlis experierrtial fe'el is also tightly

couplcd with the next exanplc:

"flt "q"*. 
br""k"" *. *ri-"rlt)' u ssary, but they rnay help the distinct,ion o['Iocai' variables.
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3. A sense of the cruoting sclf could be systcmatized aus follows: Lct the refler:tivc connota-
tiorr be [Ér(*,.r) : r-triggers-Z], narucly 'Thc corubiuatiorr of c, w, arrd s(w, cr) a:tivat<s a
rcactiorr Z'. 11 a eall to thc rcllcctivc pprctlit:atc p(lPl,[g(w,a) : .r-triggcrs-Z]), rctulrrs
y, thcn this rucarm:

It is y (naurcly: t or for u) that pcrcelrtion P lux thc propcrty tlrat its cruotive
leactiou is Z [o the lrcrccpt,iou of thc w-clctuctrt w'havitrg/lackiug/. . . t:orurobation

Again, cven healthy hurrrarrs ruay rcacb abseirt-tuintlcdlyT, neurologists report about
episodcs of.arrtoruatisru, arrd <1rite a fcw psyt'hoanalysts worrld havc beon otrt of *'ork if
srrrh rcfl<rtiorrs had bccn trivial. (Orrc rutry actually nevcr dircctly cxarrrirrc orle's owu
gaze, even in thc ruirror, without efl'eetiug that gaze itsclf. That perhalx explairrs why we
are hardly e,ver aware of oru owrr eye rrov(rmerrts, that <Iisclose urore abotrt us than that
which we would usually be willirrg to adrnit.)

The example formalizations above scrm to tral>ture a phenomenon that Datrrasio t:alls
corc coruciousncss, u'ldcrh providcs thc agcnt with a scrrso of ils core. sef about orre
Irrorueut - now - and about orrc plat:c - hcre - gil'crr that P is thc culrerrt pett:cptiou.
Darrræio (1999 [15, p.26]) says: '...(on,sciousncss bcgins os tlte fcelitr,ll of what h.apytens
when ue see or ltanr or touclt . . . tlte fe.e.lù41 rtmrl;s tJtose ùnages os o'urs arul, albws u,s to
say . . .that we see or heor or tou,ch..

The followirrg examples seem to fbrrrralize a rrrore cornl>lex kin<l of consciottsness that
Darunsio tal\s cttandul cortsciousrt,ess, whitù provitles the agt:nl; wil,h arr claboral,c scrlse
of self, an idenbitg and plaees that ide'utity at a point in iutlivi<lual historical tiruc. The,se
exaurpkx irrvolve llerccptiorrs of stmt:tru'es tlrat are ruore coruplex tharr jrrst the crutent
perceptual state P. Thel' rerltrire rucuror)' arrd ruorc syurbolic relrresctrtal,iors:
4. A seuse of tlre traruitiorr of tirue could be for:ualizcrl bv:
p([P], g estedayt s -perceptiorr,) - t, or
p((P'\, todag' s-ytu'cepti:on) : f, or

a(IP' -- Pl, hansitiort,-frvnt.-ycstt:rdug) : 7,.
5. Other scnscs of the transicnt self coultl also bc forrualized b1' perccptions of 1>
ruorphisrus as w-eleruents. Rcflective corurotatiorrs ruay their ruake r-liscrimirratiorrs about
ùhcru, classifyiug thenr as trarrsitions of location, or inbcrprctivc transitions, tus w'cll as
all the othcr t14rrs of trarsitiorrs that havc bcrn discusscrl irr sq:tion 2. Corupositiorrs of
urultiplc arrows nray stand for lorrgcr biograllhics.

As txplaincd in scctiorr 2, thc schcrua systcruatizc a fcinttrlc tlnt spen:ific pprcrlicate
valu<x; typically conjrrrc eiuotive rcare:tions. Sotue cxaruplc lbrrualizatious of rcflectivc
eruotivc rtactiorm coultl be:
1. Serrsiug thc cmotiug sclf, ras tlc,scribc<l trbovc (natue'l.y: It is tf I'f u LIrut lrcrceptiou
P lrau thc property that its eurotivc rcat:tiou is Z to the perccptiolr of thr: w-cùerueut
rv having/la<-king/...connotatiorr c), uay itsclf conjulc an eluotiou. This fonualizatiorr
<.rf 'the fccling of iur cruotion' is suitable to capturc conscious aspects of alffcct. Just
for sulvival, it would havc probably lrccu enollgh to flcc tlauger likc a zourbic, without
pt:rccivirrg orrcs<rlf irr blrc act of llighb. Thc r:l{cctiv<r t:apability conjurcs tlrc corrscious

;lJehaviour wil,lxlrl report is necessary for v;rrre everyday skills (vx: sectiorr il.5).
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fccling ol, say, fcar. Ib is lbmrtùizcrl by thc (sccoutl ortlcr) rcact,iou to thc scnsc of t,hc
cruoting sclf. Similarly', it would have lrrobably belu cnough to cat or reproduce like
a zorubic, without the rcflective seusc of self irr thc act of cruotirrg. It is the reflcr:tivc
capability that conju'cs thc conscious I'celing of, say, plcasurc. Thc sigrrilit:ant:e of rcflcr:tivc
eurotiorrs to irrtelligeut bchavioru' is discusscrl below.
2. Wren an agcnt senses its perceiving and cruoting self, thcn a reflcctive cruotive rcaction
could perhaps consi$t of thc tcrrdeucy to charrgc thc statc of thirrgs. R,cflcttive cruotious
arc capable of sysbcruatizing that. A drivc to ruotlify the state of things could cnc:otu'ttgc
creativity (arrows for that havc becn dtscribcxl irr (Arzi-Gorrczarowski 1999 [6])). Irr
other cases refl.ective eiuotivc reaetiorrs open thc possil;ility to capturc sclf criticisru and
other corr,scious eruotiorrs: Wlren arrr agent scnscs its curotirrg sclf, it ruay pcrhaps rcact
to ruanipulate its own atbituclc, for irlstancc by strpprcssilg, hiding, or aruplif.virrg the
eruotion. In thc huruur coutext, exaruple cascs are sclf critical eruotions such as shanue or'
pritle. (Eruotivc reactiou,s are uot lecessarily ftùly rcarlizetl: an eurotiorr is a tendertcy to
react, so sonle, or all, of thc abovc nray rrot be overt.)

iF\'oru the evolutiorrary 1>oiut of view, sulvival plerrsures are behiud eurotions, and
even more so behin<,I reflective emotions arrd corrsciousness: Eruotions are about reactirrg
to the environment in a way that happenecl to support the ge'neral preservation of the

species. Reflective emotions allow a pruposefiil managemc'rrt arrd optimal monitoring of
these reactions to thc advantage of the irrdividual sclf. Zorubics ruay havc autoruatic 'orre

size fits all' emotive reaciions, brrt orrly corrst:ious perccptiorrs are ablc to tailor spccilic:

succcssful behaviours with irrdivitlually corrtlollexl forethouglrt, flcxibility, arrd crcativitl'.

That is their corupetitive etlge (scc (Ballonoff, 2000 [i0])). Thcy also havc drawbacks,

sorue of which will be discussed in section 3.5 below.

3.2 Anticipation

S4ren au agent has the tools to pcrt:ci'r'e perceptions, thcrc is no rcason why it shoul<l

restrict this capability to just its owrr currcrrt perceptual state. Sorue exaruples froru
the forruer section (r-eflective pcr-ceptions of pruorpllisrus) ah'cady had to do with fonuer
perceptual states as well. This possibility eau bo further cxplorcd to fonualize ruorc
mental capabilities, systematizûrg thc intuitiou that they arc tlcpenderrt on corrsciousncss
as well.

Conccivecl perceptual statcs have bccn introcluced irr section 2.2. Tltey arc about cnvi-
rorunents and situations that are cr(Ëted interrrally, and arc basctl orr siruilcs froru authcn-

tic perreptual experiences. This type of cognitive proct-sscs is forrualized by pruorphisurs

from autlrerrtic pen:eptual states to corrccivtxl perceptual states. That is how oue ruay go

about forrualizing agents that plan, creabc (and also avoid unwantcd) situations, just by

evaluating theru internally. In reflectivc pcrceptior$ of alt'ows, a(lP '- P'),o), P' ntay

hence also be a conceived perceptual state that is anticipated in the futurc. Danrasio calls
tlrcru nrcnnries of tlte future, bouause the irrtcrnal iruagcs that ruake thcru are esscntiaùly

sinrilal to those that pcrtain to rueruorics of the ptrst. For exaruplc, orle nlay ct'eatc an

internal iruage of what happenerl yesterday and onc uray also creabc an internal iurage
of things that are anticipated to happcn tornorrow, and both ruay be vividly conceived
and just as corurequential to orre's current affcctive and cognitive, overt and introvert,

behaviour. Damasio's notion of cxtcrxled consciousne.ss is about a scnse of an autobio-
graphical self tltat is aware not only of the lived past but also of the anticipated future,
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wlrcre tlrey ara 'sctr,st:i along witlt tlte lter: und rrcu irt u sutcclt'ing 'uistu us furrurtgirtg as

tltot of art, cpic rutucl' (Daurasio, 1999 [15, p.17]). It is proposcrl hcrc tlurt Darua.sio's au-
tobiographical sense of se'lf aml cxtendctl conseiousness may bc systeûratized by reflective
perceptions of categorical corupositions of ruultiple arrows, rigorously ruodelling a path
fi'om remc'rubererl past statcs to conceivcd futru'c statcs:

p( [ ... ---+ Pnw-! - Pno- + Pnow+! ---+ . .. | , Tltis-is-ntc )

Dubois (1998 [16]) defuits an anticipatory systeur a^s a systeru which contains a model

of itself audfor of its enviroruuent, autl coruprrtes its present state as a function of the
prediction of the model. In (2000 [17]) he discriruinates between weak anticipation where
lïrture states are iust a recall of the past states projected to the future, and strong an-
ticipation which is built by the systerrr itself in arr incrusive wav. Using this terminology,
a reaction to a reflective perception such as thc fonuula above, would be a case of in-
cursion tather bhan ret:tu'sion, bcoause the systeru then coruputts its behavioul taking
irrto account rrot orrly lrast or prcscnt porccptual stattr, but also future 1>erceptual stat<s.
Everrtual corureutious br:tweerr this research autl research on arrticipatory systerus will be
fiuther exploretl irr se'r-tiorr 3.5 below.

3.3 Ernpathy and Creativity

Havirrg acccptc<l tlnit the tools to perccivc pcrccptiorr^s shouftl not uecessaxily be restrictal
to own pcrccptual situations that are hcrc artl now, lct us forrualize perceiving perceçttions
of otltcr ugents, and a systcruatization of how tlrcy relatc to corrsciousnæs will naturally
follow.

A perccption P' r:uay intleed be a w-elclucut iu the enviromrent C of aurothcr pelception

P = (t,7,g). Exaruplc rclerant corurotations alc ownorsldp cornotations tlut corurote
hhc bourdarics of thc self, as il scctiol 3.1. As a rutrtter of fact, this is not rcally a case
of a rcflcctivc constitucnt, bccause P' is external to P. The rcflective pcrspective corues
from analogies, ruetaplrors, and crcative conceptions tluough similes. With the various
cogrritive transitions that are outlined in ser:tion 2 and fomralized by 1>morphisnrs, one
l:rray conceiae of oneself as being in tlte percepttnl state P. In that conceivffl perceptual
state, p([P n ime ]], c) is a rcfl.cr:tive call to tlrc pprcxlicatcE. Arr eurotive reaction to the
coneeivsJ, situation uray cor$ure erupatlry: particilmtion irr tLre experience of tlr.e other
agent's fer:Iirrgs. This is a forrual modelling of how agents uray empathize with (and also
uranipulate) others. Damasio (1999 [15, p.5J) describes empat]rizing with a frail old man
who is lraving difficulty embarking on a ferry: '. . . uithout consciousness, the old men's
discontfor-t, peThaps ltunuil'i.ation, would sirrryly not haue beert, known to hi,m. Wi'thout
utrlsciousness, thc two ntren on decl; would not ltauc rcspond.ed, with, enrytathy, Without
utnscùousness, I would not lruue beut atnccnted and would neuer haue tJtougltt th,at one
day I ntioltt be h,hn. . .'.

\Vhen applicd to categorical compositions of multiple an'rows, conceivctl reflective l)ei.
ccptiorrs could perhaps forrualize crcativc processcs siruilar to those of novelists and play-
wriglrtes, who are capable of vividl.y eonceiviug of 'biographical selvts' other than their
autheutir: owrr orres.

f (Arzi-C;onczarowski, 1999 [ôl) sh<.,ws how to corrceive of w-eleurent,s applying sets of corrn<;tatiolts and

set. oueratiotrs,
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i,Frcrru the cvolutiorury poiut of vicw, social pltxsurcs al'c prolrtr.l;ly l-rchirxl the exap
tatiorr of corc corrscious capabilitics to crupathy (antl its dalkcr sidc: ruanipulativity).

3.4 Phenomenal Grounding

Pt:rccptiol,s as dclircrl iu sectiol 2 lbnnalizc crubodied pclccp[turl sltrlcs. Ii<rr a pcrt:cptinn
P: (t,I,p), the value of e(w,<r) is corrccivcd to bc phenoruclrally grourrdc<l by the
scnsory ruotor ucural allparatts of tlut agcnt, naurcly its physit;al cmbodinrcnt. In siruple
rvords, the agcrrt shoultl rvullll exltericuuo n' as havirrg/lacking/. . . thc corurotation ct. Of
(:oru'se, things uray bc eurulated, but thcrr ouc entcrs iuto Searlc's Chinesc roour (Scarle,
198{ [24]). For llunarrs, scicucc knows quitc a lot about thc biological turderpirurings of
the classical scnscs: sruell, touch, tastc, hcaling, ancl vision. AI has bcen ablc to cndo'w
iutificial a[cnts with soruc urmediatctl scrrsoly ruotor ncural c:alnbilitics as ç'cll.

Irr thc c:ase of rcflcttive pcrccptions orrc should not scttlc for lcss, narucly that percrcl>
tions shorrld pr:rt:civc thcnnclvrs phe'nomcnally', physically cxpcrierrcirrg thc'ruselvcs aud
thcir pert:cptrral affcrctivc and cogrritivc l)roccsscs froru a 'fu'st pcrsorr' lrcrspcctive. Sci-
clrt:c is still stnrggling to figruc orrt the biologie:rl rrnclcrpinnirrgs of rratural consciotmness.
Daruasio (1999 [15]) conjccturcs that the roots for the sclf arc fournl ixt tIrc proto self,
the r,'rr^scruble of braiu deviccs wlrich contiuuously perlbnu thc autoruatql ruairrteuartce of
the body state within the narrow range arrd relative stabilibv require<l for sruvival. The
uninterrupted continuity frour birth to dæth is crucial, and also the innate widespread
interconnex:tions of fiurction: it is the sanre l>rain that pe.rceives orrtwar<ls ancl inwards. It
is rrotcxl herc that the proto self is diflerc'nt froru the superficial interrral scanning that is
perforrucd by ordirrary courputcrs, which is tloue froru a 'third pcLsotr' perspective, is not

rrct,cssarily contirruous, and is not so crucially and autonoruously resl)onsible for su'viral,
Thc propose<l scheiua does rrot oficr to solve the problcru of the pherronrclral groundilrg

of self perccptiou. It is a high lcvel structtu'al proposal, arrd srrbstitution instanr:es will

rrced to bc phcrrorucrrally groundetl to actually havc reflcctive capabilit,ics.

3.5 The Catch: 
'Wersted 

Resources

Wllat about rciteration, naruely pereeptious that perceivc theiusclves perceive tlrcruselv<s

l)erceivc therusclves. . . ? OIre maf iuquire:
1. Slhe[her tlfs is rrcr:cssary or irrteræting for agerrts to do that.
2. What natural capabilitics, if at all, are capttuerl b1' ruore levels of reflection that carulot
be captulrxl othcrwisc.
3. Wrat if an agcnt gets into an ir.rfinite rt:culsion, rcquiriug ruore antl ulore rcsoulces,
eveirtuaùy dcrailirrg the systcru.
.1. Wrcther thcre is a halting condition or a thcoretical {ixed poiut that could warrant
against in-finite rtlgress.

These issues have not bcen yct lookcd into in thc context of the proposecl schema,
but orre ruay try to cor{ectu'e on the basis of rclatetl rcsearch, bct;ause atteution to the
corurcction bctwccu iutensivc conscious rcflcctiou and thc tlangcr of dcrailecl bchaviotu
has bcen drawn bcfore. Soruc evcr').day cvidcnr:c t:oruex ftotu the fat:t that thc at:quiring
of skills such as car driving, sports playing, ruusic making, and thc like, involves the
internalization of basic autoruatic bchaviotu in ordcr to save timc. Rc'source consuning,
'expcnsive', conscious reactions are sparcd for the creative iupccts of these activitics, or
for extrcrue situations. Marvin l\linsky has been heard saying tl:o;t consciousneEs is what
gou d,o wh,en things go wrcng. Sloruarr (2000 [25]) classifies reflective eûrotions together
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with other pertu'bant states that involve partly losing control of thought procasses. He
also rernarks that: 'Self-nr,onitoring, self-cuduation, oni self-contrul arv oII follible. No
System ann lwue full uccess to ull its ùûernul stutcs and pncc$Ees, on po'irt. of ir{hr,ite
rqtess'. Flarragan (1998 [18]) suggcsts that the rolc of comciousrnss may be regardexl a"s
'. . .ntore one of interfcrinu witlt, colln,'itiue pTocesses tJr.ut ure desigrted to fu,rtction'wcll anel
generullg do so. .. ' .

A poosible solution has bcen suggestcd by Dictcr Gcrncrt, that sperilic casos, wlterc
rl nesting rcfloctiorrs are pra,ctically neressary, are probably rarer as ?ù Élrows, aûd tlrat is
perhaps how refl.cttive efforts could t:onvclge.

Even rnore optirnistic corljcr:tulu; could bc bascd ou rtsearch about anticipatory sys-
terus with.ineursiorr. As already urcntiorrctl in scction 3.2, Dubois (1998 [16], 2000 [17])
tlefuies an anticipatory systcru as a systcrn whieh colrtaius a urodel of itself and/or of its
errvirorunent, and cornputcs its prtxcrrt state as a functiorr of the prcdictiorr of bhc model:

J r t l  :  F (  . . .  ,  J J L - :  t  r L  ,  e l - l  ,  . . ,  )

r1-r1 on the right hand si<le of thc cquation can bc replaced indcfinitely lry the entire
equation. Dubois ha.s shown that thc irrfinite irrcursivc exlration

l t i t+I  : ' l  :u1 (1 -  x t* t )

convcrges to the following recru'sivc cquation rt+t : JxllQ + 4.11), for which a stablc
state solutiou exists. Wlren there is no auticipatiou, e;6a1 : 4 xt (1 - tr), the systeru
is chaotic with an unstable state solution. Incursion transfbrnrs arr unstable state of the
systern to a stable state, so without anticipation, such a systenr cannot corrverge to a
stable solution, Iu tlre clraotic systeru, the systcru rrever rtnclrts a stable state and its
bchavioul is sensitivc to the valucs of the initial couditions aud becouræ ru4rralictable.
hr tlrc incrusive cquatiou, thc systeru rcaclrrx a ruriquc stablc statc for arry ltluts of thc
initial conditions. With anticipation, the chaotic systcru bcuoruers an incursive systeru
which is indcpcndcrrt of initial corrditions to rtxlch a stablc firral statc, a fixrxl poirrt which
is thc pretlictivc objertive of the arrtieipation. Dubois tliseusses a rich variety of 'system

selv<s' that can be drscribcrl by incrusiorr, avoiding iûfinitc rcgress, such a.s ruodels of
population dyrurruics, growth of bactcria, biocheruieal reactiorrs, and quite a fcw physit:al
systems.

The o's abovc eoulcl pethaps traurslatc to çrerceptual states of this paper, as proposed
in section 3.2:

g (  [ . . .  
- - - +  P n o u - r  -  P r r o .  a P n o w + t - - - + ' . .  ] ,  .  )

Tlnxe pcrceptions nlay be essociatcd with reactions that conjure actual pcrceptual af-
fcctive and cogrritivc transitions, P,* - Pnou.+Ls yieltling the utxt pereeptual cognitive
and affcctive state Po*-ç1. An intcrcsting goal would be to insbarrtiate tlre perceptual
structrues of this paper by systcms that can be tlescribed by irrcursiorr, as analyzerl by
Dubois. A gencral reductiorr, if it cdsts, is unlikcly to be a siruple orrc, because the P's are
not uniforru entities neatly formulatc<l by nurucrical or vettorial variablcs and eqrrations.
Thc P's arc ruadc up of hetcrogcnous collections of:
1. Enviroruuental eleruents not liruitcxl to obja;Ls or cvcnts of any type,
2. Irrternal discriruinations not linrited to syrullols or cliagrarm or pro(:edrrres or formula.s,
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or any other reprcsentational fouuat,

3. Befuaviouls not lirnited to plrysicd, or rucrrtal, or social, or arry othcr tsserrtial rraturc.

. . . arrd so o1. ISAAC provitles a unifyiug forrual frarucwork for tlrtrt opcrr eitdcd diversity

by virtue of a categorical abstractiou. Minsky (2W0 I22, p.71]) cxprtsses pessirlisru about

such re<lut:tiors: 'Pltysics rescarulrcrs haue made lyutt ptogress by searclùng for clegant

uûf,ul tltæries. But N ntust danl witlt diffuutt. contpkrc workls tlnrt tlt'c oncs t|tanrvtianl

plrysicists face beta.use tltcg rnust datl with spu:itic tltirtgs tltat cntcrgul frortt' rtlore inlrc-

rnogeneous pn)cesses. Wc canrrct ctp<tct to tirul urûforrtt et'Ttlanut'ions to datl witlt' tlmt

nruclt, diaersitg. Irætead,, we'll Inue to 'irwcrû, annbinc, artd rcorgarûzc ut eucr'-irt'uvasitt'g

collection of incrat singlg inconrylctc tlt coties.'
In lruruurs, ilrlinite regress is also avoiclc<l bc,uause they arc rratu'rilly turwillirrg or re

lucbeurt to inûnitely reflect and w'ondct about themselv<s. A forruail versiou of thab Iuay

perfiap turrr out to be a cerbaiu 'irmatc ruental laziness' (not iruposed froru outsitle), prc'

serving resources or redircetirrg abtcution towards ruorc clivertinge, lcss wcarying, issucs.

4 Methodological Fallout

One of the reasons that uratheruatical ruodellirrg often contributcs to scientific uudcrstand-

ing, is t[at the nratheruatization cnablts us to pinpoint, ruetit:ulottsly and rigorouslS thc

preulis6 t[at are being applicd at evcry stagc (sce, for cxaruple, (Croon urd dc Vijvcr,

1994 [14])). By the reasoning antl the constructions of this ruodol, one uray rrobice that:

1. T[e basic constructs of the schcrua, flon scction 2.1 (w-cleruerrts, corurotatiorrs, 1>
pr-edicate, categorical priruitivcs), are sufiicient to ruodel reflcctivc perccptions. It is the

rcitcrate{ call to t}re pprcdieatc that 'does thc jobl. Higlrcr lcvol cousbructs of the scheiua

(ofscr.tion 2.2) like fiurctors arrd natural transforuatious, arrtl the Boolean corrstructs (that

age associated with analytic reasoning antl relate<l issucs) al'e not required to forrualize

rcflcrctive capabilities. In this respcct thc fouualization supports retearchcrs, likc Lycan

(1996 [20]), who argue that there is rro ruore to consciousness tlnlr carr be accourted for

in ter.ms of iltentionality functional organization, and, itt particular, setond-ortler rcpre'

sentation of one's own ruental states.
2. Howcver, thc integratiorr of th<.: l[ghcr lcvel corrstructs (of scctiorr 2.2) witL rcflcctivc

capabilties is required to forruaùize thc best of conscious intelligence: anticipation, cre-

ativity, empathy...
3. T[e forrualization supports intuitions t]rat some intelligent capabilities, like empathy

and fictional narration, which are not directly about thc perceiving sclf, are nonethcltxs

tiglrtly connected to consciousness (section 3'3).

4. Refler:tive capabilities, as forrualized by the proposed scherua, provide representations

with perceptual cognitive and affective content. The associated reflective w-elements, con-

notations, and emotive reactions, can then be mapped and manipulated by pmorphisms

and other categorical constructs. This provides fornral basis for access consciou,sness:

that the content of consciousness is available a^s a premise in rea.soning and other ruental

activities. and lends itself to rational control of action and of syrubolic reprcsentation.
gConeider 

how diuersion acquired the mea'i'g of amusement or entertainr'ent.
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5 Conclusion

IS^^C, thc inùcg'ratcd sehcrua of affcrtive artificial cognition, is capablc of forruaùizing
aspercts of corucionsn<xs throrrgh rc,cursive calls of thc perceptiou procedure to itself.
Aruong the ruentaù capabiliticr that ale systeiuatized arc larious seusæ of se'lf, senses of
tinre and other transitions, rcflertive eruotional capabilitics, aurtieipation, erupathy and
r:reativity.
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