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ABSTRÂCT

M€nôry Evalutivê Syst€Fs rep.esenL a
nalhematical nôdel lor nalu.al s€lf-or8a-
.izing sysred., such â3 biolôÊicâl or so-
ciologi.at sJslens which ar€ open, have a
hi€.archical struc!ure with conponêhts ôi
increasing orde.s of compl€xity, and deve-
lop a memôr/ ênàblinA lhen to s!o.e and
reÙieve info.frârio.s abou! rhei. ebvirôn

the'r past expe.'en.es !o

Thjs model (introduced in prêceding
papeÉ)  i s  bâsed  on  a .ecen r  domâ in  oa
lviathemaiics, caregor! Theor), which
p.ôvides an adequa.e setting for sludyins
!hê dynâni.âl inrerconn€ciions bêtweeh
rhe different cômpleyily l€vels and the
fôrmarion of mo.e and more conpt€r
un i l s  by  i n l eg .â t i ôn  oa  s i op le r  ones .

INTRODUCT]ON

The study ol neurâl netwôrks has
been very adiye .hese lasr yeaÉ. Howeyer

explain the d€Yelop
nen! of hjshe. .oanitive p.oc€sses, ând ir
seems new methods ârê needed for ir. The
Meno.j Evolùtive SJ3t€ns p.€senr€d he.e

nodel to allow aor compu
talions o. .hê -syoch.onous 

assêmbliês ôf
neurons whi.h a.€ rhousht !o b€ th€
bâsis of hishe. n€ural flnctions l.f. (91).
It has b€en obtâined by r€linem€nr oF a
genê.âl nod€l for auronomous nâruÉl
syslens. .alled a Hi€.a.cbical Évolutive
Slslem, introdu.ed in t3l. Bâsêd ôn a less
classical mathêmôlicâl domain. Câregory
Thèôry, i! rêliês on two inierrelâred câ!e-
goricâl .oriôns, the ûnductive) limir"
operation (ci. t7l) !ô €xplain !hê fornalion
of conplex unirs br binding log€lher of
more elementary onês, and rbe completioo
ôr a carÊso.y by rhe adjunclion of cerrâin
lpes ol limits, !o des..ibe ih€ dlnâmi.âl
eyolulion of lhe sysleh by suc.essive

In t4l ,e have cônsidered Lhe câse in
which the dy.ahics depends on !h€ ioter
acriôn of the syst€b with an jnrêrnal
cen!è. oa Regulaiion (CRJ which receives
p..tial informarions on lhe presenr srare
and on the €xt€rnal conslr.incs- This cên-
rêr forhs its ôwn repiesentalion ôf rh€
systen, called ils lândsèpe, ànd uses ir
to dl.êcr a stepwise trial-ând-êr.or l€a.n

Th€ nexL step toward rhe hôdelization
ôf a neu.al sysrem has .on3isrêd i. âddinc
ro rh€ slstem â proc€du.al hemory in
which past €xperi€nces aê s!ôr€d and oay
be relrievêd laler o.. Moreover â natu.al
slsrem hâs no! a uniqu€ cR, bur âlt â
hierarchy of conp€titive CRs. Wrence rhe
notion of a Mêmo.y Evoluliye Sy3led (ci.
I5l) thar we develop he.e, in which rhe
evôlutiô. is bodulaled b! rhê inrêractions
berween a fanily of CRs. Each CR has a
speo f i c  t i ne  sca le  and .omp lex i i y  o .de .
and i! interacrs witlt tùe stst€n rh.ouSh
its ôwn lands.ape. But rh€ sÈareAies ol
he!€ros€n€ous CRs mây bê conalictlal,
and there dêvêlops à -diàl{tics 6€!w€en
lhen which is rhe bask lor the Eènerarion
of morê complex proces*s,

The gé.êra1 .otioos will be airsù ir-
troduced in rhè prriculù case of â neu-
ronal system, so thar th€i. practi.al n€ê
ning day b€ no.e easily 3râsp€d.

I. THE CATECORY OF NËURONS

A .at€aôry consisrs or objecù ând ar-
rhem, foming an ori€nted

s.aphr the.e is given a rulé to côdtrinê
ffiaws in anorher one, so

thâr a parh ol lhe g.âpb gives rhe sam€
âr.ow by cômbination wharever be its 2-2
decomposltion, and each object has an
ld€ntiry ar.ow (.f. r7l). The 3râ!e of a nâ-
lurâl syslen e! â given lim€ r will b€
noleled by a calegory K. which rep.-
s€nts iis inrernal ofsânizâtiôn' rhÊ objects
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figure thê cohpon€nts, ih€ 3.rows lcâlled
links) lheir inÈr.€lations such as informa-
rion o. en€.gy .hânnêls, .ônstrâints, .âus
al .elâiiôns- Tie cômbinariôn ênsur€s lhe
lrânsiliviiy ol !.ansfe.3

In particular, !ô d€scribe the s!â!€ of a
neùal system
dêfin. rhe @teAoîy of rélrorr ar followsl
We s!â.r from th. neu.ons and th. iynâp-
sês b€.wæD rhêm: a neuon is cha.act..A
êd by irs adivily (ôr instanÈnêous firlng
.ât.), â synapsê by its s...ngtll. Thê ob-.
jeêÈ of !hê .ârêBory are rh. n.uron., rhe
lirk3 lrom N rô N â.e clàss8 of 3maptic
pàchs hâvln8 rhe same strêngth; r*o pâths
hàye the sâhê sftenarh lf Èhe à.!ivi.y of
N gêner.!æ it. sâm. .alæl o. N th.r lù
is propagat.d along ône path .r th. orh..-
Succêsslvé patk à.. .oûhlnêd 6y .oft.le

^n êxr..nàl stimulus or an inr€rnâl
process actiyàr€s a pâtle.b of n€uro.3 N,,
linked by som. spêcific synaplic pârhs. Fô.
simpl€ enôugh pâtle.ns, rher€ êxisrs a
singlê neuron N, .à1r.4 a pilot-neuroD lor
a ca.dinal .êll b! Barlow), which rubsu-
mes rhê pâ!ré.n: i! neâns thât !h. Nr's
â.e sùrongly linked to N. and if N is link-
€d to anorh€r nelrôn N, ir propaAaiês tiê

whole parle.n
ah€n  i t  i s  s ynch ron i cà l l t  f i r i ng .  W€ ' l l  see
rç : )  t hà r  i r  m .ans  N  i s  â  l rm i r  o f  l he
p:.têrn in lhe.a!êCory of neurôns (cf.
Figure l)- Srch fea.urê-det€cto. c.lls erist
in rhe visual cortex, fo. ins!âncê 3onê
individuât ne(.ons in rhè ar€a 17 detect
sêgmenrs of à give. di.ectio., ô. .6Ale.

How€vêr .ômpl.! enôugh patt..ns ha-
vê nô pilot-neu.on (rhê.é æ .o 

-grànd-

mô.hêr ..urons- .xc€pt for sodê pdl.u-
La.Ir si8nificant fearu.es). ltr lhis cæe, thê
s.oÉgê and ulrêrior .êcognition of th.
slimul$ wiU d.p.od on the môdifi.atlon
of irs rp€iflê links which becom. st.n-
ger ârd so incre.sê the coheioh of thê
pâ.têrn. Thus itr tim. it b..omes a syn-
chronoc àssêm6ly ol inÈ.co etêd nêu-
.ons ln Hêbbs s.as. t6l. and In. stinulus
i. .æog.iz.d b, thê .ôh...tr. osdll3tion
of ihis â..êmbly, or, jn .âs€ ol nois€ ôr
dâm.ge. of . modifi.d but .los. .nougt

o.€ of the inrê.esrs ôa usins câr.gôry
Th€ory is lhat ir is better €quipped to

hàndle this p.ocess than nos! classical
nêrhod3. A nalu.âl idêa wouLd be tô re-
prcs.nt th. assenbly b! a 3imple Bdpù,
but rhis .ep.esêntâliôn *ôuld nor hàve the
nquir.d stâbilily. In our model. we on-
rbu.t, by the compLerificârio. p.ocess (ca.
S à a ldse. cateeôq. lhe ca.€sory oa
.curôns and cat€go.r-nê{rôns (Figcre 2),
in which a synch.ônous ass€nbly which
har no limiè in the ..ægo.y of nêuroG
â.quiRs a limiq ùis ljni. may b€ rhoughi
ôf I a o!.êptu.l (hr! noi physiet) unit.
@lLÀ . ûrêeory-hèuron, and it i. âlso
rà€ timit of !h. oùher .lo3e p.rÈ.n! th..
yl.ld rh€ s.m. d.puL H.ncê i! p.ovid.s
d cûnt. stoasê ol lhe cor.spondlng
3rimul6 o. p.ô..ss, y.r allowing for â
fl.nbl.. non sùi.lly d€t rmiiistic ræoani-
rton pc.$ lthu. sâti.aylng rhe -d.g.ne

Fcy- prcpèrty fomqlâ!.d 'n l2).
Ti. cons(rldio. oa !h. larg.r caÈgÈ

ry hêlp! alsô to d.fire rh. corred nôt,or
fô. ilF llnks b€rw€én .vo synch.onous .s-
sedblies, so thâ! .onputâllons on rhen
a.e êasily pêrform€d- For instan.e, ir will
be pôssihle .o omp:.e two âssemblies
and to déte.ftine !o which eir€nt an
.ssembly Ear b. daDag€d wiLhou! môdtfr-
lng its ôvêrâll .c.ivi!}. Ând !h€ coft-
ptexifiétion will 6ê i(erared ro fo'm
supe.a$êhbliês by !hê bindinC ol 163
coûplêr p.e êristing on.s, thus leading !o
tiê stabl€ rêpreêntâ.ion of nore and
norê .omptêx trimuli ôr proce.ses.

Thes. results deperd ôn thê fôllowins

2. COMPLEXIFIC-ÀTION

Â prt.éra in a catêgo.y is , fanily of
obj.cÈ N, wiih sm. sp.cifiêd ljnks 6ê.-
wen thën. ^ .ou€tirè lihk lron $it
part.m to ân obj..t N corcisrs of indivi-
dual links f.od th. Nr'r .ô |f, inte..on-
nêc!.d by rhê .peiaic ! liakst h.nc. iL dô-
delJ how .n t.fo.n.tidn or a 6n$Éinr is

sl.bally r.aasmi!!.d ù .\{ in â coheÉnt
my by ar! rh. @dpon.lts or thê pâtt.rn.

In some ca.s (dôr âlw.ys), th. pàt-
t.m lookêrl ât ar an .n.ity is 

'.€ally_ re-
p..æntéd i! lha @tego.y by â uniquê ob_
jet N- Morê præisely. rn objær N is !
Iini. lo. .ohesil. 6id./,a) ol this par!.r'
tl !hê.ê êniB . <a.onic.l coll.diy. litk
froo tle pàtkrn to fi ând if rhê links
fron N to N â.€ in It correspondânce



wi th  t hê  . ô l l e . l i ve  L i nks  f r om rh€  pa f t e rn
to  N .  I f  r he re  ex i s t s  su .h  ân  N ,  i !  may  be
cônsid€.ed as à .arplex ôÀied admilling
!h€ pârtê.n lôr its inrernal organizàlion.

If w€ fo.set lhe spê.iaied lihk3 ând
jus t  keep  ! he  N ,s ,  ! hen  t he  l i h i t  o f  r h i s
ieduced pattern would be the s!ft S of
ihe Nr's (Figu.e l). Thê coherence and th€
cônslraints inl.ôducêd by lhe spe.iai€d
links is measur€d by rhe .onpûisor link
f.om S ro N (cf. t3l). lt eiplains the
êmeraen.e ol nèw properries fo. the
.ompr€x objec! N nor sbâr€d by it3 com-
po.enrs, whil€ ti€ properri€s of.he sum
3.e jusr !ho3e ol its conpo.en!s Nr's. Ir

noric€ tbat rwo Patt€.ns
limii. thâr neaft rhei.

ôve.all o.aânizâr1on is similar.

A nâlurâl sysren chang€s i. time. lls
evôluLion is modeled by ân êvollrvê sJ,s

of a sequ€n.€ ol car€Ao-
.ies <. .ep.esênling ilr successive srales,
cônne.led by irânskiôn fundô.s froh K!
ra Kr which rêpresenr th€ chângê lrom
rb€  i ns ran !  .  . o  a  I a t€ r  i ns tan i  t .

An eyoruriyê 3!s!€n is a hienf.hical
s./sféu I3l if the ôbjects of eâch stâle .a-
legory a.e classifiêd in complexiry l€vels,
so rhat an obj€d a! l€vei r+1 is â ltmt of
a pa$€.n of level , obl€cts (cf. FiBûe 3).
Then it has âlso a mo.e compticared
inlernâl ôrgânization of the Iowêr l€vels.
And êach objec! prêsenrs a doubte fâce:
Êlem€nta.y compônent ot â highêr Ievel
objec!, or .onpler €nuiy representing lhe
inregrarity ôr irs inrernât o.ganizaÈion.

The complexifi.âtion prôcess used in
51 is an adaptaiiôn ol thê cômplelio! oÊ a
category by some limils. Ir has bee. io-
t.adu.€d in t3l to mod€l lhê êvôlutiôn ôa
nâlurâl setf-ô.g:ni2ed systems, wlich i3
Eainly shapêd by .ê.u..ence ôf the four"a.ch€typal 

singularities (cf. Tbôm tlol)l
bi.tn, deâth, collision and scission. For
êrâhple, for a ceu, they coûespond to
absorprion of ext€rnâl molecul€i, exocyrô-
sis, synthesis of new producrs, scissions
of conpônents.

To des.rib€ rhis
*i!h a câ!ego./ ôn *nich rhêre is civ€n
â strâtêgr which requirê3 .hât sônê par-
te.ns wiihour 3 limit be "bindêd", rhar so-
m€ objects o. limits be supprêssed ând
!ha! some externâl elemenrs be added.

Then {è expli.illt consr.uc! a la.ge.
câre8orr, the conplexification, in \|hicl1
the ôbjecrives ôf rh€ strat€ey âre fulfilled
in ihe mos! ecônohical way, both an a
lheo.etical and an €ne.gJ-.Dst basis (Ficu
.e 4). In pâ.riculâ. eacb paue.n iô bird
acquhes  â  l im i t  i n  t h i s . â !egô . j ,  wh i . h
nây be rhoughi of as ùe pârlern rseli
!âken in its in!êgralily as â new obje.t of
a high€r conplexity level. rhis object
beihA â s!âble rep.esêntâriôn nôr ônly of
tie particular pa(€.n bu! of the whôle
class formed bt !h€ similrly organized

Tnis cônstruction is no! â pu.ely
.hêor€tical devi.e. Its pra.ti.al inierês. is
ro prôvide ân €rpljcit cônstrudion of rhe
''Sood 

links belween thê new ôbiecB, and
hen.ê bêrween lhe pâllerns lhey âre bin-
ding (ê.9. beiween two syncb.ônous âs-
3€dbliês ol neu.ons ia *e complêtlfy rhe
calegory of .eu.ôns). Ard in€ conslruciion
can b€ it€.ated ro ge! mo.e and no.e
.ônplet ôbjecls by succ€ssiyê cohplexifi-
calions. lhis kind of ôperation, âkin !o
the passage f.om a language ro a higher
order ônê, is ât the bâse of âny k.owled-
ce: new terms àrê dêfined fron nore
p.inirive terns, and ibey b€come p.iniiiv€
te.ms for a hisher compleaificâlion. I!
will be rhe basis of a srep*is€ Lrial and
e..o. learning process lor eyolutivê sys-
reds, a.d in pârlicular nêu.al syslens.

3. THE LEARNING PROCESS.

Now w€ de Coing to s.ud/ hov a
neu.âl systed funclions. The caregory of
neuron3 and câreaory-neurons changes i.

svnapses a.€ dama-

8ed, new iiniL-n€urons are .ê.r!ted, ând
!hê côg.itiôn process consisÈ tn adding
caregory-neurons repr€senlinS syncb.onous
assemblies, which fo.m a hi€.ar.ht of
cô.cêptuâl unils ai.h hisher ând higher
<ompl€xily lêv€ls. TÀe3ê 6ûdifi.aiio.s relt
on môlêclla. mechanisns which, trânslated
â! .he neuron level, chan8e the àcrivity or
thé nerons and the strength of tbe sy-
nâps*i according b rhe folLo*ing rules
(whicb lead !o êqua!io.3 and ro sinula-
tiôns wê hàve no lim€ Lo indicatê hêrê).
The adiviry of a neuron at a given lim€
is â bounded abov€ iun.tion ol lhe sum of
thê âctiviries ôl rhe neurons linked ro i!,
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Dond€.ed by the srrength ol th€ lin\s Tbe

;ùencth of a synaPsê is in.reâsed il ihe

activiriês ol its presvnapÛc ând pÔslsln

aplic neurons âre cÔrrelared, reduced if

ihey are ânti_cÔrelaled (thar seêms ph]

5Lô los , ca l l r  . e l e !àn t  . f  tS l r  Leè rn i nE

o . . , i  o r  , t ' "  d , f f e renûà l  àmp lL l . aÙon  o f
which nodifies lhe st'ength

or !h; synapsês and increasês their rhres-

hold. with a lôcal sêlectiÔn wrnner ta-

k€s-âl1 rtle ( neurâl Darwinisn- t2l)'

From a caleAorical Paint ol viet, we

modeL  ! h€  neu rà l  s ) s t em bv  à  h ' e rà r ch i ' a l

evo lu t i ve  s ] s t êm w i i h  5evê rà l  l e t e l s  f r on

lhe level of ils molecula. ÔrganizaÙÔn up

to levels ol cat€so.v neu.Ôns representing

srn.hronôus ass€nblies or sup€r assên

blies, The dvnafri.s of the ststem bv au

to-r€sulailôn ând leârning is des'ribed

s ieow ise  as  f o l l ows  l c f  l 4 . 5 l )
W€ disiinsuish twô hie.archicâl sub-

sysfeds: a M.rorJ'and à Cehrer of ReCu-

lattor CR (corresponding

areas, e.g basl Sanglia) with sinplê
nêurôns in Lhe lowe. 1êvers and ca.ego-

.v neu.o.s .ep.esênline s]..hronoN as

senblies o. supêfassemblies of n€u.ons in

rhe high€r ô.es The center bâs both

.ffêr€nt and efîereni links with th€ m€-

nôry, and wiih êiiêcio.s (môto. neuronr'

.y cells) €xtracr lôcal leatures iiûm "th€
envi.ônnênL and !he centêr re.e'ves Inror

nalions on !hê siare Ôf ihe svsiÊ'r lhanks

!o links lrom .he receptors rhe effecro's
and the memory These info.darions ar€

modelled bt a new catego.!, called lhe CR

aciual lahds.2pe l.f t4,5l): its objects a'e

ciasse3 ôl links from the svst€n to lhe

CR wbich conYey the same- inro.maiion

i.e. which a.e inie.connecied bv links in

thê cR lFigure 5). The disrÔrtion between

the la.dscâpe and the svslem is n€asu'ed

À change in rhe landscape âr .-!ill
prompt the beginning
.akinÊ in!ô ac.ount ilfo.hatiôns on thê

i"rêr;al a.d exrerml cons*ainrs and re-

calljnc sinilâr pasr exPe.iences, a strâree/
is .hosen on thê landscâpe to aclrvate 30-

me âss€nblies o. supê.assemblies of neu

rons. to conlrol rhe €ffe.!..s in ân ade-
qua!ê way and .o facilitale ih€ sro.ag€ or

tl. p..senr .""tert in tbe meno'v Tbis

straresy consisls in supp.€ssrng some ere-

men ts  ànd  àdd ins  ( à teSo rv -neu ron3  t o  5o

m€  p . t i e rn r  Thê  f o l lÔç rnB  àn rk iÊà te ' t

landscap€ sbauld be !hê co..espo'drng

codole;fi.ation. Bui rhe efie..ive one

mav be dillerent, be.aus€ the goâ13 of the

*.lt"cr ... "or necessarilv fuliil led

Indeed, lhe sr.âlegv has been seLect€d on

lhe lândscape ând is onlv .epê.cut€d Lo

thê sysiem wiih a distorrioû We meastrê
thê diff€.ence bêlween thê aniiciPàted and

the effe.dye lands.apes ar lhe CR level

by rhe conpa son furctor iFigurê 6)' and

dês.ribe how to feedbâ.k Lhe results to

!b€ nedo.y, so rhat rhev mat be ret.ieY€d

In thls secriôn, we bâve focused on a

pa r i i cu l à r  CR .  Bu t  Ln  f ac t  t o  € \p l à i n  r he

deve loonen !  o f  l l she r  o rd€ r  cogn r t r ! e

..ocês!es ,e11 havê !o cônside. âll a

iânily oi 1.t€.ac!i.s cRs

4. MÊMORY EVOLUTIVE SYSTEMS

The dlnamics ôl autônobous svsrems

su.h âs biological svsrems is shâped bv

rhê intera.rions belwêen int€rnat reguraro-

rv ô'sans with diffe.en! cônPlexitv levels

-a  o -p ,e " t . "  d€ l aYs  To  mode l  t hs

s i i û t r cn  ; e  ua  t hê  f o l  ow 'hB  no t ron  l s l

l\ Mehôry Eftlutive S/st-"' is an

evo lu t ' ! e  s ) sLem equ ipped  w  rh  à  h i e rà r

. h , caL  êvo lu " vê  sub_sJs ien  ca l l ed  t he

Menory, and â lanily ôf Cê.lers ôl Rêgu-

lâ!lon ICR) sarislvine rhe following condi

tions (Iigu.e î Each CR has â dilferêntial

a . . ess  t o  t he  s ) s tem ànd  i n  pad i cu là r  r o

rhê .en ! . a l  nemorv  t h rouRh  a f f e ren t  and

efre.en! links. lts obiecls, calred a.t"s

â re  o f  a  spec i f l . . omp le r i t v  l €ve l  ând  i '

functions wlrh a Riven p.opagaùon d€ravl

fôrnina at €volutive svslen with ils ow'

nm"  . à l e  t h .  l en8 rh  o f  t he  s reps  bonB

.elated iô the
time-scales inc.ease with the conPlexitv

level. Parâllel CRs *i!h the sâme com-

plêxitt lev€l nay bâve diflê.enr lidÈsca-

les. Higher leYels CRt are assocraiwe rn

thà! ihey colle.r infornâiions rh.ough

pallerns ol lo*e. level acro6 For insian-

.ê in a neural âre spectanz-

ed yisuâl a. âudtive CRs, bur alsô asso

cjative CRs regrôuping rhem up to rhe

Eâch cR directs a t.ial and êrrcr

learnjng Pro.êss (cl I5l) which is des'ri
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bed as above fô. .he neu.al slsren, â.d
i n  wh i ch  i !  has  a  t f i p l €  l uncnôn :  as  an
ôbservalionâl system, it fo.ns irs âc!,â/
lan.1s.ape, whi.h Sives a Paticula. in!ê.nâl
repfesentation oi ihe sys.em As â dêci
sion and co.lrol ofcan. i! sêle.ls â sifâ
t€gy on lhis lardscape to comnând eff€c-
rô.s and, âr the end ôf lhe s!ep, to men-
o.ize th€ si.alesi and its resulls, êvâ-
lua.ed thânks r..he conparisoh functar
(Figu.e 6). ln tinê. lhese memorized strâ-
tesies conslitu!e à g.o*\ng plocedur2l
,,emo'l. in whi.h the) cân bê conpared
and €ven.uall) weishted.

ai a siven rime. rhe srÉ!êgies <levi
sed by !hê diffe.ent CRs on their respec-
liye lands.apes â.e ohly repercut€d !Ô lhe
syslem vitb â dis!ôrtioh and rhey becôme
.ompetitiy€, and eventually conilictual. ln
tha! case, son€ cR's will nôr be âble to
enlorce thei. cur.en! slrâiegy ând theJll
hâve to cha.g€ i! before ihe no.nal côn-
plelion ôf lhe present stepi we sâr tbere
is â fra.tu.e in iheir landscâpe (analytical

It i! would he exp.essed by a catâsiroPh€
in Thons sense). SeYeral types ol f.act-
u r€s  a re  i nves ! i gâ !ed  ( . f .  t 4 ,S l ) .  Fo r  i ns_
ta.cs du.ine ôn€ srep ol an âssociaiive
cR, say CR3, a low€r l€vêl cR go€s
!h.ôugh â s€quence ôf shorrer steps tFF

Cu.€ 3); ùê hodifications gene.ated by
ea.h ol these srèps a.e nor dirêdly p€r
.eived at ihe CR3 lêvel, bu! thelr accunu_
lalion mât disrupt the pro.essins of the
slrâiee} d€yised by CR3, thus causing a
fracture fo. CR3 and shôrrening its s!ep.
cônvêrsel), â higher level f.acru.ê ôay
backfire laler oh and fô.ce the loter le
vels ro adop! a spe.ific sr.ategr. orhe.
f.â.tures cone from a sever€ modlficâlion
of lhe enyironmenr, o. bêcâuse ol a con
llictual standsrill belween tvo parallel
CRs, *hicb hâs ro be debiocked by a hi-
ghê. l.v€I. So lhe evôlution ot thê system
is shaped by the dialecti.s betwêen cRs
which ar€ h€te.ôgeneous
plexitr level and !h€ir time scal€, the
boltom iop .egulâlion being predoninenl
on a sha.r !ern, but nodulai€d by up-
dôwn s!.i.gent côntrols rhâi sbape the
evô lu ! i on  on  t he  l onc .un  1c f .  l 5 l ) .

In lbe case of a n€ural syslem, this
mod€l can erplan rbe fornation of ,ârArer
.ognitirc sÛuctures through lhe in.êrac
tion w,rh rh€ environn€nt ând lhe diale._

tics bstwee. heterogeneous CRs, Follo-
w ing  Cbaôg€ux  t l l  ând  Ed€ lhan  l 2 l  i r
mighr b€ conjÊcrur€d that .oÆcio,s,ers is
an €ne.gent prop€rty of tbe dial€ctics
betwe€n â higber level CR and lôwer CRs
whi.h direct autonalic p.ocesses. In pa.ri-
cular. nan devêlôps a sen2ntj. nemôr,
fo.med b) nôre and more complet ca_
tecory-.èufons reprês€ntrng abstra.t côt-
cepls, confol€d by tb€ higher CR associa-
ted to the lânguàAe (Bræâ and Wernicke
areas). Thou8ht would b€ p.odu.ed by
sequences of frcctures caused in rhis cR
bl lower ones, whicb iûpose a revision ol
tbe silualion (lhrouCh int€.-lêv€ls loops
t2l). yêt Ieaving som€ i.deterninisn in
the choice oa lhe .êw sfaùegy rhânks lo
the fleribiliry oi the .al€3o.y_nêu.ons.

On a less conjeêru.al side, ihe model
helps unde.slând
sulls ol Cogniriye S.i€t.e and sugeesLs
new quesiions to explo.e. Ir may also be
adâpred to srudy th€ dynamics of various
biôlogical or sociolo8ical sysrems, to de
sign knowledge based machines in Aftifi_
c,al Intelligenc€, o. ro d€scribe knowl€dge
acquisition in EpistemôloBy
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