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ABsTR.Àcr. The theory of Memory Evolutive Syslems, already presenled in

former Baden-Baden Conferences,  could be c lassi f ied as a Rat ional  Emer-
qent ism in Lhe sense of  (Bunge, 1979) '  l t  Presents a model  for  natural
àpen sel f -organiz ing systems, Àuch as bio-socio logical  or  neural  s; 's tems,
in which chJ dynamics is  modulaLed b-v lhe compel i t ive inLeracLions beL-
ween the globàl  system and a fami ly of  internal  CenLers of  Regulal ion
(CR) wi th â i f ferent ia l  access to a cenlra l  h ierarchical  Memor-r ' .  Each CR
operates a!  i ts  own complexi t -v level  and t ime-scale,  so that  lheir  respec-
t ive s l rategies might  be conf l ic tual .  whence the emergence of  d ia lect ical
funcLional  loops between heLerogeneous CRs.

Here we show how th is theory g ives a uni f ied f rame to consider se-
veral  emergence problems: emergenl  propert ies for  a complex object  obtai -

ned by Lhe cohesive binding of  more elementar-v ones,  e.g '  s . lnchronous as-
sembÉes of  neurons represenl ing mental  objects;  emergence of  h igher
order repair  mechanisms (SOS s) 's tem in bacter ia,  delr -esynchronizat ion in
aging thèory)  ;  d i f ferent iat ion between 

's imple '  
ph1's ical  s- \ 's tems aud 

'com-

p I e x ' b i o l o g i c a l  o r  s o c i o - p o l i t i c a l  s . r ' s t e m s  ( o r g a n i s m s .  e n t e r p r i s e s  s o c i e -
t i es ) :  f unc t i ona l  deve lopmen l  o f  comp lex  cogn i t i ve  p rocesses .  e .g '  i n  neu ra l
sysLems, leading to thè format ion of  a procedural  memor-r ,  to the emer-
gence  o f  Seman t i c s ,  and  consc iousness .

KEYwoRDs. Emergence. Complexi t - r .  S-vs!em. Agregat ion.  Semant ics.  Re-
duc t i onn i sm

1. I r r t rod.uc€ion

F rom A r i s t o te  on ,  emergence  seems  a  ub iqu i t ous  and  so rneuha l  am-

b ieuous  no t i on  re l a ted  t o  comp lex i t l  ,  w i t h  va r i an t  de f i n i t i ons ,  emphas i z i ng
e iËhe r  t he  f o rma t i on  o f  new  p rocesses  o r  t he i r  sudden  man i f es ta l i on  t o

o the rs .
Fo r  (Rosen ,  1982 ) ,  emergence  man i f es t s  

" some  
k i nd  o f  qua l i t a t i ve  d i f -

ference belween what the syslem is doing now and what i t  d id in che

oas!" .  M. Bunge proposes a 
' rat ional  emergent ism'  lhat  

"combines an ack-

now ledgemen t -o f  
- emergence  

w i t h  t he  t hes i s  Lha t  emergence -  i s  e rp l a i nab le

and preî ic table wi th in 
-bounds" 

(Bunge 1979, p.  251).  He_ def i 'es an emer-

gent  property of  a th ing x as a propèrty gained b-v ; r '  and no!  possessed b-v

an_v  o f  i t s  p recu rso r  comPonen ts .
Websler 's  d icLionary def ines to emerge as 

" to 
come out  f rom any-

rhine. ' ,  whi le the Col l ins Thesaurus gives âs synonyms both to appear and

to  b "ecome  appa ren t .  I n  t he  F rench  Là rousse .  emergence  i s  a  sudden  appa -

r i t i o n ,  w h i l e  
' t h e  

Q u i l l e t  s a y s  i t  i s  a n  o b s c u r e  n o t i o n .  w h i c h  d e n o t e s  a

thing that  comes ou!  anoLher one wiLhou! being proper ly produced nor

causéd  no r  exp la i ned  bY  i t .

For (Bohm, 1983),  the mechanist ic  order dominant i r - r  Phl ' �s ics unfolds

f r om the  un i ve r sa [  
' imp l i ca te  o rde r ' .  I n  t he  d i ss i pa t i v ^e  s t r uc tu res  - o f  .P r i go -

" i " "  f p . i e "R ine  and  S tenge rs .  1982 ) .  o rde r  emerges  - f r om chaos .  B io l og i s t s

3o"rk f t " -q;"nt ly  of  " -" . ! " t t . "  for  a new propert) '  of  a-molecule ' .  a cel l  '

l I ' l f t . ' - "a i "" t  âf  a new organ or  a new species in Phylogenet ics.  Socia l

norms are also emergent,  as" wel l  as neY- ideas or  concepts '  e-g '  l iberL- l  in

the XVII th cenlur-v,- Io l . iu. r . .  in  the XVII I th century (Larôusse's examples) '

I s  i t  poss ib l e  ! o  g i ve  an  ope ra t i ve  de f i n i t i on  encompass ing  - t hese  
va -

. i o r "  - uun i ' t gs?  He re -  n i "  p t opo " "  t o  s t ud -v . t h i s . p rob lem i n  ! he  f r a rnework

oï  u q" .eral" theor- .  for  co, . rp l . ,  s- \  s tenls.  the t l reor_r.  of  NIemor. t  Ft  o lut ive



, $ ' s t ems  (MES)  wh i ch  we  a re  deve lop ing  s i nce  1986  and  have  a l r eady  expo -
sed  i n  Baden -Baden .

The overal l  idea is  to def ine emergence as Lhe sudden appar i t ion,  b_r
ma te r i a l i za t i on  and . / o r  f unc t i ona l i za t i on ,  ; f  a  comp lex  ob lec t  w i t h  " pu . i f i .
new .propert ies,  inLegrat ing an inLernal  iower level  organizat ion whiéh has
slorv l l ,  developed. I t  requir-es tha!  actors and observerJassign i t  at  least  a
fu 'ct ional  s igni f icance.  Though intended Lo increase the.-  ef f ic iencl , ,  ro
of fset  a f racture or  to adapt to changes in the environment.  i t  may "ub""-
quenLl-r '  cause a f racture to another level .  we' l l  d ist inguish th iee main
types of  emergence: wi th respect  to associa l ion,  to c lassi f icat ion and to
organizat ion ( though al l  are formal ly  reducib le to Lhe f i rs t  one).  In each
case . , _ the^  emergence .  i s  r e l a ted  t o  a  spec i f i c  se t t i ng .  and  i t  i s  sa i d :  ' f unc -

t ip.nal '  ( f -em.ergence) for  .some_ objects when i t  is-mani fested chrough i ts
e l l ec t s  on  t hem:  

' on to l og i ca . l '  ( o -emergence ,  o r  s imp l y  emergence )  i f - t he re
is mater ia l izat ion of  new objects or  processes in a i_vstem; 'e-pistemological '
(k-emergence) when such objeccs become apparent  to some actors,  e iLher
at  the same date or  at  d i f ferent  t imes,  whi le the_r.  were not  before.  An
o-emergence in a system is a lso a f -emergence, and a k-emergence for
some  ob iec t s .

2 -  B r e f  o u t l i n e  o n  1 \ 4 E S _

The.MES. represent a mathen.rat icai  model  for  r . ratural  sel f -organiz ing
s) 's tems. based on Categor.v Theor_r (MacLane. 1971).  We just  recal l  

- the 
. ,eI

cessar- \  not ions and refer  for  detai ls  to the papers l is ted in the References
(den-oted b,v EV) and , to lhe Proceedings of  rhe 5 preceding Baden-Baden
Con fe rences  (deno ted  by  BB  88 -92 ) .  

-

The state of  the system_at a g iven t ime, formed b, \ ,  i ts  componenrs
and the in leract ions between them. is  model led bl  a cateiorr  K.  An arrorv
( ca l l ed  I i nk )  f r om  A  t o  B  w i l l  be  cons ide red  e i tÉe r  as  a i  ac t i on  ( t r ans fe r
of  informat ions or  energy-. . )  performed b_r A,  or  as a factor  (message or
cons . t | a i n t )  . a f f ec t i n_g  B .  The  ob jec t s  a re  h i e ra r ch i ca l l , r  o rgan i zed  i n t o  com-
p le \ i t - \  l e ve l s .  so  t ha t  an  ob jec t  A  o f  l eve l  k+1  i s  a  compound  rep resen ted
b - r  t he  cohes i ve  b i nd ing  (=  i nduc r i ve  l im i r  i n  K )  o f  a  pu i t " . n  | I  

' o f  
l i n ked

ob iec t s  o f  l e ve l  k .

.  Emergence  conce rn ing  t he  f o rma t i on  o f  suc l . r  compounds .  we  reca l  I
t ha t  a  pa t t e rn  r l  i n  K  i s  a  f am i l - r  o f  ob jec t s  A ;  r  i r h  sôme  spec i f i c  l i n ks
betr 'een them. A col lect ive 1, inÂ- f rom the pat ter î  ro an objeci  B consis ls
of  a fami l_v of__l inks f rom each A,  to B,  correlated bl  the speci f ic  l inks of
the pat tern.  The coâeslye bindir tg of  the pat tern is  an oL. iect  A whose
I inks to an-r  object  B are in 1-1 corresponàence * ' i th the côl lect ive l inks
f l on r  t he .pa t t e rn  t o  B .  Then  A  i s  cons ide red  as  a  comp lex  ob jec t  adm iL t i ng
f l  as  i t s  i n t e rna l  o rgan i za t i on .

The change of  states is  represented b,v t r -ansl  t ion f  unctors betweer.r
success i r . e  s t a te - ca tego r i es .  Th i s  d1 ' nam ics  i s  r egu la ted  b1 ' a  ne t  o f  sub -
s_]sterrrs.  cal ied nternal  Centers of  Regulat ion (CR) .  whic l - r  have a di f feren-

i t ia l  access to a centra l  Memor-r  in lvhich pas!  exper iences are stored f lor  a
bel ter  adaptat ion.

Each CR. at  i ts  complexi t_r  level  and wiLh iLs own per iod,  operates a
s tepw ise  l r i a l - and -e r ro r  l ea rn i ng  p rocess .  Du r i ng  a  s l ep ,  t he  CR cons t ruc t s
i ts  internal  (more or  less distor ted) represenLaLior . r  P of  the global  systen-r ,
cal led i ts  actual  landscape. I ts  actors select  a st1 'ateg.- l  on P consist ing in
t he  add i t i on  o r  de le t i on  o f  some  e lemen ts .  d i ssoè ia t i àn  o f  pa r t i cu l a r  c6m-
pounds .  cohes i ve  b i nd ing  o f  some  pâ t t e rns  f o r  t hem to  émerge  as  new
(compler)  uni ts of  a h igher level .  The ant ic ipated landscape at  the end of
the step should be Lhe 

'complexi f icat ion '  
of  P wi th respect  to th is st rateg).

(BB  B8 ) .  Howeve r  i t  m igh t  no t  be  so  (and  t he  CR measu res  t he  d i f f e ren -
ce).  because the actual  s l rategies of  a l l  the di f ferent  CRs are repercuted
to the s- ls tem where they enter  into compet i t ion.  Whence lhe r isk of  a
fracture for  some CRs, and the emergence of  a d ia lect ics between CRs
rv i t h  con t ras t i ng  comp lex i t - v  l eve l s  and  pe r i ods .  r vh i ch  modu la tes  t he  g l oba l
evo l t r t i on  o f  t l r e  svs tem and  makes  i t  t n . r p red i c t i b l e  on  Lhe  l o r rg  r un .



3 -  E r r r e r g e r r c e  l > ; , ,  a s  s o c i a t i o r - r  _

,The f i rs t  type,of  emergence is  the emergence of  compounds b-v cohe-
sive bindin-g.  I t  is  _the- most  important ,  s ince the oLher types wi l l  formal ty
be  reduced  t o  i t .  I t  deve lops^  i n  t h ree  s tag -es .  co r respond ing  t o  i nc reas ing
comp lex . i t y  l eve l s :  t r ans i t o r y  f - emergence  o f  a  co l l ecL i ve  ac t - i on .  emergence
o f  a  cohe ren t  assemb ly  and  i t s  cohes i ve  b i nd ing .  emergence  o f  a  co r i p l ex
object  wi th i ts  own ident i ty .

1.  I .et  us consider a paLtern f l  in  a MES, and suppose that  a col lect ive l ink
is formed f rom lh is paLtern to an object  B aC a given Lime ( th ink of  a
group of  qgopl .e cooperal in^g for  a speci f ic  task).  This col lect ive l ink repre-
sents a col lect ive act ion of  the components A,  of  the pat tern,  which càuld
not  be performed by them separately and necéssi tates that  a l l  the compo-
nents coordinale lheir  act ions along their  speci f ic  l inks.  For instance,  ihe
cumulat ive f i r ings of  an assembly of  neurons may be necessary to act ivate
a neuron B.  When i l  occurs,  lh is col lect ive act ion causes lhe f -emergence
of the pat tern for  B,  and eventual ly  i ts  k-emergence for  other actors ïhen
i t  becomes apparent  in their  landscape. Howevei  i t  may be onl-v temporary.

2. Emergence of a coherent assembl-v and its cohesive binding. lf the coo-
pera. t ion be^tween the A; 's  is  pursued. i !  becomes more ef f ic ie-nt .  the speci-
f ic  l inks of  the pat lerÉ strengrhen. synchr-oniz ing the act ions of  the àom-
ponen l s  and  even tua l l y  spec ia l i z i ng  some  o f  t hem,  and  t he  co l l ec t i ve  l i n ks
mult ip ly.  Such a change is e i ther engineered di recel ,v b_r.  the pat tern (e.g. ,
p^eople want i lg to develop a common act ion).  or  forced b, t 'ex iernat  events
( format ion of  a synchronous assembl-r ,  of  neurons.  in the sense of  (Hebb,
1 (149 ) ,  memor i z i ng  a  s t - imu lus ) ,  o r  r equ i r ed  b_v  t he  s t r a teg )  o f  some  CR.  Fo r
i ns tance .  unde r  s t r ess fu l  c i r cums tances ,  some  un i ce l l u l a i s  f o rm  co lon ies ,  i n
rvhich external  cel ls  specia l ize for  mot ion,  internal  cel ls  for  metabol ism,

This f ransformat ion of  the pat tern inLo a coherent  assemblr  ls  actua-
l ized by_the o-emergence of  i ts  compound as a rrerv h igher ordér unlc.  sa.v
A. which integrates the pat lern (b1'  complexi f icat ion).  and becomes i ts
co l r es i ve  b i nd ing  i n  t he  sys tem o r  on l l  i n  a  pa r t i cu l a r  l andscape .  As  t he
l i nks  f r om A  t o  an l ' ob j ec t  B  a re  i n  1 -1  co r respondence  r v i ! h  t hô  co l l ec t i ve
l inks f rom the patLer l  Lo ^8,_the-r .  represent the f -ernergenl  propert ies of
rhe pat tern.  The novel ty of  the emergence. thar is  the i l i f feréncé berween
lhe operat ions of  the coherent  assembl,v and the act ions performable bv
the  A i s  ac t i ng  sepa ra te l y ,  i s  measu red  b - r  t he  

' compa r i so i  
i i n l ' (BB  gg )

f lom S to A-,  where S represents what would be the amorphous amaigam
(= sum) S of  the components Ar.  i f  their  speci f ic  l inks weie omit ted.  

-For

i nsLance , .  Hemog lobu l i n  i s  t he  c6hes i ve  b i nd ing  o f  t he  pa t t e rn  r ep resen t i ng
the spat ia l  conformat ion of  the tetramer,  and the compar ison i ink meal
sures the di f ference between i ts  cooperat ive f ixat ion of  ô,  and Lhe oryge-
r lat ion rate of  i ts  4 separate uni ts (Di  Cera.  1990).

3. ,Emergence, of a^complex object. The compound A has emerged as Lhe
cohesive binding of  the pal tern I I  in  the s_vstem i tsel f ,  or  oni l t  in  som.
landscape. Thereaf ter  i t  might  remain dependent of  the pat tern,  in lhe
sense that  iLs successive s iates wi l l  be the cohesive bindings of  the suc-
cessive sta les of  f I ,  and i ts  funct ioning ceases i f  the pat fern is  d isrupted.
For instance a mechanical  object  (say a c lock) rv i l l  break i f  some parts
cannot funct ion.  In th is case.  the elnergence of  A onl ,v represents lhe
transformat ion of  the pal tern into a coherent  assembl-r ' .

However in complex systems such as bio-  or  socio-systems. A may
emerge as a higher order object  per se,  taking precedence over i ts  compo-
nents by developing an exis lence of  i ts  own, in that  i t  perdures and main-
ta ins i ts  ident i ly  whi le i ts  components vary.  For instance,  a cel l  remains
i tsel f  up to i ts  death though there is  a turnover of  i ts  supra-molecuiar
componen ts  and  i t s -me tabo l i c  ac t i v i t i e s  change  i n  t ime :  o r  an  o rgan  may
adapt to new funct ions dur ing the Evolut ion.  The fo lmal  reason for  ehis
f l ex i b i l i t - r '  i s  t ha t  d i s t i nc t  pa l t e rns ,  e .g .  a  pa t t e rn  and  i t s  

' r ep resen ta t i ve '

sub -pa t t e rns  (EV  1987 ) ,  have  t he  sa rne  cohes i ve  b i nc l i r r g .



To  mode l  t h i s  s i t ua t i on ,  we  have  de f i ned  t he  s rab l l i f r  span  o f  a  con t_
p1ex.  objecr  as fo l lows (EV 1987):  the stabi l i t - r  ;p" ;  ; ï -A- a i i i re r ime t  i "t he  l ong .es t  pe . i od  t  such  rha t ,  f o r  each  t '  f r o r l  r  i o  i - r ' t " "È  rnc . l uded ) .
t h e r e  e x i s t s  a  p a t t e r n  r l t ' a d m i t t i n g  t h e  s t a t e  A Ê ' o f  A  a t  t , a s  i t s  c o h e s i -
ve blncr . lng,  and . the t ransi t ion f rom l I  É to f I  t '  is  an equivalence ( in rhe
categor ical  sense).  Roughly. ,  the composi t ion of  _,{  ma,,  ,a i ; la,  * i i t  t i , "  po"_
s ib l e  l oss ,  add i t i on  and  rep lacemen t ; f  som.e  o f  i t s  componen ts . - as  l ong . s
the 

'sketch'  
of  i ts  organizàt ion remains unchanged. A ; i r -  ù; '  . ;ns idered as

a mater ia l izat ion of  . th is sketch,  and A mainia ins i ts  ident i t_\ ,  up to thet ime where i ts  stabi l i t l ,  span tends !o 0.
The  emergence  o f  A  as  such  a  comp lex  ob jec t  o f  i t s  own  ( ca l l ed  acategor) ' -neuron in a neurar s, r  s tem) t ransèends the emergence of  th;  ; ; t -lern as a coherent  as.sembl, r ' .  and gives i t  a durat ion toà'ge.  

- t r , .n 
that  of

i ts  components.  For instance,  an àssociat ion is  in i t ia l l_r .  ëreated b,r .  somepersons,  bur i t  wi l l  real ly  eme'ge.  as a n-ew insr i tut ion "" l i - * r r""  i t  $. i l l
have  been  l ega l i zed .  ̂ and  do ted  ' v ' i t h  spec i f i c  sÈa tu tes  wh i ch  ensu re  t ha t  i tKeeps  runcL ron rnR  i f  i t s  l ounde rs  a re  r ep laced  o r  i t s  ac t i v i t i e s  pa r t i a l l - r
mod i f i ed -

.  Th i s  o . - eme l ' gence  o f  A  ensu res  t ha t  A  a r so  f - emerges  f o r  a i l  t he  ob -
i ec t s  r o  wh i ch  i t  i s  r i nked .  Bu t  A  ma ' sudden l_ r . k -_emer :g ï - i n - i h "  l und " . up "
of  a speci f ic  c^R onl ,v_ later  on.  even' i f  i i  i "  inucn "u. ï i " .  f -Èmergent for .some objects of  th is-  landscape. and so af feccs i ts  evolut ion up to becomeo n e  o f  t h e  c a u s e s  o f  a  f r a c t u r e  ( e . g . .  n e u r o p a t t r i e "  c a u . e J ' ; 1 , ; [ "  c o n s c r o . s
r -esu rgence  o f  a  f o rgo t t en  t r auma) .  we  have  exp la i ned  i n ' (EV  l ggg )  ho rvc o l n p l e x  s - \ s t e m s  d i f f e r e n t i a t e , f r o n r ' s i m p l e ' p h _ r s i c a l  s _ \ s t e m s  r h a v i n g  t h e i r .
d,v i ramics determined b,r '  in i t ia l  condi t ions - .nd- l "*r ) - -b) . - rh"  

' i r .upt ion 
ofsuch  f r acLu res  caused  t o  a -  h i ghe r  l eve l  CR  w i t h  a  l " neà . ' oË . i od  b r  " nu n s e e n  s l o w  a c c u m u l a t - i o n  o f  s ù a l l  c h a n g e s  a t  a  l o w e r  i . u ï .  

' - '

The k-emergence of  A for  a CR may also resurt  f rom an extension of

i l l i  ] i î^d^"^- t - . -  
f? l l "* , "S rhe emergence of  orher-  new objects (more power_

rur rerescopes have permit ted the discovery of  farer  stars) ,  or  f rom thee r ro r t s  o t  t he  cR  Lo  coun te rac r  a  f r acLu re  (up  t o  t he  deve lopmen t  o f  neu ,
: :^ , . : .1! i f i :  

theor ies.  e.g.  Relar i r . i t - r ,  Theory ro ôvercome discrepancies in rheNe\\ ' tonran scheme, Catastrophe theor-v (Thom. 1990) to unâerstand nror ._phogenes i s  v i a  a t t r ac to r s  and  b i f u r ca t i ons ) .

| ;^E: : : f - : : :_processes.  
The emergence of  nerv. .objecrs is  accomparr iect  b-r

: l :  ^"a" Ig: i .e _ot  
new processes,  and even_tual ly  their  later  k_emergence

:9r  
s?me 

:- l { .  t  h: .  processes are represented b-r .  the speci f ic  l inks beiwee'
: ^ " : p l u r  

ob jec t s  
. ( i n  an  adequa re  comp lex i f i cac i on ) ,  de f i ned  as  f o l l ows  (EV

t i ô / t .  A  c tus te r  be tween  two  pa t t e rns  l I  and  l I ' i s  a  f am i l y  o f  l i n ks  be t -
r veen  t he i r  r espe , c t i ve  componén ts .  u .e l l  co r re l a ted  b_v  t he i i  soec i f i c  l i n ks ,
Lh rs  c t us te r  b i nds  i n t o  a  l i n k  be tween  t he i r  cohes i ve  b i nd ines .  No rv  f o r
complex objects ,per se.  there are arso comprer / rnks f rom À iÀ R .  outai -
n e o  b _ \  t h e  c o m b i n a t i o n  o f  b i . d e d  c l u s t e r s  .  A - A  1  - . . . _  A n  - A ' ,  b u t  w i t h

:L" .^ l l - : !b i t ] :y  
added b1- consic ler ing.  each Ai  as rhe cohesive ùinaing of  :

o l r r e ren t  pa t t e rns  t o  de t i ne  i t s  2  ad jacen t  a r rows .

. ,  
B y  i t e r a t i o n .  p a t t e r n s  o f  c o m p r e x  o b j e c t s  a n d  c o m p r e x  r i n k s  l e a c r  t o

r n e  e m e r g e n c e  o f  s t i l l .  m o r e  c o m p l e x  o b j e c t s  ( a n d  l i n k s ) .  c o r r e s p o n d i r r g  t o
cohe ren f  ' supe r -assemb l i es ' .  

t hen  t o  cohe ren t  
' supe r - supe r -assemb l i e " s ' . . . .

in termix. ing objecrs of  several .  l_e-r 'e ls^ ?n{.general l_v 'not  ràducib le to large
assemb l i es  o f  a  spec i f i c  l eve l  (EV  l qBT) .  Th I s  î ac t  

- exp la i ns  
t ha t  t he  t heo r . r

o t  Mhs  i s  a  r a t i ona l  emergen t i s t  r educ t i onmsm_  (Bunge ,  1979 ) .  o f f e r - i ng  i
comprom ise  be tween  pu re  reduc t i onn i sm  and  ho l i sm l  and  a l l ow ing  

" f o .

e x p l i c i t  c o m p u t a t i o n s .

4 -  Errrergerrce l>5r c la.s s i f ica. t iorr-

The  bas i c  mechan i sm i s  t he  same  as  i n  t he  p reced ing  sec t i on ,  e \ cep t
t ha t  we  cons ide r  t he  dua l  s i t ua l i on  ( f o rma l l _ r .  t he  sys tem i - s  r ep laced  b_v  i t s



opposite, obgained by inverling all the links), so that emergence will con-
cern the collective reactions of the pattern inslead of ils collective ac-
tions, and the emergent object will be lhe (projective) limit of the pattern
insLead of  i ts  cohesive binding.

More precisely, let fI be a patlern. A joint trigger of the pattern
consists in- a family of links from an object B to the comp-onenls. A; of. II,
correlated by their specific links. The formaLion of such a joint trigf,er im-
plies that the pattern f-emerges for B. If il persists, the patlern is
strengLhened and synchronized as above, leading to the emergence of a
new object L which represents its limit, i.e., the links from an object B !o
L are in 1-1 correspondence wiLh the joint lriggers issued from B. Finally
this limit may emerge at a higher level as a complex object per se, and
eventually become k-emergent for other CRs.

This situation has been applied in a neural system, to explain how
Semantics emerges (BB 92). Indeed, lel us take the patLern of acLors fIB
induced on a given CR by an object B, defined as the image of the base
funclor from lhe comma-category BJCR to CR; in particular lhere is a
jo int  t r igger f rom B to f IB.  Two objecls B and C are said !o have'Lhe
same CR-shape' if their induced patLerns IIB and IIC are isomorphic; iL
means that they both impose the same constraints on Lhe CR. Hence IIB
characterizes the class of the objects having the same CR-shape as B,
which, in a neural system, represenls Lhe invariance class for a CR-attri-
bute (say,  the c lass of  b lue objects for  a CR-color) .

I f  there exists a h igher CR in the landscape of  which th is 
'acted'

c lassi f icat ion is  k-emergent,  i t  might  lead later  to the emergence of  the
l imi f  LB of  I IB,  cal led (BB 89) the CR-concept of  B,  and which acts as a
broad proLotype memoriz ing the invar iance c lass of  B.  I t  is  t r iggered as
soon as one of  i ts  tokens B is  acl ivated,  and conversely i ts  act ivàt ion may
activate anyone of these tokens.

The CR-concepts,  for  the di f ferent  CRs, their  canonical  l inks,  and
more abstract concepts emerging from them by cohesive binding form a
sub-system of the Memory. This Semantical MemorS" contains a sub-sys-
tem, the Procedural Memory, formed by the concepLs of memorized sLra-
tegies.  The emergence of  such a memory increases the interplay between
the CRs'sLrategies (BB 92).

5.  Orga.ni .zat ional  er :s. rergence -

It concerns lhe emergence of sub-systems of lhe sysLem K with so-
me specific organizational properties (e.g., a new organ for an animal). It
is  doubly re lated lo the preceding k inds of  emergences:  1.  I t  requires the
prel iminary emergence of  more and more complex objects and processes
(as their  l inks,  cf .53),  which wi l l  organize at  h igher levels and operate on
a longer t ime-scale,  wi th product ive inLerferences between levels.  2.  I t
might be inLerpreted as an emergence by association if we place ourselves
in a more abstract 

'epistemological' 
setting, namely lhe general evolutive

sysiem of all the sysLems of a partiiular type, their components and Lheir
sub-systems (contained in Popper 's World I I I ) ;  when i t  develops (e.g. ,
during the embryogenesis), the new sub-system of K will first f-emerge as
a sub-pat tern of  K in th is general  system, then i t  increases iLs funct ions
and emerges as lhe compound of a coherent assembly, or even as a com-
plex object per se. Let us consider some applications.

l. In neural systems, we have already seen examples of this process, na-
mely the emergence of a semantical or of a procedural memory, following
the emergence-of higher CRs able to memorize the invariance classification
'acted'  

by lower CRs.

Another example is  the emergence of  consciousness for  a CR, by in-
teRrat ion of  the temporal  d imension.  We have def ined such a CR (BB 91)
as- a h igher level  CR having lhe fo l lowing properLies:  1 '  I t  extends i ls

landscapè af ter  a f racture through Lhe retr ieval  f rom the working memory



of lower level processes usually no! observable by it (thanks Lo funclional
loops,  of  the k ind considered in (Edelman,1989),  act ivated by increased
attention); 2. Lhen it back-tracks in this extended landscape lo find possi-
ble causes of the fracture (so operaLing by abduction); and 3. i! may feed-
forward and planify for several steps ahead. If such a CR k-emerges to
itself, we have Se,ff-consciousness-

The emergence of Language could also be described as the emergence
of new sub-syslems for phoneLics, syntax, and 'symbols' associating a con-
cept  and a word (s igni f ied/s igni f icant) .

2. Repair mechanisms: Other kinds of sub-systems which may emerge are
repair mechanisms, e.g. the SOS system in a bacterium (Radman, 1975), or a
centralized organizaLion in a too diversified enterprise. These systems will
be triggered by a higher CR in case a lower CR is blocked, Èo impose a
repair strategy (the SOS system is a complex which intervenes when the
DNA replication is interrupLed because of the obstruction of the lower
repair  mechanisms by too many errors,  and i t  a l lows lo pursue the repl i -
cal ion,  evenLual ly  wi th a mutat ion (EV 1989))  .

Another kind of repair mechanism (though it is more difficult to ex-
plici0ly explain its emergence in lerms of formation of compounds and/or
sub-systems) is the de./resynchronization of a CR when it cannot maintain
i ts  temporal  constra ints which impose lhal  p (<.  d ( ( r ,  where d is  the
period, r Lhe mean stability span and p the mean propagation delay in its
landscape (EV 1993);  i t  consists in a l ter ing the per iod,  by increasing i t  in  a
phase of decline, decreasing it. in a development phase. We have proposed
a theor-v of aging for organisms (unifying known physiological cheories)
based on the emergence of  a cascade of  such delresynchronisat ions for
h i ghe r  and  h i ghe r  CRs .

3._ Taxinomies.  Organizat ional  emergence also accounts for  the emergence
o f  a  new  popu la t i on .  as  a  new  spec ies  o r  sub -spec ies . . . . .  Th i s  popu la t i on  i s
character ized by the emergence of  a new feature (organ,  sub-system, stra-
teg-v, . , . ) :  we may descr ibe Lhe emergence of  Lhis new 

'organizat ion '  
as

above, at  Lhe indiv idual  level .  But  we may also consider the system of  a l l
b iosystems and of  lheir  populat ions;  Lhe emergence of  a new species or
a sub-species ( for  instance,  sparrows adapted lo town- l i fe)  is  then a
3 -s tep  p rocess  a t  l he  popu la t i on  l eve l :  f o rma t i on  o f  a  sma l l  pa t t e rn  w i t h
the new feature (which has emerged as above after an environmental chan-
ge or  b-v mutat ion);  th is pat tern s lowly expands inLo a more steady pal-
tern,  hence emerges as a coherenl  assembly;  f inal ly  Lhe new (sub-)spe-
cies emerges when the feaLure is hereditarily transmitted (phenotypically or
genotypical ly) .  However in both cases,  there is  some di f f icul ty  to date the
emergence and Lo c i rcumscr ibe exact ly  the bounds of  the species.  This
problem is well-known (cf. papers in 

"Biology 
and Philosoplryl. An exam-

ple is  the emergence dur ing the glaciat ion of  a semi-speciated populat ion
of  v iv ipar l izards which can st i l l  in terbreed wi th ovipar l izards,  but  wi lh a
less ef fect ive score (Heul in) .

Corrc lusiora -

The dynamics of  a complex system, model led by a MES, is  ent i re ly
dependent on emergence processes.  Indeed, i ts  evolut ion is  regulated (cf .

S3):  l .  at  a g iven t ime by ehe interplay between Lhe compet ing complexi f i -
cat ions di rected by the CRs on their  landscapes,  and lhese complexi f ica-
Lions ensure the emergence of more and more complex objects and com-
plex l inks;  2.  on the long term, by the dia lecLics between heterogeneous
CRs which is partially generated by the fac! lhat an emergence at some
level may k-emerge at another level only laLer and Lhrough a fracture
part ia l ly  caused by i ts  ear l ier  f -emergence; and to repair  th is f racture,
other emergences wi l l  be produced, wi th new r isks of  f ractures.

In large systems, the (general ly  non-hierarchical)  net  of  CRs decom-
poses into h ierarchical  sub-nets.  in which higher CRs coordinate several



paral le l  lower CRs, and these sub-neLs in leract  as paral le l  wor lds.  So the'vertical' 
dialectics beLween CRs is enriched by a 

'horizontal' 
dialectics

between these parallel worlds, since the emergence of a new process in
one of  them wi l l  retro-act  on Lhe others.  For insLance, in an ecosyseem
each species develops its own world, and a change in lhe world of a spe-
cies wi l l  retroact  on the olher wor lds,  e.9. ,  on Lhe wor ld of  man, which
will react by acting on another world.... with unwanted effects emerging at
each step (deserlification, depletion of the ozone, resistance developed
against antibiolics).

The significance taken by emergences/fraclures in complex syslems
warns against planifying local changes withou! care of their later distant
implications. For instance, the physician should LreaL the whole person and
nol an isolated organ, and be cautious of the interferences of drugs; a
social reorganizaLion, or a change of paradigm in Science, asks for a tho-
rough examinalion of its effects...

Finally, let us remark that the distinction between o-emergence and
k-emergence is  somewhat b lurred,  and of ten depends on phi losophical  op-
lions. For instance, a higher order cognitive process has been representèd
by a (complex) category-neuron (BB 90-92). The statuLe assigned to this
category-neuron has lo do with the mind-brain problem: is it Lo be consi-
dered as a 

'real' physical object which is k-emergent in our model ('identity
theory') or as a purely 'conceptual 

object, which is o-emergent only for
our MES of  neurons ( 'dual ism')? I t  seems that  a 

's imple '  
category-neuron,

integrating an assembly of neurons, might be said identical tô a physical
neural  sta le;  but  a 

'complex '  
caLegory-neuron,  involv ing compiex l inks,  is

a more f lex ib le neural  process,  a l though i t  may be expl ic i t ly  descr ibed by
an induct ive construct ion f rom simple category-neurons (cf .  end S3).  So
our model  is  a k ind of  monism in which mental  funct ions are emergent
activities of brain, as for (Bunge, 197911' but this emergence lends itselF Lo
computat ions,  so thal  i t  a l lows to develop a ' real '  a lgebra of  mental  ob-
7ecÉs (BB 9l-92),  as cal led for  by Changeux (1983).
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