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Tel-Avi v Universit y Te l  Avi v 69978 ,  Israe l 
and 

E y t a n R u p p i n 
Department s o f  Compute r  Scienc e k  Physiolog y 
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hornCvm.tau.ac.i l  nirlevyOpost.tau.ac.i l  ruppinCmath.tau.ac.i l 

Abstrac t 

We propose a novel mechainisin of synaptic mainte-
nance whos e goa l  i s  t o preserv e th e performanc e o f 
an associativ e memor y networ k undergoin g synap -
ti c degrzulation ,  an d t o preven t  th e developmen t 
of  pathologica l  attractors .  Thi s mechanb m i s 
demonstrate d b y simulation s performe d o n a  low -
activit y neura l  mode l  whic h implement s loca l  neu -
rona l  homeostasis .  We hypothesiz e that ,  wherea s 
Hebbia n synapti c modification s occu r  a s a  learnin g 
proces s durin g wakefulnes s an d SWS consoUdation , 
th e neural-base d regulator y mechanism s propose d 
her e tak e plac e durin g RE M sleep ,  wher e the y ar e 
drive n b y bout s o f  rando m cortica l  activity .  Th e 
rol e o f  RE M sleep ,  i n ou r  model ,  i s  no t  t o prun e 
spuriou s attracto r  states ,  a s previousl y propose d b y 
Cric k an d Mitchiso n an d b y Hopfiel d Feinstei n an d 
Palmer ,  bu t  t o maintai n synapti c integrit y i n fac e 
of  ongoin g synapti c turnover .  Ou r  mode l  provide s 
a possibl e reaso n fo r  th e segmentatio n o f  slee p int o 
repetitiv e SWS an d RE M phases . 

Introduction 

Haifa century ago, Hebb (1949) proposed his solution to 
th e proble m o f  th e neura l  organizatio n o f  memory .  Th e 
concep t  o f  Hebbia n cel l  assemblie s ha s sinc e becom e a n 
accepte d ter m i n th e neurosciences ,  an d th e ide a tha t 
learnin g take s plaw: e throug h synapti c modification s ha s 
been prove d experimentall y an d ha s bee n accepte d a s 
a basi c paradigm .  Ther e exist s howeve r  a  majo r  prob -
le m i n thi s approach :  i n orde r  t o maintai n memorie s 
synapse s hav e t o sta y unchange d whe n n o ne w learnin g 
occurs .  Ho w i s tha t  possibl e i n th e fac e o f  th e metaboli c 
turnove r  whic h the y underg o al l  th e time ? I n th e presen t 
paper  w e offe r  a  solutio n t o thi s problem .  Ou r  sugges -
tio n i s tha t  synapti c maintenanc e occur s vi a a  comple -
mentar y proces s t o Hebbia n learning .  W e propos e tha t 
i t  i s  bein g CMrie d ou t  o n th e neur d leve l  an d i s drive n 
by th e activit y o f  th e singl e neuron . 

Our  stud y i s o f  theoretica l  nature ,  base d o n numer -
ica l  simulation s o f  a  neura l  networ k tha t  serve s a s a n 
associativ e memor y model ,  incorporatin g Hebbia n cel l 
assemblies .  Th e mode l  i s  describe d i n th e nex t  section , 
wher e w e introduc e synapti c turnove r  an d sho w tha t  it s 
effect s ca n b e counteracte d b y a  neurally-base d synapti c 
compensatio n mechanism .  On e interestin g resul t  whic h 
follow s fro m thi s proces s i s tha t  i t  eillows ,  i n a  natura l 
way,  t o obtai n a  homogeneou s distributio n o f  th e basin s 

of  attractio n o f  memories .  Thi s solve s anothe r  prob -
le m whic h i s inheren t  i n th e Hebbie m approach :  Ho w i s 
i t  possibl e t o regulat e memorie s i n suc h a  fashio n tha t 
pathologica l  situation s i n whic h on e memor y overtake s 
al l  other s ca n b e avoided ? I t  turn s ou t  tha t  th e reg -
ulator y mechanis m o f  synapti c maintenanc e serve s thi s 
purpos e too . 

The regulator y proces s tha t  w e sugges t  require s a  pro -
cedur e o f  measurin g th e activit y o f  a  singl e neuro n a s a 
reactio n t o stimulatio n wit h rando m pattern s o f  activity . 
One ma y wonde r  whic h physiologica l  proces s i s respon -
sibl e fo r  it .  R E M slee p i s a  goo d candidate .  Some tim e 
ago Cric k an d Mitchiso n (1983 )  hav e propose d tha t  th e 
functio n o f  R E M slee p i s t o serv e a s a  'revers e learn -
ing '  mechanis m whos e ai m i s t o remov e 'spurious '  pat -
tern s tha t  ar e engrave d i n th e brai n a s a  byproduc t  o f 
learning .  I n a  companio n paper ,  Hopfiel d e t  al .  (1983 ) 
have examine d thes e idea s i n th e framewor k o f  a n as -
sociativ e memor y network ,  an d hav e show n tha t  revers e 
learnin g ma y indee d allo w th e networ k t o perfor m bet -
te r  o n subsequen t  learnin g an d retrieva l  trials .  I n ou r 
model  ther e i s n o proble m wit h spuriou s states ,  an d n o 
anti-Hebbia n step s ar e neede d t o guarante e memor y re -
call .  Nonetheless ,  w e ca n dra w o n th e sam e physiologica l 
mechanism ,  associatin g rando m activatio n o f  th e mode l 
wit h th e functiona l  rol e o f  R E M sleep . 

We therefor e hypothesiz e tha t  rando m activit y evoke d 
i n th e corte x durin g R E M propel s a  synapti c buildu p 
mechanis m tha t  take s plac e durin g slee p an d compen -
sate s fo r  synapse s tha t  wer e degrade d durin g th e previ -
ous day .  Thi s proposa l  complement s th e recen t  findings 
of  Wilso n an d McNaughto n (1994 )  tha t  suppor t  th e pos -
sibilit y  tha t  memor y consolidation ,  th e proces s o f  trans -
ferrin g learne d informatio n fro m hippocampa l  store s t o 
long-ter m cortica l  stores ,  occur s durin g slow-wav e slee p 
(SWS).  I n accordance ,  cortica l  memor y storag e an d cor -
tica l  synapti c maintenanc e occu r  i n th e S WS an d R E M 
stage s o f  slee p i n a  segregate d manner .  I n th e following , 
we shal l  presen t  a  fe w computationa l  insight s a s t o th e 
reason s fo r  thi s segregation ,  an d discus s thei r  implica -
tions . 

Synaptic Maintenance 

Our model is based on previous work in which we 
have studie d compensator y mechanism s i n a  mode l  o f 
Alzheimer' s disease ,  simulate d throug h rando m synap -
ti c deletio n (Hor n e t  al .  ,  1993 ;  Ruppi n k  Reggia ,  1995 ; 
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Hor n e t  al .  ,  1996) .  Fo r  ou r  presen t  stud y w e us e a n 
excitatory-inhibitor y attracto r  neura l  network ,  havin g 
M m e m o r y pattern s tha t  air e store d i n N  excitator y neu -
rons .  T h e codin g i s sparse ,  i.e .  eac h Hebbiai n cel l  assem -
bl y consist s o f  p N activ e neuron s wi t h p  < < 1 .  T h e 
synapti c efficac y 7, ;  be twee n th e jt h (presynaptic )  neu -
ro n an d th e tt h (postsynaptic )  neuro n i n thi s networ k 
i s 

•^o = ^i;yV.';''; (1) 

where t)''^ are the stored memories and allowance is made 
fo r  differen t  strength s g' '  fo r  e m b e d d i n g differen t  m e m -
ories .  T h e updat in g rul e fo r  th e activit y stat e V i  o f  th e 
it h binar y neuro n i s give n b y 

Viit-i-At) = Pihiit)-T) (2) 

where T is the threshold, P is a stochastic function and 

N 
hi(t )  =  c .  Y i  WijJijVjit )  -  7(2(t )  +  li . (3 ) 

j* i 

Thi s loca l  field,  o r  inpu t  current ,  include s th e H e b b i a n 
couplin g o f  al l  othe r  excitator y neurons ,  a n externa l  in -
pu t  /i ,  an d inhibitio n wh ic h i s  proportiona l  t o th e tota l 
activit y o f  th e excitator y neuron s 

m = ~ j : v ^ { t ) Np (4 ) 

As lon g a s it s  strengt h obey s 7  >  M p ^  thi s networ k 
perform s well . 

T h e faw;tor s c ,  an d Wi j  ar e th e compensa t io n a n d 
degradatio n terms .  T o begi n wi t h the y ar e a s s u m e d t o 
be 1 .  Degradation ,  o r  weaken in g o f  synapses ,  i s m o d e l e d 
by imposin g a  distributio n o f  wt j  <  1 ,  wh ic h serve s t o 
represen t  attenuatio n o f  th e synapses .  C o m p e n s a t i o n i s 
represente d b y th e factor s c ,  wh ic h correc t  th e value s o f 
al l  synapti c connection s o f  neuro n n u m b e r  j .  T o deter -
min e thi s facto r  w e a s s u m e tha t  a  m e a s u r e m e n t  perio d 
exists ,  i n whic h th e neuro n estimate s it s o w n activit y i n 
respons e t o th e stimulatio n o f  th e who l e ne twor k b y rjui -
d o m externa l  inputs .  I t  the n change s it s compensa t io n 
strengt h throug h 

dCi 

dt 
= KC i 1- {hijt) ) 

(5 ) 

F r o m a  biologica l  perspective ,  suc h computat iona l  al -
gorithm s m a y b e pre-wire d i n neurona l  regulator y m e c h -
anism s Indeed ,  severa l  biologica l  m e c h a n i s m s m a y tak e 
par t  i n neural-leve l  synapti c modification s tha t  self -
regulat e neurona l  activit y (se e (va n O o y e n ,  1994 )  fo r  a n 
extensiv e review) .  I n othe r  words ,  ther e exis t  feedbac k 
mechan ism s tha t  ac t  o n th e neurona l  level ,  possibl y vi a 
th e expressio n o f  i m m e d i a t e earl y genes ,  t o ensur e th e 
homeostasi s o f  neurona l  activity .  Th i s readjustmen t  pro -
ces s i s  loca l  t o eac h neuron ,  a n d i s  d o n e o n th e neural , 
an d no t  th e synaptic ,  level .  H e n c e th e pre-degradatio n 
value  o f  eac h individua l  synaps e i s no t  necessaril y  recon -
structed .  Thi s strateg y i s  adop te d becaus e i n biologicei l 

realit y eac h synaps e m a y hav e a  distinc t  valu e wh ic h 
shoul d b e allowe d t o chang e durin g th e learnin g phas e 
of  th e system .  T h u s w e hav e a  natura l  separatio n be -
twee n H e b b i a n synapti c learnin g a n d neurona l  synapti c 
regulation . 
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Figur e 1 :  Distributio n o f  th e fields  h i  i n a  networ k wit h 
a n activit y leve l  o f  p  =  0. 1 i n respons e t o th e inpu t 
of  a n encode d pattern .  T h e thre e curve s displa y th e 
case s o f  th e origina l  network ,  o f  th e on e wit h averag e 
synapti c attenuatio n o f  0.8 ,  a n d on e whe r e bo t h synapti c 
weaken in g an d compensa t io n ar e emp loyed . 

To explain why such a compensation mechanism can 
wor k w e presen t  i n Fig .  1  a n exampl e o f  th e histogra m 
of  th e loca l  input s h i  i n suc h a  network .  Thi s bimoda l 
distributio n account s fo r  th e fac t  tha t  a  fractio n p  o f  th e 
neuron s (th e 'foreground '  neuron s i n th e cue d pattern ) 
wil l  fire,  an d a  fractio n 1  -  p  (th e 'background '  neurons ) 
wil l  sta y quiescent ,  provide d w e choos e th e threshol d T 
t o li e i n betwee n th e tw o peaks .  Onc e synapti c dete -
rioratio n occurs ,  th e tw o part s o f  th e distributio n mov e 
close r  t o on e another ,  leadin g t o th e sourc e o f  error s tha t 
wil l  eventuall y caus e th e demis e o f  th e m e m o r y system . 
Compensatin g wit h a  constan t  c  =  1/u; ,  wher e t u i s th e 
averag e o f  Wij ,  shift s th e tw o average s t o thei r  origina l 
locations .  Ou r  dynamica l  compensatio n algorith m lead s 
t o simila r  results . 

I n ever y simulatio n experiment ,  a  sequenc e o f  synap -
ti c degradatio n an d compensatio n step s i s executed .  I n 
orde r  t o measur e th e averag e inpu t  field  i n eac h compen -
satio n step ,  th e syste m i s presente d wit h rando m input s 
and i t  flows  int o som e o f  it s attractors .  Afte r  averagin g 
ove r  m a n y input s on e calculate s th e ne w Cj .  The n th e 
syste m i s presente d wit h it s m e m o r y repertoir e i n orde r 
t o measur e it s performance ,  befor e anothe r  degradatio n 
ste p i s applied . 

Performanc e o f  th e networ k i s define d b y th e averag e 
recal l  o f  al l  memories .  T h e latte r  i s  measure d b y th e 
overla p m'* ,  whic h denote s th e similarit y betwee n th e 
final  stat e V  th e networ k converge s t o an d th e m e m o r y 
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pat ter n t}' '  tha t  i s  c u e d i n e a c h trial ,  define d b y 

m^it )  = 
p ( l _ p ) 7 V ^ E ( ' ? ' - p ) ^ ' ( < ) - (6 ) 

4 0.4 -

Figur e 2 :  Performanc e o f  a  networ k wit h N  =  100 0 neu -
ron s an d M = 5 0 memorie s wit h activit y leve l  o f  p=0.0 5 
i s plotte d vs .  time .  T h e dot-dashe d curv e represent s a 
cas e o f  synapti c turnove r  withou t  compensation .  Afte r 
a shor t  whil e th e networ k i s  unabl e t o perfor m m e m o r y 
retrieval .  W h e n compensatio n i s  employe d (ful l  curve ) 
th e syste m ca n continu e t o serv e a s a n attracto r  neura l 
networ k fo r  a  lon g time . 

Fig. 2 shows the performance of the network as a 
functio n o f  time .  I f  n o compensatio n i s applied ,  m e m o r y 
retrieva l  deteriorate s fast .  Wi t h ou r  algorith m perfor -
mance ca n b e maintaine d fo r  lon g times .  T h e facto r  tha t 
determine s thi s tim e spa n i s th e widt h o f  th e distribu -
tio n o f  rando m synapti c weakenin g tha t  i s employed .  Fo r 
homogeneou s weakenin g compensatio n i s  exact .  H o w -
eve r  fo r  rando m processes ,  th e widt h o f  th e distributio n 
grow s wit h time ,  and ,  a t  som e poin t  th e averag e com -
pensator y factor s canno t  overcom e th e distortio n whic h 
i s introduce s i n th e m e m o r y system .  T h e latte r  need s 
the n fres h Hebbia n learnin g t o reloa d it s  memory . 

Homogenization of the Basins of 

A t t r a c t i o n 

Our compensatory process has the characteristics of 
maintainin g th e activit y o f  singl e neurons .  A s a  resul t 
i t  strengthen s weakene d memorie s an d weaken s stron g 
memories .  Thi s lead s t o a n interestin g regulatio n pro -
ces s whic h homogenize s th e memories '  basin s o f  attrac -
tion .  Figur e 3  shoW s th e result s o f  applyin g ou r  compen -
satio n algorithm ,  withou t  an y synapti c weakening ,  t o a 
model  wit h 5 0 memories ,  o f  whic h thre e hav e strength s 
of  5  =  4 ,  3  an d 2 ,  an d al l  th e res t  hav e g  =  I .  W e se e 
ho w withi n a  shor t  whil e th e stronges t  memory ,  whic h 
has dominate d i n th e beginning ,  loose s it s bi g basi n o f 
attraction .  Afterward s al l  stron g memorie s continu e t o 
decreas e together .  Th e share s o f  th e basin s o f  attractio n 
of  al l  memorie s a t  th e beginnin g an d a t  th e en d o f  th e 
tim e scal e o f  Fig .  3  ar e presente d i n Fig .  4 . 

gl^ 4 
- - 82 = 3 
-  93. 2 

B4. 1 

^ • > : ^ / ^ A ^ < ? ^ 

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 BO 10 0 

Figure 3: Size of basins of attraction as measured by the 
number  o f  retrieval s o f  specifi c  memorie s fo r  20 0 rando m 
trial s a t  eac h epoch .  N o synapti c degradatio n i s  per -
formed ,  bu t  th e compensatio n mechanis m i s employed . 
I n additio n t o th e 4  memorie s show n here ,  thi s experi -
ment  ha d anothe r  4 6 memorie s wit h strengt h g  =  1 . 

Figur e 4 :  Share s o f  m e m o r y spac e i n th e exampl e stud -
ie d i n Fig .  3 ,  fo r  th e beginnin g an d th e en d o f  th e ex -
periment .  I n th e excitatory-inhibitor y mode l  tha t  w e 
investigate ,  rando m input s lea d eithe r  t o encode d m e m-
orie s o r  t o th e nul l  attracto r  (gra y shading )  i n whic h al l 
activit y stops . 
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D i s c u s s i o n 

The compensatioD mechanism presented above works 
als o whe n th e networ k i s presente d wit h memor y pat -
tern s a s input s durin g th e compensatio n measuremen t 
period .  However ,  i t  work s significantl y bette r  wit h ran -
do m inpu t  pattern s o f  activity ,  sinc e th e latte r  gaug e no t 
jnl y th e patterns '  stabilit y  bu t  als o thei r  basin s o f  attrac -
tion .  Muc h lik e Cric k an d Mitchison' s theory ,  thi s ha s 
le d u s t o postulat e th e existenc e o f  rando m cortica l  activ -
it y durin g R E M sleep ,  whic h .  rovide s th e rando m pat -
tern s o f  activit y neede d fo r  synapti c maintenance .  Thi s 
proposa l  follow s th e findings  tha t  durin g R E M slee p th e 
corte x i s periodicall y stimulate d i n a  diffuse ,  widesprea d 
manner  b y th e brainstem .  Hobso n an d McCarle y (1977 ) 
hav e postulate d th e existenc e o f  a  'drea m generator ' 
i n th e pontin e reticula r  formation ,  whic h periodicall y 
generate s ponto-geniculat e ( P G O )  waves .  Thes e pha -
si c P G O I  urstin g signal s ca n b e viewe d a s a  templat e o f 
excitator y activit y tha t  project s ont o cortica l  network s 
durin g R E M sleep .  Interestingly ,  th e activatio n o f  P G O 
waves depend s o n withdrawa l  o f  noradrenergi c inhibi -
tion ,  whos e level s ar e markedl y reduce d durin g R E M 
slee p (Jones ,  1991) .  Th e mai n functiona l  effect s o f  nore -
pinephrin e releas e ar e a n increas e i n th e signal-to-nois e 
rati o governin g neura l  dynamics ,  an d th e facilitatio n 
of  long-ter m potentiatio n (e.g. ,  (Hopkin s &  Johnston , 
1988)) .  Hence ,  it s lo w level s durin g R E M resul t  i n lo w 
signsil-to-nois e an d contribut e t o th e generatio n o f  th e 
rando m activit y tha t  i s  require d t o homogeneousl y sam -
pl e th e inpu t  space .  I n addition ,  it s  lo w level s preven t 
th e occurrenc e o f  Hebbia n cortica l  L T P change s durin g 
P GO phasi c burs t  activity ,  whic h otherwis e woul d en -
hanc e th e formatio n o f  pathologica l  attractors . 

We ar e no w i n a  positio n t o addres s severa l  interest -
in g questions .  W h y i s slee p segregate d int o distinc t  S W S 
and R E M phases ? Th e answe r  t o tha t  m a y b e tha t  th e 
task s o f  learnin g ne w pattern s (implemente d vi a Heb -
bia n synapti c change s durin g S W S)  an d synapti c main -
tenanc e (carrie d ou t  vi a neural-base d synapti c change s 
durin g R E M )  rel y o n distinc t  neurochemica l  resources . 
I f  thi s i s  th e case ,  the n th e segregatio n o f  slee p t o tw o re -
peatin g phase s m a y provid e fo r  th e nee d o f  periodicall y 
replenishin g thes e neurochemica l  resources ,  an d upreg -
ulatin g th e synapti c receptor s involve d i n on e pathwa y 
whil e th e othe r  on e i s activated .  However ,  i n ligh t  o f 
our  proposal ,  th e fundamenta l  reason s fo r  R E M / S WS 
separatio n m a y b e computational .  I n accordance ,  whil e 
learnin g involve s change s i n individua l  synapses ,  synap -
ti c maintenanc e involve s concomitant ,  uniform ,  change s 
of  al l  th e neuron' s synapses .  Obviously ,  thes e tw o pro -
cesse s canno t  occu r  together ,  bu t  nee d t o b e segregated . 
Sinc e synapti c maintenanc e depend s o n th e activatio n 
of  rando m patterns ,  Hebbia n synapti c plasticit y mus t 
be depresse d durin g tha t  perio d t o preven t  th e learnin g 
of  thes e 'nonsense '  patterns .  Hence ,  learnin g an d con -
solidatio n ar e no t  possibl e durin g R E M sleep ,  an d mus t 
occu r  i n a  separat e period .  O n th e othe r  hand ,  synapti c 
maintenanc e canno t  b e performe d durin g th e consolida -
tio n perio d ( S W S )  whe n onl y a  smal l  se t  o f  ne w pattern s 
i s presente d t o th e network ,  whic h i s insufficien t  t o ade -

quatel y sampl e th e whol e synapti c matri x an d achiev e a 
correc t  evaluatio n o f  th e neurons '  inpu t  fields. 

W hy shoul d th e S W S an d R E M slee p stage s appea r 
i n a  repetitivel y cycli c manner ? Again ,  ther e m a y b e 
severa l  reason s fo r  thi s slee p patter n whic h li e outsid e 
th e computationa l  realm .  However ,  ou r  mode l  offer s a n 
interestin g computationa l  explanatio n t o thi s repetitiv e 
pattern :  efficien t  synapti c maintenanc e require s a  cyclic , 
repetitiv e mode .  Th e reaso n i s tha t  i n an y give n msdn -
tenanc e 'epoch' ,  onl y th e stronges t  attractor s ar e coun -
teracted ,  becaus e the y overwhelmingl y attrac t  rando m 
inpu t  pattern s (see ,  e.g. ,  (Parisi ,  1986 ;  Ruppi n e t  al .  , 
1996)) .  Hence ,  th e synapti c compensatio n proces s mus t 
be performe d iteratively ,  eac h tim e removin g les s an d 
les s dee p attractors .  Suc h a  patter n i s illustrate d i n 
Figur e 3 .  A s evident ,  th e basi n o f  attractio n o f  othe r 
stron g memorie s begin s t o shrin k onl y afte r  th e initiall y 
stronges t  m e m o r y i s brough t  t o thei r  strength .  No t  onl y 
shoul d compensatio n b e performe d i n repeate d cycles , 
but  s o shoul d learning/consolidation :  Associativ e m e m-
or y network s ar e pron e t o th e formatio n o f  unbalance d 
m e m o ry storag e whe n Hebbiam-lik e activity-dependen t 
chsinge s ar e incorporate d (Ruppi n e t  al .  ,  1996) .  Du e t o 
an inheren t  positiv e feedbac k loo p whic h exist s betwee n 
th e strengt h o f  th e embeddin g o f  a  m e m o r y patter n an d 
th e probabilit y  tha t  i t  wil l  b e retrieved ,  rando m initia l 
difference s i n th e strengt h o f  th e synapti c embeddin g o f 
differen t  memorie s ten d t o b e magnified .  Hence ,  i f  lef t 
unchecked ,  a  newl y learn t  m e m o r y patter n m a y bia s th e 
learnin g o f  othe r  pattern s an d dominat e th e retrieva l  o f 
th e network ,  degradin g it s performance . 

H ow d o ou r  idea s far e whe n considerin g R E M slee p 
indice s i n neurologi c an d psychiatri c disorders ? Inter -
estingly ,  R E M slee p tim e i s diminishe d i n Alzheimer' s 
diseas e (Reynold s e t  al .  ,  1987) .  Thes e findings  rais e 
th e possibilit y  tha t  du e t o th e decreas e i n R E M dura -
tio n ther e i s les s tim e availabl e fo r  synapti c regulatio n 
t o occur ,  resultin g i n inadequat e synapti c compensation . 
As show n i n (Hor n e t  al .  ,  1993 ;  Hor n e t  al .  ,  1996) , 
insufficien t  synapti c compensatio n ca n lea d t o m e m o r y 
deterioration ,  a  clinica l  hallmar k o f  Alzheimer' s disease . 
Schizophreni a i s apparentl y no t  characterize d b y an y no -
tabl e change s i n th e duratio n o f  eithe r  R E M o r  S W S 
slee p (Benc a c t  al .  ,  1992) .  Yet ,  th e absenc e o f  suc h over t 
change s i n th e lengt h o f  slee p doe s no t  preclud e th e possi -
bilit y  tha t  slee p i s disturbe d i n a  mor e subtl e manner .  In -
crease d dopaminergi c activit y i s  b y fa r  th e mos t  notabl e 
neurochemica l  alteratio n tha t  ha s bee n implicate d i n th e 
pathogenesi s o f  schizophrenia ,  a t  leas t  wit h regar d t o th e 
formatio n o f  positiv e symptoms .  T h e neuromodulator y 
actio n o f  dopaimine ,  lik e norepinephrine ,  i s  though t  t o in -
creas e th e gai n o f  th e neuron' s activatio n function ,  i.e. , 
i n term s o f  ou r  model ,  decreas e it s stochasti c componen t 
(se e (Servan-Schreibe r  e t  al .  ,  1990 )  fo r  a  review) .  Thus , 
th e increase d dopaminergi c activit y m a y severel y reduc e 
th e fractio n o f  th e patterns '  spac e probe d durin g R E M 
sleep ,  an d combine d wit h th e enhancemen t  i n L T P pro -
duce d b y increase d dopaminergi c activit y (se e (Ruppi n 
et  al .  ,  1996)) ,  m a y resul t  i n th e formatio n o f  patholog -
ica l  attractors .  Suc h attractor s m a y contribut e t o th e 
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formatio n o f  schizophreni c positiv e symptom s suc h a s 
delusion s an d hallucinations ,  a s the y ar e repetitivel y ac -
tivate d spontemeousl y i n th e absenc e o f  a n externa l  inpu t 
trigge r  (Ruppi n e t  al .  ,  1996) .  I n summary ,  ou r  mode l 
suggest s a  lin k betwee n th e specifi c  alteration s i n R E M 
slee p observe d i n A D an d schizophrenia ,  an d som e o f 
thei r  chie f  clinica l  symptoms . 

Vaui  Ooye n (1994 )  reviewe d a  ric h bod y o f  exper -
imenta l  dat a supportin g th e existenc e o f  neural-level , 
activity-dependen t  mechanism s tha t  regulat e neura l  ac -
tivit y vi a change s o n veiriou s level s includin g synapti c 
ones .  Thes e dat a testif y t o th e plausibilit y  o f  ou r  ideas , 
but  obviousl y d o no t  constitut e a  direc t  testimon y t o 
thei r  relevance .  Ou r  mode l  put s forward ,  however ,  a 
clea r  predictio n whic h ca m b e teste d i n a  fairl y  straight -
forwar d manner :  I f  on e ask s subject s t o memoriz e a  se t 
of  item s wit h differen t  'embeddin g strengths '  (sa y dif -
feren t  frequencie s o f  presentation) ,  the n th e retrieva l  o f 
suc h freshl y learne d item s shoul d b e mor e homogeneou s 
afte r  R E M slee p tha n before .  Mor e elaborat e electro -
physiologica l  studie s i n monkey s m a y b e performe d (fol -
lowin g a  paradig m simila r  t o tha t  employe d b y Miyashit a 
and Chan g (1988) )  i n orde r  t o trac e th e detail s o f  th e ho -
mogenizatio n proces s o n th e encodin g level . 

I n thi s pape r  w e hav e raise d th e hypothesi s tha t 
th e functio n o f  R E M slee p i s t o serv e a s a  mechemis m 
fo r  maintainin g synapti c integrit y i n cortica l  associativ e 
memory networks .  W e surveye d th e biologica l  dat a tha t 
support s th e plausibilit y  o f  ou r  hypothesis ,  an d demon -
strate d it s viabilit y  b y usin g neura l  network s wit h a 
novel ,  local ,  synapti c maintenanc e algorithm .  I n ou r 
vie w slee p serve s tw o importan t  tasks ,  a t  leas t  a s fa r  a s 
learnin g zui d memor y storag e ar e concerned :  A .  Memor y 
consolidation ,  whic h occur s durin g S W S whe n th e brai n 
i s relativel y fre e fro m th e tas k o f  processin g environmen -
ta l  stimuli .  B .  Neurona l  homeostasi s throug h regulatio n 
of  synapti c replenishmen t  processe s i n a n activit y depen -
dent  manner ,  whil e th e brai n i s essentiall y  cut-of f  fro m 
th e externa l  environmen t  durin g R E M sleep . 
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