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P R O C E SS A N D C O N N E C T I O N I ST M O D E LS O F P A T T E R N R E C O G N F T I ON 

DOMINIC W. MASSARO & MICHAEL M. COHEN 

Progra m i n Experimenta l  Psychology ,  Universit y o f  California , 

Sant a Cruz ,  Californi a 9506 4 U.S.A . 

Abstrac t 

The presen t  pape r  explore s th e relationshi p betwee n a  process/mathematica l  mode l  an d a 

connectionis t  mode l  o f  patter n recognition.  I n bot h models ,  patter n recognition  i s viewe d a s 

havin g availabl e multipl e source s o f  infomiatio n supportin g th e identificatio n an d interpretatio n 

of  th e inpu t  Th e results  fro m a  wid e variet y o f  experiment s hav e bee n describe d withi n th e 

framewor k o f  a  fuzz y logica l  mode l  o f  perception .  Th e assumption s centra l  t o thi s proces s mode l 

ar e 1 )  eac h sourc e o f  infonnatio n i s evaluate d t o giv e th e degre e t o whic h tha t  sourc e specifie s 

variou s alternatives ,  2 )  th e source s o f  informatio n ar e evaluate d independentl y o f  on e another ,  3 ) 

th e source s ar e integrate d t o provid e a n overal l  degre e o f  suppx>r t  fo r  eac h alternative ,  an d 4 ) 

percepma l  identificatio n an d interpretatio n follow s th e relative  degre e o f  suppor t  amon g th e 

alternatives .  Connectionis t  model s hav e bee n successfu l  a t  describin g th e sam e phenomena . 

Thes e model s assum e interaction s amon g input ,  hidden ,  an d outpu t  unit s tha t  activat e an d inhibi t 

one another .  Similaritie s betwee n th e framework s ar e described ,  an d th e relationship  betwee n 

the m explored .  A  specifi c  connectionis t  mode l  wit h inpu t  an d outpu t  layer s i s show n t o b e 

mathematicall y equivalen t  t o th e fuzz y logica l  model .  I t  remains  t o b e see n whic h framewor k 

serve s a s th e bette r  heuristi c fo r  psychologica l  inquiry . 

Introduction 

A growin g consensu s i n patter n recognition  i s tha t  ther e ar e muldpl e source s o f  informatio n 

tha t  th e perceive r  evaluate s an d integrate s t o achiev e perceptua l  recognition.  Conside r 

recognition  o f  th e ̂ ot A performanc e i n th e spoke n sentenc e 

The actres s wa s praise d fo r  he r  outstandin g performance . 

Recognitio n o f  th e wor d i s achieve d vi a a  variet y o f  bottom-u p an d top-dow n source s o f 

information .  Top-dow n source s includ e semantic ,  syntactic ,  an d phonologica l  constraint s an d 

bottom-u p source s includ e audibl e an d visibl e feature s o f  th e spoke n wor d (Massaro ,  i n pres s a , 

b) . 

A Fuzzy Logical Framework for Pattern Recognition 

Accordin g t o th e thi s framework ,  well-learne d pattern s ar e recognized  i n accordanc e wit h a 

genera l  algorithm ,  regardless  o f  th e modalit y o r  particula r  natur e o f  th e pattern s (Massaro ,  1979 ; 

1984a ,  1984b ,  i n pres s b ;  Oden ,  1978 ,  1981) .  Th e mode l  ha s received  suppor t  i n a  wid e variet y 

of  domain s an d consist s o f  thre e operation s i n percepma l  (primary )  recognition :  featur e 

evaluation ,  feamr e integration ,  an d patter n classification .  Continuously-value d feature s ar e 

evaluated ,  integrated ,  an d matche d agains t  prototyp e description s i n memory ,  an d a n 

identificatio n decisio n i s mad e o n th e basi s o f  di e relative  goodnes s o f  matc h o f  th e stimulu s 
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informatio n wit h th e relevan t  prototyp e descriptions .  Th e mode l  i s calle d a  fuzz y logica l  mode l 

of  perceptio n (abbreviate d F L M P ) . 

Centra l  t o th e F L M P ar e summar y description s o f  th e perceptua l  unit s (Ode n &  Massaro , 

1978) .  Thes e summar y description s ar e calle d prototype s an d the y contai n a  conjunctio n o f 

variou s propertie s calle d features .  A  prototyp e i s a  categor y an d th e feature s o f  th e prototyp e 

correspon d t o th e idea l  value s tiiat  a n exempla r  shoul d hav e i f  i t  i s  a  member  o f  tha t  category . 

The exa a for m o f  th e representation  o f  tiiese  propertie s i s no t  know n an d m a y neve r  b e known . 

However ,  th e memor y representation  mus t  b e compatibl e witi i  th e sensor y representation 

resultin g firo m th e transductio n o f  tiie  input .  Compatibilit y  i s  necessar y becaus e th e tw o 

representations  mus t  b e related  t o on e another .  T o recogniz e a n object ,  th e perceive r  mus t  b e abl e 

t o relate  th e informatio n provide d b y th e objec t  itsel f  t o som e memor y o f  th e objec t  category . 

Prototype s ar c generate d fo r  th e tas k a t  hand .  Th e sensor y system s transduc e th e physica l 

even t  an d mak e availabl e variou s source s o f  informatio n calle d features .  Durin g th e first 

operatio n i n th e model ,  th e feature s ar e evaluate d i n term s o f  th e prototype s i n memory .  Fo r  eac h 

featur e an d fo r  eac h prototype ,  featur e evaluatio n provide s informatio n abou t  th e degre e t o whic h 

th e featur e i n th e speec h signa l  matche s tiie  correspondin g featur e valu e o f  Ui e prototype . 

Give n th e necessaril y  larg e variet y o f  features ,  i t  i s  necessar y t o hav e a  c o m m o n metri c 

representing  di e degre e o f  matc h o f  eac h feature .  T w o feature s mus t  shar e a  c o m m o n metri c i f 

the y eventuall y ar c goin g t o b e rclated  t o on e another .  T o serv e thi s purpose ,  fuzz y trut h value s 

(Zadeh ,  1965 )  ar e use d becaus e the y provid e a  namra l  rcprcsentation  o f  th e degre e o f  match . 

Fuzz y trut h value s li e betwee n zer o an d one ,  correspondin g t o a  propositio n bein g completel y 

fals e an d completel y true .  Th e valu e . 5 corrcspond s t o a  completel y ambiguou s simatio n wherea s 

. 7 woul d b e mor e tru e tha n fals e an d s o on .  Fuzz y trut h values ,  therefore ,  no t  onl y ca n represent 

continuou s rathe r  tha n jus t  categorica l  information ,  the y als o ca n represent  differen t  kind s o f 

information .  Anothe r  advantag e o f  fuzz y trut h value s i s tha t  the y couc h informatio n i n 

mathematica l  temi s (o r  a t  leas t  i n a  quantitativ e fomi) .  Thi s allow s th e natura l  developmen t  o f  a 

quantitativ e descriptio n o f  th e phenomeno n o f  intercs L 

Featur e evaluatio n provide s th e degre e t o whic h eac h featur e i n th e stimulu s matche s th e 

correspondin g featur e i n eac h prototyp e i n memory .  Th e goal ,  o f  course ,  i s t o determin e tiie 

overal l  goodnes s o f  matc h o f  eac h prototyp e wit h th e stimulus .  Al l  o f  th e feature s ar e capabl e o f 

contributin g t o tiiis  proces s an d tiie  secon d operatio n o f  th e mode l  i s calle d featur e integration . 

That  is ,  th e feature s (actuall y th e degree s o f  matches )  correspondin g t o eac h prototyp e ar e 

combine d (o r  conjoine d i n logica l  terms) .  Th e outcom e o f  featur e integratio n consist s o f  th e 

degre e t o whic h eac h prototyp e matche s th e stimulus .  I n th e model ,  al l  feature s contribut e t o th e 

fina l  value ,  bu t  wit h th e propert y tha t  th e leas t  ambiguou s feature s hav e th e mos t  impac t  o n th e 

outcome . 

The thir d operatio n durin g recognition  processin g i s patter n classification .  Durin g tiiis 

stage ,  tiie  meri t  o f  eac h relevant  prototyp e i s evaluate d relative  t o th e su m o f  th e merit s o f  th e 

otiie r  relevant  prototypes .  Thi s relativ e goodnes s o f  matc h give s tiie  proportio n o f  times  th e 

stimulu s i s identifie d a s a n instanc e o f  tiie  prototype .  Th e relative  goodnes s o f  matc h coul d als o 

be determine d fro m a  ratin g judgmen t  indicatin g th e degre e t o whic h tiie  stimulu s matche s th e 

category .  Th e patter n classificatio n operatio n i s modele d afte r  Luce' s (1959 )  choic e rule .  I n 

pandemonium-lik e temi s (Selfridge ,  1959) ,  w e migh t  sa y tha t  i t  i s  no t  h o w lou d som e demo n i s 

shoutin g bu t  rathe r  th e relativ e loudnes s o f  tha t  demo n i n th e crow d o f  relevant  demons .  T w o 

importan t  prediction s o f  th e mode l  ar e 1 )  tw o feature s ca n b e mor e informativ e tha n jus t  on e an d 

2)  a  give n featur e ha s a  greate r  effec t  t o tiie  exten t  a  secon d feamr e i s ambiguous . 
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Relationshi p t o Connectionis t  Model s 

Th e framewoi k provide d b y th e F L M P anticipate d man y o f  th e distinguishin g propertie s o f 

ne w connectionis m (  Massaro ,  1986a ,  1986b ;  Ode n &  Rueckl ,  1986) .  A  connectionis t  mode l  o f 

perceptio n ( C M P )  als o i s a n information-processin g syste m havin g an d manipulatin g infoimatio n 

(McClellan d &  Rumelhart ,  1986) .  Th e infonnatio n i s represente d i n tenn s o f  th e activation s an d 

inhibition s o f  neural-lik e units .  Th e unit s ar c assume d t o exis t  a t  differen t  levels ;  fo r  example , 

th e T R A C E mode l  o f  speec h perceptio n (McQellan d &  Elman ,  1986 )  consist s o f  unit s a t  th e 

feature ,  phoneme ,  an d wor d levels .  Th e unit s interac t  wit h on e anotiie r  vi a connection s amon g 

th e units .  Th e connectivit y i s implemente d b y positiv e an d negativ e weight s tha t  ar e eiUie r 

specifie d i n advanc e o r  learne d throug h feedback . 

A prototypica l  connectionis t  framewor k share s severa l  fundamenta l  propertie s wit h th e 

curren t  theoretica l  framewor k a s instantiate d i n th e F L M P .  First ,  bot h frameworks  assum e 

continuou s rather  tha n discret e representations;  th e fuzz y trut h value s o f  th e F L M P ar e analogou s 

t o di e continuou s level s o f  activatio n an d inhibitio n o f  connectionis t  models .  Second ,  bot h 

frameworks  acknowledg e th e existenc e o f  multipl e simultaneou s constraint s o n huma n 

performance .  Bot h framewoik s provid e a n accoun t  o f  th e evaluatio n an d integratio n o f  multipl e 

source s o f  informatio n i n patter n recognition.  Third ,  ther e i s th e paralle l  assessmen t  o f  multipl e 

candidate s o r  hypotiiese s a t  multipl e level s i n bot h models .  Fourth ,  boti i  frameworks  provid e a 

c o m m on metii c  fo r  relating  qualitativel y differen t  source s o f  information .  I n th e F L M P ,  eac h 

sourc e o f  informatio n i s represented  b y fuzz y trut h value s representing  th e degre e t o whic h 

alternativ e hypothese s ar e supported .  Activatio n leve l  play s th e analogou s role  i n connectionis t 

models .  Fifth ,  th e automati c categorizatio n o f  a  nove l  instanc e ca n b e accomplishe d i n bot h 

frameworks.  Finally ,  bot h framewoik s conceptualiz e patter n recognitio n a s findin g flie  bes t  fit 

betwee n th e relevant  constraint s an d th e patter n tha t  i s perceived . 

Th e clos e fit  betwee n th e presen t  framewoi k an d connectionis m dictate s a n exploratio n o f 

thei r  similaritie s an d differences .  AlUioug h tiie  tw o framework s appea r  t o agre e o n importan t 

theoretica l  criteria ,  th e specifi c  model s t o dat e diffe r  i n term s o f  th e amoun t  o f  connectivit y i n th e 

system .  Th e F L M P assume s n o top-dow n influence s o f  a  higher-leve l  uni t  o n activatio n o f  a 

lower-leve l  uni t  an d n o inhibitio n amon g unit s a t  a  give n level .  Connectionis t  models ,  suc h a s 

th e interactiv e activatio n model s o f  writte n wor d recognition  an d speec h perception ,  usuall y 

make boti i  o f  thes e assumptions .  A s presenU y formulated ,  man y o f  th e connectionis t  model s 

wit h two-wa y connection s amon g differen t  level s o f  unit s an d connectivit y amon g unit s a t  a 

give n leve l  ar e to o powerful .  The y ar e capabl e o f  predictin g no t  onl y observe d results  bu t  als o 

results  tha t  d o no t  occu r  (Massaro ,  1986a) .  Tha t  is ,  som e connectionis t  model s ca n simulat e 

results  tha t  hav e no t  bee n observe d i n psychologica l  investigation s an d results  generate d b y 

incorrec t  proces s model s o f  performanc e ̂ assaro ,  i n preparation) . 

Mathematical Equivalence of Two Models 

I t  ca n b e show n tha t  th e F L M P make s maUiematicall y equivalen t  prediction s t o thos e mad e 

by a  two-laye r  C M P ,  witi i  inpu t  an d outpu t  units .  A s i n al l  instantiation s o f  a  theory ,  particula r 

assumption s mus t  b e mad e abou t  th e descriptio n o f  th e results  o f  interes t  Differen t  assumption s 

woul d probabl y chang e th e relationship  betwee n th e tw o models .  Th e model s ar e compare d i n a n 

expande d factoria l  design s i n whic h tw o o r  mor e dimension s o f  informatio n ar e varie d 

independenU y o f  on e anothe r  i n a  patter n recognition  task .  Eac h o f  th e dimension s i s als o 

presente d alone .  Labelin g th e dimension s a s X  an d Y ,  X ,  woul d correspon d t o th e tt h leve l  o f 

th e X  dimension .  Similarly ,  Y j  woul d correspon d t o th e ;t h leve l  o f  th e Y  dimension .  A  give n 
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stimulu s compose d o f  a  singl e dimensio n woul d b e labele d X, -  o r  Jy ,  an d a  give n combinatio n 

woul d b e represented  b y X ,  Yj . 

Evaluatio n 

Y i -

.  x . 

' J 

ntegratio n Classificatio n 

^ ^ ^ — R « 

Figur e 1 .  Schemati c rcpresenuuio n o f  th e thre e operation s involve d i n perceptua l  recognition . 
accordin g t o th e fiizz y logica l  mode l  o f  percq>tion . 

Figure 1 illustrates the three stages involved in pattern recognition. The sources of 

informatio n ar e represented  b y uppercas e letters .  Th e evaluatio n proces s transform s thes e int o 

psychologica l  value s (indicate d b y lowercas e letters )  tha t  ar e the n integrate d t o giv e a n overal l 

value .  Th e classificatio n operatio n map s thi s valu e int o som e response ,  suc h a s a  discret e 

decisio n o r  a  rating . 

Th e F L M P assume s thre e operation s betwee n presentatio n o f  a  patter n an d it s 

categorization ,  a s illustrate d i n Figur e 1 .  Featur e evaluatio n give s th e degre e t o whic h a  give n 

dimensio n support s eac h tes t  alternative .  Th e physica l  inpu t  i s transfomie d t o a  psychologica l 

value ,  an d i s represented  i n lowercase .  Fo r  a  give n response  alternativ e Aij ,  X ,  woul d b e 

tiansfomied  t o xi ,  an d analogousl y fo r  dimensio n Yj .  Eac h dimensio n provide s a  feauir e valu e a t 

featur e evaluation .  Featur e integratio n consist s o f  a  multiplicativ e combinatio n o f  featiir e value s 

supportin g a  give n alternativ e Aij .  I f  x, -  an d y j  ar e di e value s supportin g alternativ e Aij ,  tiien  th e 

tota l  suppor t  fo r  th e alternativ e Ai j  woul d b e give n b y th e produc t  x, -  yj . 

Xi yj. 

thir d operatio n i s patter n classification ,  whic h give s th e relative  degre e o f  suppor t  fo r 

e tes t  alternatives .  I n thi s case ,  th e probabilit y  o f  a n Ai j  respons e give n XiY j  i s 

P(Aij\XiYj) = ^ (1) 

Tne uui u û Â iauui i  l i 

eac h o f  th e tes t  alternative s 

P(Aij\XiYj )  =  ^ 

wher e ̂  i s  equa l  t o th e su m o f  th e meri t  o f  al l  relevant  alternatives ,  derive d i n th e sam e manne r 

as illustî te d fo r  alternativ e Aij . 

The C M P i s assume d t o hav e a n inpu t  laye r  an d a n outpu t  layer ,  wit h al l  inpu t  unit s 

connecte d t o al l  outpu t  units .  I t  i s  assume d tha t  eac h leve l  o f  eac h dimensio n i s represented  b y a 

uniqu e uni t  a t  th e inpu t  layer .  Eac h respons e alternativ e i s represented  b y a  uniqu e uni t  a t  th e 

outpu t  layer .  Figur e 2  give s a  schemati c representation  o f  tw o inpu t  unit s connecte d t o a  singl e 

outpu t  uni t 

An inpu t  uni t  ha s zer o input ,  unles s it s correspondin g leve l  o f  th e stimulu s dimensio n i s 

presented .  Presentatio n o f  a n inpu t  unit' s  targe t  stimulu s give s a n inpu t  o f  one .  Th e activatio n o f 

an outpu t  uni t  b y a n inpu t  uni t  i s  give n b y th e multiplicativ e combinatio n o f  th e inpu t  activatio n 

and a  weigh t  w .  Witi i  tw o activ e input s X, -  an d Yj ,  th e activatio n enterin g outpu t  uni t  A  woul d b e 

Aij : Xi +yj 

where x,=w,- X,- andyj=^j Yj. The total activation leaving an output unit is given by the sum of 

th e inpu t  activations ,  passe d tiirough  a  sigmoi d squashin g functio n (McQellan d &  Rumelhart , 

1986) . 
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1 

Output O 
/ \ 

/  \ 
/  \ 

Xi^WiX i  I  \  yj^^jY j 

I \ 
/  \ 

Inpu t  O  O 

Xi  Y j 

Figure 2. Dlustration of connectionist model with two input units and one output unit 

A connectionist model does not specify completely the input-output relationship. The output 

activation s h a v e t o b e m a p p e d int o a  response,  an d Luce ' s choic e nil e i s  usuall y a s s u m e d t o 

describ e thi s m a p p i n g ( M c Q e l l a n d &  Rumelhar t ,  1985) .  T a k i n g thi s tack ,  th e activatio n Ai j 

transforme d int o a  response  probabilit y b y Luce ' s choic e rul e give s 

1 

P^A,IX^Y, )  =  J ^ ^ ^ (2 ) 

wher e J ^  i s  equa l  t o th e su m o f  th e activation s o f  al l  relevant  outputs ,  derive d i n th e manne r 

illustrate d fo r  alternativ e Aij . 

Th e F L M P doe s no t  specif y th e psychophysica l  relationship  betwee n th e physica l  stimulu s 

and it s sensor y transformation .  Neithe r  doe s a  connectionis t  model ;  bot h model s requir e fre e 

parameter s t o specif y thi s relationship.  Th e fre e parameter s ar e weight s i n th e connectionis t 

model  an d trut h value s i n th e F L M P .  A  uniqu e weigh t  i s  assume d fo r  eac h leve l  o f  eac h 

dimensio n i n th e C M P ,  an d a  uniqu e trut h valu e i s require d fo r  eac h leve l  o f  eac h dimensio n i n 

th e F L M P .  Thus ,  th e sam e numbe r  o f  fre e parameter s i s  required  b y th e tw o models .  Th e 

number  o f  fre e parameter s i s equa l  t o th e numbe r  o f  level s o f  th e X  dimensio n plu s th e numbe r  o f 

level s o f  th e Y  dimension .  Althoug h a  threshol d uni t  i s  sometime s assume d i n connectionis t 

models ,  n o suc h uni t  i s  assume d here .  W e als o hav e Luce' s choic e rul e operatin g fo r  bot h th e 

C MP an d th e F L M P .  I n thi s case ,  a  forma l  equivalenc e betwee n th e tw o model s exist s  i f  addin g 

th e weighte d activation s a t  inpu t  an d transfonne d b y th e sigmoi d squashin g functio n i s 

mathematicall y equivalen t  t o multiplyin g fuzz y trut h values .  Give n tha t  th e C M P ' s activate d X , 

and Y j  inpu t  unit s ar e equa l  t o one ,  th e activation s enterin g a n outpu t  uni t  ar e equa l  t o w, -  an d Wj . 

I t  follow s tha t  th e activatio n o f  a n outpu t  uni t  i n th e C M P i s predicte d t o b e rp^pnrr -  ^ ^ 

degre e o f  suppor t  fo r  a  give n tes t  alternativ e fo r  th e F L M P i s equa l  t o x ,  yj . 

Th e trut h value s i n th e F L M P ar e constraine d betwee n zer o an d one ,  followin g th e 

assumptio n o f  fuzz y logi c (Zadeh ,  1965) .  Accordingly ,  x i  y j  mus t  li e betwee n zer o an d one .  Th e 

sigmoi d squashin g functio n als o take s o n value s onl y betwee n zer o an d one ,  eve n thoug h th e 

weight s ar e unbounded .  I t  follow s tha t  th e model s ca n mak e mathematicall y identica l  prediction s 

becaus e 1 )  fo r  ever y xi ,  ther e i s a  w, ,  an d 2 )  fo r  ever y yj ,  ther e i s a  Wj  suc h tha t  _j|[, .  ̂  ̂  j 

equals x, yj. It can be shown that there exists a correspondence between these predictions such 
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tha t  equivalen t  prediction s ca n b e mad e b y th e tw o models . 

1 
•* •  y j ~ i.--{w>,-t-» j  (3 ) 

The proo f  o f  th e abov e equivalenc e i s mos t  obviou s fo r  th e single-dimensio n condition s o f 

th e expande d factoria l  design .  Ther e exist s a  uniqu e relationship  betwee n th e weight s i n th e 

C MP an d th e tnat h value s i n th e F L M P i f  a n expande d factoria l  desig n i s used .  I n thi s case ,  i t  ca n 

be prove d tha t  q j ^  equal s x ,  an d p̂̂ -j -  equal s yj .  Equivalently ,  weigh t  w, -  equal s 

- In (— - 1). Data from an expanded factorial design always give only one set of parameters for 

the FLMP, and also force the CMP to come up with a unique set of mathematically equivalent 

weights .  Give n thi s equivalence ,  w e ca n translat e directl y betwee n th e tw o kind s o f  parameters . 

We migh t  argu e als o tha t  th e trut h value s ar e mor e informativ e i n th e F L M P analysi s becaus e i t  i s 

easy t o conceptualiz e value s betwee n 0  an d 1 ,  an d th e trut h valu e give s th e contributio n o f  a 

sourc e o f  inforaiatio n uncontaminate d b y othe r  sources .  Thi s latte r  featur e i s anothe r  valu e o f 

independenc e model s relative  t o model s wit h hig h interconnectivity ,  i n whic h th e contributio n o f 

one sourc e ca n no t  b e pulle d apar t  fro m th e contributio n o f  othe r  sources . 

Simila r  prediction s exis t  fo r  thre e o r  mor e stimulu s dimension s an d thre e o r  mor e response 

alternatives .  Increasin g th e numbe r  o f  response  alternative s doe s no t  chang e th e relationshi p 

betwee n th e tw o model s becaus e thi s increas e onl y affect s th e numbe r  o f  outputs ,  an d thes e ar e 

handle d equivalentl y b y Luce' s choic e rul e i n bot h models .  Increasin g th e numbe r  o f  dimension s 

adds th e sam e numbe r  o f  term s t o bot h models ,  preservin g th e equivalenc e show n i n Equatio n 3 . 

I n th e F L M P ,  th e thre e dimension s o f  suppor t  fo r  alternativ e Ai j  woul d b e 

Aij Xi yj Zk 

In the CMP, the activation of three input units would give 

A- • 1 

where Xi = w, X,-, yj = Wj Yj, and z* = w^ Z*. The total activation of an output xmit is given by 

th e su m o f  th e thre e inpu t  activation s passe d throug h th e sigmoi d squashin g function ,  an d s o o n 

fo r  a  large r  numbe r  o f  inputs . 

The F L M P specifie s mathematicall y evaluatio n an d integratio n processes .  Th e C M P 

implement s evaluatio n an d integratio n b y activation s an d inhibition s betwee n inpu t  unit s an d 

outpu t  units .  Evaluatio n correspond s t o th e activatio n alon g a  singl e connectio n betwee n a n inpu t 

uni t  an d a n outpu t  uni t  Integratio n i n th e C M P correspond s t o th e sur a o f  al l  th e activation s 

enterin g a  give n outpu t  unit ,  an d transforme d b y th e sigmoi d squashin g function .  Th e 

correspondenc e betwee n th e F L M P an d C M P reveals  tha t  th e tw o models ,  couche d i n differen t 

theoretica l  frameworics,  ca n mak e identica l  prediction s i n practice .  A  remaining  issu e i s h o w 

proces s an d coimectionis t  model s diffe r  fro m on e another ,  an d whethe r  ther e i s a n advantag e o f 

one ove r  th e other . 
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