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Abstrac t 

Most inheritance systems which use hierarchi-

cal  representatio n o f  knowledge ,  d o no t  conside r 

learning .  I n thi s paper ,  a  concep t  hierarch y net -

wor k mode l  base d o n adaptiv e resonanc e theor y 

i s propose d fo r  inheritanc e systems ,  whic h ex -

plicitl y  include s learnin g a s on e o f  it s majo r  de -

sig n goals .  B y chunkin g relation s betwee n con -

cept s a s cognitiv e codes ,  concep t  hierarch y ca n 

be learned/modifie d throug h experience .  Fur -

thermore ,  fuzz y relation s betwee n concept s ca n 

be represente d b y weight s o n link s connectin g 

them .  I t  i s  show n tha t  b y a  spreadin g activatio n 

proces s base d o n cod e firing ,  an d competitio n be -

twee n conflictin g concepts ,  th e mode l  i s abl e t o 

exhibi t  propert y inheritanc e an d t o resolv e suc h 

conflictin g situation s a s exception s an d conflict -

in g multipl e inheritance . 

Introduction 

Formulating concepts about objects is the ba-

si s fo r  huma n commonsens e reasoning .  I n repre -

sentin g objects ,  inheritanc e system s (Fahlman , 

1979 ;  Touretzky ,  1986 )  whic h us e hierarchica l 

organizatio n o f  knowledge ,  i s abl e t o abstrac t 

lo w leve l  informatio n b y propert y inheritance . 

However ,  beside s simpl y adding/deletin g link s 

of  networks ,  mos t  inheritanc e system s ar e gen -

erall y hard-wired ,  an d eve n i n thei r  connection -

is t  implementatio n (Shastri ,  1988) ,  ofte n d o no t 

includ e learnin g mechanism .  On e o f  th e mai n 

difficultie s i n learnin g a s mentione d b y Feldma n 

(1989) ,  i s t o creat e ne w concept s an d ne w mem-

or y structur e dynamically .  Th e proble m i s ag -

gravate d b y th e slo w learnin g natur e o f  mos t 

neura l  networ k algorithms .  Anothe r  limitatio n 

of  mos t  inheritanc e system s i s tha t  strict ,  non -

fuzz y relationship s ar e use d t o represen t  th e rela -

tion s betwee n classes ,  a s wel l  a s betwee n a  clas s 

and it s properties .  Thi s result s i n rigi d reasonin g 

and i s no t  suitabl e fo r  processin g commonsens e 

knowledge . 

I n thi s paper ,  a  concep t  hierarch y networ k 

( C H N)  mode l  i s propose d fo r  implementin g in -

heritanc e systems .  Th e mode l  i s base d o n 

supervise d learnin g adaptiv e resonanc e theor y 

( A R T )  network s (Carpente r  e t  al. ,  1992 ;  Tan , 

1992 )  whic h ar e abl e t o self-organiz e knowledg e 

structur e usin g fas t  stabl e learning .  A s sug -

geste d b y th e nam e o f  concep t  hierarchy ,  th e ap -

proac h adopte d her e i s a n intensiona l  on e rathe r 

tha n extensional .  Roughl y speaking ,  whil e mos t 

othe r  inheritanc e system s perfor m inheritanc e o n 

classe s o f  object s tha t  fit  int o variou s concepts , 

thi s pape r  build s inheritanc e system s base d o n 

th e meaning s o r  semantic s o f  concepts .  Th e 

knowledg e syste m tha t  w e ar e concerne d with ,  i s 

a c o m m o n knowledg e poo l  whic h interact s wit h 

sensor y memor y o f  variou s type s includin g ver -
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Concep t  Hierarch v 
Networ k ' 

Codin g Laye r 

Concept  Laye r 

Verba l Auditor y 

Microfeatur e Laye r 

Figur e 1 .  Schemati c Diagra m o f  Knowledg e Hi -

erarchy , 

bal ,  auditor y an d visual .  A  schemati c diagra m 

of  suc h a  syste m i s show n i n Figur e 1 . 

Th e sensor y memor y ca n b e viewe d a s a  mi -

crofeatur e laye r  whic h form s th e distribute d rep -

resentatio n o f  concepts .  Th e concep t  hierarch y 

networ k comprise s a  concep t  laye r  an d a  codin g 

layer .  I n th e concep t  layer ,  a  nod e i s use d t o 

represen t  a  concept .  B y organizin g th e micro -

featur e laye r  an d th e concep t  laye r  i n a n A R T 

network ,  ne w concep t  nod e ca n b e create d when -

eve r  a  nove l  activit y patter n i s activate d acros s 

th e microfeatur e layer .  I n codin g o f  concep t  hier -

archy ,  n o direc t  connectio n i s use d betwee n con -

cep t  nodes .  Instead ,  relation s betwee n concept s 

ar e learne d a s cognitiv e code s represente d i n th e 

codin g layer .  Th e detail s o f  th e learnin g proce -

dur e i s give n i n th e nex t  section .  Th e operation s 

i n th e mode l  ar e strictl y loca l  interaction s be -

twee n node s acros s layers .  Usin g a  spreadin g ac -

tivatio n procedur e whic h propagate s activation s 

fro m concept s t o concept s throug h cod e firing , 

th e syste m i s abl e t o perfor m a n importan t  sub -

clas s o f  commonsens e reasonin g includin g recog -

nitio n an d inheritance .  I n thi s paper ,  w e shal l 

focu s o n th e latter ,  showin g tha t  th e mode l  i s 

abl e t o exhibi t  basi c for m o f  propert y inheritanc e 

includin g top-dow n an d bottom-u p inheritance . 

By pre-organlzin g conflictin g concept s i n com -

petitiv e fields ,  th e syste m provide s a  solutio n fo r 

canceUatio n o f  inheritanc e an d conflictin g multi -

pl e inheritance . 

Concept Hierarchy Formation 

A concept hierarchy is composed of a set of re-

lations ,  eac h associate s th e meanin g o f  a  con -

cep t  t o it s definin g lowe r  leve l  concepts .  Th e ap -

proac h take n her e i s t o lear n eac h suc h relatio n 

usin g a  cognitiv e cod e represente d i n th e cod -

in g layer .  Give n a  relatio n [C:D ]  denotin g tha t 

a concep t  C  i s define d i n term s o f  a  lis t  o f  othe r 

concept s D ,  w e sa y tha t  C  i s a  hyper-concep t  o f 

concept s i n D ,  an d concept s i n D  ar e element -

concept s o f  C .  T o enabl e real-tim e encodin g o f 

relations ,  a  fuzz y Adaptiv e Resonanc e Associa -

tiv e M a p (Tan ,  1992 )  architectur e whic h per -

form s fast ,  stabl e associativ e learning ,  i s use d t o 

implemen t  concep t  hierarch y (Figur e 2) .  Th e F- i 

codin g laye r  allocate s a  nod e t o lear n a  nove l  re -

latio n betwee n a  concep t  an d it s definitiv e lowe r 

leve l  concepts .  T w o Identica l  copie s o f  workin g 

memory field s F f  an d F ^  whic h for m th e con -

cep t  layer ,  ar e connecte d t o th e codin g laye r  b y 

bidirectiona l  conditionabl e links .  The y ar e use d 

fo r  matchin g th e condition s fo r  cod e firin g an d 

fo r  readou t  o f  cod e activation .  W h e n codin g a 

relation ,  th e concep t  t o b e learne d i s represente d 

i n F f  an d it s lowe r  leve l  concept s ar e represente d 

i n Ff . 

Relation s ca n b e directl y encode d i n th e sys -

te m b y fas t  learning .  Alternatively ,  give n man y 

sampl e cases ,  salien t  relation s ca n b e extracte d 

and represente d b y th e model .  Le t  u s conside r 

learnin g th e concep t  o f  elephan t  b y seein g man y 

elephants .  Dependin g o n th e particula r  instanc e 

of  elephant ,  a  slightl y differen t  activit y patter n 

of  concept s ca n b e obtaine d acros s th e F p field. 

For  example ,  seein g a  bi g elephan t  wil l  activat e 

bi g bu t  no t  small ,  an d vic e versa .  However , 

thos e characteristi c feature s o f  elephan t  suc h a s 

big-ear ,  long-nos e et c ar e boun d t o appea r  o n 
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Codin g Laye r  F . 

0 0  0 
big -  gra y 

Concep t  Laye r 

royal-«l0phan t 
(RE) 

elephan t 

,  ELEPHANT " ^ 

Figur e 2 .  Learnin g o f  concep t  elephant . 

Solid/Empt y circle s indicat e activated/inactiv e 

concepts .  Solid/Dotte d line s indicat e pathway s 

wit h non-zero/zer o connectio n strengths . 

each an d ever y elephant ,  an d wil l  activat e th e 

correspondin g concept s consistently .  Th e goa l  o f 

th e learnin g procedur e i s thu s t o for m a  tem -

plat e vecto r  containin g salien t  element-concept s 

i n F f  an d associat e i t  t o elephan t  represente d 

i n F^ .  Othe r  relation s ca n b e learne d i n a  sim -

ila r  fashion .  Concep t  hierarch y i s obtaine d b y 

th e chainin g effec t  o f  relation s represented .  Fo r 

example ,  give n a  ne w relation :  [royal-elephant : 

elephant ,  white ,  wear-clothes] ,  anothe r  cognitiv e 

cod e ca n b e create d t o lear n it ,  whic h togethe r 

wit h th e first  cognitiv e code ,  for m a  3-leve l  con -

cept  hierarchy .  Figur e 3  show s th e relations ,  th e 

concep t  hierarch y encode d an d it s actua l  codin g 

i n th e model . 

The mathematic s o f  th e syste m dynamic s i s 

describe d below .  Th e learnin g procedur e take s i n 

a relatio n o r  a  sampl e cas e a t  a  time .  A  learnin g 

cycl e involve s cod e activation ,  cod e competitio n 

and templat e learning .  Competitiv e learnin g an d 

templat e matchin g achiev e cod e compressio n an d 

abstractio n o f  concep t  relations . 

C o de Activation :  Le t  A "  an d A' '  b e th e activ -

it y vector s i n th e concep t  laye r  field s F f  an d F ^ 

respectively .  Le t  W j  an d W ^  b e th e weigh t  vec -

Concept  nod e 
. ^  Codin g nod e 

•••phan t 

lon g 
—no<c 
(LN) 

whil e 
(BE) CWC) 

[elephant :  big—ear ,  long—nose ,  gray ] 
[royal—elephant :  elephant ,  white ,  ̂ vear—clothes ] 

Codin g La } 

BE L N O  E  W W C R E B E L N O  E  W WC R E 
Concept  Laye r 

Figure 3. Coding of Concept Hierarchy. (Top) 

Concep t  hierarch y encoded ;  (Center )  Th e ele -

phan t  hierarchica l  relationships ;  (Bottom )  Ac -

tua l  codin g o f  relation s i n th e model .  Onl y non -

zer o connection s ar e shown . 

tors associated with a node j in the coding layer 

fo r  codin g concept s i n ' f  an d F f  respectively . 

The activit y o f  nod e j  i s  compute d a s follows : 

+ (1-7 ) 
M ' ' A W } | 

Qh +  IWj l 
(1 ) 

wher e « „  an d « & ar e smal l  constants ,  7  i s a  con -

tro l  paramete r  ( 0 fo r  recall ,  1  fo r  recognition , 

typicall y se t  t o 1/ 2 fo r  learnin g an d spreadin g 

activation) ,  th e fuzz y A N D operatio n A  i s de -

fined  b y { x h y )  =  min{x,y )  an d th e nor m |. |  i s 

define d b y |x |  =  Zfi i  ̂ i -

C o d e Competit ion :  T o ensur e tha t  onl y on e 

cod e ca n b e fired  a t  a  time ,  al l  F 2 node s hav e 

t o underg o a  cod e competitio n proces s i n whic h 

th e eligibilit y  fo r  activation ,  E j  o f  a  nod e j  i s 

evaluate d a s follows : 

1 i f  T j  =  max{Tr .  fo r  al l  nod e J ) 

Ej  =  {  an d T ,  >  p  (2 ) 

3 otherwis e 
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wher e p  i s a  vigilanc e paramete r  specifyin g th e 

minimu m matc h require d fo r  cod e firing . 

Templat e Learning :  Onc e a  nod e j  i s selected , 

th e weigh t  vector s W J an d W ^  ar e modifie d b y 

th e followin g learnin g rule :  Fo r  F  =  a, b 

Wf = (1 - 0)Wf + PiA"" A Wf) (3) 

where 0 G [0,1] is the learning rate. 

Property Inheritance 

b y Spreadin g Activatio n 

The most common type of property inheritance 

i s super-clas s t o sub-clas s inheritanc e o r  top -

down inheritance ,  i n whic h propertie s o f  a  sub -

clas s ar e inherite d fro m it s  superclasses .  Shas -

tr i  (1988 )  an d Su n (I n press )  als o describe d a 

typ e o f  bottom-u p inheritanc e (percolatio n o f  in -

heritance )  i n whic h som e propertie s o f  a  super -

clas s ca n be ,  t o a  certai n extent ,  inferre d fro m 

th e propertie s o f  it s sub-classes .  Th e functiona l 

behavior s o f  thes e tw o type s o f  inheritanc e ar e 

translate d int o th e concep t  hierarch y formalis m 

t o serv e a s th e desig n constraint s fo r  ou r  model . 

For  a  generi c concep t  hierarch y a s depicte d i n 

Figur e 4 ,  th e followin g propertie s mus t  hold . 

P R O P E R TY 1  (Top-dow n Inheritance) :  Le t 

A b e a  concept ,  B  b e a n element-concep t  o f  A , 

and tha t  B  ha s a n element-concep t  Y  whic h i s 

not  i n A .  I f  A  i s activated ,  Y  shoul d b e activated . 

P R O P E R TY 2  (Bottom-u p Inheritance) : 

Let  A  b e a  concept ,  B  b e a n element-concep t  o f 

A,  an d tha t  A  ha s a n element-concep t  X  whic h i s 

not  i n B .  I f  B  i s activated ,  X  shoul d b e somewha t 

activated . 

I n th e concep t  hierarch y network ,  propert y 

inheritanc e i s  performe d b y a  spreadin g activa -

tio n proces s i n whic h cod e firing  i n th e F 2 laye r 

modifie s th e memor y content s i n F f  an d F^ .  A 

singl e spreadin g activatio n cycl e involve s cod e 

activation ,  cod e competitio n (a s i n learning )  an d 

readou t  o f  activities .  Readou t  int o F f  corre -

Figur e 4 -  A  generi c concep t  hierach y fo r  illus -

tratin g propert y inheritanc e an d conflic t  resolu -

tion . 

sponds to propagation of activities down a con-

cep t  hierarch y an d readou t  int o F ^  denote s up -

war d flow  o f  activities . 

Activit y Readou t :  Afte r  eac h cod e firing,  th e 

activitie s i n F f  an d F ^  ar e update d a s follows : 

A"  =  A'' W J'iXj^^jTjEj ) 

i 

A' '  =  A' '  y  J'C^W^jTjEj) ) 

(4 ) 

(5) 

wher e th e fuzz y O R operatio n V  i s  define d b y 

( x y  y )  =  max{x,y) ,  A  €  (0,1 )  i s  a n attenua -

tio n paramete r  t o preven t  infinit e propagatio n 

of  activitie s dow n th e concep t  hierarchy ,  an d 

J"  i s a  threshold-linea r  functio n wit h a n iden -

tit y rang e i n [0,1] .  Th e memor y content s i n 

Ff  an d F ^  the n updat e eac h othe r  a s follows : 

A"^  =  A ^  =  A' ^  W A^ .  T o preven t  perservativ e 

firing  o f  a  code ,  a  fired  nod e i s  forbidde n fro m 

gettin g fired  agai n i n a  singl e inferencin g task . 

I t  ca n b e verifie d tha t  th e spreadin g activa r 

tio n proces s satisfie s th e constraint s delineate d 

above .  Fo r  simplicity ,  al l  computation s assum e 

Qq =  Qj ,  =  0 ,  / ? =  0 ,  7  =  1/ 2 an d uni t  weight s 

fo r  al l  non-zer o connections .  A c denote s th e ac -

tivit y o f  a  concep t  c .  M c denote s th e numbe r  o f 

element-concept s o f  a  concep t  c . 

T o p - d o w n Inheritance :  A  a  =  1. 0 = » A b = 

944 



A/ 2 an d A y =  X'̂ /4 .  Thu s Y  i s activated . 

Bo t tom-u p Inheritance :  A b =  1- 0 ̂  A a = 

1/2M a an d A x =  A/2A/y» .  Thu s X  i s activated . 

Conflict Resolution by Competition 

It is important to ensure that properties are only 

inherite d i n th e prope r  context .  I n th e elephan t 

example ,  activatin g royal-elephan t  shoul d onl y 

activat e whit e bu t  no t  gray .  Befor e w e loo k 

int o cancellatio n o f  inheritance ,  firs t  conside r  a 

more genera l  propert y calle d selectiv e attentio n 

i n whic h mor e relevan t  concept s ar e mor e acti -

vate d tha n others .  Fo r  example ,  whe n elephan t 

i s activated ,  long-nos e an d big-ea r  shoul d b e 

more activate d tha n wear-clothes .  I n general , 

th e propert y o f  selectiv e attentio n ca n b e state d 

as follows : 

P R O P E R TY 3  (Selectiv e Attention) :  Le t  A 

be a  concept ,  B  b e a n element-concep t  o f  A ,  A 

has a  element-concep t  X  an d B  ha s a  element -

concep t  Y .  [a ]  I f  A  i s activated ,  X  shoul d b e mor e 

activate d tha n Y .  [b ]  I f  B  i s activated ,  Y  shoul d 

be mor e activate d tha n X . 

By usin g th e sam e spreadin g activatio n pro -

cedure ,  selectiv e attentio n ca n b e achieve d b y 

notin g tha t  th e attenuatio n paramete r  A  i s les s 

tha n 1  an d M c i s usuall y greate r  tha n 1 : 

[a ]  A a =  '̂• ^  ̂  A b =  A/2 ,  A x =  A/ 2 an d 
Ay =  A2/4 .  With O <  A  <  1 ,  wehave^l; ^  >  Ay . 

[b ]  A b =  1. 0 ̂  A a =  1/2Ma ,  A x =  \/2M a 
and A y =  A/2 .  Wit h M a >  1 ,  w e hav e 

Ay >  Ax -

P R O P E R TY 4  (Cancellatio n o f  Inheritance) : 

Let  A  b e a  concept ,  B  b e a n element-concep t 

of  A ,  A  an d B  hav e element-concept s X  an d Y 

respectively ,  an d tha t  X  an d Y  ar e contradictory . 

[a ]  I f  A  i s activated ,  X  shoul d squas h th e activit y 

of  Y .  [b ]  I f  B  i s activated ,  Y  shoul d squas h tha t 

ofX . 

Cancellatio n o f  Inheritanc e ca n b e achieve d 

by pre-organizin g set s o f  conflictin g concept s 

int o competitiv e fields  (Grossberg ,  1973) .  I n 

a competitiv e field  wher e ever y nod e compete s 

wit h eac h othe r  fo r  activities ,  th e behavio r 

can b e winner-take-al l  o r  contrast-enhancing . 

By groupin g conflictin g concept s suc h a s gray , 

white ,  red ,  an d blu e int o a  winner-take-al l 

pool ,  onl y on e o f  whic h ha s th e stronges t  activit y 

wil l  survive .  FYo m propert y 3 ,  X  i s mor e acti -

vate d tha n Y  i n Cas e [a ]  an d Y  i s mor e activate d 

tha n X  i n Cas e [b] .  Throug h competition ,  X  wil l 

wi n i n cas e [a ]  an d Y  wil l  wi n i n cas e [b] . 

I n general ,  whe n propertie s ar e inherite d 

throug h multipl e paths ,  inheritanc e conflict s 

coul d occur .  A  typica l  exampl e o f  multipl e in -

heritanc e proble m i s th e Nixo n exampl e show n 

below .  B y usin g fuzz y connectio n strengths , 

th e concep t  hierarch y networ k i s abl e t o resolv e 

suc h multipl e inheritanc e conflict .  Suppos e tha t 

Nixo n i s a  9 0 % Quake r  an d a  1 0 0 % Republican , 

thes e fuzz y relationship s ca n b e capture d i n thei r 

templat e weights .  Assumin g non-fuzzines s fo r 

othe r  relations ,  i t  ca n b e verifie d tha t  th e ac -

tivatio n o f  pacifis t  i s 0.9A2/ 4 an d tha t  o f  non -

pacifis t  i s  A2/4 ,  whic h mean s tha t  Nixo n i s mor e 

likel y t o b e a  non-pacifist .  I n thi s problem , 

th e us e o f  fuzz y connectio n strength s provide s 

an extr a degre e o f  freedo m i n resolvin g subtl e 

situations . 

Box 1. The Nixon Multiple Inheritance Prob-

lem :  I s Nixo n a  pacifis t  o r  non-pacifis t  ? 

Nixo n :  Quake r  Quake r  :  pacifis t 

Nixo n :  Republica n Republica n :  non-pacifis t 

C o n c l u d i n g R e m a r k s 

We have shown how an adaptive resonance the-

or y ( A R T )  base d mode l  ca n b e use d t o repre -

sent  an d lear n objec t  concep t  hierarchy .  B y a 

spreadin g activatio n procedur e an d b y organiz -

in g conflictin g concept s int o competitiv e fields, 

th e mode l  i s capabl e o f  performin g propert y 

inheritanc e an d resolvin g inheritanc e conflicts . 

The wor k presente d here ,  o f  course ,  onl y serve s 
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as a  startin g poin t  i n understandin g an d mod -

elin g semanti c knowledg e fro m a n adaptiv e cod -

in g approach .  Th e mode l  face s a n Immediat e 

and mor e challengin g questio n o n ho w t o repre -

sent  structura l  concept s whic h involve s handlin g 

of  role/fille r  relationships .  I t  i s  th e authors '  in -

tentio n tha t  b y extendin g fro m a  mor e intuitiv e 

model  whic h ha s capture d som e flavors  o f  huma n 

knowledg e learning ,  on e ha s a  bette r  chanc e o f 

modelin g huma n intelligence . 
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