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Con tex t  Effect s a n d Lea rn in g 

o f  Hierarchica l  Compos i t i ona l  Structur e 

Kar l  Pflege r  (kpfleger@cs.stanford.edu ) 
Computer  Scienc e Department ,  Stanfor d Universit y 

Stanford ,  CA .  US A 

Introductio n 

Hierarchica l  compositiona l  structure ,  i n whic h hig h leve l  en -
titie s represen t  aggregation s o f  lowe r  leve l  entities ,  i s  ubiqui -
tou s i n people' s dail y live s (eg ,  music ,  spatia l  configurations , 
sequence s o f  events) .  Natura l  languages ,  fo r  instance ,  con -
sis t  o f  letters ,  whic h togethe r  for m words ,  whic h constitut e 
phrases ,  etc .  Compositiona l  hierarchie s (CHs )  als o pla y a n 
importan t  rol e i n man y successfu l  A I  systems . 

McClellan d an d Rumelhar t  (1981 )  introduce d th e land -
mar k Interactiv e Activatio n (lA )  model ,  a  neura l  networ k 
model  o f  contex t  effect s i n perceptio n tha t  encode d a n ex -
plici t  C H int o a  symmetric ,  recurren t  (relaxation-style )  neu -
ra l  net ,  o r  constraint-satisfactio n neura l  ne t  (CSNN) .  Th e net -
wor k ha d node s representin g singl e letter s an d 4-lette r  word s 
( I  omi t  th e featur e nodes) .  Hand-crafte d b y th e authors ,  th e 
model  di d no t  learn .  Despit e thi s model' s significan t  succes s 
as a  cognitiv e model ,  an d despit e subsequen t  wor k o n learn -
in g algorithm s fo r  relate d C S N Ns (eg ,  Boltzman n Machines) , 
mechanism s fo r  learnin g thi s typ e o f  networ k structur e hav e 
remai n unexplored . 

I  a m examinin g method s fo r  discoverin g compositiona l 
structur e bottom-u p throug h repeate d composition ,  o r  chunk -
ing ,  o f  lowe r  leve l  entities .  I  concentrat e exclusivel y o n 
mechanism s tha t  mak e us e onl y o f  observe d ra w primitives , 
rathe r  tha n an y domai n theor y o r  tas k specifi c  information . 
Purel y data-drive n aggregatio n ca n b e performe d b y chunk -
in g frequentl y occurrin g combination s o f  lowe r  leve l  entities . 

Thi s structur e lead s naturall y t o smoot h integratio n o f 
bottom-u p an d top-dow n processing ,  an d ca n b e use d t o pre -
dic t  futur e observations ,  filter  noise ,  fill  i n missin g o r  am -
biguou s entrie s fro m contex t  (a s i n th e l A model) ,  o r  detec t 
anomalie s o r  error s an d sugges t  corrections .  Thes e operation s 
ar e widesprea d i n huma n cognition .  Th e chunk s themselve s 
serv e a s hig h leve l  abstraction s usefu l  fo r  explanation ,  com -
munication ,  memory ,  an d genera l  reasoning ,  possibl y form -
in g th e basi s o f  th e schemat a an d script s o f  cognition . 

Mechanisms 

C S N Ns provid e a  convenien t  computationa l  architectur e fo r 
thi s typ e o f  processing ,  bu t  th e l A mode l  need s t o b e gener -
alize d i n way s beside s learning .  Th e syste m shoul d b e abl e 
t o proces s inpu t  string s o f  arbitrar y length ,  an d th e networ k 
shoul d b e abl e t o encod e an y numbe r  o f  level s o f  hierarchy . 
To accomplis h bot h goals ,  I  us e weigh t  sharing ,  a  c o m m o n 
practic e i n feedforwar d networks ,  bu t  virtuall y neve r  utilize d 
fo r  C S N N s .  Th e entir e networ k i s shifte d an d duplicate d t o 
accommodat e input s wide r  tha n th e longes t  chunks ,  an d th e 

smalle r  chunk s ar e shifte d an d duplicate d withi n th e umbrell a 
of  th e larges t  chunks ,  a s show n i n Figur e 1 . 

THEN THEN 

Figur e 1 :  Par t  o f  a  C S N N representin g a  3-leve l  C H wit h 4 
and 2-lette r  chunks ,  applie d t o a  5-lette r  input . 

As a first step for learning, I use a recently introduced algo-
rith m calle d S E Q U I T U R (Nevill-Manning ,  1996 )  t o generat e 
th e C H encode d b y th e network .  S E Q U I T U R incrementall y 
build s a  C H tha t  ca n b e use d fo r  examinatio n o r  dat a com -
pression ,  bu t  ha s n o mechanis m fo r  prediction .  Th e marriag e 
of  thi s networ k formalis m wit h a n incrementa l  C H genera -
to r  provide s a  uniqu e syste m capabl e o f  capturin g wide r  an d 
wide r  dat a interactions . 

Preliminar y experiment s sho w tha t  th e qualitativ e pro -
cessin g behavio r  doe s generaliz e t o mor e comple x C H s an d 
longe r  inputs ,  an d tha t  thi s structur e ca n b e learned .  Weigh t 
tunin g an d a  constructiv e C S N N chunkin g mechanis m mor e 
sensitiv e t o th e statistica l  correlation s i n th e dat a shoul d pro -
vid e bette r  prediction s an d mor e compac t  hierarchies . 

Novel  combination s o f  previou s ideas :  weigh t  sharin g wit h 
C S N N s,  a  C H generatio n algorith m wit h C S N N s ,  an d i n th e 
near  future ,  a  constructiv e networ k algorith m wit h C S N N s , 
provid e a  usefu l  generalizatio n o f  th e successfu l  l A model . 
Eventually ,  method s fo r  discoverin g compositiona l  structur e 
wil l  lea d t o synergisti c benefit s whe n combine d wit h existin g 
method s fo r  discoverin g hierarchica l  taxonomi c structure . 
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