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A n ~ a j o r  goal  o f  A ) - t i f i c l a l  ' T n t c l l  i g c n c c  r c s ra l - ch  t o d a y  is 

t o  d c s i g n  systcms t h a t  " u n d c r s t n n d "  p hocly of  h n o v l c d g c ,  i . c .  

usc j t whc%~tevrr  ; i pp ropr i : l t e .  Thc r c p r c s m ~ t a t  i o n  oi the  Anowl cJyc 

\ a v a i l a b l e  t o  s u c h  a n  ' ! r lndcrs t  nndcr" s y s t g ~ n  i s  an impel-t a n t  i s s u c  

f o r  t h e  systcmls d c s i g n  , ~ n d  i s  i n t i m a t e l y  related to i h c  pl-ogosctl 

u s e s  of- t h a t  knowlcclge. 'I'his book i n c l u d c s  n c o l l c c t l o ~ ~  o f  

t h i r t e e n  p;lpcrs. wri tten by some of t h e  b c s t  known r c s c n r c h c r s  

1~110 are currcntly w o r k i n g  on ~ ~ n d e r s t a n d c r  systrms. T h e  p n p c r s  

wcrc s e l c r t c d  nnorlg those presented a t  a conference held in 

mcinory of Ja ilne C a r l ~ o n c l l .  



Rt-prcs~nt  a tion and 1lndc.r~ tanding 

l'hc c-ontct~ts of tllc Imok arc iis f o l  lnws 

1 . * 1 l p  o f  Hcp~ c s ~ n t i ~ t i ~ n  

1 .  llimcns ions of Rcprcscnt i ~ t  ion 

!kinicl  G. 13obrow 

2 .  I\')~:lt's i l l  a, Link:  P o u n d n i i o l ~ s  for Scmnntic Mctworks 

I 1 1  1 1  A 'lVlmds 

3 .  RcTlc3ct i o n s  on t h c  1:ormnl JIcscr ipt ion  of  Rchovior 

J O S C F ~  n. U C C ~ C T  

4 .  Systcmn~ic i lnc1erst:r i ldin~:  

Synthcsi s , Analysis, and Cont ingcnt Kno\~rmlcclge 

in Spcci:11 i zccl i lndcrs t  il11tl i ng Systcms 

Rohcrt J. Robrow 6 J o h n  S c c l y  Brown 

Ncru Elcmory !lode 1 s 

5 .  Solnc Principles of Xcmory Schemata 

Daniel G. R01)row C;. Donald A .  Yorman 

6 .  A Fran~c Tor Fratilcs : 

Representing Knowlcdgc for Rccogni tion 

Benjamin J. Kuipcrs 

7 .  Frame Roprescntations and 

Thc ~cclarativc-Procedural Controversy 

Terry Ninograd 

111. Iiigller Lcvel Structures 

8.  Notes on a Scllc~na f o r  Stor ies  

David E. Rumelhar t  



~eprcscn t a  t i o r r  and Understanding 

9 .  Thc St r u c t u r c  of Epi sodcs in Pfcmory 

Rogcr C .  Schnnk 

1 0 .  Conccpts f o r  R c p r c s c n ~ i n g  Yundnnc Rcoliiy i n  P l a n s  

Rohcrt P. Ahclson 

1V. Srm:~ni i c  Know1 cdgc i n  i ~ n J c r s i : ~ ~ r i l c . r  S y s t  enis 

1 1  . Flu1 t i p l  c Rcprcscn t  a t  i ons of Know1 cdgc 

f o r  T u t o r i a l  R e a s o n i n g  

John Sccly Rrown 6 ~ i c h n r d  R. Burton 

12. Thc Rolc of  Scman t i s s  

i n  Automat ic  Spcech l f n d c r s t a n d i n g  

Bonrric Nush-Kcbbcr 

13. Reason ing  From Incompl c t e  X~lor r lcdgc  

A l l u n  C o l l i n s ,  Elcanor 11. ICarnock, 

N c l l c k c  A i c l l o ,  I .  M i l l e r  

As s t a t e d  i n  t h e  book ' s  i n t r o d u c t i o n ,  t h e  s e c t i o n  on "Thcory 

o f  R c p r e s c n t a t i o n "  d e a l s  w i t h  gcncral issues regarding t h e  

rcprcscntation o f  knorvlcrlge, while t h a t  on lfScw afclnory ?-lodclsH 

d i s c u s s e s  t h e  i m p l i c a t i o n s  o f  t h e  assu-npti  on i l l a t  i n p u t  in fo rma-  

t i o n  is  a lways  i n t e r p r e t e d  i n  terms o f  l a r g e  s tructur: l l  u n i t s  

clcrivcd from e x p c r i c n c e .  The s c c t i o n  t i t l e d  "Ilighcr Lcvel  

Structures" f o c u s e s  on t h e  rcprcscntation o f  plans, c p i s o d c s  

and s t o r i e s  w i t h i n  memory. F i n a l l y ,  t h e  s c c t i o n  on "Semantic 

knowlcdgc i n  l l n d c r s t a n d c r  Systcms" dcscr~ibcs on-  g o i n g  work a f  

t h e  SO1311TE, SPI~I~CIILIS and SCIIOI.AR pro j cct s n t BRN. 

In at tempt ing  t o  rcvicw thc  pilpcrs t h a t  nppcnr i n  this book 

c o l l c c t i v c l y  r a t h e r  t l lan i n d i v i d u a l l y ,  w c  i ~ r r i v c d  a t  a slightly 
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f o r  d c c l n r a t  i v c ,  V S .  I l c x i b l c  interaction ilnlong cli f f r r rn t  F a c t s ,  

f o r  procedural . 
Schank ' s paper r 1 O 1 i n c l  udcs a cl i s 'cussi  011 on  whct h c r  thc  

o ~ ~ g n n i  z a t  ion  o f  human mcmory i s  c p i s o d i c  o r  scmant i c .  An cpi  s o d i c  

mcmory o r g n ~ ~ i  ;at i o n  i111pl i c s  t h a t  h ~ i o ~ \ r l  ccljic i s  s t o r c d l  s s  t c a p o r ; ~ l  ly 

d a t e d  c p i s o ~ l c s  and cwcnts, w i t h  1 rmpornl spat i n 1  r c l a t  i o n s  

1 i n k i n g  thcsc  cvcnts. A S ~ m i l n I  i c  nlcinory organ i z i l t  i o n ,  on the  

o t h e r  ha11c1, i n v o l v c s  t imc- i n v a r  i n n t  know1 cdgc n p c r s o n  p o s s c s s c s ,  

c . g . ,  " a l l  elephants a r c  an imals1 ' .  A c o r . o l l a r y  01 t h e s e  

dc f  i n i t  ions j s t h a t  an  c p i s o d i c  mcmory o r g i ~ n i  z a t  i on  f ' , ~ v o ~ r r s  

tcl l lporal  and causal  c o i ~ n e c t  i v o s  (e .g. , Tlll iN, Rl:ASON, I:NABIJE c t c . )  , 
w h c r c a s  a s c ~ n a n t j c  mcmory org:lni z n t  i o n  u s c s  r x t c l l s  ivel  y t h e  " I  SA 

hicrnrchy!' ( e . g .  , "an cl  ep l l an t  i s - a  a n i m a l H ) .  The d i scussion 

prescntcd i n  t h c  papcr on t h i s  issue i s  somcwhnt c o n f u s i n g  s i n c e  

a t  one p o i n t  (pp.  255-256)  t h e  t vo  t y p c s  o f  or.gnni z a t i o n  arc 

c o n t r a s t e d  as i f  t h y  -wcrc m u t u a l l y  c x c l u s i ~ r c ,  w h i l c  l a t e r  on 

(p.  263) thc  paper  a r g u e s  Tor a combina t ion  of  the n o t i o n s  o f  

s c m a n t i c  and e p i s o d i c  mcmory. in cithcr c a s c ,  Schnnkls work 

c e r t a i n l y  makes a c o n v i n c i n g  argumcnt  i n  rnvor o f  a n  c p i  s o d i c  

monory o r g a n i z a t i o n  by sllowing how jt c a n  h c  usccl t o  r c y r r s c n t  

thc mcnning of a p a r a g r a p h .  

I 1  . Crl -- ,prc and ---- E x t c ~ l s i o n s  o r  R c j ~ r e s c n t n t i o n  o f  l i ~ ~ o \ ~ l c c l g c  P a r : ~ J i g ~ n s  
I ,,--,----,,, ------ -- - 

Scvcral p a p c r s ,  includjng some t h a t  were mcnt ioncd i n  t h c  

p r c v i o u s  scction, criticize, r c f i n c ,  o r  cxtcncl  o n e  of  t h e  csisting 

pa rad igms  Cor t h e  rcprcscnt : i t  i on of  knorul ctlgc. 



l'hc most n o t : l l ~ l e  c s a ~ s p l  c alaong t l losc i n  i l l  i s calc l :ory  i s 

I\'oodst p a p r r  r 2 3  i c r i t i c i z e s  nlany ( m i s ) u s c s  oi scmi~n t i c  

n c t w o r k s  by p o i n t i n g  o u t  s i t u a t i o n s  whc rc  t h c i r  sc'mantics a r c  

p o o r l y  dcf i n c d a o r  inconsistent. P a r t i c u l a r  a t t c n t j o n  i s  

p a i d  t o  t l ~ c  rcprcscntation of  qunntlficntion and t h a t  o f  rcla1 i v e  

c l n ~ i s c s .  

A s  many o f  tI1c r c n d c r s  i i n d o u h t c d l y  kllow, )Iinsky1s jnflucntinl 

paper  i n t r n d u c  Sng I'framcs" 11 5'1 p r o v i d c s  m o r e  of an i d c o l o g ) *  t h a n  

a t h e o r y  Tor rcprcscntjng knoxlcclge. Kuigcrs in [ G I  :irgucs in 

i i l v o r  of a n ~ ~ n b c r  or p r o p c r t i c s  Eramcs s h o u l d  h;luc, such ;IS t h e  

Iabj1.it.y t o  J r s c r i b c  all o b j e c t  o r  s i t u a t i o n  t o  varying d r g r c e s  of 

d e t a i l ,  t h e  ability t o  hc  i n s t a n t i ; l t c d  and  the : ~ I ~ j l i t y  t o  11antlIc 

s a ~ n l l  p c r l u r b n t  i o n s  o f  cxpcrted i n p u t  d a t a  ui t h o u t  ma jo r  rai  l u r e s .  

lie illustrotcs thq dcsirabjlity of t l lcse i c a t u r e s  w i t h  a s imple  

example of o b j  c c t  r c cogn i  t j on. 

The s e c o n d  h a l f  of iVinogrndls paper m : ~ k c s  an a t t c m p t  t o  

s y n t h e s i z e  d c c l a r a t i v c  and  proccdurnl aspects of a rcprcsentntion. 

Ilis proposal is hnscd on fr:uacs : ~ n d  u s c s  a g c n c r a 1 j z ; l t i o n  (1%) 

h i  c r a r c h y  1lalring a number of i c a t u r - c s  , i n c l u d i n g  thc  a b i  1 i ty t o  

associ n t c  procedurrs  t o  ob j  c c t s  on t h e  h i  crnrclly l0li cll s l ~ c c i  f y  

how l o  perform d i  i f c r e p t  oycr : i t ions  on lhosc ol~jc~cts. U:my of 

t h c  iclcns i n  TSJ and 1 7 1  hnvc  bccn  incorporated i n  K R L  r161, 

a s  developed by D. Bobrow and IVinogrnd. 

IT1 . Rcprrscnt i n p  Dificrcnt Kinds  of Know1 cdgc 
, ----- --------- -----,, ,-,,, ,-- 

Tn Format ion cnt c r i  ng an unclcrr.~ nndcr  sys t c n ~  may havc  many 

d i  f f c r r n t  VormsV,  i. o .  it may be codcd as p h o t o g r a p h s  o r  1 i n c  
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c l r n w i  n g s ,  sinplc s e n t  rnces o r  p a r a g r a p h s  o r  cvcn  coirpl ct-c 

st  o r i  c s  . Florcovcr , i t may h n ~ ~ c  d i  f ' f c r c n t  "corlt cnt '!  i . c .  i n v o l v c  

a f a i r y  i n l c  w o r l d  o f  1;inl;s a n d  t l rngons ,  a- b l o c k s  v:orId of' c~ ibc ' s  

a n d  pyl-amids,  a s o c i a l ,  m c n t a l  o r  p l l y s i c a l  worltl. Onc j ~ r p o r t n n t  

a s p e c t  o i  t h e  r c p r c s c n t n t j o n  p r o b l c ~ n  is t h c  d c r i n i t i o n  o f  a 

collection o i  k n a ~ c l c d g c ,  dcfincd by n r e s t r i c t i o n  on i t s  rorm 

a n d / o r  c o n t e n t ,  and t h e  i n v c s t  i g a t i o n  of t h c  nclcquncy o f  a 

p a r t  i c u l a r  r c p r c s c ~ ~ t o t i o n .  

A s  ~ n c n t  i onbd c r l i c r ,  lroods ' pilpcr d o c s  (1 i s c u s s  t h c  r e p r c -  

s c n t a t i o n  o r  q u a n t i f i c a t i o n  i n  t c rms  o r  scm; in t i c  networks, where  

t h c  form o f  t l lc  l \novlcdgc  i n v o l v e d  i s  prcsumnl?ly ( f i r s t  o r d e r )  

P r c d i  c a t c  Ca7 cul u s  a n d  t h e  c o n t c ~ l t  i s  ~ i ~ l c o n s i - r ; i i  ncd . I t  a1 s o  

d i s c u s s e s  t h c  rcprcscntat i on  of' r c l a t i v c  clauses and conlplcx 

s d n t c n c c s  1111cre t h e  form i s  f l n t u r n l  l a n g u a g e  a n d  t h e  c o n t e n t  i s ,  

a g a i n ,  u n c o n s t r a j n c d .  

Rumelha r t  I s  p a p e r  83 j s pr i lnar i  l y  c o n c c r n c d  w i t h  tllc 

d i s c o v c r y  o f  s t r u c t u r c  u n d e r l y i n g  s i m p l e  s t o r j c s .  The s t r u c t u r e  

j s  d c r i n c d  i n  t c r m s  o f  n p1lr;lsc s t , - u c t u r c  gr;lalm;lr w i ~ h  sc l~n;u l l i c  

~ u l  cs associated t o  each product .  i o n .  Thc p n p c r  r c r t  a i n l y  f o l l o w s  

t h c  g c ~ l c r s l  t rcncl  to \~ ; i sc l s  s t l i d y i n g  1 i n g u i  s t  i c  u11 i t s  1:lrgcr t11n11 

sent cnccs ,  such a s  p n r n g r a p h s ,  d i n l o g u c s  o r  st o r i c s .  Whcthcr 

t h c  methodology u s c d  ( i n  p a r t  i c u l  ;lr, p l l r a s c  structure gr:ln1111:1rs) 

w i l l  bc found  n d e q u a t c  f o r  t h c  d c s c r j l  t i o n  of s t i - ~ i c t u ~ c  i n  s t o r i e s  

rcmnins t o  b e  s c c n .  

Sch:lnk 1 9 1  d c a l s  m a i n l y  w i t h  t h e  p r ~ b l c m  of c o n s t r u c t i n g  

a s t r u c t u r e  o f  c a u s a l  l y - 1  i ~ i k c d  a c t i o r l s  nnc l  ( - l~ :~nj ;cs  o r  s t  n l  c s  
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( c p i s o d r s )  from n p n ~ * a g r i i p h .  lShen c p i s o d c s  a r c  used t o  make 

scnsc o f  ncw i n p u t s  i n  o f t e n - c x p c r i c n c e d  s i t u a t i o n s ,  t h c y  a rc  

c a l l c t l  "scr ipts" .  The pnpcr cnds w i t h  a b r i e f  inti-oduction of 

scripts. Florc d c t : l i l s  :{bout them can  be found  i n  more r c c c n t  

pub1 i cations by Sch:jnk and  hi,s students, c .  g. r l 7 , 1 8 3 .  

R ~ ~ ~ n c I l ~ n r t ~ s  and Schm1k1s work a r c  r c ln t cd  i n  t h a t  t h e y  b o t h  

a i t c ~ ~ p t  t o  d c l  inc t h o  s t r u c t u r e  o f  a collection o f  knowledge 

1 i m j  t cd w i t h  r c s p c c t  t o  form ( s t o r i e s  Tor Rulnclhsrt  ,- p a r a g r a p h s  

Tor Schank) and u ~ ~ c o n s t r a i n c d  w i t h  rcspcct to c o ~ l t o l t .  \ fo rcover ,  

b o t h  papcrs a g r e e  t h a t  t he  d n d c r l y i n g  rcprcscntntion used  must 

involve c a u s a l l y - l i n k e d  c v c n t s ,  and t h c  c a u s a l  c o i ~ n c c t i v c s  t h c y  

employ a r c  similar. 

Abelsonts p a p c r  i s  conccrncil w i t h  the r c p r c s c n t a t i o n  of  

" i i i u ~ ~ ~ l n n c  r c n l i t y f l  i n v o l v i n g  s o c i a l  a c t  i o n s .  l 'hc  approach  h e  

f o l l o ~ ~ s  i s  t o  p o s t u l a t e  a number o f  p r i m i t i v e  s t a t e s  and a c t i o n s  

for a c h i e v i n g  these  s t a t e s ,  jn terms of which h o p e f u l l y  a l l  s imple  

s o c i a l  b c h i ~ v i o w  can be dcsc r ibed ,  The discussion of .the 

,pr imi t jvcs  is q u i t c  t h o r o u g h ,  b u t  t h c  cxainpIcs g i v c n  do  not 

provjde.sufficient cvidcncc that t h c  p r i m j t i v c s  p roposcd  a r c  i n  

f a c t  clcscript i v c l y  a d c q u a t e .  ~lbC?l s o n ' s  work i s  complcmcntnry  to 

S c h a n k l s  i n  s c v c r e l  rcspccts and t he re  i s  more rcccnt j o i n t  work 

on t h c  sub j ec t  C193. 

IV1 . - O n s o j  - ng P r o  -- a-w-- j-ccts i n v o . l v i ~  - IJndcrstnncler asterns -- , 

Thc last t h r c c  papcrs  of t h c  book discuss p a r t j c u l a r  p r o j c c r s  

i n v o l v i ~ ~ g  t h e  d e s j g n  and jrnplcnicnt*atjon of  u n d c r s t a n d ~ ~  sys t ems .  
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I11 1 dcscr ibcs  t h c  scopc ,  h a s  i c  ~ l l c ~ t l ~ o d o l o g y ,  :ind :ic]~jcvcmcnt s 

of  S I I ,  n k n o ~ ~ r l r d g c - l ~ : ~ s c ~ c l  computr~-  ; ~ i d c d  i n s t r u s t i o n  ( C A I )  

by asking q u c s t i o n s ,  :~nswcr.ing q c ~ c s t  i o n s  a n d  lctting 11im t r y  o u t  

Ilis ic lcns.  Of p a r t i c u l a r  i n t c r c s t  t o  c o a p u t n t i o n n l  1 inguists 

!I sLo111d bc t 11c s e c t i o n  dcscr  i b i n g  t l ~ c  sc~ninn t ic  g r n n i l ~ ~ a r "  dcvc1opcd 

by nurton t o  11:lndIc t h c  typcs o f  s c n ~ c n c c s  c?xpcctcd d u r i n g  a 

d i a l o g ~ i c  on c l c c t r o n i c  c i r c r ~ i t s .  

Nash-Kcl)l)cr I121 p r o v i d c s  a n  o ~ ~ c r v i c w  o f  illc HBN SI)~~l~ClIJ,IS 

p r o j c c t  i n  t h c  c o n t r x t  o f  a d i s c ~ i s s i o n  on t h e  u s c  oC s c m n ~ ~ t i c  

knowlcdgc f o r  s p c c c h  umclcrst a n d i n g .  F I 1 ,  [ 137 discusses some 

o f  t h c  i n r c r c n c c  r u l c s  jlnpl cacntocl o r  bp i  ng eonsidcrcd !'or 

j ~ ~ ~ p l c l n c n t n t i o n  by the SCIIOJ,AR p r o j c c t  whose aim i s  t o  dcvc lop  a 

knowJ cdgc-based C A I  systcln 1 h a t  t c ; l c h r s  geography . Tllc rcadcr .  

may f i l i d  many o f  tlrc r u l e s  s t a t e d  i n  the pnpcr c o m l ~ l c t e l y  r c a s o n -  

a b l e  a n d  y e t  q u i t e  s h a k y  from a logical p o i n t  o f  v i ew .  For 

example, one r u l c  (the u n i q n c n c s s  asyul ip t  i on )  s t  a t c s  t h a t  i f  only 

one t h i n g  is f o ~ i n d ,  i t  can  bc nsslimcd t h a t  i t  constitutes a 

complcte s e t .  Thus i f  sonlco~lc k ~ ~ o w s  o f  o n l y  onc c i t y  c n l l c d  

f l S 1 ~ r i n g r i c l d "  a n d  l o c o t c d  j n  ? l : ~ s s a c l ~ ~ ~ : ; s c t t s ,  h c  can  u s r  I he 

uniqueness nssumpt i on t o  r c p l y  "no" t o  "1s Springfj c l d  i n  Kc~l tucky?"  

even  though  t h c r c  11iny we l l  be such a c i t y .  

'l'he pape r s  i n  t h i s  s c c t j o n  c o n s t i t n t c  an i m p o r t a n t  complcmcnt 

t o  t h e  r c s t  o f  tllc book wl l i c l~  o f t e n  i r l vo lvcs  d j s c u s s i o ~ i s  t l l a t  arc 

t o o  far rcmoVcd from t h c  r c n l  i t y  o f  I i l l l p l r ~ n ~ ~ l t c d  ( o r  imp1cmcnt;iBJ c: 
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Ovcrall, this book provides an cxccllcnt rcvicw o f  thc s t a t e  

o r  tllc a r t ,  c i r c a  1975, on t h c  problem of  rcprcscnting knowlcdgc .  

J t  should be c q ~ p n ~ c n t  r r o~n  t h e  prc~ious d i s c u s s i o n  t h a t  the 

book assumcs a f a m i l i a r i t y  with b a s i c  i s s u c s  o f  r c ~ r c s c ~ ~ t a t i o n  

and u n J c r s t a n d c r  s y s t c m  design. For more i n t r o d u c t o r y  discussions, 

the  rcBdcr is r c f c r r c d  to / I 4 1  o r  Schank and  Colby L 2 0 3 .  
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