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SUMMARY 

T h i s  paper tocusses on three components of- the  d ia logue system HAM-KYM, 

which converses i n  natura l  language about v i s i b l e  scenes. F ~ r s t ,  ~t i s  

demonstrated how the system's communicative competence i s  enhanced by i t s  

i m i t a t i o n  of human v isua l -search  processes. The approach taken to  noun- 

phrase r e s o l u t i o n  i s  then descr ibed ,  and an a l g o r i t h m  for  the  generation 

o f  noun phrases i s  illustrated w i t h  a s e r i e s  o f  examples: Finally, the 

s y s t e m ' s  a b i l i t y  to exp la in  i t s  own reasoning i s  d iscussed,  w i t h  emphasis 

on the novel aspects  o f  i t s  implementa t~on .  



1 ,  THE TREATMENT OF V ISUAL DATA 

The n a t u r a l  language d i a l o g u e  system HAM-RPMu converses w i t h  a  human p a r t n e r  

about scenes which e i t h e r  one o r  bo th  a r e  l o o k i n g  a t  d i r e c t l y  (o r  have a 

photograph o f ) .  A t  p resen t  t h e  system, which i s  implemented i n  FUZZY 

( ~ e F a i v r e  1977), 1 s  be ing  t e s t e d  on two domains: t h e  i n t e r i o r  o f  a l i v i n g  

room and a t r a f f i c  scene. 

Since i t  i s  assumed t h a t  b o t h  p a r t n e r s  begin the d ia l ogue  w i t h  r e l a t i v e -  

l y  l i t t l e  s p e c i f i c  knowledge about t h e  scene, most of  the s p e c i f i c  in forma- 

t i o n  used by the system d u r i n g  the conve rsa t i on  mus t  be, o b t a i n e d  by a p ro -  

cess more o r  l ess  analogous to  l o o k i n g  a t  t h e  scene. we have found i t  wor th-  

w h i l e  t o  make the  analogy q u l t e  c lose,  r e q u i r i n g  the  system t o  r e t r i e v e  i t s  

v i s u a l  da ta  by doing something l i k e  casting a s e r i e s  o f  g lances  centered on 

v a r i o u s  p o i n t s  i n  the  scene. 

F i g .  I i s  a schematic drawing o f  a s e c t i o n  o f  ou r  t r a f f i c  scene, showing 

a t r e e  w i t h  a p a r k i n g  l o t  i n  f r o n t  o f  i t .  How easy i s  i t  to  recogn ize  t h e  

va r i ous  o b j e c t s  i n  F i g .  1 when g l a n c i n g  a t  p o i n t  A? CAR9 and CAR8 w i l l  be 

about e q u a l l y  easy t o  recogn ize  as cars.  TREE4 w i l l  p robab ly  be recognized 

more e a s i l y ,  s i n c e  i t  i s  e q u a l l y  c l o s e  t o  p o i n t  A, and ve ry  l a rge ,  and s i n c e  

the re  a r e  no s imi  l a r  types o f  o b j e c t s .  On t h e  o t h e r  hand, CAR3 w i  1 1  be l ess  

e a s i l y  recogn izab le ,  s i n c e  i t  i s  f a r t h e r  away.  MAN^ i s  p robab ly  t oo  f a r  away 

t o  be recogn izab le  as a man a t  a l l  (he i s  recogn izab le  o n l y  f rom the p o i n t s  

neares t  him, as  i s  shown by t h e  f o u r  arrows p o i n t i n g  away f r o m  h~m) .  

Jus t  t h i s  i n f o r m a t i o n  i s  s t o r e d  I n  HAM-RPM i n  a separa te  a s s o c i a t i v e  

network corresponding t o  p o i n t  A. I n  a l l ,  t h e r e  a r e  about a hundred such 

smal l  networks ( represented by t h e  smal l  d o t s  i n  F i g .  I ) ,  corresponding 

t o  p o s s i b l e  g lances a t  the scene. The statements about t h e  n a t u r e  o f  t h e  

va r i ous  o b j e s t s  which a r e  recogn izab le  f r o m  the  p o i n t  i n  q u e s t i o n  a r e  o rdered ,  

i n  a way c h a r a c t e r i s t i c  o f  t h e  FUZZY p r o g r a m i n g  language, i n  terms o f  t h e i r  

r e c o g n i z a b i l i t y ,  so t h a t  they w i l l  a u t o m a t i c a l l y  be r e t r i e v e d  i n  t h a t  o rder2 .  

T.he system's o v e r a l l  s t r u c t u r e  i s  desc r i bed  in (v.  Hahn e t  a l .  1978) as 

are t h e  goa l s  and methodo log ica l  p r i n c i p l e s  wh ich  gu ide  the research  

w i  t h i n  t h e  p r o j e c t .  

2, These networks a r e  implemented as CONTEXTS i n  the  sense in t roduced by tile 

l anguage CONN I V E R .  



Fig. 1 .  "The man i n  f r o n t  ot t h e  t r e e "  

A s i m p l e  example w i l l  show how t h e  d a t a  s t o r e d  i n  t h i s  way can be used by 

t h e  sys tem.  When i n t e r p r e t i n g  the  d e f i n ~ t e  d e s c r i p t i o n  t h e  man I n  front of 

the tree, assuming %hat  TREE4 i s  t h e  one meant, t he  system e n t e r s  severa l  

CONTEXTS i n  f r o n t  o f  TREE4,  w i t h i n  each r e t r i e v i n g  the i n t e r n a l  names o f  t h e  

men recogn izab le  f r o m  t h a t  p o i n t .  I t  doesn't f l n d   MAN^ u n t i l  i t  has en te red  

the  CONTEXT co r respond ing  t o  p o i n t  0 .  I t  then enters  a coup le  more, and, fin- 

d i n g  no f u r t h e r  men, assumes t h a t  i t  has found t h e  r e f e r e n t  o f  the d e f i n i t e  

description. I n f o r m a t i o n  n o t  only about the respect ive  types of  the v a r i o u s  

o b j e c t s ,  b u t  a l s o  about  t h e i r  o t h e r  a t t r i b u t e s  is s t o r e d  i n  a s i m i l a r  way. 

Why i s  i t  w o r t h  a l l  t h i s  t r a u b l e  t o  make the systan sensitive to the 

r e c o g n i z a b i l i t y  o f  the various f a c t s  about a scene from the v a r i o u s  p o i n t s  

w i t h i n  i t ?  A f t e r  a l l ,  the f a c t s  themselves c o u l d  be s t o r e d  ve ry  s t r a i g h t -  

f o r w a r d l y .  

Our principal j u s t i f i c a t i o n  i s  t h a t ,  fo r  a dialogue sys tem which i s  

supposed t o  communicate e f f e c t i v e l y  with a hunlan par tner ,  the bare f a c t s  



about the  scene a r e  less impor tant  than t h e  way the  pa r tne r  h imse l f  would 

be l i k e l y  r o  perce ive  them. I f  o n l y  the f a c t s  thenlselves a r e  known, i n t o r -  

rnation may be l ack ing  which i s  e s s e n t i a l  f o r  t h e  p roduc t i on  o f  a connnunica- 

t i v e l y  adequate response. For example, t h e  d e f i n i t e  d e s c r i p t i o n  whose i n t e r -  

p r e t a t i o n  w a s  j u s t  sketched was, s t r i c t l y  speaking, ambiguous, as t he re  i s  

a second man i n  f r o n t  o f  t he  t r e e  whom the system would have considered t o  

be the r e f e r e n t  o f  the d e s c r i p t i o n  i f  MAN2 hadn ' t  been there. Yet the system 

d i d n ' t  even n o t i c e  t h i s  ambigu i ty ,  s i n c e  i t  stopped s h o r t l y  a f t e r  f l n d i n g  the 

f i r s t  man. 

To be s u r e ,  the r e s o l u t i o n  of  such amb igu i t i es  cou ld  a l s o  be achieved 

by g i v i n g  the sys tem general I n fo rma t i on  on the r e c o g n i z a b i l i t y  o f  o b j e c t s  

for human beings and l e t t i n g  i t  choose on t h a t  bas i s  which o f  the p o t e n t i a l  

r e f e r e n t s  o f  the d e s c r i p t i o n  was t h e  one which the  p a r t n e r  was most l l k e l y  

t o  have intended t o  r e f e r  t o .  Ins tead o f  do ing t h i s ,  we  have made t h e  system 

i t s e l f  a model o f  i t s  p a r t n e r ,  so t h a t  ins tead  o f  r e f e r r i n g  t o  a model, i t  

o n l y  has t o  'be i t s e l f '  or ' a c t  n a t u r a l l y '  i n  o rder  to comnunicate e f f e c t i v e -  

l y ' .  

I n  a d d ~ t i o n  t o  t he  i n t e r p r e t a t i o n  o f  ambiguous u t te rances ,  t he re  a r e  

other s i t u a t i o n s  i n  which t h i s  approach can be a p p l i e d  e l e g a n t l y  (F ig .  2 ) .  

S I T U A T  I O N  l N F O R M A T I  O N  

1)  I n t e r p r e t a t i o n  o f  an 

ambiguous d e f i n i t e  

d e s c r i p t i o n  

2) Generat ion o f  a  d e f i n i t e  

d e s c r i p t i o n  

3 )  D e s c r i p t i o n  o f  a p a r t  

o f  a scene 
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Which o b j e c t  the speaker i s  

probably  r e f e r r i n g  t o  

Which re ference p o i n t s  w i l l  

be easy fqr the  l i stener t o  f i ad  

Which o b j e c t s  t h e  speaker m igh t  

be ~ n t e r e s t e d  i n  hear ing about 

Two o f  the r e p o r t s  (v. Hahn 1978a, 1978b) which have been issued by the  

HAM-RPM group deal w i t h  t h e  q u e s t i o n  of  t he  na tu re  o f  the r e l a t i o n  be- 

tween t h e  d ia logue  p a r t n e r  model and the human p a r t n e r  i n  some d e t a i l .  



When d e s c r i b i n g  the l o c a t i o n  o f  arl o b j e c t  w i t h  re fe rence  t o  o t h e r  o b j e c t s ,  

the s y s t e i i ~  w i  ll u s u a l l y  f i n d  a nun~bet o f  p o t e n t i a l  re fe rence  p o i n t s ;  i n  

genera l ,  i t  should ment ion those which a re  v i s u a l l y  e a s i e s t  f o r  the l i s t e n e r  

t o  f i n d .  T h i s  i s  l i k e l y  to  happen i f  i t  i t s e l f  f i n d s  these re fe rence  po in ts  

p a r t l c u l d r l y  e a s i l y .  When answering a vague ques t ion ,  such as a request  t o  

descr ibe what i s  on  the  o t h e r  s i d e  o f  the s t r e e t ,  t h e  system w i l l  have to  

s e l e c t  among t h e  many v i s i b l e  f a c t s  those which t h e  l i s t e n e r  migh t  be i n t e r -  

es ted i n  hear ing  about. I n  many cases, these w i l l  be the v i s u a l l y  most s a l i -  

en t  f a c t s .  

2 .  NOUN-PHRASE RESOLUTION 

Two of  the components o f  HAM-RPM which make use o f  the v i s u a l  data  are 

those respons ib le  f o r  noun-phrase r e s o l u t i o n ,  t h a t  i s ,  the de te rm ina t i on  

o f  the p o t e n t i a l  r e f e r e n t s  o f  a noun phrase, and noun-phrase generat ion ,  

t h a t  i s ,  the c o n s t r u c t i o n  o f  noun phrases t o  i d e n t i f y  ob jec t s  un ique ly .  

The procedures which r e s o l v e  noun phrases w o ~ k  on the sha l low s t r u c -  

t u r e  af t he  i n p u t  sentence. T h ~ s  I S  what I S  obta ined a f t e r  mu l t i p le -word  

phrases and idioms have been rep laced w i t h  canonica l  expressions,  t h e  words 

have been looked up i n  the l e x i c o n ,  and a s imple morphological  a n a l y s i s  

has been performed. 

A d e f i n i t e  noun phrase i s  recognized w i t h i n  the sha l low s t r u c t u r e  

as a s t r u c t u r e  c o n s i s t i n g  o f  a d e f i n i t e  a r t i c l e ,  p o s s i b l y  one or m o r e  

a t t r i b u t e s ,  a noun, and p o s s i b l y  a r e l a t i v e  c lause  ( R i t c h i e  1977). I n  a way 

remin iscen t  o f  Winogred's SHRDLU (Winograd 1972),  processes involviqg seman- 

t i c s  and pragmatics a r e  a c t i v a t e d  i n  HAM-RPM as soon as poss ib l e  d u r i n g  the 

a n a l y s i s  o f  the i n p u t  sentence. 

The noun-phrase i n t e r p r e t e r  t r i e s  to f i n d  a un ique r e f e r e n t  for each 

d e f i n i t e  noun-phrase by us ing  the knowledge s t o r e d  i n  t h e  conceptual and 

r e f e r e n t i a l  semant ic  networks and per fo rming  v i s u a l  search a lgo r i t hms .  For 

example, the d e f i n i t e  d e s c r i p t i o n  The p r c t u r e  hanglng to the left of the 

red chair, r e f e r r i n g  t o  F i g .  3, i s  replaced w i t h  the i n t e r n a l  object-name 

PICTURE1 i n  the sha l low s t r u c t u r e  o f  the  sentence. T h i s  s t r a tegy  can save 

a good deal  o f  unnecessary process ing:  i f  no o b j e c t  i s  found which s a t i s -  

f i e s  the d e s c r i p t i o n ,  t h e r e  i s  no f u r t h e r  pars ing ,  bu t  r a t h e r  f e d - b a c k  t o  
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the conve rsa t i ona l  p a r t n e r .  I n  t h e  .case where more than one potential r e f -  

erent I S  found, the  one mentioned most r e c e n t l y  I S  assumed to  be the r e f -  

e r e n t .  I f  none of  them has been mentioned r e c e n t l y .  the system asks the p a r t -  

ne r  fo r  f u r t h e r  d e t a i l s ,  assuming, as i t  were, t h a t  he does have some p a r t i -  

c u l a r  o b j e c t  i n  mind. These details take the form of a noun phrase, which 

may be e i t h e r  complete or  elliptical. F u r t h e r  a t t r i b u t e s  o f  the intended 

ob jec t  may be speci f ied,  it may be c h a r a c t e r i z e d  i n  terms of Its s p a t i a l  

r e l a t i o n s  to o t h e r  o b j e c t s ,  or the noun o r i g i n a l l y  used i n  the d e s c r i p t ~ o n  

may be rep laced  w i  th  a more s p e c i f i c  one. 

Not a l l  noun phrases, o f  course, can be rep laced immediately w ~ t h  a 

s p e c i f i c  r e f e r e n t .  One such case I S  e x e m p l i f i e d  by the descr ip t ion  the  chalr 

rrl front of the red cupboard. Appl led to the scene i~ F i g .  3 ,  the noun phrase 

the red cupboard cannot be replaced, because t h e r e  i s  more than one red cup- 

board, but i t  cannot be ignored, e i t h e r ,  because t h e r e  i s  more than one chai r .  



The e n t i r e  noun phrase can o n l y  be i n t e r p r e t e d  when i t  i s  recognized t h a t  

t h e r e  i s  o n l y  one p a i r  b f  o b j e c t s  wh ich  s tand i n  t h i s  re la t ion  t o  one an- 

o t h e r .  

Another case where a d e f i n i t e  noun phrase c a n ' t  s i m p l y  be repidced 

d i r e c t l y  by i t s  r e f e r e n t  i s  t he  g e n e r i c  description w i t h  d e f i n i t e  a r t i c l e ,  

as i n  the  sentence T h e  c h a ~  1s somet-hrng t o  sit on. L a t e l y  we have been 

t h i nk i ng  about what fo rmal  f ea tu res  o f  a sentence migh t  be h e l p f u l  i n  recog-  

n I z i ng such descr i p t  ions (see Grosz 1976) . 
Two c l ues  wh ich  tend t o  favour a gener ic  i n t e r p r e t a t i o n  a r e  the  absence 

o f  any r e f e r e n t i a l  a t t r i b u t e  and t h e  presence o f  an adverb such as u s u a l l y  

o r  normally. On t h e  other hand, a g e n e r i c  i n t e r p r e t a t i o n  becomes somewhat 

less plausrble i f  the noun phrase i s  the object o f  a local preposition, as 

I n  on the  c h a i r ,  i f  the  sentence i s  i n  t he  past  tense;  o r  i f  the  ve rb  can 

be g e n e r a l l y  c l a s s i f i e d  as one i n v o l v i n g  v i s u a l  percept ion  or spa t ia l  r e -  

l a t i o n s .  We assume t h a t ,  no m a t t e r  how many weak inference r u l e s  of t h i s  sor t  

a r e  i nco rpo ra ted  i n t o  t h e  system, t h e r e  w i l l  still be some a m b i g u i t i e s  which 

can o n l y  be reso l ved  b y  other  means, including in te rac t ion  wi th  the speaker. 

A genera l  goa l  i n  t h i s  connec t ion  i s  a s o r t  of  c o m p a t i b i l i t y  between 

noun-phrase r e s o l u t  i o n  and noun-phrase generat  i o n ,  i n  t h e  sense t h a t  t h e  

system should be a b l e  to  understand any k i n d  o f  noun-phrase that  i t  can gen- 

e r a t e ,  and v i c e  v e r s a .  

3 .  NOUN-PHRASE GENERATION 

The method we have developed f o r  the  inverse process ,  noun-phrdse gene ra t i on ,  

i s  distinguished from e a r l i e r  approaches ma in l y  i n  t h r e e  respec ts .  

The f ~ r s t  i s  i t s  use of what m igh t  be c a l l e d  a i w o r s t - c a s e - f i r s t i  s t r a t -  

egy. The second is t h e  way i t  takes i n t o  c o n s ~ d e r a t i o n  the  ease w i t h  w h i c h  

the l ~ s t e n e r  will be able to i n t e r p r e t  the  d e s c r i p t i o n  i t  generates,  when 

more t h a n  one uniquely identifying d e s c r i p t i o n  i s  p o s s i b l e  ( ~ e r r m a n n  G Laucht 

1976) .  The t h i r d  i s  i t s  use of  complex s p a t i a l  r e l a t i o n s  t o  deal w i t h  the 

' w o r s t  c a s e s ' ,  t h a t  i s ,  those i n  which severa l  o b j e c t s  a r e  i n d i s t i n g u i s h a b l e  

on the  b a s i s  o f  t h e i r  p r o p e r t i e s  alone. 

L e t ' s  exatnine a fewexamples  o f  the  behavior  o f  the a l g o r i t h m  F i r s t ,  

t w o  t r i v i a l  cases.  
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The s t r e e t  i n  F ig .  4 has a proper name, and i s  thus r e f e r r e d  t o  s imply as 

Schluterstrasse. The t r e e  i s  t he  o n l y  one i n  the d iscourse  wor ld ,  and hence 

i s  i d e n t i f i e d  as the tree. The number o f  i n t e r e s t i n g  p o s s i b l e  s t r a t e g i e s  be- 

comes g r e a t e r  when the o b j e c t  t o  be descr ibed i s  one o f  several  belonging 

t o  the same conceptual c lass .  Consider for example MAN1 i n  Fig. 4. The sys- 

tem looks among i t s  p r o p e r t i e s  f o r  one which d i s t i n g u i s h e s  i t  from MAN2 and 

MAN3, and descr ibes i t  as the small man. A s i m i l a r  process u n d e r l i e s  the  

genera t ion  o f  the  noun phrase t h e  blg man w i t h  the umbrella t o  r e f e r  to 

MAN3. 

Note t h a t  t h e  system uses redundant l abe ls .  Th is  i s  a consequence o f  

the sequent ia l  na tu re  o f  i t s  noun-phrase generat ion:  F i r s t ,  the  p roper t y  

' b i g '  i s  found. When the system n o t i c e s  t ha t  t h e r e  i s  another b i g  man i n  

the  scene, i t  looks f o r  a Furkher d i s t  i w * - s h i n g  proper t y  and f i n d s  the um- 

b r e l l a .  T h i s  p roper ty  would i n  f a c t  be adequate i n  i t s e l f ,  bu t  the  system 

doesn't at tempt  t o  f i n d  a minimal c h a r a c t e r i z i n g  s e t  o f  a t t r i b u t e s .  T h i s  

s o r t  o f  redundancy, which i s  o f ten  found i n  human beings, saves t ime bo th  

i n  the genera t ion  and i n  the  i n t e r p r e t a t i o n  o f  d e f i n i t e  d e s c r i p t i o n s .  

HAM-RPM f r e q u e n t l y  uses negat ive  c h a r a c t e r i z a t i o n s  o f  var ious  k inds ,  

as, f o r  example, when MAN2 i s  descr ibed as the  bry man wi thout  an umbrella. 

Now l e t ' s  t u r n  t o  some more complex problems o f  noun-phrase generat ion.  So 

t h a t  the p i c t u r e s  d o n ' t  g e t  too c l u t t e r e d ,  we w i l l  use examples from a s imple 



GREEN 

SQUARE3 

F i g .  5 

domain o f  geometr ical  f i g u r e s  ( f i g .  5 ) .  Consider CIRCLE1 i n  F ig .  5. Note 

t h a t  there  a r e  t w o  green c i r c l e s  i n  t h e  scene. The presence o f  several ob- 

j e c t s  which a r e  i n d i s t i n g u i s h a b l e  on the basis o f  t h e i r  a t t r i b u t e s  alone 

i s  the  worst  case which can occur.  The reason why we have spoken o f  a 'wors t -  

case-f  i r s t '  s t r a t e g y  i s  t h a t  the system checks fo r  t h i s  case e a r l y ,  ra the r  

than t r y i n g  immediately t o  c o n s t r u c t  a s imp le r  c h a r a c t e r i z a t i o n  such as those 

i n  t h e  last few examples given. 

In formal  observation shows t h a t  human beings also often notice the pres- 

ence o f  i d e n t i c a l  o b j e c t s  i n  a scene immediately. The o n l y  way t o  d i s t i n g u i s h  

these t w o  circles i s  by re ference t o  s p a t i a l  r e l a t i o n s ,  f o r  example, the 

green clrcle in front  of the red square. 

We may note i n  passing t w o  ways i n  which the  form of  a d e s c r i p t i o n  may 

be cons t ra ined  by the  form o f  the ques t ion  which i s  being answered. F i r s t ,  

p r o p e r t i e s  w h ~ c h  have been presupposed i n  the ques t i on  should not be men- 

t ioned i n a descr i p t  ion. Cons i der the ques t i o n  Which square is red?. The an- 

swer The r e d  sguare  i s  c l e a r l y  unacceptable, so instead the system answers 

  he square in front of the green t r i a n g l e  (= SQUARE I i n F tg . 5) . A second 

c o n s t r a i n t  of t h i s  sort  i s  t ha t  the  system sphould not produce c i r c u l a r  
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d e s c r ~ p t i o n s .  For example, when answering the  ques t i on  Where is the  red 

t r i a n g l e ? ,  t he  system should no t  answer To the l e f t  of the green square 

whlch is to the rlght of the  r e d  triangle, a l though each ha1 f o f  th i  s de- 

s c r i p t i o n  i s  p e r f e c t l y  n a t u r a l  when considered i n  i s o l a t i o n .  

I t  sometimes happens t h a t  o b j e c t s  chosen as s p a t i a l  re fe rence  p o i n t s  

I n  a d e s c r i p t i o n  i n  t u r n  have to  be i d e n t i f i e d  w i t h  the  h e l p  o f  o t h e r  r e f -  

erence p o i n t s .  For  example, CIRCLE2 i n  F i g .  5 i s  described as the green 

circle ln f r o n t  of the green square which 1s to the l e f t  of the red t r i a n g l e .  

As t h i s  example shows, the products  o f  such r e c u r s i v e  a p p l i c a t i o n s  o f  the 

genera t ion  a l g o r ~ t h m  can soon become d i f f i c u l t  t o  understand. We have made 

the maximum a l l owab le  depth  o f  r e c u r s i o n  a parameter which can be s e t  to  

var lous  va lues  for exper imental  purposes. 

Perhaps the most d i f f i c u l t  problem i n  noun-phrase genera t ion  i s  t he  

unique i d e n t i f i c a t i o n  o f  an o b j e c t  when t he re  are  o b j e c t s  with  e x a c t l y  the  

same p r s p e r t i e s  i n  i t s  immediate neighbourhood ( f i g .  6) .  T h i s  i s  a t a s k  

which o f t e n  causes d i f f i c u l t i e s  even fo r  a  human speaker. To s e t  the stage, 

suppose t h a t  CIRCLE6 i n  F i g .  6 I S  t o  be i d e n t i f i e d .  The system f i r s t  des- 

c r i b e s  i t s  p o s i t i o n  r e l a t i v e  t o  t h e  o t h e r  c i r c l e s  i n  i t s  group: the r ~ g h t -  

hand clrcle  Then i t  i d e n t i f i e s  the  group o f  which CIRCLE6 i s  a member w i t h -  
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I n  the see-ne as a whole, d i s t i n g u i s h i n g  i t  f i r s t  f r a  CROUP2: in f t on t  

(ind to  t l ~ c *  left and then f r o~n  GROUP3 : which 1s to the l e f t  of the square. 

Thus the complete descr ~ p t i o n  i s  The right-hand czrcle in front and t o  the 

1 t j f t  w l i l  c d r  rs to  tllr l e f t  of t h ~  squnra. 

TO pu t  t he  p o i n t  more g e n e r a l l y ,  complex scenes sometimes have a h i e r -  

a r c h i c a l . s t r u c t ~ r e  i n  which groups o f  s ~ m i l a r  o b j e c t s  serve as  u n i t s  which 

have t o  be i d e n t i f i e d  i n  much the same way t h a t  objects themselves are.  The 

remarks we have made about c i r c u l a r  d e s c r i p t i o n s  and r e c u r s i o n  depth  app ly  

on  the l e v e l  o f  groups as w e l l .  

Concluding t h i s  sketch  o f  HAM-RPM's .noun-phrase i n t e r p r e t e r  and gener- 

a t o r ,  we would l i k e  t o  s t r e s s  that a l l  these a l g o r i t h m s  a r e  doma~n-independ- 

en t .  

4 .  EXPLANATION 

Al though a l l  o f  the examples d ~ s c u s s e d  up to  now have i nvo l ved  some s o r t  of 

d e s c r i p t i o n  o f  v i s i b l e  aspects o f  a  scene, HAM-RPM f r e q u e n t l y  makes use o f  

genera l  knowledge and in fe rence  r u l e s  t o  draw conc lus ions .  

For example, t h e  system m igh t  be asked Is the park3ng zone t a r r e d ? ,  

where the  pa rk i ng  zone i n  question, though p a r t  o f  the scene, i s  h idden 

from view. I t  would then t r y  t o  answer the q u e s t i o n  us ing  approximate i n f e r -  

ences based on f uzzy  knowledge ( ~ a h l s t e r  1978), conc lud ing  t h a t  the  p a r k i n g  

zone might  ve ry  w e l l  be tarred,  because a p a r k i n g  zone i s  i n  a sense a p a r t  o f  

a s t r e e t ,  and s t ree ts ,  l i k e  thoroughfares i n  general,  a r e  u s u a l l y  t a r r e d .  

In ferences which s tand  on such shaky ground as t h i s  one a r e  o f  l i m i t e d  use 

t o  the conversa t iona l  p a r t n e r  un less  the system can desc r ibe  the reasoning 

which u n d e r l i e s  them. 

Furthermore, not j u s t  any d e s c r i p t i o n  will be s a t i s f a c t o r y :  the system 

ought  to  a c t  i n  accordance w i t h  the  f o l l o w i n g  ' three maxims, as fo rmula ted 
by (Grice 1975): 

1. Hake your  c o n t r i b u t i o n  as i n f o r m a t i v e  as i s  r equ i red .  

2. Don't make your c o n t r i b u t i o n  more i n f o r m a t i v e  than  i s  r equ i red .  

3. Be r e l e v a n t .  

Thus, desc r i b ing  an i n fe rence  c h a i n  i n  every d e t a i l  w i l l  no t  i n  genera l  be 

c m u n i c a t i v e l y  adequate, i f  some o f  the in fe rences  a r e  e s s e n t i a l l y  d e f i n i -  



t I I , aild t~tbllcc c o n c c p t ~ ~ i l  I y tr i v id O n l y  whcn the d ia logue par tner  has 

rt .pcdtrhdly rccl~rcsted d e t a  i l s  about i n fe rences  w i  l l i t be s e n s i b l e  t o  ment ion 

a l l  o l  t l l c ~ i ~  

Now I ~ b t ' s  looh a t  the way we have t r i e d  t o  achieve these goa ls  i n  HAM- 

RPM, u h i ~ l g  the example j u s t  g iven.  Three processes a r e  e s s e n t i a l .  F i r s t ,  

w h i l e  the  ruasori lng i s  be ing  performed, a s o r t  o f  t r a c e  o f  the In ference 

process i s  s t o r e d  i n  a separa'te date base c a l l e d  INFERENCE-MEMORY. Second, 

a f t e r  an exp lana t ion  o f  the  conc lus ion  has been requested, t h i s  p a r t  o f  

memory i s  traversed t o  f i n d  those o f  the assumptions used which a r e  on a 

c o n r ~ ~ u o ~ c a t i v e l y  a p p r o p r i a t e  l eve l  of  d e t a i l .  F i n a l l y ,  these assumptions a r e  

expressed i n  natural language. 

An c b b e n t ~ a l  r o l e  i n  the f i r s t  two o f  these phases i s  played by the 

ineta-knowledge assoc ia ted w i t h  each i n fe rence  r u l e  which i s  ava i lab le  t o  

the systenl .  As you can see from the  t w o  i n f e r e n c e - r u l e  d e f i n i t i o n s  in F ig .  7 ,  

Apply the c o n t r o l  knowledge coded i n  TRACE-PROCEDURE-DEMON7 

Don't  use i n s t a n t i a t i o n s  of premises w ~ t h  a degree of  belief less than 0 . 3  

The degree of u n c e r t a i n t y  of  t h i s  r u l e  i s  0.5  

RULE. I f  y o u w a n t  toshow (X  I S  Y )  

show that  ( X  I SA 2 )  

and ( 2  IS Y )  

META-KNOWLEDGE : 

Apply the c o n t r o l  knowledge coded In TRACE-PROCEDURE-DEMON7 

Don' t  use in s tant ia t ions  o f  premises w i t h  a degree o f  be1 i e f  l e s s  than 0 .4  

The degree o f  u n c e r t a i n t y  o f  t h i s  r u l e  i s  0 8 

RULE. I f  you want to  show ( X  I S  Y )  

show tha t  ( X  IS-PART-OF Z )  

and (Z IS Y! 

F i g .  7 



she but 1 1  piccc oF i l~ctd-hnowludgc conccrns t h e  degree ot uncer ta in ty  asso- 

c i a t e d  w ~ t h  the r u l e .  The n ~ o s t  interesting piece  o f  meta-knowledge ifi f h ~ s  

Situc7tion is  t h ~ i  s p e c i t i c a t i o n  o f  a p a r t i c u l a r  FUZZY procedure demon. T h e ~ ~ e  

deil~ons ii lrlorcc dur ing the a p p l i c a t i o n  o f  an in ference  r u l e  g lobal  cont ro l  

r e g i ~ l l c s  spec i  t i e d  by  the  programmer ( ~ e ~ a i v r e  1977) .  In  particular, one of  

the thinqs done  by TRACE-PROCEDURE-DEMON7 i s  the storage o f  the reasoning 

bteps i n  INFERENCE-MEMORY. 

Suppose now t h a t  the assumptions a t  the top o f  F i g .  8 a r e  r e p r e s e n t e d  

i n  serilantic networks. Applying the two r u l e s  i n  F i g .  7 to  them, t h e  system 

bullds up the goal t ree1  i n  F i g .  8. The i n t e r n a l  t race  which i s  built up 

by the procedure demon i s  shown a t  the bottom of F i g .  8 .  Note that the 

( (PARK I NG-ZONE I S-PART-OF STREET) 0 7) 

( (STREET I SA THOROUGHFARE ) 1 

( (THOROUGHFARE I S TARRED) 0 . 7 )  

/ 
( (PARK1 NG-ZONE I S-PART-OF STREET) 

TARRED) . o 5 )  

( ( (PARK I NG-ZONE 1 S TARRED) 5 )  4 (PARKI NG-ZONE I S-PART-OF STREET).  7 )  ( (STREET I S TARRED ) 5) ) 0 . 8 )  

( ( (STREET I S ~ A A R E D )  5 )  (STREET I S  THOROUGFAAE) I ) ( (THOROUCHFARE 1 S TARRED) 5). 0 5 )  

F i g .  8 

e n t r i e s  i n  the inference memory a re  ordered i n  terms of  t h e  degree of  un- 

certainty o f  the  executed inference procedures. T h i s  means t h a t  the most 

uncertain entr ies  will bementioned f i r s t  i n  the explanation,  and the mst 

1) The confl i c t - r e s o l u t i o n  s t r a t e g y  which i s  used i s  one which favours more 

s p e c i f i c  ones.  



t l . i v i , , l  onuLl ~ ) ~ o b d b l y  not  r j t  c l l  I .  Ttl i 's t - r t l c c t s  our  hypo thes is  t h a t  degree 

ot uncrb l  t a i r i t y  i s  t he  irlost impor tant  f a c t o r  d e t e r i r ~ i n i n g  the  re levance o f  a 

- , t t 8 p  ill 'In i n l ' c r l v ~ c u  ~ h ; l i n ,  4 s  t a r  a s  j u s t i f i c a t i l o n  o f  the  c o n l u s i o n  i s  con- 

cer-ncd 

Our approach  t o  e x p l a n a t i o n  i s  d i s t i n g u i s h e d  f rom t h e  p rev ious  e f f o r t s  

ill' Witlograd i n  h ~ s  SHRDLU system (winograd 1972)  and o f  the MYCIN group ( ~ c o t t  

ct  dl .  1977) .  I n  SHRbLU each theorem c a l l s  the  f u h c t i o n s  MEMORY and MEMOREND 

e x p l i c i t l y ,  wh ich  man ipu la te  t h e  i n fe rence  memory. We have improved over  t h i s  

by i n t - t i n g  t he  managelsent o f  t h e  i n f e r e n c e  memory I n t o  a h i g h e r  process,  

wh ich  c o n t r o l s  a l l  reasoning processes. The s t r u c t u r e  o f  t h e  i n f e r e n c e  r u l e s  

thembelves i s  t h e r e f o r e  not obscured by the  presence o f  t r a c e  commands. Our 

dpproach g e n e r a l i z e s  the  cor respond ing f e a t u r e s  o f  M Y C I N ,  i n  wh ich  the con- 

cep tua l  c o ~ n p l e x ~ t y  o f  a r u l e  i s  a l o g a r i t h m i c  f u n c t i o n  o f  i t s  c e r t a i n t y  f a c -  

tor and the goa l  t r e e  i s  t r a v e r s e d  i n  s teps whose s i z e  i s  s p e c i f i e d  by a 

nulnerica l argument o f  the  WHY command ( ~ a v i  s e t  a1 . 1977) .  

T h i s  approach i s  a l s o  r e l a t e d  t o  r e c e n t  r esea rch  by Davis  i n  h i s  

TE I R E S  I A S  system (Davis  1977) and Eussman i n  h i s  AMORD ( ~ e  K lee r  e t  a1 . 1977) 

and EL (S ta l lman  & Sussman 1977) p r o j e c t s ,  i n  wh ich  genera l  problems o f  an  

e x p l i c i t  c o n t r o l  o f  reason ing a r e  exp lo red ,  i n  t h a t  i t  i s  based on an e x p l i c -  

i t  r e p r e s e n t a t i o n  o f  c o n t r o l  and meta-knowledge, wh ich  t y p i c a l l y  i s  ' h idden  

away'  I n  t h e  i n t e r p r e t e r  and t h e r e f o r e  i s  i n a c c e s s i b l e  t o  t h e  i n fe rence  sys- 

tem. 

The exp lanat ion  f a c i l i t y  o f  HAM-RPM i s  f a r  f rom be ing  complete. U l t i -  

ma te ly ,  the  system m u s t  understand e x a c t l y  what the d ia logue p a r t n e r  f a i l e d  

t o  comprehend, 
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