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A NOTE ON PARTIAL MATCH OF DESCRIPTIONS: CAN ONE 
SIMULTANEOUSLY QUESTION (REPRIEVE) AND INFORPI OJFTIATE 

h v m d  K. Joshi  
Dep3mn-t of Computer and Information Science 
The Moore School, University of Pennsylvania 

Philadelphia, Pa. 19104 

S y  : In data  base query systems there is a n  
~mplxc i t  assumption tha* de-iptions in  queries 
must rilatch exactly, i.e., queries are f o r  r e t r i e v a l  
only, and not f o r  r e t r i e v a l  and updating simul- 
taneously. A re la ted assumption (or constraint)  
that in  quest-ions descriptions are used refer- 
e n t i a l l y  only ( i . e . , a quest ion cannot be used 
siPlultaneously for questioning and informing) seems 
t o  hold in ordinary conversations also, with sorrlc 
qualif icat ions.  Som issues re la ted to the  
yalidity of spch a con3rain-t and its relatior1 
t o  partial matching of. aescrifit ions are b r i e f l y  
discuSsed in t h i s  note. 

1. In a question-answer sygtem each descriptiorl - m a query is used referent ial3 y i .e. , f o r  each 
description one expects t o  f iml an en t i t y  in the 
Gats tase which serves as the unique re fe ren t  for 
'that descrription. For simplici ty,  hereaf ter  we 
w i l l  consider only d e f i n i t e  descript  lons (in 
par t icular ,  de f in i t e  noun phrases consisting of a 
d e f i n i t e  a r t i c l e ,  an adject ive ,  and a noun). Thus 
in (1) 

(1) Is the  red book on the table? 

t he  description the  red book wi2l serve t o  iden t i fy  
an en t i t y ,  say, el in t he  da ta  base2 and t he  
description the  table,  an en t i t y ,  say, e2. The 
question can be answered a f t e r  verifying t h e  
appropriate re la t ion  between el and e2. For t he  
purpose of making t h e  def ini teness  tP.anspar&t and 
also f o r  simplifying t h e  discussion in t h i s  note,  
let hs assume tha t  there  is exactly nno h k  and 
one tab le  in the  data base. 

2. The match for t h e  red b30k can succeed i f  el 
-has a color a t t r i b u t e  with the value red. The 
match can f a i l  e i t he r  due to a mismatch or a 

ial mteh .  A mismatch w i f l  occur i f  e l  has a 
=or value other than red, say green. A partial- 
match w i l l  occur i f  el has an &specified value 
f o r  the  color  at trhte  or i f  t the  possession of  
the  color a t t r i b u t e  i t s e l f  has not been specified 
for  el. 

In the  rest of the discussion, we w i l l  not be 
wncermed with failure due t o  mismatch, a l t b u g h  
many of the  issues mised below are qui te  relevant 
to this case also. We w i l l  be concerned with 
partial mtches  only. A partial match r e a l l y  is 

3ppart i a l l y  successful match, when\ a pdrt of the 
jesqript  ion has mt'ched exact ly  , a d  the 
reminderr: ha$ f a i l 4  to match due $0 t h e  lack of 
same hlfioml ion, and not due 1s a rnimt ch. 

3 .  k t  us consider the case of a partidl m tch 
where the  tart of the  descr ipt ion that wtched 1s 
suff ic ient  to identify the  *referent uniquely. In  
(7  this is t r i v i a l  l y  accmplishcd because of our 
assunpt ion t ha t  t h e w  i< exactly one b k  and one 
table in the Qta base. 3 Although we have LI 

partial match (due to the lack of the color valuq 
o r  t h e  color a t t r i b u t e  i t s e l f  f o r  e 1, it w i l l  b 

F, possible to  answer the  questir n eit er by yes or 
no depending on whether el is on ep o r  not, sincr 
the referents el and e have been uniquely 8 ident i f ied.  Hcrw shoul we p m c d  in t h i s  cxse! 

1. If t= i n s i s t  t h a t  e ~ c h  descri ytion 
the  question must match exactly,  then clcarly, wt 

have f a i l ed  to es tab l i sh  wf~mr r and tk- 
quest ion carmct be answerwf . 

2. On the other hand, wc may ,sume t h a t  
whenever we have a partial match and the refemnts 
are uniquely ident i f ied s o l n e b ,  we should answer 
the question, and treat that part of the 
descr ipt ion which was not acmunted for as new 
infoxmation. This new in fomt  ion can then be 
used to  update the data  base. Thus for the 
question (21, i f  the  partial match is due to the  
f a c t  t h a t  i n  the data base t h e  value for t h e  color 
attribute for e l  is not specified, then wa can now 
specify it t o  be - red. If ,  on the other  hand, t h ~  
part ial  match was due to tM fact t h a t  the 
possession of the  color a t t r i b u t e  itself is not 
specified for el ,  then t l c  updating, would invalve 
adding a new a t t r i b u t e  called co lor  - for e and + ' t h ~ n  specifyin a value f n r  it which i n  IS t h i s  
case is md. h e  f i r s t  type of update oan be 
called c z e n t  u ate atld the second type, 
structw?C&the f i r s t  ease we have mde 
a local nmlification of assigning a value to an 
attribute, while in the second case a new 
s t~~c tuml  item has been added. 

4 .  There are a number of i s sues  involved in 
zdopting a stmtegy for updating upon a partial 
match when t h e  yatched part uniquely i d e n t i f i e s  
t he  referent. We w i l l  state only #o of these 
i s sues  here and pursue t h e  s e o n d  in  some d e t a i l .  

a )  The part of the description t h t  was 
missing in t he  data  base (and which led to a 



mial match) is accepted as new infoniiation and 
used for  updaEng. The strategy followed is tha-tr 
if an exact match fails due t o  the lack of 
h f o m t i o n  then t h e  missing information is treated 
as new and updating is d o m  accardingky. This is 
a kind of default reasoning. 5 however,, it is not 
cleau, dhether we can allow such unconstvlained 
updatet~. h data base query sy6tem9 there is an 
implici zgmnnption tkt the descriptions jn 
queries must mtch exact ly ,  i.e., queries are fm 
retrieval  onlye and not for retr ieval  and upcbtinp 
simultaneously. Can we relax this requirement 
sawwhat? We cgq~ get some ideas by look- a t  
quest ions in o ~ i m r y  conversations, which is w h a t  
we w i l l  do briefly in b) below. 

b) The hrpothesis (or c o n s t r a i n t )  that in  a 
quest ion cons t ruc t7  definite descri p t  ions  are 
used r e f e r e n t i a l l y  only  (i.e. , a ques t ion  cannot 
be used simultaneously for asking a quest ion & 
conveying some additional information) seems to 
hold i n  o,rdinary conver~ations also, with s& 

if ice t i~ns . The t h e  examples below brief11 
describe some of the problems involved. 

1 1 Sugpose that C l )  tne re  is only one 
individual in the context, 2 1 the speaker believes 
that he is d plumber, 3 1 the hearer is unaware 
of h i s  being a plumber, and 4 tk speaker 
belleves that t h ~  h f i m ~  is unaware of h i s  being 
a plumber. Under such circurjlstanccs it muM be 
itwppmpriate to use ( 3 )  t~ aske the duestion (41, 
anrl simultanepusly inform the hearer that ( 5 ) .  

( 3  I wncrl lr i d  the plumber l av t*?  
(4)  When did the perwn leave? 
( 5 )  He is (1 plumber. 

i f  (3  1 js used by thc swxker ( w s s i b l y  Jue ,to 
mistaken be1 ief that the ~ e m r  ie i  ~ w ' c  t tr~t  t h e  
person is a plumber), it is unlikely that the 
hearcr will ppdate h i s  model without some 
clarification or s ~ n e  response such a s  Oh' I 
didnl t know that  he was a plrcmher, i . r . x  hmre r  
w i l l  not update without any in tcmpt ing  responses. 
This example i l lu s l ra te s  that the ques t  ion 
coustruct- cannot bP USA for and 
irlforming sunultmcxwsly, L ~ I I ~  if it to 
havc. kct 1 rn uscd (due to the speaker ' s ignonmcc. 
of the barer's lack of sane information),  thr 
updating ly hg?arc~ is not w i t h t  ,An in temp- t inp  
wsponw, I hw, irdimt 1 y cor i f  irtnix~p t h ~  h p . t  h~sis. 

? &,din s u p p ' s ~  thtt 1) there is m l y  on@ 
i ndi victual 511 4 he col I text , ? the spdcer regards 
him as a m u c h ,  3 )  the hearer  has no such 
specif icz cm1url-t ic,n of him, L ~ I X ~  4) the speakw 
believer; t k t  thc h w o ~  has r l o  such evaluat ion.  
In this case, i t seems rat cmple t e ly  inappmpri- 
~ t c  for I he spcakcr to use (61, in ortier to ask 
the question (71, ad simult;ui&usly inf om t h ~  
usitr that Lhc (,rmzker regard.; (8)  tc) be t k  c,~r;c. 

( 6  1 W n  did the  p u o h  leave? 
( 7 )  When did the prr.;on Iiwvc? 
(8) Hc is a rnt l rh .  

With evaluative information; simd tanebusly 
queet ioning and- informing appears PO be a bit  
more convenient. If (6) is used by the speaker, 
it appears that the h w  can ulpdatd his model, 
wit]-lout any int-pting respanses, with the 
attribute p u c h y  attached t o  the at ity, as 
speaker's evaluation* (and the hearer's too if he 
agrees wiM the speaker). 'Even if the hearer 
asks for  clarif i q t i o n ,  it is likely to ,be of the 
form Oh! I didn ' t know that vou _thokht  he was a 
gmuch mther than Oh! i didn't knw that h e W  - - 

a y c h  (campare this to the resppse i n  t h e  
p v  ious example 1 . 

b3) Finally, there is an apparent violdtion 
6f the hypothesis in examples such as (9). 

(9)  Who is sitting to  the r i g h t  -of your lovely  
d f  e? 

(9) can be used by the speaker t o  ask the quest ion 
and pay a cm~pl iment  (a s ide  effect rather than 
to convey new information. Thus the hypothesis 
does not appear t o  be violated in these cases. 

5. - Sane of t h e  i s sues  which meri t f urtner 
invest igat ion a m  as follow$. 1 To what extent  
the hypathesis can be violated and what are the 
s ide  effects. If the constmint is mutually 
understood by the spaaker and the hearer, then 
any apparent violation of ;it w i l l  be recognized 
and may be accompanied by a s i d e  effec~t 
(implicdturc? 1 in addition to the updating. 2) To 
wtut extent updathg without intempting 
rcswnses depends on the shape of t h e  d e w r i g t i o n ,  
t h e  syn tac t i c  consrlwct i n  which it appear5 
(e .g . ,  ques t ions ,  i t - c l e f t s ,  d e c l a m t i v e s ,  etc, )*, 
the mle it plays in the construct (e .g , ,  subject, 
t o ~ i c ,  etc. I+, the dixourse model (far t h e  
spdcerand for t h e  heamr) cmsted so far, etc. 
3) '!o what extent th& 'new' infomtion used 
for uphting has to be mehow relevant to the 
'old1 i n f ~ r m a t i o r ~ ,  either by being i ,t$embl~ 
f w m  i t  or by being able to f i t  it &to the 
tli~ecurse s t r n c t m  cwated sc, far ,  PZC. 10 

1. 'Phis mrk is part if l l ly supprted py 
NSf Crdnt MC576-19466. ,I wish to thank 
Jcmy kp lan  , Lnm*lc levin, Stan Rosenschein, 
Ivcm !hg, ard R n n n i ~  Webbr for valuable 
d fi,russ ioris 

h e  of the issues =is& here w i l l  be 
Qiscussed 'in datail in o forthcoming paper by 
Joshi and Rosmwkin ( S t m t e g i a s  for rwference 
a x 1  ascription i n  object c entered representations ) . 

2 .  Wt, w i l l  &sum a r a t h e r  simple- 
minded structure for the data base. It w i l l  
roncdst of entities -1 attributes,  snd mlations 
m n g  ent i t ies .  

3 .  tlowevcr, in geneml,  unique reference 
may be established due to the context, and the 
strrtctum and content of the data bse. 

4. In the  data b s e  context, updates mb 
t ~ c , l h ~  1 ly cant ~ n t  u,dn t ~ s .  Stnlctwrr up'htec: ilre no1 



permitted. h a conv~sationdl cantext and 
discourse undwstmdbg, clgarly, both types of 
updates are pssible. In these contexts it is not- 
clear aethar can always t e l l  which type of 
update &S taken places Sh?uc-t;ure updates shou'id 
be hard= than context rVpdates, copitively 
speaking;, h-t this is on Lv a eonje.etw?@ at #this 
time. 

5. See "On reasoning by del'ault" by klymond 
Reiter (this vo3.ume3. The closa wrld aasunption 
discus$& jn this paper is also -1 evant to 
our: discussion, See also "Fhgrnm.is Q€ a theory 
of h m  plausible reasoning" by Allan Collhs 
(this volwnel, and "Infqenchg on partial 
infomtionfl bv P;lhvind K. Joshi. Pattern 
~be&ed  Infe&sce. (ed. F. ~ a y s d o t h  
kteptm), Academic Pvms - 197 8. 

6 -  See 'tCoopemti.ve responses from a natw?al 
language data base query system: Pre'liminary 
repart", by S. Jemu>l& Kaplm , Technical Reyort , 
Deparbnent of' Computer and Infanpation Science, 
University of ~annsylvang, November 1977. 

7. We will 13mit outselves clNy to wh - 
quest ions and yes/? quest ions. 

8. bmie k ~ i n  has made a pwliminary 
investigat~on of the update potential of s h e  of 
these mstrmcts (unpublished 1. 

9. En1 ity-oriented discowse model s have 
bc%m considered for pmblems of reference 
(see " A ' f m l  approach to discourse araphoral' 
by Bonnie Webber, PhaDa Dissertation, Harvard 
Universiq, 1978). 

10. A detailed discussion of sane of tkse 
issues w i l l  be included in a forthcamiq paper 
by Joshi and Rosenschein (see note 1 1 . 



WITH A ,SPOON I N  HAND THIS MUST BE THE EATING FRAME 

Eugene Char n ia  k 
Department o f  hmputer Science 

Yale Unlvers i ty  

ABSTRACT 

A language camprehension program using 
"framestf "scr ip ts f ' ,  etc. must be  a b l e  t o  dec ide  
which framed are appropr ia te  to the text. Often 
t h e r e  w i l l  be e x p l i c i t  i n d i c a t i o n  ("Fred was 
playing tennis"  s q p l e s t s  t h e  TENNIS frame) but i t  
i s  not  a l q a y s  so easy.('%+ woman way@ while-the 
man on the  s t a g e  sawed her i n  ha l f "  s w g e a t s  
MAGICIAN b u t  how?) T h i s  paper w i l l  examine how a 
program might g o  about determining t he  appropr ia te  
frame in such cases.  A t  a s u f f i c i e n t l y  sag* 
l e v e l  the model presented here  w i l l  reaembge t h a t  
o f  Minsky (1975) i n  it's a s s m p t i o n  chat  one 
usua l ly  h a s  a v a i l a b l e  one o r  more con tex t  frames. 
Hence one o n l y  needs worry i f  information comes i n  
w h i c h d o e s n o t P i t  them. A s  opposed t o  Minsky 
however t h e  sugges t ions  f o r  new context  frames 
w i l X  not come from the  old ones,  but r a t h e r  from 
t h e  c o n f l i c t i n 8  information. The problem them 
becomes how p o t e n t i a l  frames a r e  indexed under t h e  
i n f o  m a t  ion which "suggestsw them. 

Understanding every day  d i scourse  r e q u i r e s  
making i n f e r e n t e s  from a ve ry  large base of common 
sense  knowledge. To avoid d e a t h  by c m b i n a t o r i a l  
explosion our computer must be h b l e  t o  ~ c c e s s  t h e  
knowledqe i t  n e d s  without i r r e l e v a n t  knowledse 
~ e t t i n g  i n  i ts m y .  A p l a u s i b l e  c o n s t r a i n t  on t h e  
knowledge we m i ~ h t  use a t  a %iven point  i n  a s t ~ r y  
o r  conversa t ion  (I  s h a l l  henceforth simply assme 
we are d e a l i n g  w i t h  a s t o r y )  is' t o  =strict 
cons ide ra t ion  to t h a t  por t ion  o f  our knowledge 
which is "&bout" th ings  which have been mentioned 
i n  the  d iscourse .  So i f  we have a s t o r y  which 
menttons t r a i n s  and t r a i n  s t a t i o n s ,  we w i l l  not 
use our knowledge o f ,  shy,  circuees. This  
r e q u i r e s ,  of course. t h a t  g iven a t o p i c ,  such a s  
t r a i n s ,  or ea t ing .  we  must be a b l e  to acCess i t s  
knowledge without going t h r o q  h averyt  hing we 
know. Hence we a r e  lead i n  a natural way t o  
something approaching a not ion of "frame" (Minsky 
19f5 ) :  a c o l l e c t i o n  o f  knowledge about a s i n g l e  
s tereotyped s t t u a t i o n .  

I n  the  above discussion however I have made a 
r a t h e r  important slight o f  hand. Given s t o r y  we 
only want to consider  those frames "about" t h i n g s  
t n  the s t o r y .  l b w  L s  i t  that we dec ide  which 
frames qua l i ty '  I was a b l e  t o  g l o s s  over t h i s  
because i n  most s i t u a t i o n s  t h e  problca, a t  l e a s t  
a t  a su r face  Iwel. does no t  appear a l l  thst 
d i f f i c u l t .  If t h e  s t o r y  is abotlt: t r a i n s .  i t  will 
s u r e l ~  meqtion t r a i n s .  So we see t h e  word 
"train".  and we assume t h a t  t r a i n s  ate re levan t .  
What could be easier. 

Unfortunately,  this ease 1s decept ive  fo r  the  
s t o r y  may mentton many topics of which only a few 
a r e  t r w l y  important t o  the s t o r y .  For example. 

The lawyer gook a cab t o  *the r e s t a u r a n t  near  
the uni'(iereit.y. 

Here w? have "lawyer", "cab" , " r e s t a u r ~ n t "  and 
" u n i v e r s i t ~ "  a11 o f  which are c a l l i n g  f 6 r  our  
a t t e n t i o n .  Somehow on t h e  b a s i s  of latef l i n e s  we 
must weed ou t  t h o s e  which our o n l y  incjidentak . 

But a more immediate d i f f i c d g y  are thoee 
s i t u a t i o n s  where B s t o r y  dealq with  B -11 def ined 
t o p i c ,  y e t  never  e x p l i c i t l y  mentioqs i t .  So 
consider  : 

The mrdan mved  8s t h e  man on the stage sawed 
her iq h a l f .  

lkre w lave no d i f f i c u l t y  i n  guesaing t b t  this 
IP a magic t r i c k .  a l though nothing o f  t h e  s o r t  h&s 
been mentioned. We a r e  a b l e  t o  t a k e  "low level'' 
f a c t s  concerning sawing, s t a g e s ,  etc and put them 
together  in a higher  l w e l  "magician" hypothesis .  
As such,  t h e  phenomena i l l u s t r a t e d  here *is 
e s s e n t i a l y  bottom up. 

O f  course, any t i m e  we t r j  to i n f e r  
r e l a t i v e l y  g l o b a l  p r o p e ~ t f e s  from more local 
evidence we may make mistakeo. 'ha t  t h i s  creates 
problem6 i n  frame determinat ibn  is Shown 4y the 
n i c e  example of  C o l l i n s  e t .  a l e  ( fo r thcoming) .  
{To p)et t h e  f u l l  tmport o f  t h e  example, t r y  
pausing b r i e f l y  a f t e r  each sentence.) 

He plunked down $5 at: &he wLndaw. She tried 
t o  g i v e  him $2.50 but he ltefused .to t&e i t .  
So when t h e y  g o t  i n s i d e  she boahi t  him m large 
bag of popcorn. 

The f i r s t  l i n e  is uniformly i n t e r p r e t e d  a s  a 
buying , a c t  (most even going furtheq end assuaing 
somethirift l i k e  a b e t  a t  a race t rack}-  The secorad 
l i n e  is then seen a s  a return o l  c)lsnge, but t h e  
r e f u s a l  is  problematic.  The t h i r d  t i n e  r e s o l v e s  
a l l  of  t h i s  by s q g e s t i n g  a d a t e  tat t h e  movies -. a 
cons iderable  r e v i s i o n  o f  t h e  I n i t i a l  hypothesis .  

To s m a t i z e ,  the  l a s t  few paragraphs, the 
problem o f  frame determinatioin i n  language 
comprehension $ n v ~ l v e s  t h r e e  sub-problms . 

1) stories  will t y p i c a l l y  eIdde  t o  many higher  
fraqks, any of which might serve as the 
contax& for the incoming Iinee. Nnw d o  we 
choose between them? 

2)  The words used i n  a s t o r y  may not directly 
i n d i c a t e  t h e  proper higher  frame. l?uw d o  wet 
d o  the  bottom up proc$?ssing t o  f ind  i t ?  

3) I f  we a r e  lead ~rrtrity i n  t h e  course of (2). 
how do we c o r r e c t  ourse lves  an the b a s i s  o f  
f u r t h e r  evidence. 

In tbe paper which follows I w i l l  be pr imar i ly  
concentrate  3n ( 2 )  wi th  (3) b e i q  mentfoned 
occas ional ly .  In  essence my p o s i t i o n  on ( 1  i a  
t h a t  it w i l l  not  be too  much o f  a problem, 
provided t h a t  &he c o s t  o f  s e t t i n g  up a context  
like " r w t a u r a n t "  i~ small.  f f  i t ;  i s  never used 
then a s  Fhe stary goes  on it w i l l  teceeded l n t a  
the background How t h i s  "receed ing " takes place 
I shall ,  not s a y .  a ince  f o r  one thing i t  is 4 
problem i n  many a r e a s ,  and f o r  ano the r ,  1 don't  
know. 



Concerning ( 2 )  and ( 3 ) ,  we w i l l  be lead t o  a 
p08i t iah  similar t o  t h a t  o f  MLnsky (1975) and 
W l i n s  et.  a 1  (forthcmming) i n  t h a t  a frame 
will be se lec ted  on the b a s i s  o f  l o c a l  evidence,  
and c o r r e c t i o w  w i l l  be made i f  i t  proves 
rrecepsary. We w i l l  s ee  however, t h a t  t h e r e  a t e  
still  a l o t  o f  problema with t h i s *  polpMion which 
d o  not a t  f i r s t  g lance me& the  eye. 

'1 THE CLUE INTERSECTION METHOD 

Rather than immediately presenting my scheme, 
let me s t a r t  by showing the problems with  an  
a l b r n a t i v e  p o s s i b i l i t y ,  which I w i l l  c a l l  the  
"clue in t e r sec t ion"  metbod. This a l t e r n a t i v e  is 
by no means a s t ra ts  man a s  one researcher  has i n  
f a c t  e x p l i c i t l y  suggested it (Fahlman 1977) and I 
for  one find i t  a very  na tu ra l  way of  th ink ing  
about t h e  problem. 

The idea  behind t h i s  mkghod i s  t h a t  we a r e  
given oergain c l u e s  i n  t h e  istory about t h e  na tu re  
of  the c o r r e c t  Erame, and t o  find the  frame we 
simply i n t e r s e c t  the  poss ib le  frames a s soc i a t ed  
with each clua.  To s& how t h i s  might work l e t  us 
Sake a c lose  1-k a t  t h e  following example 

A s  Jack waawd down the  ais le  he put a can o f  
t una f i sh  i n  h i s  basket .  

The c l u e s  here  a r e  t h ings  l i k e  "aisle",  " tuna f i sh '  
e t c .  Of course ,  I do  not mean t o  say t h a t  i t  i s  
the English w r d s  which a r e  the c l u e s ,  but r a t h e r  
the concepts which underl ie  the  words. I w t l l  
assuue t h a t  we go from one to  the  o ther  via  an  
independent? parsing algorithm. (However t h i s  
assumes t h a t  t he re  Is no v i c ious  i n t e r a c t i o n  
be twen  f r b e  d s e r m i n a t i o n  and d lsambigua t i o n .  
Given t h a t  dieadbiguat ion depends W U  pr io r  frame 
determinat iop (see (Hayes 1977) for  numerous 
examples) t h i s  may be incor rec t . )  So the input  t o  
the  frame d e t e r m i n ~ r  w i l l  be something l i k e  

ST-1 (WALK JACK-1 AISLE-1) 
ST-2 ( PERSON JAC K-1 ) 
ST-3 (EQUAL (NAME JACK-1 ) "JACK") 
S T 4  (EQUAL (SEX JACK-1 ) MALE) 
ST-5 (AISLE AISLE-1 

ST06 (PUT JACK-I TUNA-FISH<@-1 BASKET-1) 
ST97 (BASKET B&RET-I) 

The d e t a i l s  of t he  r ep re sen ta t ion  do not f i g u r e  i n  
the  p a p e r ,  and those  which do a r e  f a i r l y  
uncontroversial .  An exception here  i s  the we o f  
s p e c i f i c  p red ica tes  l i k e  BASKET o r  AISLE. We dl1 
r e t u r n  to this point f n  the  conclusion. 

Given t h i s  r ep re sen ta t ion  we can imagine one 
method o f  f inding the appropr ia te  frame. Our 
clues a r e  the  var ious  predicate6 i n  the  i n p u t ,  
such as as AISLE, BASKET, etc. Index under each 
csf them all be po in t e r s  t o  those places  where i t  
canes up. Under AISLE we m i @ t  find CHURCH, 
THEATER, and SUPERMARKET, while BASKET w i l l  have 
LLTTU-RED-RID1 NG-HOOD, and SUPEWA&KET. The 
point  is  t h a t  none o f  these e lms w i l l  be 
unambiguous, but when we take the i n t e r s e c t i o n  the 
qnly t h ing  which vill be l e f t  i s  SUPERMARKET. 

There are, however, problems with t h i s  v i e w  
of th ings .  For one th ing  i t  ignores  what I w i l l  
c a l l  t h e  "clue se lec t ion"  problem. Put i n  t he  
p l a ines t  fashiqn the d i f f i c u l t i y  here  is dec id ing  
e x a c t l y  what clues we w i l l  hand over t o  the  c l u e  
r e s o l u t i o n  component, and i n  what order .  Sr, i n  
the  l a s t  e%ample I se lec ted  some o f  t h e  c w t e n t  o f  
the sentence t o  hand over to the  c lue  r e s o l v e r ,  
i n  p a r t i c u l a r  AISLE, and BASKET. This  seemed 
reasonable  given t h a t  t hey  do  tend t o  s t g g e s t  
"supermarket", a s  des i red .  But there is more 
informat ion i n  the  sentence.  It was Jack who d i d  
a l l  o f  t h i s .  Why not i n t e r s e c t  what we know about  
Jack with a l l  of t he  r e s t ,  o r  WALK? Or a g a i n -  
supgose something ever so s l i g h t l y  odd h a m .  
such a s  t h e  basket h i t t i n g  a qcrewdriver which i s  
on the  Eloor. SCREWDRIVER w i l l  have vacioua 
th ings  indexed undqr i t ,  but more l i k e l y  than  not  
t i n t e r k e c t i o n  with t h e  rest of the  i t e m s  
mentioned above w i l l  g i v e  us t he  n u l l  set. For 
t h a t  m a t t e r ,  i s  the re  any reason w on ly  i n t e r s e c t  
t h ings  i n  the  same sentence? The answer here  i s  
c l e a r l y  n6, s ince  the re  a r e  many examples which 
r equ i r e  j u s t  t h e  opposi te .  

Jack was walking, down an a i s l e .  )Be was 
pushing h i s  basket.  

But i f  we do not s t o p  a Bentence b o w d r i e s  where 
do we s top?  It is  r i d i c u l o u s  t o  go t h r o q h  the  
e n t i r e  s t o r y  col*lectinp; c l u e s  and then do a grand 
i n t e r s e e  t i o n  a t  t& end 

A reasonably n a t u r a l  s o l u t i o n  t o  the  clue 
s e l e c t i o n  problem h u l d  s t a r t  with t h e  observa t ion  
that usua l ly  we a l ready  have a genera l  frame. 
When new clues come i n  f ~ e  see  i f  t hey  are 
c m p a t i b l e  with what we a l r e a d y  bel ieve.  I f  so, 
f i ne .  I f  n o t ,  we see i f  t h e c l u e s y ~ g e s t s a  
d i f f e r e n t  context  frame. If not  ( a s  with ,  Say, 
WALK which occures so o f t e n  a s  t o  be unsuggestive) 
then nothlny: more need be done. Tf t h e r e  a r e  
newljc suggested context frames they  shdyld be 
inves t iga t ed .  This  w i l l  be done f o r  every 
pred ica te .  Now t he  c l u e  i n t e r s e c t i o n  grkthod is  
compatible m t h  t h i s  i d e a ,  but i n  dlts broad 
o u t l i n e  we are moving c l o s e r  t o  what I have been 
cha rac t e r i z ing  a s  the  Minsky proposal.  

Fur thermore , t he re  a r e  some problems with  t h e  
c lue  i n t x r s e c t i s n  method which go beyond the  mere 
s w g e s t i v e .  Consider t he  following example 

Jack  took a can o f  t u n a f i s h  from the  s h e l f .  
Then he turned on a l i g h t .  

After  t he  f i r s t  l i n e  the i n t e r s e c t i o n  method 
shoufi l eave  us  undecided between KITCHEEJand 
SUPERMARKET. The next l i n e  should r e so lve  the  
i s s u e ,  but how i s  i t  tmt i t  does  so? It must 
have something t o  do with t he  f ac t  t h a t  normally a 
shopper at a s t o r e  would not be the  petson to t u r n  
l i g h t s  vn o r  o f f ,  while i t  would be p e r f e c t l y  
normal f o r  Jack t o  do i t  i n  whaX presunably i s  h i s  
own k i tchen .  But t h i s  s o r t  o f  reasoning is not  
e a s i l y  modeled by c l*  I n t e r s e c t i o n  because i t  
m u l d  seem t o  depend on making inferences  which 
a r e  themselves dependent on havlng the  con tex t  
frames a v a i l a b l e .  That i s  t o  say ,  before  we can 
rule out  SUPhRMARKET, we need some p iece  o f  
informat ion from the  SUPERMARaT frame which w i l l  
e n a b l e  us t o  say t h a t  Jack should not be  t u rn ing  



on a l i g h t .  g iven  t h a t  he is cast i n  t he  r o l e  o f  
SHOPPER i n  t h a t  frame- 

I n t e r e s t i n g l y  e n o w h ,  Fahlman (who I e a r l i e r  
noted is  a proponent o f  t h e  c l u e  i n t e r s e c t i o n  
method) had a  major role i n  the  e v o l u t i o n  o f  t h e  
Minsky proposal  whic4 I advocate .  As such i t  
behoves us t o  cons ide r  why he then r e j e c t e d  the  
i d e a  i n  (Fahlman 1977). Kis primary reason is h i s  
observa t ioh  that f r equen t ly  i n  v i s i o n  one does  no t  
Rave q p l n g l e  c l u e  which could se rve  a s  t he  
b a s i s  f o r  the  f i r s t  guess  a t  t h e  app ropr i a t e  
frame. Rather i t  would seem that one has a 
m u l t i t u t e  o f  v e r y  vague f e a t u r e s ,  each one o f  
which could belong t o  a wide v a r i e t y  of  o b j e c t s  o r  
scenes.  To s e l e c t  one o f  them f o r  a  f i r s t  guess  
would be q u i t e  a r b i t r a r y  and would involve one i n  
a n  i n c r e d i b l e  amount o f  backtrack.  It would seem 
much more p l a u s i b l e  t o  s i h p l y  d o  an i n t e r s e c t i o n  
on the c l u e s  and i n  t h i s  way weed out  t h e  obvious 
imp laus ib i l  i tes . 

While t h i s  a n a a y s i s  o f  t h e  s i t u a t i o n  in 
v i s i o n  i s  q u i t e  p l a u s i b i l e .  I e s t i m a t e  t h a t  high 
l e v e l  v i s i o n  is s t i l l  i n  a s u f f i c i e n t l y  
rudinrentar y  s t a t e  t h a t  these  conc lus ions  need not 
be taken as anyth ing  m a r  t he  f i n a l  word. 
Furthermore, even if i t  were proved t h a t  v i s i o n  
does  need a? i n t e r s e c t i o n  type process ,  I can 
e a s i l y  b e l i e v e  t h a t  t he  process  which goes  on i n  
v i s i o n  i s  not  t h e  aame a s  t h a t  which goes  on i n  
langusqe. For one th ing  ih v i s i o n  t h e r e  is a 
n a t u r a l  cut-off  for c l u e  s e l e c t i o n  - the s i n g l e  
scene.  For a n o t h e r ,  wi th in  t h e  scene t h e r e  i s  c i  

n a t u r a l  metric on the  l i k e l y n e s s  o f  tm  f e a t u r e s  
belonging t o  t h e  same frame - d i s t a n c e .  Weither 
or not thege i n  f a c t  m r k  i n  v i s i o n .  t h e y  do 
suggest  why someone p r imar i ly  worried about t h e  
v i s i o n  problem m u l d  not  s ee  c l u e  s e l e c t r o n  a s  t h e  
problem-it a p p e a r s  t o  be i n  language. 

3 DII'FERENT KINDS OF INDICES 

A s  I have a l r e a d y  s a i d ,  t h e  scheme I b e l i e v e  
:an surl'nodnt t h e  d  i f f i c u l i t i e s  presented i n  t h e  
Last secticnr i s  a v a r i a n t  on one proposed by 
Urrsky , and e l abo ra t ed  by Fahlman ( 1974) and 
Kuipers (1975).  The b a s i c  idea  i s  t h a t  one majar 
f e a t u r e  o r  c l u e  is used t o  s e l e c t  an  i n i t i d l  
frame. Other facts are t h e n  i n t e r p r e t e d  i n  l i g h t  
3f t h i s  frame. If t h e y  f i t ,  f i n e .  I f  ncat then 
another frame mur;t, b e  found which e i t h e r  
complements o r  r e p l a c e s  t h e  o r i g i n e l  frame. In 
the  previous p r o p o l s a l s  t h e  o r i g i n a l  frame 
contained informat ion  about a 1  t e r n a t e  frames t o  be 
t r i e d  i n  c a s e  of c e r t a i n  types o f  
i n c o m p a t a b i l i t i e s .  This  may o r  may no t  work i n  
v i s f o n  (vhich was t h e  primary concern o f  those  
mentioned e a r l i e r )  however I s h a l l  d rop  t h i s  p a r t  
o f  t h e  theory.  I n  dLscourse t h e r e  a r e  simply t o o  
many ways a  frame can be inappropr i a t e  t o  make 
t h i s  f e a s i b l e .  For example, i t  s t r e t c h e s  
c r e d i b i l i t y  t o  b e l i e v e  that: SUPIsRMARKEI' would 
suggest looking  a t  UTCHFN rn t he  ca se  t h e  shgpper 
t u r n s  on the  i i p ; h t s .  

It seems reaeonable: t o  a s s m e  t h a t  we guess even 
be fo re  t h e  second sen tence  t h a t  J a c k  w l l l  make a 
cal l .  Tb a n t i c i p a t e  t h i s  wr, must have TELEF?iOWXNG 
indexed under TELEPHONE. When we see t h e  fir a t  
l i n e  we first t r y  t o  ' i n t e g r a t e  i t  i n t o  what m 
a l r e a d y  know. S ince  t h e r e  w i l l  be nothing there 
t o  i n t e g r a t e  i t  inqo ,  we try t o  c o n s t r u c t  
something. To do  t h i s '  WL? l ook  t o  see what we have 
indexed under TELEPHO~&, f i n d  TELEPHONING, and t r y  
t h a t  ou t .  Indeed i t  # w i l l  work q u i t e  well, s i n c e  
o n e o f  t h e  t h i n g s  under.TELEPHONINC i s  t h a t  t h e  
A a N C  muat be  i n  t h e  prdximity a f  t h e  phone, and 
Jack j u s t  accompliqhed t h a t .  Hence we a r e  a b l e  t o  
i n t e g r a t e  (AT JACK01 TEBPHONE-1) i n t o  t h e  
TELEPHONIhG frame, and every th ing  is f i n e .  

Nothing 1s ever  r e a l l y  t h i s  s imple  however, 
and even i n  t h i s  example, which h a s  been s e l e c t e d  
f o r  i ts  comparative s i a p l i c i t y ,  t h e r e  a r e  
complicat ions .  I suspec t  most people have a s a m e d  
i n  the  course  o f  t h i s  example t h a t  J ack  i s  i n  a  
room, and perhaps have even gone so far as t o  
assume he is a t  home- Nothing i n  t he  s t o r y  says  
so  o f  cou r se ,  and if t h e  next l i n e  went on t o  s ay  
t t t  Jack  put a dime i n t o  the  phone we would 
qu ick ly  r e v i s e  our theory.  

To account f b r  our  tendencydto p l ace  Jack  i n  
room, we must have a  second index under 

TELEPHONE which p o i n t s  t o  p l aces  where phones a r e  
t y p t c a l l y  found. (An p o s s i b l e  a l t e r n a t i v e  is t o  
have t h i s  s t a t e d  under TELEPHONING but t h i s  would 
make i t  d i f f i c u l t  t o  use t he  %nformation i n  c a s e s  
where no c a l l  is a c t u a l l y  be ing  made, so  
TELEPHONING. even i f  hypothes ized ,  would not  s taw 
around 3ong.) So tff w i l l  hypothesize  two k inds  04  
i n d i c e s ,  a n  ACTION index and a LOCATION index. 
This  r d i s t i n c t i o n  should m i r r o r  t h e  i n t u i t i v e  
d i f f e r e n c e  between p l ac ine  and o b j e c t  in a  t y p i c a l  
l o c a l  and p lac ing  an a c t i o n  i n  a  t y p i c a l  sequent#. 
Other d i s t i n c t i o n s  o f  t h i s  sorg exis t  and may w e L l  
l e ad  t o  the  in$roduct lon  o f  o t h e r  such i n d k  
types  l o c a t i n g  o b j e c t s  and a c t i o n s  i n  t ime fbr 
example. However I would a n t i c i p a t e  t h a t  t h e  
t o t a l  number is sma l l  (under 10. s a y ) .  

To i l l u s t r a t e  how t h e s e  index types  might 
hook up t o  TELEPHONE I w i l l  use a s l i g h t l y  
ex tended v e r s i o n  o f  t h e  frame r e p r e s e n t a t i o n  
introduced i n  (Charniak 1977) and (Charniak 
forthcornming). From the  po in t  o f  view o f  t h i s  
paper nothing is  dependent on t h i s  choice.  It i s  
s imply t o  g i v e  us a s e p e c i f i c  notat* M t h  which 
t o  work, 

So l e t  us cons ide r  a v e r y  s imple  example. 

Jack  r s lked  over t o  the  phone. He had t? t a l k  
t o  B i l l .  



(TELEPHONE (OBJECT) ;The frame desc r ibes  a n  OBJECT 
; (and not , s a y ,  a n  event  ) . 

VARS:(THING) ,I o n l y  in t roduce  one v a r i a b l e  
.Lo ;THING which i s  bound to the  

; token i n  the  s t o r y  repre-  
, s en t ing  the  phone 

&NATION: ( (ROOM (HOME-PHONE . THING) ) 
(PUBLIC-LOC ( PAY-PHONE . THING) ) ) 

; I f  we i n s t a n t i a t e  t h e  ROOM frame then  the  
;HOME-PHONE v a r i a b l e  i n  it shquld be bound 
; t o  the . token which i s  bound t o  THING. 
;S imi l a r ly  f o r  PUBLIC-LOC and PAY-PHONE . 

ACTION: ( (TELEPHONING (PHONE . THING)) ) . ..) ,Other po r t i ons  o f  t h e  frame would 
;descr ibe  i t s  appearance,  etc . 

We w i l l  not  be a b l e  t o  integrate the  f i r s t  
l i n e  o f  our s t o r y  i n t o  any o the r  frame, s o  we w i l l  
hypothesize the TEUPHONINC frame and e i t h e r  the  
raom frame o r  the  pub l i c  place frame. Given my 
sub jec t  d a t a  on wh8t people  assume, t h e  room frame 
i s  placed,  and hence t r i e d ,  f i r  s t .  This  will 
cause the c r e a t i o n  o f  two new s ta tements  which 
se rve  t o  s p e c i f y  t he  frames now a c t i v e ,  and t h e i r  
bindings 

(TELEPHONING (PHONE . mLEPHONE-1)) 
[ROOM (ROOM . ROOM-1 ) 

( HOMELPHONE . T E ~  PHONE- 1 ) ) 

The syntax here  i 8  t h e  name o f  t h e  frame followed 
by do t t ed  p a i r s  (VARLABLE , BINDING). E a r l i e r  I 
used a p lace  no ta t ion  f o r  s i m p l i c i t y ,  e.g., 

In f a c t  t h i s  would be converted i n t e r n a l l y  t o  the  
d o t t e d  pa i r  format: 

(TELEPHONE (THING . TELEPHONE-1 ) ) 

I might no te  t h a t  my v a r i a b l e s  a r e  what Minsky 
(1975) c a l l e s  "slots".  Th'ey a r e  a l s o  equiva len t  
( t o  a f i r s t  appruxirnation) t o  KRL s l o t s  such a s  
HONE-PHONE i n .  

[ROOM-1 (UNIT) 
<SELF (a  ROOM wi th  

HOME-PHONE TELEPHONE-1 )> ] 

So,= a r e  hypotheslzlng 1) an in s t ance  o f  
te lephoning,  where the  o n l y  th ing  we know about  i t  
is  t h e  telephone involved, and 2 )  a room (ROOM-1 ) 
which a t  t h e  moment is on ly  furnished with a 
telephone. Note Bkat t h i s  assumes t h a t  i n  our  
room frame we have an  explicit s l o t  for a 
telephone. This i s  equ iva l en t  t o  assuming t h a t  
rooms t y p i c a l l y  have phones i n  them. 

We can now i n t e g r a t e  the  f a c t  t h a t  J ack  i s  at; 
t h e  phone i n t o  the  telephoning frame, assuniq 
t h a t  t h i s  s t a t e  i s  e x p l i c i t l y  mentioned t h e r e  
( i . e .  we h o w  t h a t  a s  p a r t  o f  te lephoning the  
A a m  must be AT t h e  TEUPHONE). With t h i s  added 
o w  TELEPHONING statement  w i l l  now be: 

(TELEPHONING (AGENT . JACK-1 ) 
(TELEPHONE . TELEPHONE-1)) 

wnen cne secona Arne cumerr AII 1 ~ e  must see how t h i s  
f i t s  i n t o  t h e  TELEPHONING frame, but this i s  a 
problem of i n t e g r a t i o n .  The frame dete rmina t ion  
problem i s  over  f o r  t h i s  exam~le. 

CONSTRAINTS ON THE HYPOTHESIS OF NEW FRAMES 

E s r l y  on  w e  noted t h a t  i t  wag o n l y  neces sa ry  
t o  worry about a new frame i f  we rece ived  
informat ion which did no t  f i t  i n  the  o l d  ones. 
Then when w e  introduced t h e  two kinds of i n d e c r e s  
w e  noted t h a t  we wanted to  p lace  even t s  i n  a 
sequence o f  even t s ,  and o b j e c t s  i n  t h e i r  mica1 
l o c a l .  q i s  immediately sugges t s  t h a t  when w get 
a n  unintecgratable a c t i o n  we use the  ACTION index 
on t h e  predicate, while f o r  o b j e c t s  we would use 
t h e  LOCATION index. However, t h i s  is  not: gene ra l  
enough i n  a t  l e a s t  two ways. 

For one th ing ,  o f t e n  we w i l l  have a 
non-integratable  a c t i o n  where i t  i s  not  t h e  a c t i o n  
frame, bu t  r a t h e r  t he  o b j e c t s  inmxved iii the 
a c t i o n  which suggest t h e  app ropr i a t e  frame. Our 
example o f  someone going over t o  a phone i s  a case  
i n  po in t .  Here GO t e l l s  us noth ing ,  but TELEPHONE 
is q u i t e  suggest ive.  To handle  t h i s  t h e  search  
f o r  ACTION i n d i c e s  must i n c l u d e  those which a r e  on 
OBJECT frames descr ib ing  t h e  tokens involved i n  
the a c t i o n .  So s ince  J a c k  is going t o  something 
which is a telephone, we look  on t h e  ACTION inde t  
a f  TELEPHONE. 

We must a l s o  extend om a n a l y s i s  t o  handle 
s t a t e s .  Zf we a r e  t o l d  t h a t  Jack  i s  i n  a 
r e s t a u r a n t  we must a c t i v a t e  RESTAURANTING. 1 T o u r  
cu r rqn t  a n a l y s i s  (RESTAURANT (THING 
RESTAURANT-I)) w i l l  no t  d o  t h i s  s ince  it i s  an 
OBJECT frame and hence w i l l  on ly  be looking for 
LOCATIONS i n  which t h e  r e s t a u r a n t  w i l l  f i t .  Hence 
i n  t h i s  ca se  the  I N  frame must a c t  l i k e  t he  GO 
frame i n  looking fo r  ACTION i n d e c i e s  i n  which it 
might f i t .  More g e n e r a l l y ,  any state which i s  
t y p i c a l l y  modsffed by a n  a c t i o n  should cause us t o  
look  f o r  ACTION i n d i c i e s .  So INorSTICKY-ON 
would d o  s o ,  SOLID o r  AGE would not .  (But i f  ib 
the case  a t  hand we are t o l d  t h a t  something d id  
change t h e  SOLID s t a t u s  then  we would treat i t  
Like an a c t i o n ,  a s  i n  "In t h e  morning the  water i n  
t h e  pond was so l id f t .  

Up t o  t h i s  point  then  the  frame s e l e c t i o n  
process  looks l i k e  t h i s :  

1) When a statement comes i n  t r y  t o  i n t e g r a t e  
i t  i n t o  the  fxames which a r e  a l r e a d y  a c t i v e .  
I n  gene ra l  t h i s  can r e q u i r e  i n fe rence  and a 
major open problem is 4ow much in fe rence  one 
performs before  g i v i n g  up. I f  t h e  
i n t e g r a t i o n  i,s s u c c e s s f u l ,  t hen  go on to the  
next stat em el^^. 

2 )  I f - t h e  statement i s  a d e s c r i p t i o n  o f  an  
orbjeet ( i . e .  a n  OBJECT frame) then  ulae t h e  
LOCATSON index on t h e  frame t o  f ind a "'frame 
which inco rpo ra t e s  t h e  s ta tement .  Keep 
t r a c k  of yet  un t r i ed  suggested LOCATION 
frames. 

3) I f  t h e  s t a t e m v t  i s  a n  a c t i o n  o r  changable 
s t a t e ,  then look  f o r  an  ACTION frame i n t o  
which t h e  a c t i o n  ( o r  state) can  be 
i n t e g r a t e d .  F i r s t  l o o k  on  the  frame f o r  t he  



a c t i o n  (o r  e t a t e )  and then on Lhe o b j e c t  
fqames desc r ib ing  t h e  arguments o f  t h e  
a c t i o n  ( o r  s t a t e )  . Again, keep t r a c k  af any 
remaining ones. 

4) There must be a  complicated process by which 
we test frames fo r  c o n s i s t a n c y  @ith what we 
know about t h e  s t o r y  a l ready .  I f  i t  i s  not  
c o n s i s t a n t  we must involve  an  even more 
complicated process o f  decid ing which i s  
more be l i evab le ,  previous hypqthes is  about 
the  s t o r y ,  o r  the  c u r r e n t  frame. I have 
nothing t o  s a y  on t h i s  a spec t  of  t h e  
problem. 

There i s  however one type o f  example which 
r a i s e s  some doubts  about t h e  above algori thm. 
These mention some o b j e c t  rSith a ssoc ia ted  ACTION 
frames, but  o n l y  i n  connection with s t a t e s  which 
d-o not demand an ACTION frame f o r  t h e i r  
i n t e g r a t i o n .  For example: 

The car  was green. Jack had to be home by 
t hrce . 

I n  this example the above algori thm w i l l  not  
consider  DRIVrNG because GREEN w i l l  not demand 
t h a t  we look a t  t h e  a c t i o n  index asso ica ted  wi th  
i t s  arguments ( t h e  c a r ) .  (Even i f  i t  d id  nothing 
would happen because the  f a c t  that t h e  c a r  is  
green would not i n t e g r a t e  i n t o  DRIVING.) However. 
much t p  my s u r p r i s e ,  when I gave t h i s  example t o  
peOople they  d id  not g e t  the  DRIVING frame e i t h e r .  
Hoyever, wi th  a modified example they  do. 

The s t e e r i n g  wheel was green.  Jack had t o  be 
home by t h r e e .  

This i s  most mysterious. One sugges t ion  (Lehnert 
personal  communication) i s  t h a t  t o  "see" t h e  
s t e e r i n g  wheel the  "viewer" must be i n  the  c a r .  
which i n t u r n  suggests  d r i v i n g  ( s i n c e  I N  would 
demand a c t i o n  in tegra t ion) .  This  may indeed be 
c o r r e c t ,  but  we must t%en ex pla in  why i n  the  f i r  st 
example the  k c t  t h a t  the  viewer must be NEAR t h e  
car does n o t  cause the  same th ing .  In any case  
however, these  examples a r e  s u f f i c i e n t l y  odd that 
i t  seems inadv i sab le  t o  mold a theory  around them. 

5 MORE COMPLEX 1NDT.C ES 

There is one way i n  which the  telephone 
example makes t h e  problem look simplgr than i t  is .  
In the case o f  TELEPHONE i t  seems reasonable t o  
have a d i r e c t  l i n k  between the o b j e c t  TELEPHONE 
and the context  frame TELEPHONING. In o the r  c a s e s  
this i s  not  s o  c l e a r .  For example, w e  carrier 
consider  t h e  example: 

The woman waved t h e  man on t h e  s t age  sawed 
her  i n  h a l f .  

Here i t  would seem t h a t  the  n o t i o n  o f  sawing a 
person i n  h a l f  $8 t h e  c r u t ~ a l  concept which l e a d s  
u s  t o  magic, a l though the  fac t  t h a t  t h e  woman does 
not  seem conc2rned. and t h e  e n t i r e  th ing  is  
happening on a  s t age  c e r t a i n l y  h e l p  re-enforce 
t h i s  idea.  But presulably  t h e  output o f  our 
parser  w l l l  simply s t a t e  t h a t  we have here an  
inc iden t  o f  SAWING. Does t h i s  mean t h a t  we have* 
under SAWING a  pointer  t o  MAGIC-PERFORMANCE' A t  

f i r s t  g lance  t h i s  seems odd a t  b e s t .  Some o t h e r  
examples where t h e  same p r o b l m  a r i s e  are: 

The ground shook. 
(EARTHQUAKE) (Example due to  J. DeJong) 

There were t i n  cans  and streamers t i e d  t o  the  
c a r .  ( WEDDXNG) 

There were pieces  o f  t h e  f u s i l a g e  s c a t t e r e d  
on t h e  ground. (ALRPLANE ACCIDENT) 

In the f t n a l  a n a l y s i s  t h e  r e a l  problem here  is one 
of  e f f i c i e n c y .  I f ,  f o r  example we a t t a c h  
EARTHQUAKE t o  EARTH, then we w i l l  be loolcing a t  it 
i n  many e i r c m s t a n c e s  when i t  is not  a p p l i c a b l e .  
(The a l t e r n a t i v e  of  a t t a c h i n g  i t  t o  SHAKE i s  
l i t t l e  b e t t e r ,  and poss ib ly  worse s i n c e  i t  would 
not  handle "Jack f e l t  t h e  e a r t h  MOW3 beneath him" 

assumiw the average person g e t s  EARTHQUAKE o u t  
of  t h i s  a l s o  .) 

One way t o  c u t  down t h e  n m b e r  o f  f a l s e  
suggest ions is  t o  complicate t h e  i n d i c e s  we have 
on each frame. So far they  have simply been l is ts  
o f  p o s s i b i l i t i e s .  Suppose w e  make them 
d i sc r imina t ion  n e t s .  So, under SAWING we would 
have v a r i o u s  tests. On one branch would appear 
MAGIC-PERFORNANCE, ba t  we would only  g e t  t o  i t  
a f t e r  many tests, one  of  which would s e e  i f  t h e  
t h i n g  s a k d  was a  person. In  much the  same way 
t h e  d i s c r i m i n a t i o n  n e t  f o r  EARTH cou3.d enquire  
about t h e  a c t i o n  o r  s t a t e  which caused us t o  
access  i t .  If i t  were a MOVE wi th  t h e  EARTH as  
t h e  th ing  moved then EARTHQUAKE. 

Note however that if there were few enough 
t h i n g s  a t t a c h e d  t o  SAWING our ne t  would not save 
s i g n i f i c a n t  t i m e .  Even i f  we were t o  access  t h e  
MAGIC-PERFORMANCE frame the  f i r s t  th ing  we would 
do is check t h a t  t h e  th ing  proposed f o r  t h e  
SAWED-PERSON v a r i a b l e  was indeed a person. The 
n e t  only  saves  t i m e  when a s i n g l e  test i n  t h e  n e t  
rules ou t  a  number o f  frames. A t  t h e  present  t i m e  
I have not  thought o f  enough frames a s s o c i a t e d  
with SAWING t o  make t h i s  worth while. But a s 3 1  
suspect  t h i s  i s  p r imar i ly  do t o  l a c k  o f  work on  my 
p a r t .  I w i l a  assme t h a t  d i sc r imina t ion  n e t s  w i l l  
be required.  

I f  we a l l o w  a  d i s c r i m i n a t i o n  n e t  t o  a s k  
a r b i t r a r y  ques t ions  there w i l l  be the problem t h a t  
i t  may a s k  ques t ions  which a r e  not  ye t  answered i n  
t h e  s to ry .  Mowever a reasonable r e s t r i c t i o n  which 
would prevent t h i s  would go a s  fol lows.  Suppose 
statement A causes us t o  look  a t  frames on  a n  
indac of B. The disc r imina t ion  net  may o n l y  
enquire about t h e  predica te  o f  A (EARTH looks  to 
see i f  A was a MOVE:), and what o b j e c t  frames 
desc r ibe  the  arguments o f  A o r  B (SAW Itooks t o  see 
i f  t h e  th ing  sa ted  was a  PERSON). 

6 OTMR USES OF F W E  DETERMINATION 

E a r l i e r  I noted t h a t  i n t e g r a t i n g  a  s tatement  
i n t o  a  frame r e q u l r q s  inference .  Here I would 
l i k e  t o  point  ob t  t h a t  B modif ica t ion  o f  t h e  above 
ideas  would be helpful: in  t h i s  process a s  well. 
Consider the  following : 



Jack  went t o  a restaurant;. The menu was i n  
Chinese. "What w i l l  I do now", thought Jack. 

Our rules here  w i l l  g e t  us t a  RBSTAURANTING a f t e r  
t h e  f i r s t  l i n e .  But if we are to  understand t h e  
s ign i f i cance  o f  t he  l a s t  l i n e  we mwt r e a l i z e  the  
import o f  l i n e  two; Jack can ' t  read the menu. It 
would seem unl ike ly  Lhat RESTAURANTING would a s k  
about t h e  language o f  t h e  menu, hence sentence tw 
cannot be  immediately in tegra ted  i n t o  
RESTAURANTING. More reasonable  would be t o  know 
t h a t  i f  sowething i s  i n  a foreign language i t  
cannot be  read,  and one normally reads  the  menu so 
one can order .  Only t h e  second of  these  can 
p l aus ib ly  be included i n  RESTAURANTINC. 

Given: our algorithm the  following w i l l  occur. 
The second l i n e  w i l l  become something l i k e  
(IN-LANGUAGE MENU-1 CHINESE). Since the  statement 
i s  no t  in tegra ted  we look t o  see i f  t h e r e  is an  
ACTION poin te r  on IN-LANGUAGE. Indeed there i s ,  
and it will be t o  the  following ru le .  

(READ (MOTIVATIONAL-ACTIVITY) 
VARS: . . . 

EVENT: 
(AND 

(SEE READER READING-MATERIAL ) 
(IN-LANGUAGE READING-MATERIAL LANGUAGE) 
(KNOW READER LANGUAGE)) 

ENABLES 
(KNOW-CONTENTS READER READING-MATERIAL)) 

In effectdwe a r e  saying here  t h a t  the  t y p i c a l  
s ignf icance  o f  something being i n  ,a c e r t a i n  
lailguage i s  whether a person can read it o r  not .  
'Ph.fs w i l l ,  cause us t o  a c t i v a t v e  the READ frame. 
I n i t i a l l y  t he re  i s  l i t t l e  else we can do s ince  a t  
this point t h e  we do not even know who is trymirig 
t o  read.  However when we t r y  t o  i n t eg ra t e  READ we  
w i l l  be success fu l ,  and we w i l l  have fu r the r  bound 
READER t o  JACK-1. A t  this point (and t h i s  i s  t h p  
modif icat ion required)  we should r e t u r n  t o  READ 
and note  t h a t  we can assume he does no t  know 
Chineese and hence w i l l  not be ab l e  t o  reab, the  
menu. 

7 CONCLUSION 

There i s ,  of  course,  v h  I have not  covered, 
The most g l a r ing  ommision i s  the  l a c k  o f  any 
d iscuss ion  o f  how one d e t e c t s  a discrepency 
between a suggested frame and what we a l r eady  know 

-bf t he  s tory .  The problem is t h a t  a frame cannot 
a f fo rd  t o  mention everything which i s  incompatable 
with i t  - t h e r e  i s  simply too  much. And t h e  same 
i s  t r u e  fo r  everything, which i s  compatable. 
Furthermore, what m u l d  be enough t o  switch t o  a 
new frame under some circumstances w u l d  not be 
s u f f i c i e n t  a t  o t h e r  times. So "Jack walked down 
the i s le  and picked up a can o f  tunaf ish"  t akes  us 
from CHURCH t o  SUPERMARKET. But i f  we added "from 
a pew" th ings  a r e  d i f f e r e n t .  These a r e  major 
problems and a s ide  from (McJkrmott 72) and 
(Co l l i n s  e t  . a l .  forthcomming) they have hard ly  
been confronted, much less solved. 

Ea r ly  on I commented t h a t  t he  o n l y  
con t rove r s i a l  aspect  o f  my r ep re sen ta t ion  was t h e  
uee o f  ve ry  s p e c i f i c  p red ica t e s  (BASKET, AISU, 
TEBPHO~,  e t c )  r a the r  than  a break down i n t o  more 
p r imi t ive  concepts.  We might ,  f o r  example, d e f i n e  
AISEL as a path which 2s bounded on each S ide  by 
t h i n g s  which are considered pieces  o f  f u r n i t u r e  
( e  .g . , d e l v e s  o r  cha i r  s) . The problem wiFh using 
a p r imi t ive  represen ta t ion  here  i s  t h a t  &le it 
i s  somewhat p laus ib le  having SUPERMARKET and 
CHURCH indexd under AISLE. indexing them under 
PATH o r  some other  component o f  the primitive; 
d e f i n i t i o n  i s  much l e s s  p laus ib le .  However, we 
can circumvent t h i s  problem by the  use o f  
d i sc r imina t ion  n e t s ,  jus t  as d id  t o  g e t  
EARTHQUAKE from MOVE and W T H .  But ; i t  should be 
noted t h a t  by using t h i s  method we a r e  e l imina t ing  
one o f  the  b e n e f i t s  o f  a pr imi t ive  a n a l y s i s  - w e  
can no longer assune that we can g e t  our 
information i n  a piecemeal fashion and come out  
with t h e  same ana lys i s .  In p a r t i h i l a r  we must g e t  
"a i s le" ,  o r  else t ~ e  must g e t  a l l  of  i ts  components 
a t  t h e  same time. If  we do not then t h e  
d i sc r imina t ion  ne t  w i l l  f a i l  t o  no t i ce  t h a t  we do  
not  have any old path,  we have an AISLE. Given 
t h i s  r e s t r i c t i o n  the  pr imi t ive  and non p r imi t ive  
ana lyses  come out p r e t t y  much the  same. A 
p r imi t ive  decomposition j u s t  becomes a long name 
f o r  a higher l e v e l  concept. Or t o  t u r n  t h i s  
around, the use o f  high l e v e l  d i s c r i p t i o d s  i s  no t  
so con t rove r s i a l  a f t e r  a l l  - it is  simply a sho r t  
name f o r  a pr imit ive decomposition. 
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ABSTR AC r 

The paper o u t l i n e s  a computational theory  
o f  human p l aus ib l e  reasoning cons t ruc ted  RTom 
a n a l y s i s  of people 's  answers t o  everyday 
ques t ions .  Like l o g i c ,  t h e  theory is 
expressed i n  a content-independent forlhalism. 
Unlike l o g i c ,  the theo ry  specifies how 
d i f  fekent  information i n  memory a f f e c t s  t h e  
c e r t a i n t y  of t he  conc lus ions  drawn The 
theory  c o n s i s t s  of a dimensionalized space o f  
d i f f e r e n t  in fe rence  t ypes  and t h e i r  c e r t a i n t y  
cond i t i ons ,  inc lud ing  a v a r i e t y  o f  
meta-inference types  where t h e  i n r e r ence  
depends on t h e  person 's  knowledge about h i s  
own knowledge. The p ro toco l s  from people1s  
answers t o  ques t ions  are analyzed i n  terms o f  
t h e  d i f f e r e n t  i n f e r ence  types .  The paper a l s o  
d ibcusses  how memory is s t r u c t u r e d  i n  mu1t:iple 
ways t o  support  t h e  d i f f e r e n t  in fe rence  types ,  
and how t h e  information found i n  memory 
determines  which inference types a r e  
t r i g g e r e d ,  

INTRODUCTION 

The goa l  of this paper is t o  b r i e f J y  
d e s c r i b e  a theory of human plaus . ible  reasoning 
I am c u r r e n t l y  developing ( C o l l i n s ,  1978) 
The theory is a procedural  theory  and hence 
one, which can be implemented i n  a computer, as 
p a r t s  o f  i t  have been i n  t h e  SCHOLAR and 
MAP -SCHOLAR sys tems ( Carbonell  & ~011 i n s ,  
1973; C o l l i n s  L Warnock, 1974, C o l l i n s ,  
Warnock, Ale110 h Mil l e r ,  1975). The theory  
is expressed i n  t he  productf on-rule formalism 
of Newel1 (1973). un l ike  l o g i c ,  t h e  t heo ry  
s p e c i f i e s  how ~ i f f e r e n t  coa f igu ra t i ons  o f  
informat ion affect t h e  c e r t a i n t y  o f  t h e  
conc lus ions  drawn. These c e r t a i n t y  cond i t i ons  
are i n  f a c t  t he  major con t r i bu t ion  o f  t h e  
theory.  

Methodolonv of Constructinn t h e  Theorv 

To cons t ruc t  a theory  of  human p l a u s i b l e  
reasoning,  I co l l ec t ed  about 60 answers to 
everyday ques t ions  from 4 d i f f e r e n t  s u b j e c t s .  
The ques t ions  ranged f r a n  whether t h e r e  are 
black p r inces s  phones t o  when t h e  respondent 
first d rank  beer 

The a n a l y s i s  of t h e  p ro tooo l s  a t t e m p t s  t o  
account for the reasoning and t h e  conc lus ions  
drawn i n  t h e  p ro toco l s  i n  terms of  1)  a 
taxonomy of p l a u s i b l e  in fe renoe  typeg, 2) a 
taxonomy o f  d e f a u l t  assumptions ,  and 3 )  what 
t h e  s u b j e c t  must have known a p r i o r i  A s  w i l l  
be ev iden t ,  t h i s  is an i n f e r e n t i a l  a n a l y s i d  
I am t r y i n g  t o  d o n s t r u c t  a deep s t r u c t u r e  
t heo ry  from t h e  s u r f a c e  s t r u c t u r e  t r a c e s  o f  
t h e  reasoning process.  

The p ro toco l s  have t h e  fo l lowing  
charac" te r i s t i cs ,  
1 )  There  a r e  u s u a l l y  s e v e r a l  d i f f e r e n t  

i a r e r ence  types  used t o  answer any 
ques t ion .  

2)  The same in fe r ence  t ypes  recur  i n  many 
d i f f e r e n t  answers. 

3 )  People weigh a 1 4  t h e  evidence they  f i nd  
t h a t  bears  on a ques t ion .  

4)  People a r e  more o r  less c e r t a i n  depending 
on the c e r t a i n t y  of  t he  informat ion,  t h e  
c e r t a i n t y  o f  t h e  i n f e r e n c e s ,  and on whether 
d i f f e r e n t  i n f e r ences  l ead  t o  t h e  'same o r  
opposl  t e  conc lus ions  

I can i l l u s t r a t e  some o f  t he se  
c h a r a o t e r i . s t i c s  of t h e  p ro toco l s  a s  well a s  
s e v e r a l  o f  t h e  i n f e r e n c e  t ypes  in  t h e  theory  
wi th  a protocol  taken from a t u t o r i a l  s e s s i o n  
on South American geography (Carbonel l  & 
C o l l i n s ,  1973). 

('C) There is some jungle  i n  here  ( p o i n t s  t o  
Venezuela) bu t  t h i s  breaks  i n t o  a savanna 
around the  Orinoco ( p o i n t s  t o d  t h e  Llanos 
i n  Venezuela and Colombia) . 

(S)  Oh r i g h t ,  t h a t  is where they grow t h e  
c o f f e e  up there' 

(T) I don't  th ink  t h a t  t h e  savanna is used for 
growing coffee .  The t roub le  is t h e  
savanna has  a r a i n y  seasdn and you c a n ' t  
count on r a i n  i n  genera l .  But I don ' t  
know. This  area around Sao Paulo ( i n  
Br,azil) is c o f f e e  reg ion ,  and it is s o r t  
o f  getting i n t o  t h e  savanna region there. 

I n  t h e  protocol  t h e  t t t t o r  went through 
t h e  following reasoning on t h e  ques t ion  of 
whether cof fee  is grown i n  t h e  Llanos.  
I n i t i a l l y ,  the  t u t o r  made a hedged %on 



reapopse f o r  two reasgna.  F i r s t , ' t h e  t u t o r  
d i d  not have Stored t h a t  t h e  Llanos  wqs used 
far growin4 coffee. Second, t h e  t u t o q  knew 
that c o f f e e  growing depends on a number o f  
f a c t o r s *  ( e  .g. , r a i n f a l l ,  t empera ture ,  so i l ,  
and; t e r r a i n ) ,  and t h a t  savannas do no t  have 
t h e  c o r r e c t  va lue  for growing c o f f e e  on a t  
least one of  t hose  f a c t o r s  e ,  reliable 
r a i n f a l l ) .  However, t h e  t u t o r  l a t e r  hedged. 
h i s  i n i  ti41 negat ive  response ,  because he  
found some p o s i t i v e  evidence. I n  p a r t i b u l a r  , 
he thought t h e  B r a z i l i a n  savanna mikht o v e r l w  
t h e  c o f f e e  growing reg ion  i n  B r a z i l  around Sao 
Paulo and t h a t  t he  B r a z i l i a n  savanna might 
produce co f f ee .  Thus by ana logy  t h e  Llanos 
might also produce coffee. Hence, t h e  t u t o r  
ended up say ing  "1 don* t know.n 

The answer exh iba t s  a number o f  t h e  
important  a s p e c t s  of t h e  p ro toco l s .  I n  
g e n e r a l ,  a number of  i n f e r e n a e s  a r e  used t o  
der ive '  an answer. Some o f  t h e s e  are i n f e r e n c e  
cha lns  where t h e  premise o f  one i n f e r e n c e  
depends on t h e  conc lus ion  o f  ano the r  
in fe rence .  In o t h e r  c a s e s  t he  i n f e r e n o e s  a r e  
independent sou rces  of  ev idence .  When t h e r e  
are d i f f e r e n t  sou rces  of  ev idence ,  t h e  subject3 
weighs them t o g e t h e r  t o  determine h i s  
conclusion.  

It is a l s o  apparen t  in t h i s  p ro toco l  how 
d i f f e r e n t  p i e c e s  of  in format ion  a r e  found over  
time. What appea r s  to  happer is t h a t -  the 
s u b j e c t  l aunches  a s e a r c h  f o r  r e l e v a n t  
informat ion,  ( C o l l i n s  & & o f t u s ,  1975). As 
r e l e v a n t  pieces o f  in format ion  a r e  found ( o r  
are found $0 be m:issing), t h e y  t r i g g e r  
p a r t i c u l a r  i n fe rences .  The t y p e  o f  i n f e r e n c e  
app l i ed  is determined by t h e  r e l a t i o n  between 
the informat ion  found and the quesbion asked. 
Fpr example, i f  t h e  s u b j e c t  knew t h a t  savannas 
are i n  g e r a l  good f o r  growing cof fee ,  t h a t  
would trigger a seduction. I f  t h e  s u b j e c t  
knew of  one savanna somewhere t h a t  produced 
c o f f e e  , that trould t r i g g e r  an  analogy. The 
search f o r  in format ion  ts such t h a t  the  most 
r e l e v a n t  in format ion  as found first. I n  t h e  
p ro toco l ,  t h e  more r e l e v a n t  in format ion  about  
t h e  u n r e l i a b l e  r a i n f a l l  i n  savannas  was found 
before  t h e  more far fetched informat ion  about  
t h e  c o f f e e  growing region i n  B r a z l l  and its 
r e l a t i o n  to  t h e  B r a z i l i a p  savanna. Thus, 
informat ion seems t o  be found a t  d i f f e r e n t  
times by an autonomous search  process ,  and t h e  
p a r t i c u l a r  informat ion found determines  
i n fe rences  t h a t  are triggeeed . 

THE THEORY 

The theory  s p e c i f i e s  a large numDer or 
d i f  l e r e n  t i n f e r e n c e  types, t o g e t h e r  w i t h  t h e  
c o n d i t i o n s  t h a t  a f f e c t  t h e  c e r t a i n t y  o f  each  
i n f e r e n c e  type .  I n  t he  t h e o r y  t h e  d i f f e r e n t  
t ypes  o f  i n fe rence  are a r r a y e d  i n  a f i v e  
dimensional space.  

The dimensions of  t h e  i n fe rence  space  
a-re : 

( 1 ) fnfer-es. on .  Knowledae vs I n f e r e n c e s  on 
Meta-Knowledge 

There are i n f e r e n c e  p a t t e r n s  based on 
people's knowledge, such as deduct ion  and 
i n d u c t i o n ,  and i n f e r e n c e  p a t t e r n s  baded on 
people1 s knowledge about  their own- o r  o the r s  s 
knowledge (1.e. meta-knowledge) (Brown, 1977), 
such as lack-of-knowledqe and c o n f u s a b i l i t y  
i n f e r e n c e s .  I r e f e r  t o  t h e s e  l a t t e r  as 
meta- infergnces  They are u b i q u i t o u s  i n  t h e  
p r o t o c o l s ,  and y e t  they  f a l l  o u t s i d e  t h e  scope 
ohf most t h e o r i e s  of l o g i a .  The o t h e r  four  
dimensions refer to the apace of inferenaes 
b u t  may also p a r t i a l l y  apply  t o  the  space of 
meta- inferences .  

(2 )  Funct iona l  v s  S e t  In fe rences  

For ekch type o f  i n f e r e n c e ,  t h e r e  i s  a 
functions va r fa t io r r  and a & v a r i a t i o n .  The 
set  v a r i a t i o n  invo lves  mapping t h e  proper ty  of 
one set (which may be a single-member se t  o r  
i n s t a n c e )  onto ano the r  set. The f u n c t i o n a l  
v a r i a t i o n  h a s  an a d d i t i o n a l  premise t h a t  the  
proper ty  t o  be mapped ( t h e  dependent v a r i a b l e )  
3epends on o t h e r  p r o p e r t i e s  ( t h e  independent 
v a r i a b l e s ) .  The mapping of  t h e  p rope r ty  from 
3ne set t o  a n a t h e r  makes use of t h i s  
f u n c t i o n a l  dependency. The set v a r i a t i o n ,  i n  
f a c t ,  13 a degenera te  fonb of' t h e  f u n c t i o n a l  
v a r i a t i o n ,  which is  used when people have 
l i t t l e  o r  no knowledge o f  the  f u n c t i o n a l  
dependencies involved : 

People* s knowledge about  f u n c m n a l  
dependencies  c o n s i s t s  o f  a kind o f  d i r e c t i o n a l  
correlation. A judgment about whether  a place 
can grow o o f f e e  might depend on f a c t o r s  t h a t  
are c a u s a l  p r e c u r s o r s  f o r  c o f f e e  growing 
( e  .g . , t empera tu re ) ,  c o r r e l a t e d  f a c t o r s  ( e  .g . , 
o t h e r  t y p e s  o f  vegetat ion)- ,  o r  f a c t o r s  
c a u s a l l y  subsequent  to c o f f e e  growing (e.g., 
expor t  t r a d e ) .  For example, one mighj; dec ide  
a p l a c e  does  n o t  produce c o f f e e ,  because it 
produces  a p p l e s  which seem incompat ib le  with 
oo f fee ,  or because t h e r e  is l i t t l e  expor t  
t r a d e  from thk r eg ion .  The d i r e c t i o n a l  n a t u r e  
of t h e  c o r r e l a t i o n  shows up i n  t h e  last 
example. A r eg ion  e a s i l y  could have expor t  
t r a d e  wi thout  producing c o f f e e ,  b u t  it would 
be u n l i k e l y  t h a t  a r eg ion  would produce c o f f e e  
without  having expor t  t r a d e .  

( 3  ) Semantic.  S ~ a t i a l  . v s  Temboral l n f  e r e n c e s  

For each type of i n f e r e n c e ,  t h e r e  is a 
semantic, s p a t i a l ,  or temporal v a r i a t i o n  of 
t h e  i n f e r e n c e .  Semantic i n f e r e n c e s  i nvo lve  
mapping p r o p e r t i e s  a c r o s s  semant ic  space ,  
spgt ia l  i n f e r e n c e s  a c r o s s  ~ u c l i d e a n  space ,  and 
temporal i n f e r e n c e s  a c r o s s  time. These are 
treated as d $ f f e r e n t  t y p e s  of i n f e r e n c e s  i n  
t h e  t h e o r y  because h e  prcfcedures f o r  
co$puting them are domewhat d i f f e r e n t .  
Semantic i n f e r e n c e s  a r e  based on informat ioh  
s t r u c t u r e d  i n  a semant ic  o r  conceptua l  memory 
( Q u i l l i a n ,  1968; Schank, 19'72). S p a t i a l  
i n f e r e n c e s  a r e  based on informat ion  (or  
images) der ived  from a s p a t l a l  s t r u c t u r e  
( C o l l i n s  & Warnock, 1975; Kosslyn b Schwartz,  
1977). Temporal i h f e r e n c e s  are based -on 
in format ion  de r ived  from an event  ( o r  



b g ~ ~ a o u i c )  s t r u c t u r e  (Tulving , 1972). 
Esorrelates of each of  t he se  types of memory 
B r u c t u r e s  a r e  found i n  Minograd's SHRDLU 
~ 3 9 ~ ) .  

R j  -ordin&e sets. s i m i l a r  sets. vs. - 
Xnferences can idvolve mapping proper t iea  

EPah m e r o r d i n a t e  sets, U i l a r  s e t s ,  o r  
award sets The proper ty  can be mapped 
F c w  one s e t  o r  from many s e t s  ( e i t h e r  
p x b u a t i v e l y  or no t ) .  The d i f f e r e n t  kind$ of 
happings de l inea ted  i n  t he  theory a r e :  
1 a) J I e d u c t i o ~  (Superordinate  Inferences)  maps 

p r o p e r t i e s  of t he  s e t  onto subse t s .  
(b) &&gy ( S i m i l a r i t y  Inferences)  maps 

p r o p e r t i e s  from one set t o  a s i u i l a r  s e t .  
~ Q I )  U d u c t i ~  maps p rope r t i e s  o f  subse t s  of a 

s e t  onto o ther  subse t s .  
[dl Genera l iza t ion  ( proof-by-cases) maps 

p r o g e r t i e s  of subse t s  of a s e t  onto the  
eet . 

( 8 )  -tion maps a subse t  w i t h  the  same 
proper ty  as some set i n t o  t h e  s e t  

159 , pos i t i ve  vs. Negative Infe rences  

Each type of in fe rence  has  both 4 
p s i t i v e  and negat ive  ve r s ion ,  depending on 
m e t h e r  the  mapping involves  t he  presence o r  
mbence of a property 

w t i o n s  of t he  Theorv 

The theory  rests on a number of 
B ~ e a p t i o n s  about t he  way informatfan :is 
b p r e s e n t e d  and processed by people. I w i l l  
Besoribe b r i e f l y  what t he se  assumptions are. 

w t l c  Information A assume 
BZr.formation about d i f fe re r f t  concepts is 
W r e s e n t e d  i n  a cross-referenced,  semantic 
~ s r u c t u r e  ( ~ u i l l i a n ,  1968; Schank, 1972). The 
modes i n  t h e  network are \schernas, which a r e  
B e  kind of s t ruc tu red  o b j e c t s  implied by t h e  
m%ton of frames (Minsky, 1915) or  s c r i p t s  
p h a n k  & Abelson, 1977). The l i n k s  between 
awes r ep re sen t  d i f f e r e n t  r e l a t i o n s  between 
We gogcepts.  The c o r r e l a t e  of t h i s  kind of 
 ana antic s t r u c t u r e  i n  Winograd's SHRDLU (19R) 

the cross-referenced information s t r u c t u r e  
@cmstructed by MICROPLANNER. 

t i a l  Information. I assume s p a t i a l  
mformat ion  about concepts ,  such a s  the  s5ze, 
mpe, c o l o r ,  o r  l o c a t i o n  of ob j ec t s  and 
Ep&ae.ea, is represented i n  a s p a t i a l  s t r u c t u r e ,  

t frap but  connected t o  t h e  semantic 
m w t u r e  (Co l l i n s  & Warnock, 1974). The 
w r e l a t e  of such a s p a t i a l  represen ta t ion  i n  
m g r a d q 3  SHRDLU (1972) was t h e  Cartes ian 
@mpresentation of  t h e  b locka  on t he  t ab l e  top.  

B e n t  i n f o m t i o n .  SimilarJy even t  
rmation is assumed t o  be s to red  i n  a form 

t pkeserves its temporal, causa l ,  and goa l  SF? 
t u r e .  This r e q u i r e s  a h i e r a r c h i c a l  
t u r e  o f  events  and subevents nested 

w r d i n g  t o  the  g o a l s  and subgoals of t h e  
d r a  involved i n  t h e  events  (Brown, Co l l i n s ,  

& Har r i s ,  1978). Such an event  memory was 
cons t ruc ted  by Winograd's SHRDLU (1972) t o  
record the  movements of blocks  and the  g o a l s  
they accmpl l shed ,  i n  o rder  t o  answer "whyn 
and nhown ques t ions  about even t s  i n  t he  Blocks 
World. 

Re t r i eva l  I assume t h e r e  a r e  autonmous 
hearch processes t h a t  f i nd  be1 evant  
i n f q m a t i o n  with respec t  t o  any query ( Col l i n s  
b Lof tus ,  1975). The s ea rch  process has  
access  t o  semantic, s p a t i a l  and temporal 
infoPmation i n  p a r a l l e l ,  and whenever r e l evan t  
iqformation of any kind is found, i t  triggers 
an in fe rence  ( C o l l i n s  & Q u i l l i a n ,  1972, 
Kosslyn, Murphy, Bemesderfer & Fe ins t e in  , 
1977. ) The information found by t h e  search  
processes determines what in fe rence  pa t  t e r n s  
a r e  appl ied .  

Matchinn Processes.  I assume the re  a r e  
dec i s ion  processes f o r  determining whether any 
two concepts can be i d e n t i f i e d  as t he  same. 
The semantic matching process  could 4e t h a t  
proposed by Col l ins  h Loftus  (1973) o r  by 
Smith, Shoben & Rips (1974).  The s p a t i a l  
matching process compares p l aces  or  o b j e c t s  t o  
decide t h e i r  s p a t i a l  r e l a t i o n .  S imi l a r ly ,  
t h e r e  must be a temporal matching process t h a t  
determines t he  r e l a t i o n  between two events .  

Jmwrtance and C e r t a i n t v .  I assume t h a t  
f o r  each concept and r e l a t i o n  a person has a 
not ion of its r e l a t i v e  importance (i .e. its 
c r i t e r i a l i t y )  , and h i s  degree of c e r t a i n t y  
about its t r u t h .  In  a computer, these  could 
be s to r ed  a s  t a g s  on the concepts and 
r e l a t i o n s  (carbonel? & C o l l i n s ,  1973) . 

EXAMPLES OF INFERENCE RULES AND PROTOCOLS 

Because it is i.mpossible t o  present  t h e  
e n t i r e  t h e o r y  here ,  I w i l l  g ive  t h e  
formulations J fo r  t h r ee  t ypes  of inference and 
show t h r e e  p r o t o c o l s  which illustrate t he se  
t h r e e  types ,  as wel l  a s  o the r s .  The t h r e e  
t ypes  a r e  the  lack-of-knowledge in fe rence ,  t h e  
func t iona l  analogy, and t h e  s p a t i a l  supe rpa r t  
i -nference.  They a r e  a l l  common infe rences  and 
se rve  t o  i . l l u s t r a t e  t h e  d i f f e r e n t  kinds cif 
i n f i r e n o e s  i,n t he  theory.  

The formal a n a l y s i s  o f  t h e  p ro toco l s  
a t t emp t s  t o  spec i fy  a l l  t h e  underlying 
in fe rences  t h a t  t h e  s u b j e c t  was using i n  h i s  
response.  For t h e  i n f e r ences  t h a t  bear 
d i r e c t l y  on the  ques t ion ,  I have marked 
whether they a r e  evidence f o r  a ne-tive o r  
p o s i t i v e  answer. Where a premise was no t  
d i r e c t l y  s t o r e d ,  but der ived from another  
in fe rence ,  I have i n d i c a t e d  t h e  in fe rence  from 
which it is der ived.  I have ind ica ted  t h e  
approximate degree of c e r t a i n t y  by marking t h e  
conclusion with *Mayben, nProbablyvt, o r  
l eav ing  it unmarked. Where a s u b j e c t  may be 
making a . p a r t i c u l a r  i n f e r ence  which t h e  
protocol  does not c l e a r l y  i n d i c a t e ,  I have 
marked the  idference nposs ib l em.  Separat ing 
in fe rences  in t h i s  manner is overs impl i f ied ,  
but has  t h e  v i r t u e  of  being understandable.  

Administrator
Note
Not Clear in the film




e m  
The lack-of-knowledge i n f e r e n c e  is t h e  

most  common o f  all t h e  m e t a - i n f e r e n c e s .  The 
p r o t o c o l  I s e l e c t e d  t o show t h e  
lack-of-knowledge i n f e r e n c e  shows t h e  s u b j e c t  
u s i h g  a v a r i e t y  o f  m e t a - i n f e r e n c e s  t o  r e a c h  a n  
i n i t i a l  c o n c l u s i o n  which he then backs o f f  a 
b i t .  

Q. Is t h e  Nile l o n g e r  t han  t h e  Mekong River?  

JB.  I t h i n k  so. 

J B  Because ( p a u s e )  i n  "unior  h i g h  I r e a d  a 
book on r i v e r s  and I k*t l o o k i n g  f o r  t h e  
Hudson R ive r  because  t h a b  was t h e  river I 
knew abou t  and it neve r  a p p e a r e d ,  and t h e  
Amazon was i n  t h e r e  and t h e  Nile was i n  
t h e r e  and a l l  t h e s e  r i v e r s  were i n  t h e r e ,  
and they  were b i g ,  and l o n g ,  and 
impor t an t .  The Mekong wasn ' t  i n  t h e r e  
(pause )  It cou ld  be j u g t  

Q. So t h e r e f o r e ,  it is no t  I m p o r t a n t .  

JB. T h a t ' s  r i g h t  It cou ld  be j u s t  a n  
American view. A t  t h a t  time t h e  Mekong 
wasn ' t  s o  i m p o r t a n t  

U d e r l v W  I n f w n c e a  
1 ) F u n c t i o n a l  Abduction on Impor tance  Level  

( P o s s i b l e )  
The impor t ance  o f  a - 4  *nr depends  i n  p a r t  
on how l o n g  it is 
m-e_ l&ae  is v e r y  imwrt- 
Probably  t h e  N i l e  is e x t r e m e l y  long  

2 )  Meta-Induct ion From Cases 
I know t h e  Amazon is e x t r e m e l y  Long 
I know t h e  Nile is e x t r e m e l y  l o n g  m o r n  
1)- 
I would know t h e .  Mekong is e x t r e a e l y  l o n g  
it' it were 

3 ) Lack-of-Knowledge I n f e r e n c e  
I don ' t  know t h e  Mekong is ex t r eme ly  l o n g  
I would know t h e  Mekong 18 e x t r e m e l y  J o n ~  
L C A t i ~ s e  from 2 
P robab ly  t h e  Mekong is n o t  e x t r e m e l y  l o n g  

4) Func t iona l  Abduction on Impor tance  Level  
( P o s s i b l e )  
The impor tance  of a river depends  i n  p a r t  
on l e n g t h  
T h e . . . M e k o n R i s e n  -i t lswrtant  
Probably  t h e  Mekong is n o t  e x t r e m e l y  long  

5 3imple Comparison ( P o s i t i v e  Evidence)  
The Mekong is n o t  e x t r e m e l y  l o n g  (from 3 
a n d  4) 
m e x t r -  lo_nn (from 1 
The Nile is l o n g e r  t han  t h e  Mekong 

6) F u n c t i o n a l  ~ t t r i b u t i o n  on Importanoe Level  
( P o s s i b l e )  
The impor t ance  o f  someth ing  depends  on how 
remote it is 
The Nile is v e r y  i m p o r t a n t  
The Nile is less remote  t h a n  t h e  
Mekona 
Maybe the Nile is more i m p o r t a n t  t h a n  t h e  
Mekong beaause  it 's less romote  

7) F u n c t i o n a l  A l t e r n a t i v e  on Impor t ance  Level  
(Nega t ive  Evidence)  ( P o s s i b l e )  
Tbs impor t ance  o f  B r i v e r  depends  on how 
close it is and how long  it is 
The Nile is more i m p o r t a n t  t h a n  t h e  Mekonn 
m m  it 's  c lo3e*  m o m  6) 
Maybe $he Nile is n o t  l o n g e r  t h a n  t h e  
Mekong 

C o n t r i b u t i n g  t o  t h e  c e r t a i n t y  o f  t h e s e  
i n f e r e n c e s  are s e v e r a l  m o t  e - i n f c r c n c e s  working 
on Impor tance  l e v e l .  The func  t i a n a l  
a b d u c t i o n s  ( 1  and 4) are , s u g g e s t e d  by t h e  
s u b j e c t ' s  t y i n g  l e n g t h  t o  impor t ance .  He 
seems to know t h a t  impor t ance  depends  i n  p a r t  
on l e n g t h ,  and s i n c e  he a s s i g n s  d i f f e r e n t  
aeRrees o f  impor t ance  t o  t h e  N i l e  and t h e  
Rekong, he must  be u s i n g  t h a t  i n  p a r t  t o  i n f e r  
t h a t  t h e  Mekong is n o t  as l o n g  as t h e  Nile. 
There  a l s o  is a me ta - induc t ion  h e  is making: 
t h a t  s i n c e  he knows t h e  Amazon and the Nile 
are v e r y  l o n g ,  he would know t h e  Mekong is 
l o n g  i f  i t  were. T h i s  me ta - induc t ibn  is 
a c t i n g  on one  of  t h e  c e r t a i n t y  c o n d i t i o n s  f o r  
t h e  lack-of-knowledge i n f e r e n c e -  t h e  more 
similar cases s t o r e d  w i t h  t h e  g i v e n  p r o p e r t y ,  
t h e  more c e r t a i n  t h e  i n f e r e n c e  Taken 
t o g e t h e r ,  t h e s e  i n f e r e p c e s  make t h e  
lacK-of-knowledge i n f e r e n c e  v e r y  c e r t a i n .  

However a t  t h e  end t h e  s u b J e c t  backs  o f f  
h i s  c o n p u s l o n  becausg  he f i n d s  a n o t h e r  c h a i n  
of r e a s o n i n g  t h a t  makes him less c e r t a i n  
( i n f e r e n c e s  6 and  7). The i d e a  o f  
mremotenessw o n l y  r e p r e s e n t s  t h e  u n d e r l y i n g  
argument when i n t q r p r e t e d  i n  terms o f  
c o n c e p t u a l  d i s t a n c e  What the s u b j e c t  is 
r e a l l y  d o i n g  is e v a l u a t i n g  how remote 
S o u t h e a s t  Asia was a t  t h e  time he was i n  
j u n i o r  h i g h  (be fo r& t h e  Vietnam War). T h i s  
n o t i ~ n  o f  r emoteness  is t h e  outcome of 
matching  p r o c e s s e s  The Mekong was remote 
because  It was far away c u l t u r a l l y ,  
h i s t o r i c a l l y ,  p h y s i c a l l y ,  etc. from America. 
Based on t h i s  t h e  s u b j e c t  realizes t h a t  t h e  
Mekongt s l a c k  o f  impor tance  may be d u e  t o  t h i s  
r emoteness  r a t h e r  t h a n  its s h o r t n e s s  i n  
l e n g t h  us r e a s o n i n g  t h e n  depends  on h i s  
n a t i o n  o f  what a l t e r n a t i v e  f a c t o r s  impor tance  
depends  on, and how it migh t  m i s l e a d  him i n  
t h i s  pase. So t h i s  c h a i n  of r e a s o n i n g  is a l s o  
a c t i n g  on t h e  c e r t a i n t y  c o n d i t i o n s  a f f e c t i n g  
t h e  lack-&-knowledge i n f e r e n c e ,  b u t  i n  t h e  
o p p o s i t e  d i r e c t  i o n  from t h e  o t h e r  
m e t a - i n f e r e n c e s  

The r u l e  f o r  a lack-of-knowledge 
i n f e r e n c e  is shown i n  t h e  t a b l e  below. It 
g e n e r a l l y  h a s  t h e  form. I f  it were t r u e ,  I 
would know a b o u t  it& f d o n ' t ,  s o  i t  must n o t  
be t r u e .  It is computed by  comparing t h e  
impor tance  l e v e l  of t h e  p r o p o s i t i o n  i n  
q u e s t i o n  a g a i n a t  t h e  d e p t h  of knowledge abou t  
t h e  c o n c e p t s  i nvo lved  ( C o l l i n s  e t  a l ,  1975; 
Gentner  & C o l l i n s ,  1978) .  



e n c e  
1) I f  aaperson would know about a proper ty  for 

a given .set i f  it were i n  a given range,  
and 

2 )  if t h e  person does no t  know about t h a t  
proper ty ,  

3) then  i n f e r  t h a t  t he  proper ty  is & i n  t h e  
given range for- t h a t  set. 

ExamDle 
If  Kissinger were 61 6w tal;l, I would know 

he is very tal l .  I don ' t ,  so he must not  be 
that t a l l .  

t i o n s  t h a t  inqgease c e r t a i n t v :  
1 ) The more important t h e  p a r t i c u l a r  s e t .  
2)  The l e s s  l i k e l y  t h e  proper ty  1s i n  t h e  

given range. 
3)  The more information s to red  about  t he  given 

set. 
4) The more similar p r o p e r t i e s  s t o r ed  about 

+-he given set. 
5) The more important t h e  given property.  
6) The more information s to red  about t h e  g iven  

property.  
7) The more similar sets s to red  t h a t  have t h e  

given property. 

The condi t ions  a f f e c t i n g  t he  c e r t a i n t y  o f  
a lack-of-knowledge in fe rence  can be 
i l l u s t r a t e d  by t h e  example i n  t he  t ab l e :  

1 )  Condition 1 r e f e r s  t o  the importance of t h e  
given set. In t h e  example Kissinger  i s  
q u i t e  important,  so one is more l i k e l y  t o  
know whether he is 6l6' than whether 
Senator John S t e n n i s  is 6' 6" f o r  example. 

2 )  Condition 2 r e f e r s  t o  the  l i ke l i hood  t h a t  
t h e  property is i n  t he  given range. 
t i k e l i h o o d  a f f e c t s  t h e  in fe rence  i n  two 
ways: low l ike l ihood ,  makes a nega t ive  
in fe rence  more c e r t a i n  a p r i o r i ,  and low 
l ike l i hood  a l s o  makes a proper ty  more 
unusual and t h e r e f o r e  more l i k e l y  t o  come 
t o  a personls  a t t e n t i o n .  For example, i t  
1s less l i k e l y  t h a t  Kissinger is T 4  2' than 
6' 6w, because 7' 2" is more unusual. If 
Kiss inger  were a ba ske tba l l  p layer ,  on t h e  
o t h e r  h ~ n d ,  h i s  being 6' 6" would not  be 
unusual a t  a l l .  

3)  Condition 3 r e l a t e s  t o  the 
depth-of-knowledge about t h e  given set .  
The more one knows about Kiss inger ,  t h e  
more c e r t a i n l y  one would know t h a t  he is 61 
6", i f  he is. 

4) Condition 4 r e l a t e s  t o  t h e  number of  
similar prope r t i e s  s t o r ed  ,about t h e  set 
(i .e.  hhe r e l a t e d n e s s  of t h e  informat ion 
known about the  set). If one knows a l o t  
about Kias ipge r f s  physical ,appearance,  one 
f e e l s  more c e r t a i n  one would know he is 
extremely t a l l ,  i f  he is. 

5) Condition 5 r e l a t e s  to t h e  importance of  
t h e  p a r t i c u l a r  proper ty .  Being extremely 
t a l l  i s n ' t  a s  important aa rnissJ.ng a l e g  
s ay ,  s o  people are more l i k e l y  t o  know i f  
Kiss inger  i,a misaing a leg. 

6) Condit ion 6 relates to  t h e  
depth-of-knowledge about  t h e  p a r t i a u l a r  
property.  For example, a person who has 
p a r t i c u l a r  e x p e r t i s e  about t h e  phys ica l  
s t a t u r e  of people is more l i k e l y  t o  know 
t h a t  Kiss inger  is extremely ta l l ,  if  he is. 

7) Conditioh '7 relates t o  t h e  number of  
s i m i l a r  sets known t o  have t h e  given 
prbper ty .  For example, i f  one knows t h a t  
Ed Muskie and Tip OwNeil we unusual ly  
t a l l ,  then one ought t o  h o w  t h a t  Kiss inger  
is unusually t a l l ,  if i n  f a c t  he is 6' 6'. - 

The i n i t i a r  p ro toco l  on co f f ee  growing i n  
t h e  Llanos i l l u s t r a t e d  two f Jnc  t i o n a l  
i n f e r e n c e s  : a func t iona l  c a l c u l a t i o n  
concerning r a i n f a l l ,  gnd a f unct tona l  analogy 
between the  Brazil ian.  savanna and t h e  Llanos. 
One of t h e  mone mmmon func t iona l  i n f e r ences  
is t h e  func t iona l  analogy. The pro toco l  I 
s e l e c t e d  t o  i l l u s t r a t e  it c o n t r a s t s  the use of 
a simple analogy and a f u n c t i o a a l  analogy. 

Q. Can a goose quack? 

BF. No, a goose - Well ,. i ts  l i k e  a duck, but 
its not a duck. - It can honk, b u t  t o  say 
it can quack. No, I t h i n k  its vocal  cordd 
a r e  b u i l t  d i f f e r e n t l y .  They have a beak 
and everything,  b u t  no, it can* t quack. 

Jlnderlvinn In fe r ences  
1 )  Simple A n a l ~ g y  ( P o s i t i v e  Evidence) 

A goose is similar t o  a duck 
A duck auacks 
Maybe a goose quacks 

2 )  Importance-Level I n e q u a l i t y  (Poss ib l e )  
I know a goose honks 

ck ina  is as i rnmr t an t  a s  honking 
Probably I would know about a goose 
quacking i f  it d i d  

3 ) Lack-of-Knowledge Infe rence  (Negative 
Egidence) ( Poss ib le )  
U o n *  t know t h a t  a goose quacks 
I would know about a goose quacking i f  j& 
d i d  (from 7 )  
Probably a goose doesnl t quack 

4 ) Negative Funct ional  Rnalogy (Negative 
Evidence) 
The sound a b i r d  makes depends on its vocal  
conds 
A gooseb is d i f f e r e n t  from a duck i n  its 
vocal cords  
A .due-wacks 
Probably a goose doesn* t quaok 

The simple analogy, which is based on a 
match O f  a l l  t h e  p r o p e r t i e s  o f  ducks and 
geese ,  l e ads  t o  t h e  pos s ib l e  conclusion t h a t  a 
goose can quack, because a duck quacks. This  
in re rence  shows up i n  t h e  r e f e r ence  t o  nits 
l i k e  a duckn and i n  t he  u n c e r t a i n t y  of t h e  
negat ive  conclusion t h e  s tuden t  is drawing. 
It is p o s i t i x e  evidence and only shows up to  
t h e .  degree it argues  a g a i n s t  t h e  gene ra l  
nega t ive  cenclusion.  



The importance-level i n e q u a l i t y  and 
laak-of-knowledge inTerence are suggested by 
t h e  sen tence  aan honk, but  to  say it can 
quack.n Were knowledge about honking sbems t o  
imply t h a t  a goose doesn' t quaok. I would 
a rgue  t h a t  sDch an i n f e rence  has  to involve  
t h e  lackrof-knowledge in fe rence ,  s i n c e  it is 
p o s s i b l e  t h a t  & goose might sometimes honk and 
sometimes quack. 

The func t iona l  analogy is apparen t  i n  t he  
concern about vocal cords ,  which t h e  s u b j e c t  
t h i n k s  a r e  t h e  h inc t iona l  de te rminants  of t h e  
sounds made. I t h i n k  t h e  sound is determined 
by t h e  l e n g t h  of t h e  neck, which is probably 
what t h e  sf ibject  was th ink ing  of. Honking may 
j u s t  be quacking resonated through a longer  
tube.  But i n  any uase,  t h e  mismatch t h e  
s u b j e c t  f i n d s  on the  r e l e v a n t  f a c t o r  l e a d s  t o  
a nega t ive  conclusion which suppor t s  t h e  
lack-of-knowledge infe rence .  

The t a b l e  shows t h e  r u l e  f o r  a func t iona l  
analogy . - 
1 )  I f  a d e p e n d e n t ~ v a r i a b l e  depends on a number 

o f  independent v a r i a b l e s ,  and 
2 )  i f  one se t  matches another  set on t h e  

independent v a r i a b l e s ,  and 
3) i f  t h e  va lue  of t h e  dependent v a r i a b l e  for 

one set is i n  a g iven  range,  
4) then d n f e r  t h a t  t he  value of the  dependent 

v a r i a b l e  f o r  t h e  o t h e r  set is i n  t h e  given 
range.  

Examr>le 
The B r a z i l i a n  savanna is l i k e  Llanos i n  

i t s  temperature ,  r a i n f a l l ,  s o i l ,  and 
vege ta t ion .  Thus, ~f the  B r a z i l i a n  savanna 
produces c o f f e e ,  then t h e  Llanos ought t o  
a1 so ,  

Condi t ions  t h a t  i nc rease  c e r t a i n t v :  
1 )  The more independent v a r i a b l e s  on which t h e  

two sets match, and the  fewer on which they 
mismatch. 

2 ) T h e  gx+eabey the  dependency on any 
independent v a r i a b l e s  on which t h e  two sets 
match, and the  less t h e  dependency on any 
independeqt v a r i a b l e s  t h a t  mismatch. 

3) The b e t t e r  the match on any independent 
v a r i a b l e  . 

4 ) T h e  g r e a t e r  t he  dependency on those 
independent v a r i a b l e s  t h a t  match b e s t .  

5) The more c e r t a i n  t h e  dependent v a r i a b l e  is 
i n  the  given range f o r  t h e  one set.  

6) The more l i k e l y  t h e  value o f  t h e  dependent 
v a r i a b l e  is in the given range a p r i o r i .  

7) The more c e r t a i n  t h e  independent v a r i a b l e s  
are in  t h e  given ranges f o r  both sets .  

I can i l l u s t r a t e  t h e  d i f f e r e n t  c e r t a i n t y  
cond i t i ons  for a func t iona l  analogy i n  terms 
of t h e  example i n  the  t a b l e .  

1 )  Condition 1 refers t o  t h e  number o f  
f a c t o r s  on which t h e  two sets match. If 
the  two reg ions  matcb only i n  dnimate 
and vege ta t ion ,  t h a t  would be less 
s t rong  evidence t h a t  they  produce t h e  
same products  than if they match on a l l  
four  v a r i a b l e s .  

2)  Condi t ion 2 refers to  t h e  degree t h e  
dependent v a r i a b l e  depends on d i f f B r e n t  
factors t h a t  match or mismatch. Coffee 
gro'WYng depends more on temperature  and 
r a i n f a l l  than on soi l  o r  vege ta t ion .  
Thus a match on t h e s e  first two factors 
makes t h e  i n fe rence  more certain than a 
match on t h e  latter two f a c t o r s .  

3) Condi t ion 3 relates to  t h e  q u a l i t y  gf 
t te  match on any f a c t o r .  The better the 
match with r e s p e c t  t o  temperature ,  
r a i n f a l l ,  etc. t h e  more c e r t a i n  t h e  
i n fe rence .  

4 )  Condi t ion 4 refers to  t h e  degree  of 
dependency on those  f a c t o r s  t h a t  match 
best. A good matoh wi th  respect t o  t h e  
r a i n f a l l  p a t t e r n  l e a d s  t o  more c e r t a i n t y  
than  a good match wi th  r e s p e c t  t o  t he  
vege ta t ion .  

5)  Condi t ion 5 r e l a t e s  to  t h e  c e r t a i n t y  
t h a t  t h e  proper ty  is i n  t h e  g iven  range 
for the first set .  The more c e r t a i n  one 
is t h a t  t he  B r a z i l i a n  savanna produces 
c o f f e e ,  t h e  more c e r t a i n  t h e  in fe rence .  

6) Condi t ion 6 relates to t h e  a p r i o r i  
l i k e l i h g o d  t h a t  t h e  proper ty  w i l l  be i n  
t h e  g iven  range.  The more l i k e l y  t h a t  
any reg ion  grows coffee, t h e  more 
c e r t a i n  t h e  i n fe rence .  

7) Condi t ion 7 relates to  t h e  c e r t a i n t y  
t h a t  t h e  f a c t o r s  are i n  t h e  given ranges  
f o r  both sets. For example, t h e  more 
c e r t a i n  t h a t  bpth savannas have t h e  same 
tempera ture ,  etc., t h e  more c e r t a i n  the 
in fe rence  . 

S ~ a t i a l  S u ~ e r ~ a r t  In fe rence  
The theory  assumes t h a t  s p a t  la1 

i n f e r e n c e s  a re  made by c o n s t r u c t i n g  an image 
o f  the  concepts  involved,  and making varxous 
canpu ta t ions  on t h a t  image ( C b l l i n s  L Warnock, 
1974; Kosslyn & Schwartz, 1977). An example 
of a s p a t i a l  i n f e rence  occurred i n  t h e  e a r l i e r  
p ro tocol  about coffee growing, when t h e  
respondent concluded t h a t  a savanna might be  
used f o r  growing coffee because he thought the  
c o f f e e  growing reg ion  around Sao Paulo might 
ove r l ap  t h e  B r a z i l i a n  savanna. This  s p a t i a l  
matching process ,  which occurs  i n  a v a r i e t y  of 
p ro toco l s ,  i nvo lves  c o n s t r u c t i n g  a s p a t i a l  
image with both concepts  i n  it, and f i n d i n g  
their  s p a t i a l  r e l a t i o n s h i p  (e.g., degree of 
over lap ,  r e l a t i v e  s i z e  o r  d i r e c t i o n )  f r a n  t h e  
cons t ruc t ed  image. 

The pro tocol  I s e l e c t e d  i l l u s t r a t e s  a 
s p a t i a l  subpar t  i n f e rence ,  t oge the r  wi th  
s e v e r a l  other s p a t i a l  and meta-inferences. 

Q. Is Texas e a s t  of S e a t t l e ?  

JB. Texas is south and east of S e a t t l e .  

Q. How d i d  you g e t  t h a t ?  

JB.  I e s s e n t i a l l y  looked a t  a v i s u a l  image o f  
the  U.S. where I remembered t h a t  Seattle 
was i n  Washington and know t h a t  its up I n  
t h e  l e f t  co rne r  and I know t h a t  Texas is 
i n  t h e  middle on t h e  bottom. Sometimes 
you get fooled by t h i n g s  l i k e  t h a t ,  l i k e  
f o r  examble Las Vegas being f u r t h e r  west 
than San Diego, This  case I th ink  we're 
O.K. 



I )  S p a t i a l  l ine  s lope  in fe renoe  
Washington is i n  upper l e f t  corner  of t h e  
U.S. 

is -dl0 bottom of U~SA 
Line  from Washington t o  Texas s lopes  east. 

? 1 Spat f al subpar t  i n f e r ence  ( P o s i t i v e  
e t  idence) 
Line from Washington t o  Texas s lopes  e a s t .  

Line from S e a t t l e  to  Texos s l o p e s  e a s t  

3 ) Me ta Analogy (Negative ev idence ) 
People are of ten  mistaken i n  th ink ing  t h a t  
Las Vegas is east of' San Diego, because 
La8 Vegas is inland and San Diego is on 
cne P a c i f i c  Coast. 
S e a t t l e ,  l i k e  San Diego, is on the  P a c i f i c  
coaa t  . 

ke Veaas. isinland. 
Mapbe I am mistaken i n  th ink ing  t h a t  Texas 
is e a s t  of S e a t t l e .  

) Funct ional  Modus Tol lens  ( P o s i t i v e  
evidence) (pos s ib l e )  
The Pacific coas t  misconception depends on 
t h e  inland plaen being nor th  of t h e  
c o a s t a l  p lace.  
S e a t t l e  is on t h e  coast. 
Texas is in land .  
i 
The P a c i f i c  coas t  misconception does n o t  
apply t o  Texas and Seattle . 
In t he  probocol t h e  s u b j e c t  c o n s t r u c t s  a 

l i n e  from Washington to  Texas f o r  t h e  purpose 
of eva lua t ing  its s lope .  The constructed l i n e  
does s lope  e a s t ,  so he answers yes. I m p l i c i t  
i n  t h i s  protocol  is a s p a t i a l  subpar t  
in fe rence  o r  s p a t i a l  deduct ion,  t h a t  S e a t t l e  
is p a r t  of Washington and the  s lope  of t h e  
l i n e  found earlier a p p l i e s  t o  S e a t t l e .  Th i s  
kind of subpar t  i n f e r ence  was found t o  show up 
i n  rwponse  time by Stevens (1976). 

The sub-j ec t b r i e f l y  reconsidered h i s  
conclusion because he thought o f  t h e  "Faci f ic 
Coast Misconception ," t h a t  people mistakenly 
t h ink  t h a t  p laces  in land  a r e  always e a s t  o f  
p l aces  on t h e  coas t .  By t h e  meta-analogy i n  
3, he i n f e r r e d  t h a t  maybe S e a t  tle-Texas was 
l i k e  San Diego-Las Vegas i n  t h a t  t he  in land  
l o c a t i o n  was west of t h e  c o a s t a l  l oca t i on .  
put t h e  s u b j e c t  ruled ou t  'the analogy by some 
in fe r ence  such a s  t h a t  shown i n  4. Actual ly ,  
t h e  func t iona l  modue t o l l e n s  i n  4 h ides  t h e  
spat ia l ,  processing that  t he  'subject  #robably 
used t o  r u l e  ou t  t he  analogy i n  3. Probably, 
he knew t h a t  t h e  reason fo r  t h e  nPacLfic Coast 
Miaconoeptionn has  l o  do with t h e  
sou theas t e r ly  s l a n t  o f  t h e  P a c i f i c  coas t .  By 
knowing t h a t ,  you can f i g u r e  ou t  t h a t  t h e  
misconception depends on the in land l o c a t i o n  
being nor th  of t he  c o a s t a l  l o c a t i o n .  I have 
f inessed  t h e  s p a t i a l  reasoning process  by 
s t a t i n g  t h a t  conclusion aa a premise i n  4 .  

The next  t a b l e  shows t h e  r u l e  for a 
s p a t i a l  superpar t  i n f e r ence  ( o r  s p a t i a l  
deduction) . 

S V  
1 )  I f  a proper ty  is i n  a g;iven mnge  f o r  some 

set, and 
2) if another  set is a subpa r t  of t h a t  set ,  
3)  t hen  i n f e r  t h a t  the  proper ty  1s i n  t h a t  

range f o r  t he  subpar t .  

GxamDle 
It is ra in ing  in 'hew England and Boston 

i i n  New Ensland, Therefore  it may be 
r a i n i n g  i n  Eoston, 

Cond-that increase certainla: 
1 )  The more c e n t r a l  t h e  subpa r t  is t o  t h e  set. 
2 )  The g r e a t e r  t he  average s p a t i a l  e x t e n t  o f  

t h e  property.  
3)  The g r e a t e r  the  d i s t a n c e  of t h e  n e a r e s t  set 

wi th  a con t r ad i c to ry  proper ty  - 
4) The g r e a t e r  the  e x t e n t  of t h e  subba r t  

wi th in  t h e  s e t .  
5)  Thg more l i k e l y  a p r i o r 1  t h a t  the  proper ty  

is i n  t h e  given range f o r  t h e  subpa r t .  
6 )  The more c e r t a i n  t h e  proper ty  is i t h e  

g iven  range f o r  the set.  

The c e r t a i n t y  cond i t i ons  can be i l l u s t r a t e d  i n  
terms of the  example i n  t h e  t a b l e :  
1)  Condit ion 1 r e l a t e s  t o  t h e  c e n t r a l i t y  of 

t h e  subpar t .  For example, i f  it 's r a i n i n g  
i n  New England it is more l i k e l y  t o  be 
r a i n i n g  i n  M a a s a c h u ~ e t t s  than Maine because 
Massachusetts  is more c e n t r a l .  

2 )  Condit ion 2 r e l a t e s  t o  whether t h e  p roper ty  
t e n d s  t o  be s p a t i a l l y  d i s t r i b u t e d  6r not .  
For example, r a i n  tends  t o  be d i s t r i b u t e d  
over  smal ler  a r e a s  than e l e c t r i c  s e r v i c e ,  
SQ it is a less certain i n f e r ence  t h a t  it 
i,s r a i n i n g  i n  Maine than  t h a t  there is 
e l e c t r i c  s e rv i ce  in  Maine, g i v e r  t h a t  t h e  
p rope r ty  a p p l i e s  te New England. 

3) Condition 3 relatea t o  t h e  d i s t a n c e  to  t h e  
n e a r e s t  concept with a c o n t r a d i c t o r y  
property.  For example, i f  you know it 's 
n o t  r a i n i n g  i n  New drunswick, t h a t  is 
s t ronge r  evi-dence a g a i n s t  it1 s r a i n i n g  i n  
Maine than i f  it 's not  r a i n i n g  i n  Montreal. 

4) Condition 4 relates to the extent of t h e  
subpar t .  For example, i f  i t l s  r a i n i n g  i n  
New England it is more l i k e l y  t o  be r a i n i n g  
i n  Rhode f s l a t ~ d  than  i n  Boston, because 
Rhode I s land  is larger. 

5)  Condition 5 relates t o  t h e  a priori 
l i ke l i hood  of t h e  proper ty .  for example, 
i f  it 's r a in ing  i n  Washington S t a t e ,  i t ' s  
more l i k e l y  t o  be r a i n i n g  i n  S e a t t l e  than  
i n  Spokane because S e a t t l e  gets more pain 
on the  average. 

6) Condition 6 r e l a t e s  t o  t he  pe raon l s  
c e r t a i n t y  t h a t  t h e  proper ty  holds  f o r  t h e  
concept.  For example, t h e  more c e r t a i n  t h e  
person is t h a t  i t  l a  r a i n i n g  i n  New 
England, t he  more c e r t a i n  t h a t  it's r a i n i n g  
i n  Boston. 

CONCLUSION 

The theory I am developing is based on 
t h e s e  and s i m i l a r  a n a l y s e s  of a l a r g e  number 
o f  human pro toco ls .  Because t h e  same 
i n f e r e n c e  types  r e c u r  i n  many d i f f e r e n t  
answers,  i t  is p o s s i b l e  t o  a b s t r a c t  t h e  
sys t ema t ip  p a t t e r n s  i n  t h e  i n f e r ences  



themselves,  and many o f  t h e  d i f f e r e n t  
c o n d i t i o n s  t h a t  arfect people 's  c e r t a i n t y  i n  
us ing  d i f f e r e n t  i n f e r e n c e  typesr  
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INDIRECT RESPONSES-TO LOADED QUESTIONS* 
b- - 

S. J e r r o l d  Kaplan 

D e p a r c m e ~ t  o f  Computer and I n f o r m a t i o n  S c i e n c e  
U n i v e r s i t y  of P e n s y l v a n i a  

P h i l a d e l p h i a ,  Pa, 19104 

C a s u a l  u s e r s  of N a t u r a l  Language (NL) 
computer sys tems  a r e  t y p i c a l l y  i h e x p e r t  n o t  
o n l y  w i t h  r e g a r d  t o  t h e  technic%l  d e t a i l ' s  
of t h e  u n d e r l y i n g  p tograms,  b u t  o f t e n  w i t h  
r e g a r d  t o  t h e  s t r u c t u r e  and/or  c o n t e n t  of 
t h e  domain o f  d i s c o u r s e r  C m s e q u e p t l y ,  NL 
sys tems  m u s t  be d e s i g n e d  t d s .  respond 
a p p r o p r i a t e l y  when t h e y  c a n  ?e tect, a 
misconcep t ion  on t h e  p a r t  of me user. 
S e v e r a l  c o n v e n t i o n s  e x i s t  i n  c o o p e r a t i v e  
c o n v e r s a t i o n  t h a t  a l l o w  a  s p e a k e r  t o  
i n d i r e c t l y  encode t h e i r  i n t e n t i o n s  and 
b e l i e f s  a b m t  t h e  domain i n t o  t h e i r  
u t t e r a n c e s ,  ( * l o a d i n g m  t h e  u t t e r a n c e s ) ,  and 
a l l o w  ( i n  f a c t ,  o f t e n  r e q u i r e )  a  
c o o p e r a t  i%e responden t  t o  a d d r e s s  t h o s e  
i n t e n t i o n s  and b e l i e f s  beyond a  l i t e r a l ,  
d i r e c t  r e sponse ,  To be e f f e c t i v e ,  NL 
computer sys tems must do  t h e  same. The 
problem, t h e n ,  is t o  p r o v i d e  p r a c t i c a l  
c o m p u t a t i o n a l  t o o l s  which w i l l  d e t e r m i n e  
bo th  when a n  i n d i r e c t  r e s p o n s e  is r e q u i r e d ,  
and G h a t  t h a t  r e sponse  s h o u l d  be,  w i t h o u t  - r e q t p r i n g  t h a t  l a r g e  amounts  of  domain 
dependent  wor ld  knowledge be encoded i n  
s p e c i a l  formal isms.  

T h i s  paper  w i l l  t a k e  t h e  p o s i t i o n  t h a t  
d i s t i n g u i s h i n g  l a n  ua e d r i v e n  i n f e r e n c e s  -+% from domain d r i v e n  n e r e n c e s  pgrovides  a 
f r a m e w o r k r o r u t i o n  t o  t h i s  p rob lem i n  
t h e  Data Base (DB) q u e r y  domain, An 
implemented q u e r y  s y s t e m  (CO-OP) is 
d e s c r i b e d  t h a t  u s e s  t h i s  d i s t i n c t i o n  to 
p r o v i d e  c o o p e r a t i v e  r e s p o n s e s  t o  DB 
q u e r i e s ,  u s i n g  o n l y  a  s t a n d a r d  (CODASYL) P B  
and a l e x i c o n  a s  s o u r c e s  oT wor ld  
knowledge. 

WHAT IS A LOADEDeQUESTION? - - -  
l oaded  q u e s t i o n  is o n e  t h a t  

i n d i c a t e s  t h a t  t h e  q u e s t i o n e r  presumes  
something  t o  be t r u e  a b o u t  t h e  aomain o f  
d i s c o u r s e  t h a t  is a c t u a l l y  f a l s e ,  Q u e s t i o n  
1 A  presumes 1B. A c o o p e r a t i v e  s p e a k e r  must 

"-'--"""-""-T'----------------------*---- 

* T h i s  work p a r t i a l l y  s u p p o r t e p  by NSF 
g r a n t  MCS 76-19466 

f i n d  1B assumable ( e  n o t  b e l i e v e  i t  t o  
be f a l s e )  i n  o r d e r  t o  a p p r o p r i a t e l y  u t t e r  
1 A  in  a c o o p e r a t i v e  c o n v e r s a t i o n ,  i n t e n d  it 
l i t e r a l l y ,  and e x p e c t  a c o r r e c t ,  direct 
r e s p o n s e ,  

lA, What day ddes John  go t o  h i s  
weekly p i a n o  lesscfn? 
1B. J o h n  t a k e s  weekly piano l e s s o n s .  
1C. Tuesday. 

S i m i l a r l y ,  2A presumes 2B. 

2A, How many Bloody Marys d i d  B i l l  
down a t  t h e  banquex? 

28, Hard l i q u o r  was a v a i l a b l e  a t  t h e  
b a n q u e t ,  
2C. Zero, 

I f  t h e  q u e s t i o n e r  b e l i e v e d  2 B  t o  be f a l s e ,  
t h e r e  would be no  p o i n t  i n  a s k i h g  2A - s / h e  
would a l r e a d y  know t h a t  t h e  c o r r e c t  answer  
had t o  be "Zero," ( 2 C ) -  

Both examples 1 and 2 c a n  be e x p l a i n e d  
by a  c o n v e n t i q n  of c o n v e r s a t i o n a l  
c o o p e r a t i o n :  t h a t  a q u e s t i o n e r  s h o u l d  l e a v e  
t h e  r e s p o n d e n t  a  c h o i c e  of d i r e c t  a n s w e r s ,  
T h a t  is, from t h e  q u e s t i o n e r ' s  v i e w p o i n t  
upon a s k i n g  a q u e s t i o n ,  more t h a n  one 
d i r e c t  answer  must be p o s s i b l e .  

I t  f o l l o w s ,  t h e n ,  t h a t  i f  a  q u e s t i o n  
p r e s u p p o s e s  something  a b o u t  t h e  domain o f  
d i s c o u r s e ,  as 1 A  d o e s ,  t h a t  a  q u e s t i o n e r  
c a n n o t  f e l i c i t o u s l y  u t t e r  t h e  q u e s t i o n  and 
b e l i e v e  t h e  p r e s u p p o s i t i o n  t o  be f a l s e .  
T h i s  is a r e s u l t  of t h e  f a c t  t h a t  each  
d i r e c t  answer t o  a q u e s t i o n  e n t a i l s  t h e  
q u q s t i o n ' s  p r e s u p p o s i t i o n s ,  (More 
f o r m a l l y ,  i f  q u e s t i o ~  Q p r e s u p p o s e s  
p r o p o s i t i o n  P, t h e n  e a c h  q u e s t i o n - d i r e c t  
answer p a i r  ( Q ,  A i )  e n t a i l s  P*. ) T h e r e f o r e ,  

-------I----------------------------------- 

* T h i s  e n t a i l m e n t  c o n d i t i o n  is a n e c e s s a r y  
b u t  n o t  s u f f i c i e n t  c o n d i t i o n  f o r  
p r e s u p p o s i t i o n .  The c o n c e p t  of 
p r e s u p p o s i t i o n  n o r m a l l y  i n c l u d e s  a 
c o n d i t i o n  t h a t  t h e  n e g a t i o n  o f  a 



if a* questioner believes a presupposition 
to be faJse, s/he leaves no options for a 
correct, direst response - violating the 
convention. Conversely, a respondent can 
infer in a cooperative conversatian from 
the fact that a question has been asked, 
that the questioner finds it's 
presuppositions -assumable. (In the terms definition of presupposition in this 
of [Keenan 711 , the logical presupposition context, ) 
is pragmatically presupposed.) 

Surprisingly, a more general semantic 
relationship exists that still allows a 
respondent to infer a questioner Is beliefs. CORRECTTVE INDIRECT RESPONSES 
Consider the situation where a proposition 
is entailed by all but one of a question's 
direct answers. (Such a proposition will In a cooperative conversation, if a 
be cqlled a*presumption of- the quest ion. ) 
By a similar argqment, it follows that if a 
questioner believes that proposition to be 
false, s/he can infer the direct, correct 
anSwer to the question - it is the answer 
that does not entail the propogition. Once 
again, to ask such a question leaves the 
respondent no choice of (potentially) 
correct answers, violating the 
conversational convention. More 
importantly, upon being asked such a 
question, tfie respondent can infer what the 
questioner presumes about the context. 

Question 2A above presumes 2B, but 
does not presuppose it: 2B is not entailed 
by the dirsct answer 2C. Nonetheless, a 
quvtioner must find, 2B assumable to 
felic~itously ask 2A in a cooperative 
conversation - t& do otherwise would 
violate the cooperative convention. 
Similarly, 3B below is a presumption but 
not a presupposition of 3A (it is not 
entailed by 3C). 

3A. Did Sandy pass the pqelims? 
3B. Sandy took the prelims. 
3Cm NO. 

if a queetioner believes .in the falsehood 
of a presupposition of a question, the 
question is inappropriate because s/he must 
believe that no direct answer can be 
correct; similarly, if a questioner 
believes in the falsehood of a presumpti~n, 
the question is inappropriate because the 
questioner must know the answer t o  the 
question - it is the direct answer that 
does not entail the presumption. - In short, 

------------------------------------------- 
proposition (in this case, the negation o£ 
the proposition expressed by a 
question-direct answer pair) should also 
entail its presuppositions. Consequently, 
the truth of a presupposition of a question 
is normally considered a prerequisite ?or 

respondent detects that a questioner 
incorrectly presumes something about the 
domain of discourse, s/he is required to 
correct that misimpression. A failure to 
do so will impl'icitly confirm the 
questioner's presumption, Consequently, it 
is not always the case that a correct, 
direct answer is the most cooperative 
response, When an incorrect presumption is 
detected, it is more cooperative to 'correct 
the presumption than to give a direct 
response. Such a response can be called a 
Corrective Indirect Res orse. For example, 
imagine question A t t e r e d  in a 
cooperative conversation when the 
respondent knows that no departments sell 
knives. 

4A. Which departments that sell 
knives also sell blade sharpeners? 
48. None. 
4C. No deparments sell knives. 

Although 4 8  is a direet, correct response 
in this context, it is less cooperative 
than 4C. This effect is explained by the 
fact that 4 A  presumes that some departments 
sell knives. To be cooperative, the 
respondent should correct the questioner's 
misimpression with an indirect response, 
informing the questioner that no 
departments sell knives (4C). (The direct, 
correct response 4 8  will reinforce the 
questioner's mistaken presumption in a 
cooperative conversation through it's 
failure to state otherwise.) A failure to 
produce corfective indirect responses is 
highly inappropriate in a cooperative 
conversation, and leads to "stonewallingn - 
the qjving of very limited and precise 
responses that fail to address the larger 
goals and beliefs of the questioner. 

RELEVANCE TO DB Q U E R I E S  -- 
an answer to be either true or false (for a 
more detailed discussion see [Keenan 731). Most NL computer systems stonewall, 
These subtleties of the concept of because their designs erroneously assume 
presupposition are irrelevant to this that simply producing the correct, direct 
discussion, because false responses to response to a query insures a cooperative 
questions are considered a-priori to be response. (50 a great extent, this 
uncooperative.  assumption results from t'he view that NL 



f u n c t i o n s  i n  t h i s  domain s imply  as a 
h igh- leve l  query language.)  U n f o r t u n a t e l y ,  
t h e  domain of  most r e a l i s t i c  D B ' s  are 
s u f f i c i e n t l y  complex t h a t  t h e ,  user of a NL 
query  f a c i l i t y  (most l i k e l y  a  ne i v e  u s e r )  
w i l l  f r e q u e n t l y  make i n c o r r e c t  p resumpt ions  
i n  h i s  o i  h e r  q u e r i e s .  A NL syi 
o n l v  capab le  of a d l r  

stem t h a t  is --- 
ect  r e s p o n s e i J r  

- 
-Consider t h e  

1 exchange w i t h  a 
t y p i c a l  NL query  system: 

Q: Which s t u d e n t s  g o t  a g r a d e  of  F  I n  
CIS500 i n  S p r i n g ,  "773 

R: N i l .  [ t h e  empty s e t ]  
Q: Did anyone f a i l  CIS500 i n  S p r i n g ,  
7 7 3  
Rr No. 
Q: How many people  passed  CIS500 i n  

S p r i n g ,  '773 
R: Zero. 
Q: Was CIS500 g i v e n  i n  S p r i n g  '773 
RT No* 

A c o o p e r a t i v e  N L  query sys tem should  
be a b l e  t o  d e t e c t  t h a t  t h e  i n i t i a l  q u e r y  i n  
t h e  d i a l o g  i n c o r r e c t l y  presumed t h a t  CIS500 
was o f f e r e d  i n  S p r i n g ,  ' 7 7 ,  and respond 
a p p r o p r i a t e l y ,  T h i s  a b i l i t y  is e s s e n t i a l  
t o  a NL system t h a t  w i l l  f u n c t i o n  i n  a  
p r a c t i c a l  environment ,  because t h e  f a c t  
t h a t  NL is used i n  t h e  i n t e r a c t i o n  w i l l  
imply t o  t h e  u s e r s  t h a t  t h e  normal 
c o o p e t a t  i v e  conven t ions  fo l lowed i n  a human 
d i a l o g  w i l l  be observed by t h e  machine. 
The CO-OP query  sys tem,  d e s c r i b e d  below, 
obeys a  number of c o b v e r s a t i o n a l  
convent  i o n s .  

While t h e  d e f i n i t i o n  of presumpt ion  
g i v e n  above may be o f  i n t e r e s t  from a  
l i n g u i s t i c  s t a n d p o i n t ,  it l e a v e s  much t o  be 
d e s i r e d  a s  d computa t iona l  t h e o r y .  
Although it p r o v i d e s  a d e g c r i p t i v e  model of  
c e r t a i n  a s p e c t s  of c o n v e r s a t i o n a l  b e h a v i o r ,  
it does  not  p rov ide  a n  adequa te  b a s i s  f o r  
computing t h e  presumpt ions  of a q i v w  
q u e s t i o n  i n  a  r easonab le  way. By  l i m i t i n g  
t h e  domain of a p p l i c a t i o n  t o  t h e  a r e a  of 
d a t a  r e t r i e v a l ,  i t  is p o s s i b l e  t o  show t h a t  
t h e  linguistic s t r u c t u r e  of q u e s t i o n s  
encodes c o n s i d e r a b l e  i n f o r m a t i o n  a b o u t  t h e  
presumpt ions  t h a t  t h e  q u e s t i o n e r  h a s  made. 
T h i s  s tructure can be e x p l o i t e d  t o  compute 
a  s i q n i  f i c a n t  c l a s s  of p r e s u m p t i o n s  and 
p r o v i d e  a p p r o p r i a t e  c o r r e c t i v e  i n d i r e c t  
responses .  

LANGUAGE DRIVEN VS. - DOMAIN DRIVEN INFERENCE 

A long s t a n d i n g  o b s e r v a t i o n  i n  A 1  
r e s e a r c h  is t h a t  knowledge a b o u t  t h e  world - bo th  p rocedura l  and d e c l a r a t i v e  - is 
r e q u i r e d  i n  o r d e r  t o  unders t and  NL.* 
Consequent ly ,  a  great  d e a l  of s t u d y  h a s  
gone i n t o  de te rmin ing  j u s t  what t y p e  of 

knowledge is r e q u i r e d ,  and how t h a t  
knowledge is t o  be o r g a n i z e d ,  a c c e s s e d ,  and 
u t i l i z e d .  One p r a c t i c a l  d i f f i c u l t y  w i t h  
sys tems a d o p t i n g  t h i s  approach is t h a t  t h e y  
r e q u i r e  t h e  encbding o f  l a r g e  amounts of 
world knowledge t o  be p r o p e r l y  t e s t e d ,  or 
even t o  f u n c t i o n  a t  a l l .  I t  is n o t  e a s y  t o  
d e t e r m i n e  i f  a  p a r t i c u l a r  f a i l u r e  o f  a 
s y s t e m  is due t o  qn inadequacy i n  t h e  
formal ism o r  s imply  an i n s u f f i c i e n t  b a s e  o f  
knowledge. F r e q u e n t l y ,  t h e  C o l l e d t i o n  and 
encoding o f  t h e  a p p r o p r i a t e  knowledge is a  
p a i n s t a k i n g  and time consuming t a s k ,  
f u r t h e r  h i n d e r i n g  an e f f e c t i v e  e v a l u a t i o n .  
Most NL systems t h a t  f o l l o w  t h i s  paradigm 
have a  common proper ty :  t h e y  decompose t h e  
i n p u t  i n t o  a s u i t a b l e  "meani ngm 
r e p r e s e n t a t i o n ,  and r e l y  on v a r i o u s  
d e d u c t i o n  and/or reaSoning mechanisms t o  
p r o v i d e  t h e  Y i n t e l l i g e n c e n  r e q u i r e d  t o  draw 
t h e  n e c e s s a r y  i n f e r e n b e s .  I n f e r e n c e s  made 
i n  c h i s  wav can be c a l l e d  domain** d r i v e n  
i n f e r e n c e s  ,* because t h e y  a r e  m o t i v a m  
t h e  domain i t s e l f  ***. 

While domain d r i v e n  i n f e r e n c e s  are 
s u r e l y  e s s e f i t i a l  t o  a n  unders t and ipg  of N L  
(and w i l l  be  a r e q u i r e d  p a r t  of any 
comprehensive c o g n i t i v e  model of human 
i n t e l l i g e n c e ) ,  t h e y  a l o n e  a r e  n o t  
s u f f i c i e n t  t o  Produce a  r e a s o n a b l e  
unders t and ing  of NL. Consider  t h e  
f o l l o w i n g  s t o r y :  

John is p r e t t y  c r a z y ,  and sometimes 
does  s t r a n g e  t h i n g s .  Yes terday  he went 
t o  S a r d i  's f o r  d i n n e r .  H e  s a t  down, 
examined t h e  menu, a r d e r e d  a s t e a k ,  and 
g o t  up and l e f t .  

For a  NL system t o  i n f e r  t h a t  something  
unusual  has happened i n  t h e  s t o r y ,  it m u s t  
d i s t i n g u i s h  t h e  s t o r y  from t h e  e v e n t s  t h e  
s t o r y  d e s c r i b e s .  A q u e s t i o n  a n s w e r m  
sys tem t h a t  would respond to "What d i d  John 
eat?" w i t h  'A s t e a k .  " c a n n o t  be s a i d  t o  
unders t and  t h e  s t o r y .  A s  q sequence  of 
e v e n t s ,  t h e  passage  c o n t a i n s  n o t h i n g  
unusual  - i t  simply o m i t s  d e t a i l s  t h a t  can 
be f i l l e d  i n  on t h e  tpsis of common 
knowledge a b o u t  r e s t a u r a n t s .  As a t s t o r y ,  

* Fdr example, t o  unders t and  t h e  s t a t e m e n t  
"I bought a  b r i e f c a s e  y e s t e r d a y ,  and today 
t h e  hand le  broke o f f  ." i t  is n e c e s s a r y  t o  
know t h a t  b r i e f c a s e s  t y p i c a l l y  ha ve 
handles .  
** "Domain" h e r e  is meant t o  i n c l u d e  
g e n e r a l  world knowledge, knowledge a b o u t  
t h e  s p e c i f i c  c o n t e x t ,  and i n f e r e n c i a l  r u l e s  
of a  genera& and[or s p e c i f i c  n a t u r e  a b o u t  
t h a t  knowledge. 
*** Of c o u r s e ,  t h e s e  i n f e r e n c e s  a r e  
a c t u a l l y  made on t h e  b a s i s  of d e s c r i  t i o n s  
of  t h e  domain ( t h e  i n t e r n a  * 
r e p r e s e n t a t i o n )  and n o t  t h e  domain i t s e l f .  
What is t o  be e v a l u a t e d  i n  such  sys tems  is 
t h e  s u f f i c i e n c y  of t h a t  d e s c r i p t i o n  i n  
r e p r e s e n t i n g  t h e  domain. 



however, it r a i s e s  e x p e c t a t i o n s  t h a t  t h e  
e v e n t s  do not .  Drawing t h e  i n f e r e n c e  "John 
d i d n ' t  e a t  t h e  s t e a k  h e  ordered."  r e q u i r e s  
knowledge about  t h e  language i n  a d d i t i o n  t o  
knowledge about  t h e  domain. I n f e r e n c e s  
t h a t  r e q u i r e  language r e l a t e d  knowledge c a n  
be c a l l e d  l anguage \d r fven  - i n f e r e n d a s .  

Language d r l v e n  i n f e r e n c e s  can be 
c h a r a c t e r i z e d  a s  fo l lows:  they  a r e  based on  
t h e  f a c t  t h a t  a  s t o r y ,  d i a l o g ,  u t t e r a n c e ,  
etc. i k  a  d e s c r i p t i o n ,  and t h a t  t h e  
d e s c r i  t i o n  i t s e l f  may e x h i b i t  u s e f u r  A not  a s s o c i a t e d  wi th  t h e  TFXG .--I - -  - being d e s s b e d . *  T h e s e  mi tw 
propertie-ed by s p e a k e r s  t o  encode - - 
e s s e n t i a l  informat ion-  -- a  knowledge of  
language r e l a t e d  conven t ions  is r e q u i r e d  t o  
unders tand NL. 

Language dr i ven i n f e r e n c e s  have 
s e v e r a l  use£ u l  p r o p e r t i e s  i n  a  
computa t iona l  framework. F i r s t ,  be ing  
based on g e n e r a l  knowledge a b o u t  t h e  
language ,  they d o  n o t  r e q u i r e  a l a r g e  
i n f u s i o n  of knowledge t o  o p e r a t e  i n  
d i f f e r i n g  domains. A s  a  r e s u l t ,  t hey  a r e  
somewhat more amenable t o  encoding  i n  
computer sys tems ( r e q u i r i n g  less 
programming e f f o r t ) ,  and t end  t o  be more 
t r a n s p o r t a b l e  t o  new domains. Second, t h e y  
do n o t  appear  to  be a s  s u b j e c t  t o  runaway 
i n f e r e n c i n g ,  i. e. t h e  i n f e r e n c i n g  is 
d r i v e n  (and hence con t ' ro l l ed )  by t h e  
phraging  of t h e  i n p u t .  T h i r d ,  t h e y  can 
of t e n  ach ieve  r e s u l t s  approximat ing  t h a t  of 
domain d r  lven  i n f e r e n c e  t e c h n i q u e s  w i t h  
s u b s t a n t i  a l l y  l e s s  computa t ional  machinery 
and e x e c h t i o n  t ime,  

A s  a  s imple  example, c o n s i d e t  t h e  c a s e  
of f a c t i v e  verbs.  The s e n t e n d e  "John 
d o e s n ' t  know t h a t  t h e  B e a t l e s  broke up. 1) 

c a r r i e s  t h e  i n f e r e n c e  t h a t  t h e  B e a t l e s  
broke up. T r e a t e d  a s  a domain d r i v e n  
in£  e r e ~ c e ,  t h i s  r e s u l t  might t y p i c a l l y  be 
achieved a s  fo l lows .  The s e n t e n c e  could be 
p a r s e d  i n t o  a  r e p r e s e n t a t i o n  i n d i c a t i n g  
J o h n ' s  l ack  of knowleqge of t h e  B e a t l e s '  
breaku'p. E i t h e r  immediately o r  a t  some 
s u i t a b l e  l a t e r  t ime,  a  p rocedure  might be 
invoked t h a t  encodes t h e  knowledge "For 
someone t o  n o t  know something,  t h a t  
something has  t o  be t h e  case." The 
i n f e r e n c i a l  procedures  can then  updatp t h e  
knowledge base accordi r iq ly .  A s  a language 
d r i v e n  i n f e r e n c e ,  t h i s  i n f e r e n c e  can be 
regarded a s  a  l e x i c a l  p r o p e r t y ,  i.e. t h a t  
f a c t i v e  v e r b s  p resuppose  t h e i r  complements, 
and t h e  complement immedlatezy a s s e r t e d ,  
namely, t h a t  t h e  B e a t l e s  broke up. (Note 
t h a t  t h i s  p r o c e s s  canno t  be r e a s o n a b l y  s a i d  
t o  "unders tandw t h e  u t t e r a n c e ,  b u t  a c h i e v e s  
t h e  Same r e s u l t s , )  E f f e c t i v e l y ,  c e r t a i n  

---- -------------------------------------- 
* I n  t h e  s t o r y  example, assumpt idns  abou t  
t h e  connectedness  of t h e  s t o r y  and t h e  
u n i f o r m i t y  of t h e * l e v e l  o f  d e s c r i p t i o n  g i v e  
r i s e  t o  t h e  i n f e r e n c e  t h a t  John d i d n ' t  e a t  
what ,he ordered .  These assumpti,ons a r e  
conven t ions  i n  t h e  language,  and not  
p r o p e r t i e s  of t h e  s i t u a t i o n  being 
d e s c r i b e d  . 

i n f e r e n c e  r u l e s  have been encoded d i r e c t l y  
i n t o  t h e  l e x i c a l  and s y n t a c t i c  s t r u c t u r e  of  
t h e  language - f a c i l i t a t i n g  t h e  drawing of 
t h e  i n f e r e n c e  w i t h o u t  r e s o r t i n g  t o  g e n e r a l  
r e a s o n i n g  p rocesses .  

Another ( s i m p l e r )  t y p e  of language 
d r i v e n  i n f e r e n c e s  a r e  t h o s e  t h a t  r e l a t e  
s p e c i f i c a l l y  to t h e  s t r u c t u r e  of t h e  
d i s c o u r s e ,  and n o t  t o  i t ' s  meaning. 
Consider  t h e  i n t e r p r e t a t i o n  of a n a p h o r i c  
r e f e r e n c e s  such  a s  " fo rmern ,  " l a t t e r " ,  
" v i c e  v e r s a m ,  n r e s p e c t i v e l y n ,  e t c .  These 
words e x p l o i t  t h e  l i n e a r  n a t u r e  of  language 
t o  convey t h e i r  meaning. To i n f e r  t h e  
a p p r o p r i a t e  r e f e r e n t s ,  a  N L  sys tem m u s t  
r e t a i n  a  s u f f i c i e n t  amount of t h e  s t r u c t u r e  
of  t h e  t e x t  t o  de te rmine  t h e  r e l a t i v e  
p o s i t i o n s  of p o t e n t i a l  r e f e r e n t s ,  I f  t h e  
sys tem " d i g e s t s m  a  t e x t  i n t o  a  non- l inea r  
r e p r e s e n t a t i o n  (a  common p r o c e d u r e ) ,  it is 
l i k e l y  t o  l o s e  t h e  i n f o r m a t i o n  r e q u i r e d  f o r  
unders t and ing ,  

The CO-OP sys tem,  d e s c r i b e d  below, 
demons t ra te s  t h a t  a language d r i v e n  
i n f e r e n c e  approach t o  computa t iona l  Systems 
can t o  a  c o n s i d e r a b l e  e x t e n t  produce 
a p p r o p r i a t e  NL behavior  i n  p r a c t i c a l  
domains wi thou t  t h e  overhead of a  d e t d i l e d  
and comprehensive world model. By l i m i t i h g  
t h e  domain of d i s c o u r s e  t o  DB q u e r i e s ,  t h e  
lexical and syntactic i t r u c t u r e  of t h e  
q u e s t i o n s  encodes s u f f i c i e n t  i n f o r m a t i o n  
a b o u t  t h e  u s e r ' s  b e l i e f s  t h a t  a  s i s n i f i c a n t  - 
c l a s s  of presumpt ions  can  be Eomputed on a  
W y T a n g u a g e  d r i v e n - s i z  

- -  

CO-OP: A COOPERATIVE QUERY SYSTEM - 
The des ign  and a  p i l o t  implementa t ion  

of a  NL query sys tem (CO-OP) t h a t  p r o v i d e s  
c o o p e r a t i v e  r e sponses  and o p e r a t e s  w i t h  a 
s t a n d a r d  (CODASYL) DB sys tem h a s  been 
completed.- I n  a d d i t i o n  t o  producing  d i r e c t  
answers ,  CO-OP is capab le  of producing  a  
v a r i e t y  of i n d i r e c t  r e s p o n s e s ,  i n c l u d i n g  
c o r r e c t i v e  i n d i r e c t  responses .  The des ign  
methodology of t h e  sys tem is based on two 
o b s e r v a t i o n s :  

1) To a  l a r g e  e x t e n t ,  t h e  i n f e r e n c i n g  
r e q u i r e d  t o  d e t e c t  t h e  need f o r  an  
i n d i r e c t  response  and t o  s e l e c t  * t h e  
a p p r o p r i a t e  one can be d r i v e n  d i r e c t l y  
f r ~ m  t h e  l e x i c a l  and s y n t a c t i c  
s t r u c t u r e  of  t h e  i n p u t  q u e s t i o n ,  and 

2 )  t h e  in fo rmat ion  a l r e a d y  encoded i n  
s t a n d a r d  ways i n  DB sys tems complement% 
t h e  language r e l a t e d  knowledge 
s u f f i c i e n t l y  t o  produce  a p p r o p r i a t e  
c o n v e r s a t i o n a l  behav io r  w i t h o u t  t h e  
need f o r  s e p a r a t e  "world knowledgen o r  
"domain s p e c i f i c  knowledge" modules, 

Consequent ly ,  t h e  i n f e r e n c i n g  mechanisms 
r e q u i r e d  t o  produce. t h e  c o o p e r a t i v e  
r e s p o n s e s  a r e  domain t r a n s p a r e n t ,  i n  t h e  

d 



sense t h a t  t h e y  w i l l  p roduce  a p p r o p r i a t e  
b e h a v i b r  w i t h o u t  m o d i f i c a t i o n  f rom a n y  
s u i t a b l e  DB system.  These  mechanisms c a n  
t h e r e f o r e  be t r a n s p o r t e d  t o  nbw D B ' s  
w i t h o u t  m o d i f i c a t i o n .  

To i l l u s t r a t e  t h i s  c l a i m ,  a d e t a i l e d  
d e s c r i p t i o n  o f  t h e  method by which 
c o r r e c t i v e  i n d i r e c t  r e s p o n s e s  are  p roduced  
f o l l o w s .  

THE META QUERY LANGUAGE 

Most DB q u e r i e s  c a n  be viewed a s  
r e q u e s t i n g  t h e  s e l e c t i o n  o f  a s u b s e t  ( t h e  
r e s p o n s e  s e t )  from a p r e s e n t e d  s e t  of 
e n t i t i e s .  ( t h i s  a n a l y s i s  f o l l o w s  [Belnap  
761 ) . Normal ly ,  t h e  p r e s e n t e d  s e t  is p u t  
t h rough  a series of r e s t r i c t i o n s ,  each  of 
which p r o d u c e s  a  s u b s e t ,  u n t i l  t h e  r e s p o n s e  
se t  is found ,  T h i s  view is f o r m a l i z e d  i n  
t h e  p r o c e d u r e s  t h a t  m a n i p u l a t e  a n  
i n t e r m e d i a t e  r e p r e s e n t a t i o n  o f  t h e  q u e r y ,  
c a l l e d  t h e  Meta Query Lan ua e (MQL). 

The MQL is a  g r a p  -I+=- s t r u c t u r e ,  where 
t h e  nodes  r e p r e s e n t  se ts  ( i n  t h e  t h e  - 
ma t h e m a t i c a l ,  n o t  t h e  DB s e n s e )  " p r e s e n t e d "  
by t h e  u s e r ,  and h e  e d g e s  r e p r e s e n t  b i n a r y  
r e l a t i o n s  d e f i n e d  on t h o s e  sets, d e r i v e d  
from t h e  l e x i c a l  and s y n t a c t i c  s t r u c t u r e  o f  
t h e  i n p u t  que ry .  C o n c e p t u a l l y ,  t h e  d i r e c t  
r e s p o n s e  t o  a  query  is a n  N-place r e l a t i o n  
r e a l i z e d  by o b t a i n i n g  t h e  r e f e r e n t  of t-he 
sets i n  t h e  DB, and compoqing them 
a c c o r d i n g  t o  t h e  b i n a r y  r e l a t i o n s ,  Each 
c o m p o s i t i o n  w i l l  have t h e  e f f e c t  of 
s e l e c t i n g  a  s u b s e t  of t h e  c u r r e n t  sets. 
The s u b s e t s  w i l l  c o n t a i n  t h e  e l e m e n t s  t h a t  
s u r v i v e  ( p a r t i c i p a t e )  i n  t!he r e l a t i o n .  
( A c t u a l l y ,  t h e  r e s p o n s e s  a r e  r e a l i z e d  i n  a  
much more e f f i c i e n t  f a s h i o n  - t h i s  is 
s i m p l y  a  c o n v e n i e n t  v iew,)  

A s  a n  example,  c o n s i d e r  t h e  q u e r y  
"Which s t u d e n t s  g o t  F s  i n  L i n g u i s t i c s  
c o u r s e s ? "  a s  diagrammed i r  FIGURE 1, 

Meta Query  Language r e p r e s e n t a t  i o n  of 
"Which s t u d e n t s  g o t  F s  i n  ~ i ' n g u i s t i c s  
c o u r s e s ? "  

FIGURE 1 

T h i s  q u e r y  would be p a r s e d  a s  p r e s e n t i n g  4 
s e t s  " s t u d e n t s " ,  "Fs" ,  ' ~ i n g u i s t i c s ~  , and 
" c o p r s e s  ". (The sets " L i n g u i s t i c s "  and 
"Fsw may appea r  c o u n t e r i n t u i t i v e ,  bu t  

s h o u l d  b e  viewed as s i n g l e t o n  e n t i t i e s  
assumed by t h e  u s e r  t o  e x i s t  somewhere i n  
t h e  DB.) The d i r e c t  answer  t o  t h e  q u e r y  
woulg be  a 4 p l a c e  r e l a t i o n  c o n s i s t i n g  o f  a 
column o f  s t u d e n t s ,  g r a d e s  ( a l l  F s ) ,  
d e p a r t m e n t s  ( a l l  L i n g u i s t i c s ) ,  and c o u r s e s .  
For  c o n v e n i e n c e ,  t h e  columns c o n t a i n i n g  
s i n g l e t o n  s e t s  ( g r a d e s  and d e p a r t m e n t s )  
would be removed, and t h e  r e m a i n i n g  l ist  o f  
s t u d e n t s  and a s s o c i a t e d  c o u r s e s  p r e s e n t e d  
t o  t h e  u s e r .  

E x e c u t i n g  t h e  q u e r y  c o n s i s t s  of  
p a s s i n g  t h e  MQL r e p r e s e n t a t i o n  o f  the, q u e r y  
t o  a n  i n t e r p r e t i v e  component t h a t  p r o d u c e s  
a  q u e r y  s u i t a b l e  f o r  e x e c u t i o n  on a  CODASYL 
DB u s i n g  i n f o r m a t i o n  a s s o c i a t e d  f o r  t h i s  
l u r p o s e  w i t h  t h e  l ex i ca l  items i n  the MQL, 
(The s p e c i f i c  knowledge r e q u i r e d  t o  p e r f o r m  
- h i s  t r a n s l a t i o n  is encoded p u r e l y  a t  t h e  
Leg i~a l  l e v e l :  t h e  o n l y  a d d i t i o n a l  domain 
d e p e n d e n t  knowledge r e q u i r e d  is a c c e s s  t o  
t h e  00 schehla:) 

The MQL, by e n c o d i n g  some o f  t h e  
s y n t a c t i c  r e l a t i o n s h i p s  p r e s e o t  i n  t h e  N L  
q u e r y ,  c a n  h a r d l y  be p a i d  t o  c a p t u r e  t h e  
meaning of t h e  q u e s t i o n :  it is m e r e l y  a 
c o n v e n i e n t  r e p r e s e n t a t  i o n  f o r m a l i z i n g  
c e r t a i n  l i n g u i s t i c  c h a r a c t e r i s t i c s  of  thee 
q u e r y ,  The p r o c e d u r e s  t h a t  ma i n i p u l a t e  
t h i s  r e p r e s e n t a t i o n  t o  g e n e r a t e  i n f e r e n c e s  
a r e  based  on o b s e r v a t i o n s  of a g e n e r a l  
n a t u r e  r e g a r d i n g  t h e s e  s y n t a c t i c  
r e l a  t i o n s h i p s .  C o n s e q u e n t l y ,  t h e s e  
i n f e r e n c e s  axe l a n g u a g e  d r i v e n  i n f e r e n c e s ,  

COMPUTING CORRECTIVE INDIRECT RESPONSES 

The c r u c i a l  o b s e r v a t i o n  r e q u i r e d  t o  
p r o d u c e  a r e a s o n a b l d  set of c o f r e c t i v e  
i n d i r e c t  r e s p o n s e s  is t h a t  t h e  MQL 
p r e s u m e s  t h e  non-empt i n q s s  - - of - 
c o n n e c t e d  subgraphs .  Each c o n n e m  
s u b g r a p h  c o r r e s p o n d s  t o  a  p r e s u m p t i o n  t h e  
user h a s  made a b o u t  t h e  domain o f  
d i s c o u r s e ,  C o n s e q u e n t l y ,  s h o u l d  t h e  
i n i t i a l  q h e r y  r e t u r n  a n u l l  r e s p o n s e ,  t h e  
c o n t r o l  s t r u c t u r e  c a n  check t h e  u s e r s  
p r e s u m p t i o n s  by p a s s i n g  e a c h  c o n n e c t e d  
s u b g r a p h  t o  t h e  i n t e r p r e t i v e  component t o  
check i t 's  non-emptiness  ( n o t i c e  t h a t  each  
s u b g r a p h  i t s e l f  c o n s t i t u t e s  a w e l l  formed 
q u e r y ) .  Should  a  p re sumpt ion  p r o v e  f a l s e ,  
a n  a p p r o p r i a t e  i n d i r e c t  r e s p o n s e  c a n  be 
g e n e r a t e d ,  r a t h e r  t h a n  a m e a n i n g l e s s  o r  
m i s l e a d i n g  d  i r % c t  r e s p o n s e  of "None. " 

F o r  example,  i n  t h e  q u e r y  of FIGURE 1, 
t h e  subgra f ih s  and t h e i r  c o r r e s p o p d i n g  
c o r r e c t i v e  i n d i r e c t :  r e s p o p s e s  a r e  ( t h e  
numbers r e p r e s e n t  t h e  sets t h e  s u b g r a p h s  
c o n s i s t  o f ) :  

1) "1 d o n ' t  know of any  s t u d e n t s , "  
2 )  "1 d o n ' t  know of any Fs." 
3)  *I d o n ' t  know of a n y  c o u r s e s , "  
4 )  "1 d o n ' t  know o f  an? L i n g u i s t i c s . "  
1 , 2 )  "1 d o n ' t  know of a n y  s t u d e n t s  

t h a t  g o t  Fs." 
2 ,3 )  "1 d o n ' t  know of any  F s  i n  



c o u r s e s .  " 
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3,4)  "I d o n ' t  know of  any L i n g u i s t i c s  
cfburses. 

1 , 2 , 3 )  "I d o n ' t  know of a n y  s t u d e n t s  
t h a t  g o t  F s  i n  cou r se s . "  

2,3 ,4 )  "1 d o n ' t  know of any F s  i r  
l i n g u i s t i c s  courses ."  

Sdppose t h a t  t h e r e  a r e  no l i n g u i s t i c s  
c o u r s e s  i n  t h e  DB. Ra the r  t h a n  p r e s e n t i n g  
t h e  d i  t ec t ,  c o r r e c t  answer o f  nNone,n t h e  
c o n t r o l  s t r u c t u r e  w i l l  p a s s  each  connec ted  
subgraph  i n  t u r n  t o  be e x e c u t e d  a g a i n s t  t h e  
DB. I t  w i l l  d i s c o v e r  t h a t  no l i n g u i s t i c s  
c o u r s e s  exigt i n  t h e  DB, and s o  w i l l  
respond w i t h  "1 d o n ' t  know of any 
l i n g u i s t i c s  cou r se s . "  T h i s  c o r r e c t i v e  
i n d i r e c t  r e sponse  (and a l l  r e sponses  
g e n e r a t e d  th rough  t h i s  method) w i l l  e n t a i l  
t h e  d i r e c t  answer ,  s i n c e  t h e y  w i l l  e n t a i l  
t h e  e m p t i n e s s  of  t h e  d i r e c t  r e sponse  s e t .  

Several a s p e c t s  of this p r o c e d u r e  are 
w ~ r t h y  of n o t e .  First, a l t h o u g h  t h e  
s e l e c t i o n  of t h b  r e sponse  is dependent  on 
knowledge oS t h e  domain (as  encoded i n  a 
v e r y  g e n e r a l  s e n s e  i n  t h e  DB s y s t e m  - n o t  
a s  s e p a r a t e  theorems,  s t r u c t u r e s ,  o r  
programs);  - t h e  

r e sumpt ions  is 
Somain s p e c i f i c  
i n f e r e n c e s  a r e  d r  

computa t ion  - of th  e  - 
independent  of 
Because  the= .. - 

i v e n  s o i e l y  by t h e  p a r s e r  
o u t p u t  (MQL r e p r e s e n t a t i o n ) ,  t h e  p r o c e d u i e s  
t h a t  de t e rmine  the presumpt ions  (by 
computing subgraphs )  r e q u i r e  no knowledge 
of t h e  DB. Consequent ly ,  p roduc ing  
c o r r e c t i v e  i n d i r e c t  r e s p o n s e s  from a n o t h e r  
DB,  or even a n o t h e r  DB sys tem,  r e q u i r e s  no 
changes  t o  t h e  i n f e r e n c i n g  p rocedures .  
Second ly ,  t h e  mechanism f o r  s e l e c t i n g  t h e  
i n d i r e c t  r e s p o n s e  is  i d e n t i c a l  t o  t h e  
p rocedure  f o r  e x e c u t i n g  a que ry .  No 
a d d i t i o n a l  c o m p u t a t i o n a l  machiner  need be 
invoked t o  select 4 i ~ e ~  

c ~ m p u t a t i o n a  1 r e s  onse- -dl? P 6: i nvo lved  i n  check ing  and 
c o r r e c t i n g  t h e  u s e r s  p r e s ~ r n p t i o ~ i s  is n o t  
i n c u r r e d  u n l e s s  it h a s  been de t e rmined  t h a t  
an i n d i r e c t  response  may be r e q u i r e d .  
Should t h e  q u e r y  succeed  i n i t i a l l y ,  no 

e n a l t  i n  e x e c u t i o n  t ime w i l l  be  a i d  f o r  
b d b n i t y  - to roddce-e- k- P i i m r ~  
re sponses .  I n  a d e i t  on t h e o n l y  I n c r e a s e  
i n  'space overhead is a  s m a l l  c o n t r o l  
program t o  produde t h e  a p p r o p r i a t e  
subgraphs  ( t h e  l i n g u i s t i c  g e n e r a t i o n  of t h e  
i n d i r e c t  r e sponse  is e s s e n t i a l l y  f r e e  - i t  
is a  t r i v i a l  a d d i t i o n  t o  t h e  p a r a p h r a s e  
component a l r e a d y  used i n  t h e  p a r s i n g  
p h a s e ) .  

C o r r e c t i v e  i n d i r e c t  r e s p o n s e s ,  
produced i n  t h i s  f a s h i o n ,  a r e  language 
d r i y e n  i n f e r e n c e s ,  because  theiy a r e  d e r i v e d  
d i r e c t l y  from t h e  s t r u c t u r e  o f  t h e  que ry  a s  
r e p r e s e n t e d  by  t h e  MQL. I f  t h e  q u e r y  were 
ph ra sed  d i f f e r e n t l y ,  a  d i f f e r e n t  s e t  of 
p resumpt ions  would be computed. ( T h i s  is 
n o t  a d-rawback, a s  i t  might  seem a <  f i r s t  - 
it i n s u r e &  t h a t  t h e  r e s p o p s e  w i l l  be  i n  
terms t h a t  t h e  u s e r  u n a e r s t a n d s . )  For t h e s e  
r e a s o n s ,  c o r r e c t i p e  i n d i r e c t  r e s p o n s e s ,  
made p o s s i b l e  by a  ' c a r e f u l  c h o i c e  of 

r e p r e s e ~ t a t i o n s  and a s s o c i a t e d  a l g o r i t h m s ,  
oLb 

are  produced i n .  a  domain t r a n s p a r e n t  
f a s h i o n  w i t h  minimal sys t em ove rhead  u s i n g  
knowledue a l r e q d y  a v a i l a b l e  i n  t h e  DB. 

A - SHORT SAMPLE SESSION 

T h i s  s e c t i o n  c o n t a i n s  an example 
i n t e r a c t i o n  w i t h  t h e  p r e l i m i n a r y  
implementa t ion  o f  t h e  CO-OP s y s t e m  a s  i t  
dow s t a n d s .  An a c t u a l  s e s s i o n  h a s  been 
a b s t r a c t e d  and commented he re .  

CO-OP i ~ ,  c u r r e n t l y  implemented on a  
DEC KI-10 ' under  TOPS-10 ma in ly  i n  
UCI-RUTGERS-LISP, and runs  i n  ~ S K  words, 
i n c l u d i n g  t h e  SEED DB system. SEED is a  
commerc i a l l y  a v a i l a b l e  CODASYL DB sys tem,  
marketed by I n t e r n a t i o n a l  Data  Base 
Sys tems ,  Xnc. [Gerritsen 781.  The DB is a  
l i v e  ohe, used by t h e  N a t i o n a l  C e n t e r  For 
Atmospher ic  Research  (NCAR) i n  Boulder  Co. 
t o  keep  t r a c k  of t h e i r  computer u s e r s ,  
p r o j e c t s ,  r e s e a r c h  s p o n s o r s ,  e tc ,  The 
pr imary  purpose  of t h e  DB is  t o  t r a c k  t h e  
u s e  of NCAR l i a c i l i t i e s ,  f o r  a c c o u n t i n g  and 
o t h e r  uses. 

The u s e r  i n  t h e  example is a  
h y p o t h e t i c a l  Computer S c i e n c e  depa r tmen t  
c h a i r p e r s o n  who h a s  h e a r d  t h a t  t h e  NCAR DB 
c o r l t a i n s  i n f o r m a t i o n  a b o u t  who is 
s p o n s o r i n g  r e s e a r c h  i n  v a r i o u s  a r e a s ,  and 
is i n t e r e s t e d  i n  s e c u r i n g  some r e s e a r c h  
funds .  S/he b e l i e v e s  ( i n c o r r e c t l y ,  it 
t u r n s  o u t )  t h a t  f u n d s  a r e  a v a i l a D b l e  t o  
s t u d y  mass storage. S/he b e g i n s  by a s k i n g :  

Q: Who s p o n s o r s  a c t i v e  p r o j e c t s  i n  mass 
s t o r a g e ?  

R: I d o n ' t  know of any  p r o j e c t s  i n  mass 
s t o r a g e  

The sys t em is unaware a f  any  p r o j e c t k  i n  
mass s t o r a g e ,  and s o  e x p l i - c i t l y  c o r r e c t s  
the u s e r s  p resumpt ion  t h a t  t h e r e  a re  some. 
The use r  t r i e s  a more g e n e r a l  q u e s t i o n .  

Q: Who s p o n s o r s  r e s e a r c h  i n  computer 
s c i e n c e ?  

R: I d o n ' t  know of anyone t h a t  s p e n s o r s  
r e s e a r c h  i n  computer s c i e n c e .  

Again,  a  c o s r e d t i v e  i n d i r e c t  r e s p o n s e  - but 
t h i s  t ime s t a t i n g  t h a t  no s p o n s o r s  art 
known, r a t h e r  t h a n  t h a t  no s u i t a b l t  
p r o j e c t s  a r e  known. I n  a d d i t i o n  t o  be ing  
a b l e  t o  g e n e r a t e  c o r r e c t i v e  i n d i r e c t  
r e s p o n s e s ,  t h e  sys t em can  choose  t h e  most 
a p p r o p r i a t e  one when more t h a n  one is 
a p p l i c a b l e .  T h i s  is done by o b s e r v i n g  t h a t  



t h e  subgraphs  of an MQL query are p a r t i a l l y  list ( s o r t e d  by contact) ,  a long wi th  t h e  
27 

ordered  accord ing  t o  a subgraph r e l a t i o n ,  p r o j e c t s  they  sponsor .  Although t h e  user 
and i t  is most a p p r o p r i a t e  t o  c o r r e c t  t h e  h a s  presumed t h a t  t h e r e  is ordy one c o n t a c t  
"least" f a i l i n g  subgraphs  wi th  r e s p e c t  t o  a t  Nasa Headquar ters ,  t h e  sys tem p r o v i d e s  
t h i s  o r d e r i n g ,  t h e  e n t i r e  list, wi thou t  o b j e c t i n g ,  T h i s  

G e t t i n g  nowhere, t h e  c h a i r p e r s o n  now and o t h e r  forms of s l o p p y  r e f e r e n c e  a r e  
asks:  t o l e r a t e d  by t h e  system, 

Q: What a re  t h e  a r e a s ?  
CONCLUSION 

and r e c e r ~ e s  a list of t h e  a r e a s  of 
i n t e r e s t  ($/he knew t h a t  t h e .  p r o w t s  a t  
NCAR a r e  grouped accor&ing to a 
predetermined list of a r e a s  of i n t e r e s t ) ,  
i d e n t i f i e d  by t h e  a r e a  number and name. 
S/he observes  t h a t  a r e a  #6 ( d a t a  
p r o c e s s i n g )  and a r e a  412 (numerical  
methods) 'look i n t e r e ~  t i n g ,  and f o l l o w s  up 
with:  

Q: Who sponsors  p r o j e c t s  i n  a r e a  6 1  

The response  is a L i s t  of sponsor  names 
wi th  a s u p p o r t i v e  i n d i r e c t  component of t h e  
p r o j e c t s  t h e y  sponsor i n  a r e a  6 ,  t h e  name 
of t h e  a r e a  (becausg o n l y  t h e  number was 
s u p p l i e d  - t h e  system d o e s n ' t  c u r r e n t a y  
remember t h a t  i t  j u s t  provided t h e  a r e a  
name t o  t h e  u s e r ) ,  and t h e  p r o j e c t  numbers 
of 4 t h e  sponsor8)d p r o j e c t s .  The u s e r  now 
d e c i d e s  t h a t  Nasa Headquar te r s  looks  t h e  
most promis ing ,  and s o  asks :  

Q: What is sponsored i n  numerical  methods 
by Nasa Headquarters?  

A f t e r  checking the  DB, t h e  sys tem d i s c o v e r s  
t h a t  Nasa Headquarters  doesn 't sponsor  
any th ing  i n  numerical  methods. 
~ d d i t i o n a l l y ,  i t  is unable t o  d e t e c t  any 
f a i l e d  presumptions on t h e  p a r t  of t h e  
user ,  I t  t h e r e f o r e  p r o v i d e s  a  nega t ive  
response  followed by a  s u g g e s t i v e  i n d i r e c t  
respynse  l i s t i n g  t h e  p r o j e c t s  t h a t  Nasa 
Headquar ters  sponsorS i n  any  a r e a ,  i n  t h e  
hope t h a t  t h i s  w i l l  be h e l p f u l  t o  t h e  user .  

R: I d o n ' t  know of anyth ing  i n  numerical  
methods t h a t  Nasa Headquar ters  sponsors .  
But you might be i n t e r e s t e d  i n  any th ing  
t h a t  Nasa Headquarters  sponsors.. .  

A f t e r  pe rus ing  t h i s  list, t h e  c h a i r p e r s o n  
concludes  t h a t  a l though t h e  p r o j e c t s  don ' t  
look very  promising, s h e  w i l l  g e t  i n  touch 
wi th  Nasa Headquarters.  S/he asks:  

Q: Who is t h e  c o n t p c t  a t  Nasa Headquar ters?  

The problem of  producing  a p p a r e n t l y  
i n t e l l i g e n t  behavior  from a NL system h a s  
t r a d i t i o n a l l y  been viewed i n  A r t i f  i c i a l v  
I n t e l l i g e n c e  a s  a  problem of model l ing  
human c o g n i t i v e  p r o c e s s e s ,  o r  model l ing 
knowledge abou t  t h e  r e a l  world. I t  has 
been dembnstrated h e r e  t h a t  such approaches  
must i n c l u d e  a  pragmat ic  t h e o r y  of t h e  
convent ions  and p r o p e r t i e s  of t h e  use  of 
language, t o  f u n c t i o n  e f f e c t i v e l y .  Domain 
d r i v e n  i n f e r e n c e s  must  be complemented by 
language d r i v e n  i n f e r e n c e s  t o  a p p r o p r i a t e l y  
p rocess  NL,  F u r t h e r ,  i t  has  been argued 
t h a t  language d r i v e n  i n f e r e n c e  mechanisms 
h e l p  t o  c o n t r o l  t h e  i n f e r e n c e  p rocess ,  and 
ca n provide  a more g e n e r a l  and 
computa t iona l ly  a t t r a c t i v e  so$u t ions  t o  
many problems p r e v i o u s l y  thought  t o  r e q u i r e  
domain d r i v e n  i n f e r e n c e .  

A d e s c r i p t i u e  t h e o r y  of orrc cype of 
c o o p e r a t i v e  i n d i r e c t  response t o  
i n a p p r o p r i a t e  q u e s t i o n s  h a s  been p r e s e n t e d ,  
and extended t o  a  p r e s c r i p t i v e  
(computa t ional )  theory  by r e s t r i c t i n g  t h e  
domain of a p p l i c a t i o n  t o  DB query  systems. 
Th i s  t h e o r y  h8s been implemented u s i n g  
language d r i v e n  mechanisms i n  t h e  des ign  of  
CO-OP, a c o o p e r a t i v e  q u e r y  system. $he 
r e s u l t  is t h e  g e n e r a t  i o n  of a p p r ~ p r i a t e  
c o r r e c t i v e  i n d i r e c t  responses  i n  a 
computa t iona l ly  e f f i c i e n t  and domain 
t r a n s p a r e n t  f a sh ion .  
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ABSTRACT - - ---- 

This papep surveys a number o f  k inds o f  
d e f a u l t  reasoning i n  A r t i  f i c i e l  In- te l l  i gence, spec- 
i f i c a l l y ,  d e f a u l t  assignments t o  var iab les,  the  
closed wor ld  assumption, t he  frame d e f a u l t  f o r  
causal worlds, exceptions as de fau l t s  ,' and negat ion 
i n  A r t i  f i c i a l  I n t e l  1  i gence programmi ng languages. 
Some o f  these defaul  t s  prov ide c l e a r  represen ta -  
t i o n a l  and computational advantanges over t h e i  r 
corresponding f i  r s  t order  theor ies.  F i n a l  l y  , t h e  
paper discusses various d i f f i c u l t i e s  associated 
w?th. d e f a u l t  theor ies .  

I f  I ddn ' t  know I d o n ' t  know 
I t h i n k  I know 

I f  I don' t know I know 
I t h i n k  I don' t know 

R.D. Laing, ----..- Knots - - 

1. INTRODUCTION 

Defaul t  reasaning i s  commonly used i n  n a t u r a l  

1 anguage understanding sys tems and i n  A r t i  f i  c ia1  

I n t e l  1  igerlce i n  general . We use the  term " d e f a u l t  

reasoning" t o  denote the  process o F a r r i v i n g  a t  

conclusions based upon pat te rns  o f  in fe rence o f  

t h e  form " I n  the absence o f  any i n fo rma t ion  t o  the  

contrary,  assume.. . "  In t h i s  paper, we take t h i s  

p a t t e r n  t o  have the more formal meaning "If c e r t a i n  

i n fo rma t ion  cannot be deduced from the  g iven know- 

ledge base, then concl ude. . . " Such reasoning rep- 

resents a form o f  p l a u s i b l e  in ference and i s  

t y p i c a l  1  y  requi  red whenever concl us i ons must be 

drdwn despi te  the absence o f  t o t a l  knowledge about 

a world.  

I n  order t o  f i x  some o f  #teso ideas, we begin 

by surveying a nuhber o f  instances of defaul  t 

reasoning as they are commbnly invoked i n  A . I .  

Spec i f i ca l l y ,  we discuss d e f a u l t  assignments t o  

and negat ion i n A. I. programming 1 anguages . We sha l l  

see t h a t  these may a l l  be fo rmal ized  by i n t r o d u c i n g  

a s i n g l e  defaul  t operator  I+ where i+ W i s  taken 

t o  mean "W i s  no t  deducib le from t h e  given know- 

ledge base". 

I n  add i t i on ,  we s h a l l  d iscover  t h a t  the  c losed 

wor ld  and frame de fau l t s  p rov ide  c l e a r  representa- 

t i o n a l  and computational advantages over t h e i r  cor -  

responding f i r s t  order theo r ies .  The former e l  i m -  

ina tes  t h e  need f o r  an exp l  i c i  t representa t ion  o f  

negat ive  knowledge a b o l ~ t  a  world,  w h i l e  the  l a t t e r  

e l  i m i  nates the  so-cal l e d  frame axioms f o r  dynamic 

worlds. 

F i n a l l y ,  we discuss var ious ~ r o b l e m s  which 

a r i s e  as a r e s u l t  o f  augmenting f i r s t  order  l o g i c  

w i t h  a d e f a u l t  operator .  

2. -.-- SOME INSTRNES Of --.-- DEFAULT - -.--- REASONING I N  A. I . 
The use o f  defaul  t reasoning i n  A .  I. i s  f a r  

more widespread than i s  commonly rea l i zed .  The 

purpose of t h i s  sec t i on  i s  t o  p o i n t  o u t  a  v a r i e t y  

of  seemingly d i f f e r e n t  s i t u a t i o n s  i n  which such 

reasoning ar ises ,  t o  accent comnon pat te rns  which 

emerge when defaul  t s  a re  formal i zed, and t o  i n d i  - 
ca te  c e r t a i n  representa t iona l  and camputat i o n a l  

advantages o f  defaul  t reasoni nq. 

2.1 - Defau l t  Assunments t o  Var iab les - --.-..---..- ---- -.-. 

A number o f  know1 edge representa t ion  schemes, 

e.g. FRL [Roberts and Go lds te in  19773, KRL LBobrow 

and Winograd 19771, expl i c i  tl y prov ide f o r  t h e  

assignment of defaul t values t o  var iab les  ( s l o t s ,  

te rmina ls ) .  For example, i n  KRL the  u n i t  far a 

person i n  an a i r 1  i n e  t r a v e l  system has t h e  form: 
var iab les  , the  c l  obed wor ld  assumption, t h e  frame 

defaul  t fo r  causal wor l  ds , exceptions as de fau l ts  , 



[Person UNIT Basic 

hometown f (a C i t y  ) PaloAl to; DCFAULI) 

We can view t h i s  declaration as an i n s t r u c t i o n  t o  

the KRL in te rp re te r  t o  car ry  ou t  the fol lowing: 

If x i s  a person, then i n  the  absence o f  any i n f o r -  

mation t o  the contrary,  assume hometown( x)=PaloAl tg, 

o r  phrased i n  a way which makes expl $ c i  t the f a c t  

t h a t  a de fau l t  assignment i s  being made t o  a 

var iable:  -- ----- 
If x i s  a person and no val ue can be determlned f o r  

the var iab le y such that  hornetown(x)=y , then assume 

y=PaloAl to.  

NotJce that  i n  assigning a de fau l t  value t o  a var- 

iab le ,  i t  i s  no t  s u f f i c i e n t  LO T ~ I  t o  f i n d  an ex- 

p l  i c i t  match f o r  the  var iab le i n  the data base. 

For exampie, the non existence i n  the data base of 

a fac t  o f  the form hometown(JohnDoe)=y for  some 

c i t y  y does no t  necessari ly permit  the de fau l t  

assignment y=PalgAl to. I t might be the case t h a t  

the fo l low ing  in format ion i s  a h i l a b l e :  

i .e. a person's hometokn i s  the same as h i s  o r  her 

employer. I n  t h i s  case the defaul t assignment 

y=PaloAl t o  can be made only  i f  ,we --- f a i  1 t o  deduce the 

existence o f  an employer x and c i  t y  z such t h a t  

i n  general then, defaul t assignments t o  var iables 

are permit ted an ly  as a r e s u l t  o f  -- f a i l u r e  --- d some - 
a t t ~ t e d  deduction. We can formulate a general -- ---- --- 
inference pa t te rn  f o r  the de fau l t  assignment o f  

values t o  var iablgs: 

For a l l  xl ,. . . ,xn i n  classks r l , .  . . respectively, ,'n 
i f  we f a i l  t o  deduce (Ey/O)P(xl,. . . ,xn ,y) then i n -  

f e r  the de fau l t  statement 
--- 
I Throughout t h i s  papep we s h a l l  use a type4 l o g i c a l  

representat ion language. T.Yw, e. g. EMPL~YER, 
PERSON, C I T Y  correspona t o  tne ,qua l  categories 
o f  IS-A h ierarchies.  A typed u n ~  versa1 q u a n t i f i e r  
1-i ke (XIEMPLOYER) i s  read " f o r  a1 1 x w h i m  belong 
t o  the class EMPLOYER" o r  simply " f o r  a l l  employ- 
ers xu. A typed e x i s t e n t i a l  q u a n t i f i e r  l i k e  
(Ex/CITY) i s  read "*ere i s  a c i t y  x'j,  The rrota- 
t i o n  derives from tha t  used by Woods i n  h i s  " F l f ~  
function" [Woods 19681. 

P(x, , . . . ,xn ,#defaul t value f o r  y,) 

or more st fccinct ly,  

+ (EY/O)P(X~ ,  . . . +,.Y 
IC_L ---- --I_ PTX~, . . . .x,, cdefaul t value fo r  y>)  

Here I+ i s  t o  be read " f a i l  t o  deduce", o and the 

1 's  are types, and P(xl, ..., xn,y) i s  any statement 

about tl(e var iab les xl,. . .-x ,y: There are sgme n 
serious difficulties associated with- j u s t  what ex- 

a c t l y  i s  meant by " #'' b u t  we s h a l l  defer these 

issues f o r  the moment and r e l y  ins tead on the 

reader's i n t u i t i o n .  The d e f a u l t  r u l e  f o r  home 

toQns can now be seen as an instance of the above 

pa t  t e r n  : 

2.2 THE CLOSED WORLD ASSUMPTION -- ---- - - 

It seems no t  genera l ly  recognized t h a t  the 

reasoning components o f  many na tura l  1 anguage 

understanding sys tems have defaul t assumptions 

b u i l t  i n t o  t h p .  The rep resmta t i on  o f  anawledge 

upon which the reasoner computes does no t  exp l i c -  

i t l y  i nd i ca te  c e r t a i n  d e f a u l t  assumpt4ons. Rather 

these defaul t S  are r e a l i z e d  as p a r t  o f  the code o f  

the reasoner, or, as we s h a l l  say, f o l l ow ing  

l Hayes 19771, as p a r t  o f  the  reasoner's process 

s t ruc ture .  - The most common such d e f a u l t  corresponds 

t o  w h a t  has elsewhere been re fe r red  t o  as the 

closed world assumption rRei t e r  19781. I n  t h i s  

sect ion we describe two commonly used closed wor ld  

defaul ts .  

2.2.1 Hierarchtes - -... - 
As an i l l u s t r a t i o n  o f  the class o f  cl-osed 

world defaul t s  , cons i de r  standard taxonomies 

(IS-A h ierarchies)  as they are usua l ly  represented 

i n  the A. I. 1 i tera ture ,  f o r  example the  f o l l  owi ~g : 

THING - 
AN1 MATE I NAN I MATE 

W M M A L G T  I LE 
A 

DOG CfiT 

This has, as i t s  f i r s t  order  l o g i c a l  representation, 

the fo l lowing:  



(x)DOG(x) 3 MAMMAL(x) 

(x)CAT(x) 3 MAMMAL(x) 

(X)MAMMAL(X) > ANIMATE(X) 

etc. I 
Now i f  Fido i s  known t o  be a dog we can conclude 

that Fido i s  animate i n  e i ther  o f  two essent ia l ly  

tsomorphic ways: 

1. If -the hierarchy is implemented as some so r t  of 

network, then we i n f e r  ANIMATEI~~~O) i f  the class 

ANIMATE 1 ies "abovei' DOG i .e, there i s  some pointer 

chain leading from node DOG t o  node ANIMATE i n  the 

network. 

2, If the hierarchy i s  implemented as a set o f  f i r s t  

order formulae, then we conclude ~ f K A ~ ~ ( f i d o )  if 

we can forward chain (modus ponens) wi th  DOC(fido) 

t o  derive MIMATE(fido). This forward chaining 

from DOG(fido) t o  ANIMATE(fid0) correSponds exactly 

t o  fol lowing pointers from node DOG t o  node ANIMATE 

Tn the network. 

i s  not isomorphic - t o  tha t  generated, by the network 

(2.1) - interpreter.  (Recall that  the network in terpreter  
deduces -REPTILE(fido) by f a i l  ins  t o  f l n d  a pointer 

chain l i n k i n g  DOG apd REPTILE). Moreover, while 

Thus far, there i s  no essential dif ference be- 

tween a network representation o f  a hierarchy w i th  

i t s  pointer-chasing in terpreter  and a f i r s t  order 

representation wi th i t s  forward chaining theowm 

proving interpreter.  A fundamental d i s t i nc t i on  

arises w i th  respect to negation. As an example, 

consider how one deduces tha t  Fido i s  - not a rep t i l e .  

A network interpefeter w i l l  determine tha t  the node 

REPTILE does not l i e  "above" DOG and w i l l  thereby 

conclude that DOGS are not REPTILE s so that  

?REPTILE(fido) i s  deduced. On the other hand, 

theorem prover w i  11 try t o  prove .rREPTILE(fido) . 
Given the above f i r s t  order representation, no such 

proof exists. The reason i s  clea - nothing i n  

the representation (2.1) states that  the categories 

MAML and REPTILE are d i s jo in t .  For the theorem 

prover t o  deal wi th  negative information, the 

knowledge base (2.1) must be augmented by the 

following facts s ta t ing tha t  the categories o f  

the hierarchy are d i s j o i n t :  

(X)MIMATE(X) 3 IINANIMATE(X) 

(x)MMlMAL(x) = iREPTILE(xj I (2.2) 
(x)DOG(x) 3 -CRT(x) 

It i s  now clear tha t  a f i r s t  order theorem proving 

i n  terpret'er can establ i sh  1 REp~I l .~ ( f i do )  by a pure 

forward chaining proof procedure from DOG( f ido) 

using (2.1) and (2.2). ,However, unl ike the e a r l i e r  

proof of ANAMATE(fido), t h i s  proof of  REPTILE(fids) 

the network in terpreter  must contena only w i th  h 
representation equivalent t o  tha t  o f  (2.11, the 

theorem prover must addit ional l y  u t i l  i ze the nega- 

t i v e  information (2.2). Somehow, then, the process 

structure o f  the network in te rpre ter  imp1 i c i  t l y  

represents the nega ti ve know1 edge (2.2) , whi 1 e 

computing on1 y on declarat i  ve knowledge equivalent 

t o  (2.1). 

We can best dist inguish the two approaches by 

observing that two d i f f e ren t  logics are involved. 

To see t h i s  , consider modifying the theorem prover 

so as t o  simulate the network process structure. 

SZnce the network in terpreter  t r i es ,  and f a i l s ,  t o  

establ ish a pointer chain from DOG t o  REPTILE using 

a declarat ive know1 edge base equi valen t t o  (2. I ) ,  
the theorem prover can 1 i kewise a t  tempt to  prove 

REPTItE(fid0) using only (2.1). As f a r  the net- 

work interpreter,  t h i s  attempt w i i l  f a i l .  I f  we 

now endow the theorem prover wi th the addit ional 

inference ru le :  

"If you f a i l  t o  deduce REPULE(fid0) then conclude 

REPTILE(fido)" 

the deduction o f   REPTILE(^^ do) w i  11 be isomorphic 

t o  that  o f  the network in terpreter .  b r e  generally, 

we require an inference schema, applicable t o  any 

o f  the monadic predicates MAMMAL, DOG, CAT, e'tc. o f  

the hierarchy: 

"If x i s  an individual and Y(x) cannot be deduced, 

then in fe r  ,P(x)" 

or  i n  the notat ion o f  the previous section 

What we have argued then Ss tha t  the process 

structure o f  a netwotk in te rpre ter  i s  formally 

equivalent t o  that  o f  a f i r s t  order theorem prover 

augmented by the a b i l i t y  t o  use the inference 

schema (02). I n  a sense, a network in terpreter  i s  

the compiled form of such an augmented theorem 

prover. 

There are several p o h t s  worth noting: 

1. The schema (02) i s  not a f i r s t  order r u l e  o f  

inference since the opepator I+ i s  not a f i r s t  

order notion. ( I t  i s  a meta notion.) Thus a theorem 



3.2- 
prover which evokes (02) i n  order t o  eStabl i s h  important t o  not ice, however, t h a t  the closed 

negative conclusions by f a i  1 ure i 5 no t  performing wor ld assumption presumes per fec t  knowledge about 

f i r s  t otder deductions . the domain being modeled. I f  i t  were not  known, 

2. The schema (D2) has a s im i la r  pa t te rn  t o  the for example , whether A i  r Canada d i  rec tl y connects 

de fau l t  schema ( D l )  Vancouver and Chicago, we would no longer be j u s t -  

3.  In t h e  presence o f  the defayl t schema (D2) ,  i f l e d  i n  making the closed wor ld  assumption wUh 
the negative knowledge (2.2), which would be respect to  the f 1  i g h t  schedule. For by the absenct 

necessary i n  the absence o f  (D2),  i s  not required. O f  t h i s  fact from the data base, we would conclude 

As we sha l l  see i n  the next section, t h i s  property 

i s  a general character ts t ic  o f  tt le closed world 

defaul t ,  and leads t o  a s ign i f i can t  reduct ion i n  

the complexity o f  both the representation and 

processing o f  know1 edge. 

2.2.2 The C l o ~ e d  World Default - 
The schema (D2)  i s  ac tua l ly  a special  case o f  

the fo l  1 owing more general defaul t schema : 

I f  (03) i s  i n  force f o r  a l l  predicates P o f  some 

domain, then reasoning i s  being done under the 

c!osed world assumption f Rei te r  1978Iv I n  most 

A, I. representation schemes, h ierarchies are 

treated as closed world domains. The use o f  the 

closed W O P I ~  assumption i n  A. I. and i n  ordinary 

human reasoning extends beyond such hierarchies, 

however. As a simplg example, consider an a i r l i n e  

schedule f o r  a d i r e c t  A i r  Canada fl i g h t  from 

Vancouver t o  New York, If none i s  found, one 

assumes tha t  no such f l i g h t  exists. Formally, we 

can view the schedule as a data base, and the query 

as an attempt t o  establ ish DIRECTLY-CONNECTS(AC, 

Van,NY). This f a i r s ,  whence one concludes 

7DIREGTLY-CONNECTS(AC,Van ,NY) by an appl i cat ion o f  

schema (03). Such schedules are designed t o  be 

used under the closed world Assumption. They con- 

t a i n  only pos i t ive  information; negative inform- 

a t ion  i s  in fe r red  by default .  T b r e  i s  one very 

good reason f o r  making the closed world assumption 

i n  t h i s  s e t t i n g .  The number o f  negative fac ts  

vast ty exceeds the r~umber of posi t i  ve ones. For 

example, A i r  Canada does not  d i r e c t l y  connec 

Vancouver and ktoscow,~ oY Taronto and Bombay, o r  

Mosco!~ and Bombay, etc. e tc .  It i s  total  1 y un- 

fsasi b l e  t o  expl i c i  t l  y represent a1 1 such nkgati  ve 

information i n  the data base, as would be required 

under a f in t  order theorem prover. I t  is'  

t ha t  A i r  Canada does not  d i r e c t l y  connect - 
Vancouver and Chicago, v ~ o l  a t i ng  our assumed s ta te  

o f  i gnorance about th i  s f ac t .  

The f l i g h t  schedule ill ustrates a very c o m n  

use of the closed world defaul t r u l e  for  purely 

extensional data bases, I n  par t i cu la r ,  f t i l l u s -  

t ra tes  how t h i s  defaul t  fac tors  ou t  the need f o r  
any e x p l i c i t  representation o f  negative facts. 

This r e s u l t  holds f o r  more general data bases. As 
an example, consider the ubi qui tous blocks world, 

under the fol lowing decomposition hierarchy o f  

objects i n  t ha t  world: 

OBJECT 
6 

TABLE 

Let  SUPPORTS(x,y) denote "x d i r e c t l y  supports y" 

and FREE(x) denote "x i s  free" i .e .  objects may be 

placed upon x. Then the fo l lowing general fac ts  

hold: 

(XIOBJECT) (y/TABLE)-SUPPORTS ( x  ,y ) (1) 
(X/OBJECT)=ISUPPORTS ( x , x ) (2) 
(x/PYRAMID) (y/BLOCK)-r SUPPORTS(x ,y ) (3) 
( X  y1BLOCK)SUPPORTS ( x  ,y ) 

-SUPPORTS(y ,x)  (4 
(XIPYRAMID)-FREE(X) (5 

( x y l  BLOCK ) (z/TABLE)SUPPORTS(X ,y ) 
-StfPPORTS ( z ,y ) ( 6 )  

(x/CUBE) FREE(x) 2 

(ylBL0CK)~SUPPORTS ( x ,y ) ( 7  
( XICUBE) (~/BLOCK)TSUPPORTS ( x ,y) 3 

FREE ( x )  (8)  
(XITABLE) FREE ( x) (9  

Consider the fo l lowing scene 



This i s  representable by able. Ta see why, consider an attempted update o f  
33 

SUPPORTS(7, C 1 )  SUPPORTS(T ,C2) 

SUPPORTS(C1 ,PI ) SUPPORTS(C2 ,C3) 
( 10) 

SUPPORTS (T, P2) 

together with the fo l lowing negative facts 

Notice tha t  virtmal l y  a l l  o f  the knowledge about the 

blocks domaip i s  negative, namely the f iwa t i ve  

s p e c i f k  a c t s  ( l l ) ,  together w i th  the negative 

f a c t d f ) - ( 7 ) l  This i s  no t  an accidental feature. 

Mt of what we know about any world i s  negative. 

Now 3 S i r s t  order theorem prover must have 

acccss t o  a l l  c f  the facts (1)-(11). For example, 

i n  probing -rSUPPORTS(C3,C2) i t must use (4) .  Con- 

sider instead such a theorem prover endowed w i th  

the addit ional abi 1 i t y  t o  in te rp re t  th& closed 

world defaul t  schema (D3). Then, in- attempting a 

proof of -SUPPORTS(C3,C2) i t  t r i e s  t o  show tha t  

SUPPORTS(C3,C2) i s  not  provable. Since 

SUPPORTS(C3,C2) cannot be proved, i t  concl udes 
-SUPPORTS(C3,C2), as required. 

It should be c lear i n t u i t i v e l y  that  i n  the 

presence of the closed world default schema (D3),  
none o f  the n w a t i v e  facts ( I ) - (& (11) need be 

represented expl i c i  t l y  nor used i n  reasohing. This 
can be proved, under f a i r l y  genera 1 condi t ionq 

CRei t e r  19783. One functton, then, of the closed 

world defau l t  i s  t o  " fac tor  out" o f  the represen- 

ta t ion a l l  negative knowledge about the domain. I t  
i s  of some in te res t  t o  compare the blocks world 

representation (1)-(11) w i th  those comnonly used i n  

blocks world problem-sol vecs (e.g. [Winograd 1972, 

Warren 19741). These sys terns do not represent expl i c -  

i t l y  the negative knowledge (1)-(7), (11) but  i n -  
stead use the closed world defaul t  for  reasoning 

about negation. (See Section 3 below f o r  a d i s -  
cussion of negatioq i n  A, I. programming languages. ) 

Although the closed world default  factors out  

negative knowledge f o r  answering questions about a 

domain,. th is  knowledge must nevertheless be a v a i l  - 

the example blocks world scene w i th  the new " fac t "  

SUPPORTS(C3,C2). To detect the resu l t i ng  inconsis- 

tency requires the negative fact  ( 4 ) .  I n  general 

then, negative knowledge i s  necessary fovl maintain- 
ing  the i n t e g r i t y  07 a data base. A consequence o f  

the closed world assumption i s  a decomposition o f  
knowledge i n  t o  posi ti ve and negati ve facts. Only 

pos i t ive  knowledge i s  required f o r  querying the 

data base. Both pos i t i ve  and negative knowledge 

are required f o r  maintaining the i n t e g r i t y  of the 

data base. 

2.3 -- DEFAULTS AND THE -- FRAM-1 

The frame problem f Raphael 1971 '1 arises i n  the 

representation of dynamic worlds. Roughly speaking, 

the problem stems from the need t o  represent those 

aspects o f  the world which remain invar ian t  under 

cer ta in  s ta te  changes. For example, moving a par- 

t i c u l a r  object  o r  switching on a 1 i g h t  w i l l  no t  

change the colours o f  any obJects i n  the world. 

Painting an object w i l l  no t  a f f e c t  the locat ions o f  

the objects. I n  a f i r s t  slcder representation o f  

such worlds , i t  i s  necessary t o  represent expl i c i  t l y  

a11 of the invar iants under a l l  s ta te  changes. 

These are reterred t o  a$ the frame axioms f o r  the 

worl'd being modeled. For example, t o  represent the 

f ac t  t h a t  paint ing an object  does no t  a1 t e r  the 

locat ions o f  objects would require, i n  the s j tua-  

t iona l  calculus o f  [McCarthy and Hayes 19691 a 

frame axiom something l i k e  

(X  IIOBJECT)  POSITION) ( SISTATE) (C/COLOUR) 

LOCATION(x,y,s) 3 LOCAT~ON(x,y,paint(z,C,s)) 

The problem i s  tha t  i n  general we w i  11 require a 

vast number o f  such axioms e.g. object  locat ions 

also remain invar iant  when 1 i gh ts  are switched on. 
when i t  thunders, when someone speaks etc. so there 

i s  a major d i f f i c u l t y  i n  even a r t i cu la t rng  a de- 

duct ively adequate set  o f  frame axioms f o r  a given 

world. 

A so lu t ion  t o  the frame vr-oblem i s  a represen- 

ta t ion  o f  the world coupled w i th  apprapriate ru les  

of inference such tha t  the frame axioms are ne i the r  

represented expl i c i  t l y  nor used expl i c i  t l y  i n  

reasoning about the world. We w i l l  focus on a 

The not lon of a negative f a c t  has a precise def in- 
i t i o n .  A f a c t  i s  negative i f f  a l l  o f  the, l i t e r a l s  
i n  i t s  clausal form are negative. 



proposed so1 u t i o n  by LSandewbFl 197W1, & ~elatea l'alm alw~~*'true, w i  tn a few exceptions. For 
approach i s  described i n  [Hayes 19731, Sandewall 

propQses a new operator,  UNLESS, which takes form- 

u l a  W as argument. The intended i n t e r p r e t a t i o n  o f  

UNLESS(W) i s  "W can n o t  be proved" i .e. i t  i s  

i d e n t i c a l  t o  the  ogerator I+ o f  t h i s  paper. 

Sandewal 1 proposes a s i n g l e  "frame in ference r u l e "  

which, i n  the no ta t i on  of t h i s  paper, can be para- 

phrased as fol lows : 

For a l l  predicates P which take a s t a t e  var iab le  

as an argument 

(x1/r1 ) . (x,/%) (s/STATE) (f/ACTION-FUNCTION) 

example, a l l  b i r d s  f ly  except f o r  penguins, 

os t r i ches ,  f l e d g t  ings, etc. Given a p a r t i c u l a r  

b i r d ,  we w i l l  conclude t h a t  i t  f l i e s  unless we 

happen t o  know t h a t  i s  s a t i s f i e s  one o f  these excep- 

t ions. Nevertheless, we want i t  t r u e  of  b i r d s  " i n  

general" t ha t  they fly. How can we reconc i le  these 

apparent ly c ~ n f l  i c t i  ng po in ts  of view? The natura l  

f l r s  t order  e p r e s e n t a  ti on i s  incons is ten t :  

(x/BIRD)FLY(x) " I n  general, b i r d s  f l y "  
(x)PENGUIN(x) r, B I R D ( x )  "Pengyins are b i r d s  

(x/PENGUIN)- FLY(x) which don ' t f ly .  " 

hlwP(xl,. , ~ ~ . f o ( ~  , .  .,xn,s)) (04) 
An a1 t e r n a t i  ve f i r s t  order representat ion expl  i c -  

i t l y  l i s t s  the  exceptions t o  f l y i n g  
P(xl."* , x~ ,~ (x , ' *  a "'x,,s)) 

.1 

I n t u i t i v e l y ,  (D4) fo tmal izes the so-cal led "STRIPS - -  . - 

assumption" L Waldinger 19751 : Every ac t i on  ( s t a t e  FLY (x) 

change) i s  assumed t o  leave every r e l a t i o n  un- But w i t h  t h i s  representat ion, we cannot concl ude o f  

a f fec ted  unless i t  i s  poss ib le t o  deduce otherwise. a "general" b i rd ,  t h a t  i t  can f ly. To see why, 

This schema can be used i n  the f o l l o w i n g  w. say consider an attempt t o  prove FLY (tweety) where a1 1 

i n  order t o  e s t a b l i s h  t h a t  cube33 i s  a t  l o c a t i e n  A we know o t  tweety i s  t h a t  she i s  a b i r d .  Then we 

a f t e r  box7 has been painted blue: mus-t es tab l  i sh the  subgaal 

To establ  i s h  LOCATION(cube33,x,paint(box7 ,b7 ue ,s) ) PENGUIN (tweety ) A -OSTRICH( tweety 1 A . . . 
f a i l  t o  prove ~LOCATION(cube33,~,pqint(box7,blue,s)) 

which i s  impossible given that we have no f u r t h e r  
There are several * observations t h a t  can be in fo rmat ion  about tweety. We a r e  blocked from con- 

made : c lud ing  t h a t  tweety can f l y  even though, i n t u i -  
1. The frame in fe rence schema (D4) has a p a t t e r n  t i v e l y  we want t o  deduce j u s t  t ha t .  I n  ef fect ,  we 
s i m i l a r  t o  the d e f a u l t  schemata (02) and (D3) o f  need a d e f a u l t  r u l e  o f  the form 
e a r l i e r  sect ions o f  t h i s  paper. I t  too  i s  a 

defat f f t  schema. 

2. The frame schema ( 0 4 )  i s  i n  some sense a dual 

o f  the closed wor ld  schema (D3). The former per- 

m i  t s  the deduction o f  a p o s i t i v e  f a c t  from f a i l u r e  

t o  es tab l i sh  i t s  negation. The l a t t e r  provides 

f o r  the deduction o f  a negat ive f a c t  from f a i l u r e  

t o  der ive  i t s  p o s i t i v e  counterpart. This d u a l i t y  

i s  preserved w i t h  respect  t o  the knowledge 

" factored out"  o f  the representat ion. Whereas the  

frame defaul t  e l  imihates the  need f o r  c e r t a i n  kinds 

o f  p o s i t i v e  knowledge ( the  frame axioms), the 

closed wor ld  d e f a u l t  f ac to rs  out t he  e x p l i c i t  rep- 

resen t a t i o n  o f  negat ive knowl edge. 

2.4 DEFAULTS AND EXCEPTIONS 

A good deal o f  what we know about the wor ld  i s  

[Kramosil 19753 claims t o  have proved t h a t  

(x /BI  RD) aPENGUIN(x) V OSTRICH(x) V . . , ) 
FLY ( x )  

With t h i s  r u l e  o f  in ference we can deduce 

FLY (tweety) , as required. Notice) however, t h a t  

whenever there a re  exceptions t o  a 'tgeneral" f a c t  

i n  some domain o f  knowledge we a r e  no longer  f r e e  

t o  a r b i t r a r i l y  s t r u c t u r e  t h a t  knowl edge. For ex- 

ample, the  f o l l o w i n g  h ierarchy would be unaccept- 

able, where the do t ted  l i n k  ind icates-  the  ex is tence 

o f  an exception 

ANIMAL 

FLY 
- 

CRAWL 
A 

BAT BIRD - 
PENGUIN ROBIN 

C lea r l y  there i s  no way i n  t h i s  h ierarchy o f  estab- 
Sandewall ' s approach i s  e i t h e r  meaningless o r  l i s h i n g  t h a t  pengulns are animals. For h ie rarch ies  
equi va l  en t t o  a f i r s  t order approach. - see Section 
4 f o r  a discussion o f  t h i s  issue. the  c o n s t r a i n t  imposed by exceptions i s  e a s i l y  



artlW ated: I F  P and Q a te  nodes w i t h  P below Q, 19731. 

and i f  (x)P(x) 3 Q(x) i s  t rue without exception, On the t h w r e t i c a l  leve l ,  we are j u s t  begin- 
then there must be a sequence o f  s o l i d  l i n k s  con- ning t o  understand the advantages of  a f i r s t  order 
nect ing P and Q. For more aeneral kinds o f  know- l og i c  augmented w i th  the de fau l t  operator: 
ledge the s i t ua t i on  i s  more p rob lemt ic .  One must 1. Default  l o g i c  provides a repre-tation 1 anguage 
be c a r e f i l  l o  ensure t ha t  chains o f  imp1 ica t ions do which more f a j t h f u l l y  r e f l e c t s  a good deal o f  
not  unwi t t ing ly  i n h e r i t  unjntended exceptions. common sense knowledge than do t r ad i  t i ona l  log ics .  

3. DEFAULTS AND "NEGATION" I N  A. I. 
PROGRAMMING LANGUAGES 

S i m i l  a r l  y , f o r  many s i tuat ions , defaul t reasoning 

corresponds t o  what 1s usual ly  viewed as c o m n  

It has been observed by sekeral authors CHaye, sense reasoning . 
1973, Sandewal 1 1972, Rei ter  19783 that  the b a s h  de- 2. For many sett ings, the appropriate defaul t 

f a u l t  operator af has, as i t s  Itprocedural equi val  en t" theories lead t o  a s i g n i f i c a n t  reduct ion i n  both 

the negation operator i n  a number af A.I. programing representational and computational complexity w i t h  

languages e. g. THNOT i n  MICROPLANNER [Hewi tt 1972, respect t o  the correspondi ng f 1 r s  t order theory. 

Sussman e t  a1 . 19701, NOT i n  PROLOG LRoussel 19751. Thus, under the closed wor ld defau l t ,  negative 

For example, i n  MICROPLANNER, the comnand knowledge about a domain need not  expl i c i  t l y  be 

(THGOAL <pattern>) can be viewed as an attempt t b  represented nor reasoned w i t h  i n  querying a data 

prove <pattern> given a data base o f  facts and base. S im i la r l y  under the frame defaul t ,  the usual 

theorems. (THNOT(THG0AL <pattern>) ) then succeeds frame axioms are no t  required. 

i f f  (THGOAL <pattern>) f a i l s  5.e. i f f  <pattern> i s  There are, of course, other advantages o f  the 
not provable, and t h i s  o f  course i s  prec ise ly  the procedural approach - speci f i c a l  1 y, expl i c i  t con- 
in te rp re ta t ion  of the de fau l t  operator tf . t r o l  over reasoning - which are not  accountgd f o r  

Given that  "negation" i n  A. I. procedural" by the above log ica l  analysis. We have d i s t i n -  

tangudges cerresponds t o  the d e f i u l t  operator and guished the purely l og i ca l  s t ruc ture  o f  such rep- 

not t o  l og i ca l  negatign, ib wodd seem tha t  some of resentat ional 1 anguages from the i  r process structure, 

the c r i  t i c i  sm of ten d i  rected a t  theorern proving and have argued t ha t  a t  l e a s t  some o f  t h e i r  success 

from w i t h i n  the A. I .  community i s  misdirected, For derives from the nature of the l o g i c  which they 

the so-cal l e d  procedural approach, o f  ten proposed rea l  ize .  

as an a l t e rna t i ve  t o  theorem proving as a represen- 

t a t i on  and reasoning component i n  A. I. systems, i s  

a r ea l i za t i on  o f  a defau l t  l og ic ,  whereas theorem 

provers are usual ly  rea l i za t ions  o f  a f i r s t  order 

logic, and as we have seen, these are d i f f e r e n t  

logics.  

I n  a sense, the so-called procedural vs. 
declarat ive issue i n  A . I .  might be t t e r  be phrased 

as the default  vs. f i r s t  order l o g i c  issue. Many 
o f  the advantages of the procedural approach can 

be in terpre ted as representational and computa- 

t i ona l  advantages of the default  operator. There 

i s  a f a i r  amount of empir ical evidence i n  support 

of t h i s  po in t  of view, p r ima r i l y  based upon the 

successful use of PROLOG [Roussel 19751 - a pure 

theorem prover augmented w i t h  a "THNOT" operator 

4. SOME PROBLEMS WITH DEFAULT THEQRIES 

Given t ha t  de fau l t  reasoning has such wide- 

sp7ead appl icat ions ' i n  A. I. i t  i s  natural  t o  def ine 

a defaul t  theory as a f i r s t  order theovy augmented 

by one o r  more inference schemata 1 i k e  ( D l  ), (D2) 
etc. and t o  invest igate the propert ies o f  such 

theor ies . Unfortunately, some such theor ies d isp lay  

pecul i a r  and i n t u i t i v e l y  unacceptable behaviours, 

one d ~ t t i c u l  ty i s  the east wi th  which incon- 
I f4  s i s t e n t  theories can be defined, Qr example 7 

coupled w i th  a knowledge base w i th  the 

s ing le  f a c t  38. Another, pointed out  by CSandewall 

19721 i s  tha t  the theorems of ce r ta in  de fau l t  

theories w i l l  depend upon the order i n  which they 

are der ived As an example, consider the theory 

f o r  such d i ve rse  A.I. tasks as problem solv ing +A e - 
[Warren 19741, symbolic mathematics CKanoui 19763, B A 

and natura l  language question-answering [Colmernurer Since A i s  no t  provable, we can i n fe r  B. Since B 



9s now proved, we cannot i n f e r  A, so t h i s  theory 

has the s ing le  theorem B. Z instead, we had 

s ta r t ed  by observing t h a t  0 i s  no t  provable, then 

the  theory would have the s ing le  theorem A. De- 
f a u l t  theor ies exhi  b i  t i inq such behaviour are  c l ea r l y  

unacceptable. A t  the very leas t ,  we must demand o f  

a de fau l t  theory t h a t  it s a t i s f y  a k i nd  o f  

Church-Rosser p rope rv :  No matter what the order 

i n  which the theorems o f  the theory are  derived, 

the r e s u l t i n g  se t  o f  theorems w i l l  be unique. 

Another d i  ff i cul  t y  a r i  ses i n  model i ng dynam- 

i c a l l y  changing worlds e,g. i n  causal worlds o r  i n  

t e x t  understanding where the model o f  t he  t e x t  

being b d l t  up changes as mbre o f  the t e x t  i s  assim 

i 1 ated. Under these c i  rcums tances , inferences 

which have been made as a r e s u l t  o f  a de fau l t  

assumption may subsequently be f a l s i f i e d  by new i n -  

formation which now v io la tes  tha t  de fau l t  assmp- 

t i an .  As a simple example, consider a t r ave l  con- 

s u l t a n t  which has made the defaul t assumption t ha t  

the t r a v e l l e r ' s  s t a r t i n g  p o i n t  i s  Palo A l t o  and has, 

on the basis o f  t h i s ,  planned a l l  o f  the d e t a i l s  o f  

a t r i p .  I f  the consul tant  subsequently learns t ha t  

the s t a r t i n g  po in t  i s  Los Angeles, i t  must undo a t  

l e a s t  pa r t  o f  the p1 anned t r i p ,  s p e c i f i c a l l y  the 

f i r s t  (and possibly l a s t )  l e g  6 f  the plan. But how 

i s  the consultant t o  know t o  focus j u s t  on these 

changes? Sometrow, whenever a new f a c t  is deduced 

and stored i n  the data base, a l l  o f  the fac ts  which 

r e l y  upon a de fau l t  assumption and which supported 

t h i s  deduction must be associated w i t h  t h i s  new 

fac t .  These support ing fac ts  must themsel ves have 

t h e i r  de fau l t  supports associated w i t h  them, and 

so on. Now, should the data base be updated lwi  t h  

new informat ion which renders an instance o f  some 

defau l t  r u l e  inappl i cab1 e, delete a1 1 fac ts  whi-ch 

had been previously deduced whose support sets 

r d i e d  upon t h i s  instande of the de fau l t  r u l e .  

There are obviously some technical and implementa- 

t i o n  d e t a j l s  t ha t  requ i re  a r t i cu la t i on ,  bu t  the 

basic idea should be c lear.  A re la ted  proposal f o r  

dea l ing w i t h  b e l i e f s  and rea l  world observations i s  

described i n  [Hayes 19733. 

One way o f  viewing the r o l e  o f  a de fau l t  theory 

i s  as a way o f  i m p l i c i t l y  fu r ther  completing an 
u n d e l y i n g  incomplete f~ r s t  order theory. Recall 

t h a t  a f i rs  order theory i s  sa id  t o  be complete 

i f f  f o r  a l l  closed formul ae K, wi ther  W o r  4 i s  

provable. Most i n t e r e s t i n g  mathematical theor ies  

turn ou t  txr be incomplete - a ce1 ebrated resu l  t 

due t o  Godel. Most o f  what we know about the world, 

when formal i zed, w i  11 y i e l d  an incomplete theory 

p rec ise ly  because we cannot know every th ing - there 

are  gaps i n  our knowledge. The e f f e c t  o f  a de fau l t  

r u l e  i s  ko i m p l i c i t l y  f i l l  i n  some o f  those gaps by 

a form of p laus ib le  reasoning. I n  p a r t i c u l a r ,  the  

e f f ec t  of the closed wor ld de fau l t  i s  t o  f u l l y  com- 

p? ete an underlying incomplete f i r s t  order :heory. 

However, i t  i s  we1 1 known t h a t  there are insurmount- 

ab le  problems associarea w i th  completing an incom- 

p l e t e  theory l i k e  ar i thmet ic .  Although i t  i s  a 

t r i v i a l  matter conceptual ly t o  augment the axioms 

of ar i thmet ic  w i t h  a defaul t r u l e  9 where W i s  

any closed formula, we w i l l  be no f u r t h e r  ahead 

because the non theorems o f  a r i thmet i c  are  no t  re-  

cu rs ive ly  enumerable. What t h i s  means i s  t k a t  

there i s  no way i n  general that ,  given a W, we 

can es tab l i sh  t ha t  W i s  no t  a theorem even i f  W 
happens no t  t o  be a theorem. This i n  t u r n  means 

t ha t  we are not  even guaranteed t ha t  an a r b i t r a r y  

de fau l t  r u l e  o f  in ference i s  e f f e c t i v e  i .e. there 

may be no algor i thm which w i l l  in form us whether o r  

no t  a given de fau l t  r u l e  o f  inference i s  applicable! 

From t h i s  we can conclude t h a t  the theor ies  o f  a 

defaul t  theory may n o t  be recurs ive ly  enumerable. 

This s i t u a t i o n  i s  i n  marked contrast  t o  what norm- 

a l l y  passes f o r  a l o g i c  where, a t  the very least ,  

t h e . r u l j s  o f  in ference must be e f f e c t i v e  and the 

theorems recurs i  vel y enumerabl e . 
F ina l l y ,  i t  i s  no t  hard t o  see t h a t  de fau l t  

theories f a i  1 t o  s a t i s f y  the extension proper ty  

[Hayes 19731 which a l l  "respectable" l o g i c s  do sat- 

i s f y ,  ( A  l og i ca l  ca lcu lus  has the extension prop- 

e r t y  i f f  whenever a formula i s  provable from a set 

P o f  premises, i t  i s  a l so  provable from any s e t  P '  

sach t ha t  P 5 P '  . ) 
CKramosil 1975'3 attempts t o  es tab l i sh  sothe 

general resul  t s  on defaul t theories. Krarnosi 1 

"provesn t h a t  f o r  any such theory, the de fau l t  

r u l es  are i r r e l e v a n t  i n  the sense t h a t  e i t h e r  the 

theory w i l l  be meaningless o r  the theorems o f  the 

theory w i l l  be p rec ise ly  the same as those obtain-  

able by ignor ing the de fau l t  ru les  o f  inference. 
Krarnosil 's resu l t ,  if correct ,  would i n v a l i d a t e  the 



main poi*nt of this paper, namely that defaud t theor- Luminy, Universi t e  dlAix-Marseille, 1973. 

ies piay a prominent role i n  reasoning about the Hayes, P . J .  , (1 973). "The frame Problem and Re1 ated 
world. Fortunately, hiss "p~oof"  relies on an incor- problems i n  Arti f ic ia l  Intel ligencecl' i n  Artif icial  

r e c ~  defini  tion of theoremhood sb that the problem and Human ,Thinking, A. Elithorn and 0. Jones ( tds . ) ,  
Jossev-Bass Inc. , San Francisco, 1973, pp .45-49. " - , .  

of characterizing the theorems of a default theory 

remain open. Hayes, P. J. , (1 977). "In Defence of Logic , I t  Proc . 
IJCAI-5, M. I .T., Cambridge, Ma~s . , August 22- 

CONCLUSIONS m p .  559-565, 

Default reasoning may well be the rule, rather Hewi t t ,  C.,  (1972). Description and TheoretJcal 
Analysi $, (Using Schemata) of PLANNER: A'JLangicage for  

than the exception, i n  reasoning about the world Proving "Theorems and  ma^ pul ating Model s i n a Robot, 

since normally we must  act  i n  the presence of incom- A.1.Memo No. 251, M.I.T. Pkoject MAC, Cambridge, 
Mass., Apri 1 1972. 

plete knowledge. Moreover, aside from mathemat~cs 

and the physical sciences, most of what we know 
about the world has associated exceptions and 
caveats. Conventional logics, such as f i r s t  order 

log#ic,  1 ack the expressive power t o  adequately rep- 
resent the knowledge required for  reasoning by de- 

faul t . We ga I n this expressi ve power by introducing 
the default operator. 

In order t o  provide an adequate formal (as 
o p ~ s e d  t o  heurist ic) foundation for default reason- 

i n g  we need a well articulated theory of default 

log4ic. This requires, in part,  a theory of the 

semantics of default logic, a suitable nation of 

theoremhood and deduction, and conditions under which 

the default inference rules are effective and the 

se t  of theorems unique. Since in any rea l i s t i c  do- 

main, a l l  of the default schemata of Section 2 will 

be i n  force (together, no doubt, w i t h  ~ t h e r s  we have 

no t  considered) we require a deeper understanding of 

how these different schemata interact  r Finally, 

there i s  an intriguihg relationship between certain 
defaul ts and the complexity of the underlying repre- 

sentation. Both the closed world and frame defaults 

imp1 i c i  t l y  represent whole clas5es of f i r s t  order 

axioms. Is this  an accidental phenomemon or i s  some 
general p r i  nci pal i n v o l  ved? 
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Abst rac t  
Two styles of performing inferehcs i n  

semantic networks are presenteu and com-  
pared. Pa th -basd  inwxence  allows an arc 
or a path of arcs between two given-nodes 
t o  be i n fe r r ed  from t h e  ex i s t ence  of an- 
o the r  s p e c i f i e d  path  between t h e  same two 
nodes. Path-based infexence r u l e s  may be 
w r i t t e n  u s h g  a binary relational ca l cu lus  
notat ion.  Node-based inference  al lows a 
s t r u c t u r e  o f  nodes t o  be i n f e r r e d  from t h e  
ex i s tence  of an  i n s t acce  of a p a t t e r n  of 
node s t r u c t u r e s .  Node-based in fe rence  
riles can be const ructed  i n  a semantic 
network us ing a v a r i a n t  o f ' a  p r ed i ca t e  
ca lcu lus  nota t ion .  Path-based inference  
is more e f f i c i e n t ,  while node-based in fe r -  
ence i s  more general .  A method i s  de- 
sc r ibed  of  combining t h e  t w o  s t y l e s  i n  a 
s i n g l e  system i n  order t o  take advantage 
o f  t h e  s t r e n g t h s  of each. App&ications of 
path-based in fe rence  r u l e s  to t h e  repre-  
s e n t a t i o n  of $he ex-sional equivalence 
o f  i n t ens iona l  concepts,  and to t h e  expli-  
c a t i o n  of inhe r i t ance  i n  h i e r a r c h i e s  are 
sketched. 

1. In t roduct ion 
Semantic networks have developed 

s ince  the mid s i x t i e s  [ t o ;  11 I as a formal- 
i s m  for t h e  r ep re sen ta t i on  of knowlEage. 
Methods have a l s o  been developing f o r  per- 
forming deduct ive in fe rence  on t h e  knowl- 
edge represented  i n  t h e  network. I n  t h i s  
paper,  we w i l l  compare t w o  s t y l e s  o f  in-  
ference t h a t  are used i n  semantic networks, 
path-based infexence and node-based i n f e r -  
ence. Xn sections 2 and 3, t h e s e  terms 
w i l l  be expla ined and re fe rences  to sys- 
tems tibt use them w i l l  be provided. Xn 
sec t ions  4 and 5 ,  t h e  advantages and dis- 
advantages of  each w i l l  be discu8sed. 
Section% 6 ,  7 and 8 w i l l  show how they can 
be used to  complement each o t h e r  i n  a s in -  
gle semantic network system, how path- 
basedck fe rence  can f alp represent t h e  ex- 
t ens fana l  equivalence of i n t ens iona l  con- 
cepts, and how a f o r m a l i s m  for writing 
path-based in fe rence  r u l e s  can be used to 
e x p l i c a t e  t h e  not ion of " inher i t ancea  i n  a 
semantic network. 

2. Path-Based In fe rence  
Let: us  r e f e x  to a r e l a t i o n  (pegf~xce 

binary) that-  is  represented  by an  arc in a 
network as an  - a rc - r e l a t i on .  I f  R is  an 
a r c - r e l a t i on ,  an arc l a b e l l e d  R from node 
a to node b r ep re sen t s  t h a t  the r e l a t i o n -  
ship aRb holds.  I t  may be t h a t  this arc 
is n o t  p re sen t  i n  t h e  network, b u t  aRb may 
be i n f e r r e d  from other informat ion presen t  
i n  t h e  network and one or more in fe rence  
r u l e s .  I f  the other information i n  t h e  
network is a specified path of arcs ftom a 
t o  b ,  w e  w i l l  r e f e r  t o  the i n f e r ence  as 
path-based. The ways i n  which such pa ths  
may be s p e c i f i e d  w i l l  be developed as this 
paper proceeds. 

The two clearest examples of the gen- 
e r a l  use of path-based in fe rence  are i n  
SAMENLAQ X I  [I81 and Protosynthex I11 [13]. 
Both t he se  systems use what might be c a l l -  
ed " r e l a t i o n a l "  networks rather than 
"semantic" networks s i n c e  a r c - r e l a t i o n s  
inc lude  conceptual r e l a t i o n s  as well as 
s t r u c t u r a l  r e l a t i o n s  (see [ 1 4  1 for a d i s -  
cuss ion of the difference) . For example, 
i n  Protoaynthex I11 t h e r e  is an  arc label- 
led COMMANDED from the node represen t ing  
Napoleon to t h e  node represen t ing  t h e  
French army, and i n  SAMENLAQ I1 an  arc la-  
belled EA$T.OF goes f r o m  the node for 
Albany to t h e  node' for Buffalo. Both sya 
t e m s  use  r e l a t i o n a l  c a l c u l u s  expresdions 
to form path-based - inference  r u l e s .  The 
following r e l a t i o n a l  operators are employ- 
ed (we here  use  a varia 'nt  of t h e  earlier 
no ta t ions )  : 

1. Re la t iona l  Converse -- I f  R is a 
A 

r e l a t i o n ,  R~ i s  its converse.  
C 

SO, V X , ~ ( X R  <-, ~ R x ) ,  

2,  Re la t iona l  Corn s i t i o n  -- If R 
and S are re T=--r atxons R / S  is R 
composed with S, So, 
V x , y  (xR/Sy <-> aa(xRx 5 a s p ) ) .  

3.  Domain Restriction -- If R and S 
are r e l a t i o n s ,  (S a 1 R &a t h e  re- 
l a t i o n  R w i € h V i t s  domain re- 
stricted to those objects that 
bear  the-relat ion S t o  s. SO, 
Vz,y,.(z(S s)Ry <-> (zS. C l z ~ ~ ) ) .  

4. Range. R e s t r i c t i o n  -- I f  R and S 



axe r e l a t i ons ,  R (S s) is the  re- 
l a t i o n  R with i ts range restrict- 
to those o b j e c t s  t h a t  bear  t he  
r e l a t i o n  S t o  r .  So, 
ee ,gg(+P(S  a ) #  <-> (xRy 6 r s r l ) .  

5. ~ e l a t i o n a l  1nter8;;ction -- I f  R 
and S are r e l a t i o n s ,  R&S i s  t h e  
i n t e r sec t ion  o f  R and S. So, 
=,y ( x R Q S ~  <--> (XRY & ESY) ) 

Notice t h a t  VQ,R,S,X,~  ,x  (XR(Q- a)/Sy <-> 
xR/ (Q a)  Sy ) so w e  can use  t h e  notpt ion 
R (4 a 1 S unambiguously: 

I n  SAMENLAQ 11, path-based inference 
r u l e r s ~ a r e  en t e r ed  by using the r e l a t i o n a l  
opera to rs  t o  g ive  a1 t e r n a t e  de f in i t i ons  of  
simple a r c  labels. For example (again i n  
a v w i a n e  notat ion)  t 

EAST ,OF 4 EAST.OF/EAST .OF 
declares  t h a t  EAST .OF i.8 transitive 

SOUTH .OF 4 NORTH .OF= 
declares t h a t  
Y X , ~  (gNORTH.OFx + xSOUTH.OFr/) 

FATHER.OF +- (GENDER MALE)PARENT.OF 
dec la res  t h a t  a f a t h e r  is a male 
parent.  

S I R  [ l f ]  is  another r e l a t i o n a l  net-  
work system th* Wes path-based inference. 
Although the o r i g i n a l  expressed inference 
r u l e s  i n  the form of general. LISP func- 
t i ons ,  the reproduction i n  [16, Chap. 7) 
uses the notion of pa th  granunars. The re* 
l a t i o n  opera to rs  l isted above are augment- 
ed with R*, meaning zero or more occur- 
rences of R composed w i E h  i t s e l f ,  R+,  
meaning one or more occu rences of  R corn- B posed wi th  k t s e l f ,  and R S, meaning the 
union of R and S. The following r e l a t i o n s  
are used: 

x EQUIV y means x and y are 
t h e  same individual  

x SUBSET y means x is a subse t  
of Y 

x MEMBER y means x i s  a member 
o f  t h e  set 

3: POSSESS y means z owns a mem- 
ber  of the  set y 

x POSSESS-BY-EACH y means every member 
of  t h e  set x owns a 
member of  the  set 8 ,  

To determine if x POSSESS y ,  t h e  -Work 
is searched using the following rule:  

POSSESS * EQUIV* 
/(POSSESS 

~ ( M E M B E R / ~ ~ B ~ E T * / P O ~ ~ E S S ~ B Y - E A C H ) )  
/SUBSET* 

The widest use of path-based afer- 
ence i s  i n  ISA h ie ra rch ies ,  Fig. 1 is  
based on pxobably the most famous ISA 
hierarchy, t h a t  of Col l ins  and Q u i l l i a n  
121 . The two important r u l e s  here  a r e  

ISA + ISA* 
and PROP 4 ISA*/PROP 

A s  McDermott 18) po in t s  ou t ,  ISA h ie ra r -  

c h i e s  have been abused as w e l l  as used. 
In  Sect ion 8, w e  w i l l  propose a xnethod 
authQrtJ c&O us9 to  delscribe t h e i r  h ier -  
chies prqcise ly .  

FIGURE 1: ISA hierarchy based on t h a t  of Collins 
and Quxlllan 

3. Node-Based Xnference 
~ e v e r a i  semantic network systems in- 

corpora te  methods of represen t ing  general 
r u l e s  i n  a s e m n t i c  network vers ion of 
predicate calculus.  Among these  systems 
are those of Shapiro [14;15;17], Kay [71, 
Hendrix 161 , Schubert [ I  2) , and Fikes and 
~ e n d r k x  [3] .  Figure 2 shows such a net- 
work deduction r u l e  represent ing - 

vx [=EMAN +' 3y (y WOMAN 6 xL0VESy)'l a, 

Figqre 3 shows a r u l e  f o r  
~~[~ETRANSITIVE + 

Yx,y ,a ( x r y  5 yra + x r a )  1 . 

FZGURE - 2 : A semantic network deduction rule for 
YxIxEMAN + ay(ycW0MAN 6 d O V E S y ) ]  

The network formalism employed i s  t h a t  o f  
Shapiro {15;17]. These deduction r u l e s  
employ p a t t e r n  nodes (PI , P2, P 3 ,  P 4 ,  P5 
P4, P 7 ) ,  each one of which represen ts  a 
pa t t e rn  of nodes t h a t  might occur i n  the 
network. W e  w i l l  t he re fore  call  t h i s  kind 
of inference  r u l e  a node-hsed inference  
ru5g. Pa t t e rn  nods are r e l a t e d  t o  each 
other by rut@ nodee, each of which repre- 
s e n t  a proposi t ional  opera to r ,  or, equiva- 
l e n t l y ,  an inference mechanism. For examL 
p le ,  R2 represen ts  t h e  r u l e  t h a t  if an in -  
s tance  of P 1  occurs i n  the network, an in -  
s t ance  of R1 with the  same s u b s t i t u t i o n  



for 8 m y  be deduced., Quant i f ica t ion  i s  
represented i n  t h i s  notat ion by an arc-re- 
l a t i o n  between a r u l e  node and the  vari-  
able nodes bound i n  t h e  rule .  For ex-le, 
3: i s  bound by a univexsall quan t i f i e r  i n  R2 
and p ie bound by an e x i s t e n t i a l  quanti-  
f i e r  i n  R 1 .  

FIGURE 3: A semantic network deductlon rule for 
VrlrcTRANSITIVE + Vx,y,a(xry t y r z  + spa)  1 

To see how a node-based inference 
proceeds, consider t he  n e t w k  of Fig- 4 
i n  conjunction with the  r u l e  of Ftgure 3 ,  
and say that we w i s h  t o  decide i f  
4 S U P P ~ R T S  C. The network t h a t  would rep- 
resen t  t h a t  A SUPPORTS C matches P7 w i t h  
t h e  variable binding [%/A, r/SUPPORTS, 
a/C]. P4 i n  t he  binding [r/SUPPORTS] i s  
matched agains t  t h e  network and is found 
to  successfully match MI. P5 [x/A, 
r/SUPPORTS, y/u] and P6 [y/u, r/SUPPORTS, 
a /C]  are then both matched agains t  t h e  
qetwork and each succeeds with a consis- 
t e n t  binding of 41 t o  B. The r u l e  thus 
succeeds and A SUPPORTS C is deduced. 
(Detai ls  nf t h e  bindings and the match 
rout ine  are given i n  [I 51 . ) 

FIGURE 4: A network data base asserting that 
A SUPPORTS 0 ,  B SUPPORTS C and 
SUPPORlS T R A N S I T I V E ,  

It should be noted t h a t  set inclusion 
was represented by an arc ( I S A )  i n  Section 
2, but set membership is  being represented 
by a node (with a MEMBER, CLASS "case 
frame") i n  t h i s  sec t ion ,  The nodal repre- 
senta t ion  fs required by node-based infer -  
ence ru l e s  and i s  consis tent  with the  no- 
t i o n  t h a t  everything t h a t  t h e  hetwork 

"knows", and every concept t o  which the  Yo 
network can refer is xepresented by a - - 
node . 
4. Advantaqes of Node-Based Inference 

The adfaFtZgees or node-base.# infer -  
ence s t e m  from t h e  gene ra l i t y  of the  syn- 
t a x  of node-based inference ru l e s ,  Path- 
based r u l e s  are limited to binary re la-  
t i o n s ,  hav6 a r e s t r i c t e d  quan t i f i ca t ion  
s t r u c t u r e  and r e q u i r q t h a t  an arc between 
t w o  nodes be implied by a path between t h e  
same two  nodes. Rule R 2  of I!'iguree2 could 
n o t  be wri t t en  as a path-based r u l e ,  and, 
although t h e  t r a n s i t i v i t y  of SUPPORTS 
could be expreaaed b a path-based r u l e  I (SUPPORTS + SUPPORTS ) , t he  "second order" 
r u l e  R4 of Figure 3 could n o t .  

L e t  us b r i e f l y  consider how r u l e  R4 
i s  constructed, whether it r e a l l y  is  o r  i s  
no t  a second oeder ru l e ,  and why it could 
no t  be expressed as a path-based rulg.  
Rule R4 supplies  a r u l e  for use with 
t r a n s i t i v e  re la t ions .  I n  order  to assert 
t h a t  a r e l a t i o n  is t r a n s i t i v e  (e.g. asser-  
t i o n  node M 1  of Figure 4 ) ,  the r e l a t i o n  
must be represented as a node, rather than 
as an arc. This a l s o  allows quantifica- 
t i o n  over such r e l a t i ons ,  s ince  i n  a l l  
node-based inference r u l e  formalisms var i -  
ables may onLy be substituted f o r  nodes, 
no t  for arcs. Since t h e  r e l a t i o n  is a 
node, another node must be used to show 
t h e  re la t ionsh ip  of t h e  r e l a t i o n  t o  its 
arguments (e,g. nodes M2 and M3 i n  Figure 
4): Thus, R4 is r e a l l y  a f i r s t  order r u l e  
deri.ved from the  second order  r u l e  
~~[PETRANSITIVE + y x r g r a  (srg 5 yra  + xra) 1 
by reducing r to  an individual  var iable  
and intzoducing a higher order relation, 
AVO, whose second argument is a conceptual 
r e l a t i o n  and whose other  arguments are 
conceptual individuals.  So R4 is nore 
accurately seen as t h e  f i r s t  order  rule 

I n  t h i s  view, t h e  predica tes  of semantic 
networks a r e  not  the nodes represent ing 
conceptual r e l a t i ons ,  but  t he  d i f f e r e n t  
case frames. Rule R4 cannot be repreaent- 
ed as a path-based rule because it is a 
r u l e  qbout the  r e l a t i o n  AVO, and AVO is a 
t r i n a r y ,  ra ther  than a binary re la t ion .  

Although some node-based inference 
r u l e s  cannot be expressed by path-based 
inference ru les ,  it is easy to see t h a t  
any path-based inference r u l e  can be ex- 
pressed by a node-based inference rule, as 
long as w e  a r e  w i l l i ng  to replace some 
arc-relat ions by nbdes and higher order  
predicates.  

5. Advantages of Path-Based Inference 
The major advantage of path-based in- 

ference is ef f ic iency,  Carrying out a 
pith-based inference involves merely 
checking t h a t  a speci f ied  path e x i s t s  i n  
t h e  netwoxk between two given nodes (plus, 



perhaps, 8ome s ide  paths t o  specified 
nodes required by domain and range rrsstric- 
t iona) .  This f s  a well understood and re- 
l a t i ve ly  e f f i c i e n t  operation, especially 
compared to the  backtracking, intersect ion,  
o r  uni f ica t ion  operations required t o  
W c , k  the consistency of var iable  substi-  
tut ione inn notSEX2seT r?iference rules, 

Moreover, path following seems t o  
many people t o  be what semantic networks 
were okfginally designed for. The major 
search algorithm of Qui l l i an ' s  Semantic 
Memory is a bi-directional search for a 
path connecting two nodes (1 0, p. 2491. 
Also, the  a b i l i t y  t o  do path t rac ing is a 
motivation underlying I SA hierarchies ,  and 
is why the  Collins and Qui l l fan  r e s u l t s  
121 gained such at tent ion.  Theae ef f i- 
ciencies  a r e  lost by replacing path-based 
inference r u l e s  by node-based inference 
rules. 

6 %  Combining Path-Based and 
Node-Based Inference 
- - --- - -- 

We begin the task of unifying path- 
basad and node-based inferences by noting 
the  formal equivalence between an arc-re- 
l a t i on  and a trro case case  frame ., Figure 
5 illustrates t h i s  using ISA vs. SUB-SUP. 
Figure 5a shows the  use of the  ISA arc-re- 
l a t i o n  t o  represent t h a t  canaries are - 
birds.  Figure 5b represents the  sama re- 
la t ionship  by a SUB-SUP case frame, and 
has t h e  advantage that the  relat ionship is 
represented by a node, M4. Figure 5c is a 
redrawing of Sb, using t K e  a rc  l abe l  SUB- 
t o  represent the re la t ion  SUBC. (It is 
generally understood i n  semantic network 
fonnalisma t h a t  whenever-an a r c  represent- 
ing  a r e l a t i on  R goes frod so- node n t~ 
some node m, there  is a l so  an a r c  repre- 
senting RC going from m to n) . Figure Sc 
c l a r i f i e s  t he  notion t h a t  w e  may think of  
a0 in l tance  of a two case case frame (such 
as M4) a s  both an a rc  and a node i f  we are 
will ing t o  reca l ib ra te  the  measurement of 
t i m e  it takes t o  follow one arc-relation 
to be t h e  time it takes t o  follovf %wo 
arcs. We can replace a l l  instances 6% ISA 
i n  the path-base8 Anterenee ru les  of 
Section 2 by t h e  composition SUBn/SUP and 
still have valid rules except t h a t  w e  now 
have paths on the  l e f t  of the  "+" syaabgl. 

& CANARY 

CANARY 0 
FIGUPE 5: An L l l u s t r a t i o n  of the equi-  
valence o f  an arc-re lakion to a two case 
case frame. a) Ibpresent ing set  member- 
s h i p  as the 1 SA arc-relation. b) Repre- 
s e n t l n g  set membership as a SUB-SOP case 
frame. c )  Redrawulg (b) so it looks l i k e  
(a) .  

Let us, therefbre,  extend our syntax 
of path-based inference rules to  allow a 
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path of a rc  compositions on t h e  l e f t  of 
the  "+" symbol. The ru l e  I S A  + 1 SA* 
states t h a t  whenever there  is a path o f"  
1 a r c s  from mde n t o  mode m, w e  can in- 
fer a "v i r tua ln  I S A  arc d i r e c t l y  f r o m  n t o  
m which we may, if wkwish, ac tua l ly  add 
to t h e  network. S;tm&lply, let the r u l e  
SUB-/SUP 4- (SUB-/SUP)* s ta te  tnat whenever 
a path of a l t e rna t ing  SUB- and SUP a rc s  
goes from node n t o  node m, w e  can i n f e r  a 
"v i r tua ln  node with SUB to n and SUP to m 
which w e  may, if we Wish, ac tua l ly  add to 
t h e  network. 

We now have a formalism f o r  specify- 
ing path-based inference r u l e s  i n  a nskt 
work formalism t h a t  represents  binary con- 
ceptual relations by two case  case frames. 
This would allow, f o r  example, for a more 
unified representation i n  t h e  SNIFFER 
system [31, i n  which node-based inference 
rules a re  implemented and buult-in path 
based inference ru les  are used f o r  set 
membership and set inclusion, both of 
which a r e  represented only by arc-rela- 
t ions.  The formalism presented here 
would allow set membership and set inclu- 
s ion asser t ions  t o  be represented by 
nodes, permitting other  asser t ions  to  
reference them, without giving up t h e  
eff iciency of bui l t - in  rout ines  to imple- 
ment t h e  set inclusion hierarchies .  

We des i re ,  however, a more general 
uni f ica t ion  of path-based and node-based 
inferences. There are two bas ic  routines 
used t o  implement node-based inferences 
(although spec i f i c  implementations may 
d i f f e r ) .  One is the  match rout ine that  i s  
given a pa t te rn  node a n d f i n d s  instances 
of it i n  the  network, and t h e  other  i s  the  
rout ine t h a t  intrtrpsets t he  quan t i f i e r s  
ana connectives to carry ou t  t h e  ac tual  
deduction. The match rout ine  can be en- 
hanced to  make use of path-based inference 
rules .  Consider a typ ica l  match rout ine 
used i n  t he  dedubtion i n  Section 3 of 
A SUPPORTS C from the network of Figure 4 
and the  r u l e  of Figure 3, q d  l e t  u s  fn- 
troduce the  notat ion t h a t  i f  P i s  a path 
of arcs and n i s  a node, P [n] represents 
t he  set of nodes found by following t h e  
path P from t h e  node n. I n  t h e  example, 
the match rout ine  was given t h e  pa t tern  
P 4 t o  match i n  the  binding [r jSUPPORTS 1.  
I t  waS 93;rle t o  f ind  M 1 by in te r sec t ing  
 CLASS^ ITRANSITIVEI with  MEMBER~~SUPPORTSI . 
Now, l e t  us  suppose t h a t  t he  path-basea 
inference rule CLASS f CLASS/ (SUB-&UP) * 
has been declared i n  such a way tha the  
match rout ine  could use it. T t e  match 
rout ine would in t e r sec t  MEMBER [SUPPORTS] 
with (CLASS/(SUB-/SUP)*)~[TRANSITIVEI and 
be ab le  t o  f ind  a v i r t u a l  node asser t ing  
t h a t  SUPPORTS is TRANSITIVE e m n  if a long 
chain of set inclusions separated them. 
The proposal, therefore,  is  th i s :  any 
arc-relat ion i n  a semantic network may be 
defined i n  terms of a path-baaed inference 
r u l e  which the  match rou t ine  is  capable of 
using when finding instances of pa t tern  



nodes. This completes the general unifica- 
tion of path-based and node-based infer- 
egce we desired, Since path-based infer- 
ence is embedded in the match routine, 
while node-based inference requires the 
quantifier and connective interpreter, the 
diffexence is reminiscent of the differ- 
ence between subconscious inference and 
conscious reasoning, 

7. Application to Extensional 
- .  Equivalence - of 
Intensional Concepts 

A basic assumption of semantic,net- 
works is that each concept is represented 
by a single node and that all information 
about a concept is reachable from its node. 
Y e t ,  since Woods' discussion [ 2 0 ] ,  mast 
Semantic network authors have agreed that 
a node represents an intensional, rather 
than an extensional concept. How should 
we handle the inf~rmation that two differ- 
ent intensional concepts are extensionally 
equivalent? 

Let us illustrate this by a story 
(entirely fictiafial). For the last year 
we have heard of a renowned surgeon in 
town, Dr. Smith, known for his brilliance 
and dexterity, who saved the life of the 
famous actress Maureen ~e'lt by a difficult 
heart transplant operation. ~eanw~ile, at 
several social gatherings, we have met 
someone by the name of ~ o h n  Smith, about 
five feet, six inches tall, black hair and 
beard, generally -d$sheveled and clumsy. 
We now discover, much to our ama~ement 
that John Smith and Dr. Smith are one and 
the samef In our semantic netwokk, we 
have one node for Dr. Smith connected to 
his attributes, and another for John Smith 
connected to his attributes. What are we 
to do? Although we now know that John 
Smith saved the life of Maureen Gelt and 
that Dr. Smith has black hair, surely we 
cannot retrieve that infarmation as fast, 
as that Dr. Smith is a surgeon and that 
John Smith is 5 ' 6 "  tall, If ye were to 
combine the two nodes by taking all the 
arcs from one node, tying them to the 
other and throwing away the firbt, we 
would lose this distinction, We dpust in- 
troduce an assertion, say an E Q U I ~ E Q U I V  
case frame, that represents the fact that 
Dr. Smith and John Smith, different inten- 
sional concepts, are extensi~n~ly the 
same.1 Haw are we to use this assertion? 

Ignoring for the moment referentially 
opaqtte contexts ("We didn't know that John 
Smith was Dr. Smith."), how can we express 
the ruledhat if n E Q U I V ~ / ' / E Q U I ~  m, than 
anything true of n is true of m? Our node 
based inference rules cannot express this 
rule because expressing "anything-true of 
nn requires quantifying over those higher 
order case frame preaicates such as AVO 

'lhe psychological plausibility of this 
discussion is supported by the experimees 
of Anderson and Hastie [ I ]  and of McNabb 
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and MEMBER'C~ASS. One possibility is to 
YZ 

use lambda abstraction as Schubert does 
f12J. Each n-ary htgher order predicate 
involving some node becomes a unary predi- 
cate by replacing that nodle by a lambda 
vaxiab7e. Thus, "Dx, Smith saved Maureen 
Gelt 's life" becotnes ,an instance of the 
unary predicate X ( x )  [a saved Maureen 
Gelt's life] applied to Dr. Smith. Using 
a PRED-ARG case frame, it is easy to rep- 
resent the rule 

The trouble with this solution is, how' are 
we to retrieve this information as a fact 
about Maureen GeLt? Must we also store 

A ( * )  [Dk. Smith saved x ' s  life) 
(Maureen Gelt) 3 

This duplication is unsatisfying, An al- 
ternative is to include in the path-based 
inference rule defining each arc-relation 
the path (EQUIV-/EQUIV)*. For example, 
AGENT + AGENT/ (EQUIV-/EQUI V) % and CLASS 
+ CLASS/( (EQUIV-/EQUIV) */ (SUB-/SUP) * 1 * . 
Although this solution requires more rules 
than the lambda abstraction solution, and 
the rules look complichted, it avoids the 
duplication of the same assertion in dif- 
ferent forms and the postulation of con- 
ceptual predicates such as A (s) [ x  saved 
Maureen Gelt's life]. 

Hays' cognitive networks [4;5] in- 
clude a scheme similar to the one proposed 
here. Each assertion about Dr, Smith 
would refer to a different node, =each with 
an MST (manifestation) arc to a common 
node. This node would represent the in 
tension of Dr. Smith, while the others 
represent Dr. Smith as surgeon, Dr. Smith 
as saviour of Maureen Gelt, etc. Presum- 
ably, when Hays' network learns of the 
identity of Dr. Smith with John Smith, a 
new node is introduced with MS arcs from 
both Dr. Smith and John Smith.3 Dr. Smith 
and John Smith are then seen as two mani- 
fes-tions of the newly integrated Dr. 
John Smith, Hays presumably uses an 
MST* / (MST~) *  path where we propose an 
(EQU 19-/EQUI V) * path. 

~ l ~ c k i n g  referentially opaque con- 
texts seems to require introducing rsZa- 
tionaZ oempZemen*. For any pat4 P and 
nodes xaand y, let x& hold just in case 
a path P from x to y does not exist in the 
network. * We miqht blocg referentially 
opaque contexts-by including the domain or 
range restriction (OBJ'/VERB/MEMBER-/CLASS 
OPAQUE) in the arc definitions. 

8. Application, to the Explicatian 
of Inheritance 
- - 

As was mentioned in section 2, many 

'~ctuall~, Hays' networks have not yet 
been implemented, and I have been warned 
[R. Fritzson, personal coanmunicatian] that 
the implementation may differ from what I 
have supposed. 



semantic networks include inher i tance  
(ISA) hierarchies .  Often these are a t  
best vague and a t  worst incons is ten t .  We 
propose that t h e  inher i tance  proper t ies  of  
these  h ie ra rch ies  be c l e a r l y  defined by 
path-based inference r u l e s  using t h e  syn- 
tax we a r e  ptesent ing here  or some other  
w e l l  defined syntax. We do not  say t h a t  
a l l  systems should be a b l e  t o  inpu t  and 
i n t e r p r e t  such r u l e s ,  b u t  only t h a t  auth- 
ors use such r u l e s  to  explain c l e a r l y  to 
t h e i r  readers  how t h e i r  h i e ra rch ies  work. 

Before thia proposal is feas ib le ,  we  
must be a b l e  to handle two more s i t u a t i o n s *  
The first is the exception p r inc ip le ,  
f irst  expressed by Raphael [ )  1, p.851 and 
succ inc t ly  s t a t e d  by Winograd as ,  "Any 
property t r u e  of a concept i n  t h e  h ier -  
archy is i m p l i c i t l y  t r u e  of anything l ink -  
ed below it, unless  e x p l i c i t l y  cont rad ic t -  
ed a t  t h e  lower l e v e l n  [19, p.1971. To 
allow f o r  t h i s ,  l e t  us introduce an excep-  
tton opera to^, X f  P and Q are paths  and 
x and y are nodes, l e t  xP\Qy hold j u s t  in 
case t h e r e  is a pa&h described by P from x 
to y and no path of equal o r  shor t e r  
length described by Q from x to y .  T o  see 
t h a t  t h i s  s u f f i c e s  t o  handle t h e  exception 
p r i n c i p l e ,  consider the hierarchy of 
Figure 6 ,  where, to make th ings  more in-  
t e r e s t i n g ,  w e  have postulated a v a r i e t y  of 
f l y i a g  penguins. W e  have a l s o  taken t h e  
l i b e r t y  of e x p l i c i t l y  represent ing t h a t  
CAN-FLY and CAN-NOT-FLY are negations of  
each o ther .  "The r u l e  f o r  inher i tance  
i n  t h i s  hierarchy is  

PROP *. (I SA*/PROP) \ (I SA*/PROP/NC~T) .  

FLY ING-PENGUI NS 

An I S A  hierarchy illustrating the exception 
principle. 

The o the r  s i t u a t i o n  w e  must d iscuss  
is "almost t r a n s i t i v e n  r e l a t i o n s  such as 
SIBLING- SIBLING i s  c e r t a i n l y  symmetric, 
but it cannot be t r a n s i t i v e  s ince  it is 
i r r e f l e x i v e .  Yet your s i b l i n g ' s  s i b l i n g  
i s  your s i b l i n g  a s  long a s  he/she is n o t  
yourself .  T h i s  is what w e  mean by "almost 
t r ans i t ive . "  N o t e  t h a t  f o r  any r e l a t i o n )  
R ,  R* S ( F )  is  t h e  i d e n t i t y  r e l a t i o n .  Lel 
us c a l l  it 1. Then for any r e l a t i o n  P, 
let PR be Pf f. pR i s  t h e  i r r e f Z e x ~ v e  
roetriotion of P We can use this t o  de- 
f i n e  SIBLING as 
SIBLING * (STBLINGVSIBLING~) 

We suggest  t h a t  t h e  syntax f o r  path- 
based in ference  r u l e s  is now complete 

enough t o  e x p l i c a t e  the i nhe r i t ance  rules 
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of various hierarchies .  The complete syn- 
tax w i l l  be summarized i n  t h e  next sec t ion  

W e  have presented and compared two 
s t y l e s  of  inference i n  semantic networks, 
path-basgd inference and node-based i n f e r -  
ence, The former is more e f f i c i e n t ,  while 
t h e  l a t t e r  is more general .  W e  showed t h e  
equivalence of  an a rc - re l a t ion  to a two 
case case  frame, and descr ibed how path- 
based inference  could be incorporated i n t o  
t h e  match rout ine  of  a node-based in fe r -  
ence mechanism, thereby combining t b e  
s t r eng ths  of t h e  two in ference  s t y l e s .  We 
discussed t h e  use of equivalence paths t o  
represent  t h e  extensional  equivalence of 
in t ens iona l  concepts. F i n a l l y ,  w e  urged 
authors  o f  inher i tance  h i e r a f c h i e s  t o  ex- 
p l i c a t e  t h e i r  h i e ra rch ies  by displaying 
t h e  path-based inference r u l e s  t h a t  govern 
inhe r i t ance  in them. 

We a l s o  presented a syntax f o r  path- 
based inference  r u l e s  which can be summar- 
ized a s  follows: 
1. A a t h  is e i t h e r  an arc-xelat lon o r  a %- p a t  as described i n  p a r t  2 enclosed 

i n  parentheses. Parentheses may be 
omitted whenever an ambiquity does not  
r e s u l t .  

2. I f  P and Q are paths and z, y , and a 
are nodes, paths may be formed a s  
follows : 
a. Converse: i f  P is a pa th  from s 

t o  y ,  pd*is a pa th  from y t o  x .  

b. Corn o s i t i o n :  i f  P i s  a path from 
-8 is a path from a t o  
y , P/Q is  a pa th  from x t o  y. 

c. Composition zero or e r e  t i m e s :  
I f  P composed w i t h  i t s e l f  zero  or 
more t i m e s  descr ibes  a path from x 
to g,  PS is a pa th  ftgm x t o  y. 

d, Composition one o r  more t i m e s :  If  
P composed with itself one or  more 
times-$.sea pach from x t o  y ,  P+ is 
a path from x . t o  y. 

e. Union: - If P is  a path from x to  y 
or Q is a path from x to y ,  Pv6j is 
a path from x t o  y, 

f. In tersec t ion:  If P is a path from 
x to  y and Q is a pa th  from x t o  
y ,  P&Q is a path from x bo y e  

g. Corn leraent: I f  t h e r e  is no pa th  P by, P is a path from r t o  

h. t r r e f l e x i v e  restriction: I f  P is 
a path from x to  y and x$y, pR is 
a path from x to  y. 

i, Exce t ion :  If P is a path from x 
*there is no path Q of 
l eng th  equal t o  or less than t h e  
l eng th  of P, P\Q is a path from x 
t o  y. 

3. Domain r e s t r i c t i o n :  If P is a 
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path  from s to # and' Q is a pa th  
f r o m  x t o  s, (Q s)P is a fiath from 
x t o  y.  

k, Range r e a t r i a t i o n :  I f  P is a path 
from 3t to  8 and 4 is a pa th  f r o m  y 
to  a ,  P ( Q  r )  is a path from x to  
Y o  
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A path-based inference  r u l e  is of t h e  
form < d e f i n e d  path> + < d e f i n i n g  paths 
where <defining p a t h >  is any path de- 
scribed by p a r t s  1 or 2 above, and 
< d e f i n e d  path> is e i t h e r  a) a s i n g l e  
a rc - re l a t ion ,  or b) a composition of n 
arc relations for q r a e  fixed n, i.0. 
using only "/*, no t  "*" or "+". The 
r u l e  is i n t e r p r e t e d  t o  mean t h a t  i f  
t h e  < d e f i n i n g  p a t h ,  goes from some 
node x to some node y then: a )  t h e  azc 
t h a t  id the < d e f i n e d  path> i a  i n f e r r e d  
to  e x i s t  from x t o  #; b) t h e  n arcs 
t h a t  are t h e  <def. tnsd path, and n-1 
new in termedia te  nodes a r e  i n f e r r e d  t o  
e x i s t  f r o m  x to y. 
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The 'Representation o f  D a r t p b l e  lnformation i n  Memory: 
When What M i  ght Have Been L e f t  Unsaid I s Said 

Rand J. Spira, .loseph Esposi to, and Richard J. Vondruska 
Center f o r  the Study o f  Reading 

Un lvers i ty  o f  I l l i n o i s  a t  Urbana-Champaign 

I t  i s  now widely accepted tha t  natural  lan- 
guage comprehension i s  a construct ive process. 
Information in mcourse  i n te rac ts  w i th  a va r ie t y  
of impinging Eontextual factors ( inclwdlng, most 
promi nent l  y, the comprehender ' s pre-exi s t  i ng , 
knowledge) i n  an ?c t  lve, c rea t ive  process that  
resu l t s  i n  understandings not der lvable by any 
so le ly  l i n g u i s t i c  o r  log ica l  analys is  ( c . f . ,  
Bransford & Mecarrel 1, 1975; Spi ro, 1977, i n  
preqs) . Acceptance o f  the construct  fve v i ~ w  o f  
comprehension enta i  1 s a concomi tan? d e l  imi  t a t  ion 
o f  the range o f  possible theor ies o f  mental 
representat ion. Knowledge s t r uc  tor es must possess 
sbme c a p a b i l i t y  f o r  detect ing the ptmgmatic, as 
we1 1 as l o g i c a l  ,: ihpl fcat ions o f  the incomplete 
data contained i n  discourse ( c . f . ,  Charniak, 
1974; Mlnsky, 1975; Rumelhart & Ortony, 1977, 
Schank & Abelson, 1977). I n  other  words, know- 
ledge st ructures must contain considerable 
jnformaticin about the way the wor ld  usual ly  works. 
This cha rac te r i s t i c  o f  representation i s  useful  
and e f f i c f e n t  because natural  and socia l  contexts 
do produce s u f f i c i e n t  constra ints  on wor ld ly  
events and ideas as t o  make them, t o  a l im i ted  
extent, o t d e r l y  a ~ d  predictable.  

However,a po in t  o f ten  overlooked i s  that  
these same know7edge structures , w i  t h  the i r 
information about the world 's order1 iness', may 
al low f o r  more e f f i c i e n t  processing and memorial 
representation o f  e x p l i c i t  information i n  d i s -  
course, i n  add i t ion  t o  t h e i r  r o l e  i n  der iv ing  
i m p l i c i t  information. This paper w i l l  be con- 
cerned w i  t h  the psychological pro5ess ing o f  
( imperfect ly)  predic table o r  der ivable informa- 
t i o n  that  i s  nevertheless e x p l i c i t  i n  discourse. 

Predic table Information i n  Discourse 

Despi t e  the f a c t  t h a t  most research on 
i n f e r e n t i a l  Processeq i n  comprehension has been 
concerned w i t h  generation o f  i m p l i c i t  informa- 
t ion,  much i n f e r e n t i a l l y  re la ted  information 
i s  embod-ied e x p l i c i t l y  i n  cftscourse. We are 
r e f e r r i n g  here p r i m a r i l y  t o  pragmatic inferences, 
i.e., imp l ica t ions  tha t  are usua l l y  but not  
necessar i 1 y true. Language i s infrequent 1 y 
characterized by absolute redundancy; semdn t i c 
content i s r a r e l y  "repeated ,I1 except f o r  speci at 
purposes such as emphasis. However, pragmatic 
inferences are only  imperfect ly predic table.  I f  
you read tha t  a karate champion h i t  a block, 
uncertainty i s  reduced by a lso  reading t h a t  the 
block broke, despi te  the f a c t  t ha t  tha t  outcome 

i s  usual ly  t o  be expected. S i m i l a r l y ,  i t  would 
nat be considered unusual when r e l a t i n g  the 
events a t  a b i r thday  pa r t y  t o  mention that  there 
was a 'take wi t h  candles blown out by the 
celebrant. Many things go i n  stereotyped ways 
but requi re e x p l i c i t  mention because thE 
stereotype does not describe a l l  poss ib le cases. 
Throughout t h i s  paper, "predictable1' is used 
as a shorthand fol- " imperfect ly predic table,  o r  
characterized by s i g n i f i c a n t l y  less  than per- 
f ec t  uncertainty."  

How i s  e x p l i c i t  but predictable information 
processed? As was mentioned above, a t t e n t i o n  
has been p r i m a r i l y  devoted t o  the processing 
o f  i m p l i c i t  predic table information, leaving 
l j t t l e  guidance on b e  present issue. However, 
i n  a v a r i e t y  o f  theore t iza l  o r ien ta t ions ,  there 
i s  a common imp l ica t ion  about howrpredictable 
information would be dea l t  w i th :  simply out, 
e x p l i c i t  information, whether p red ic tab le  o r  
not, receives s u f f i c i e n t  processing t o  be 
encoded i n  long-term memory. For example, 
Kintsch (1974) assumes " that  subjects process 
and s to re  [an inference] whether o r  not i t  i s  
presented e x p l i c i t l y t 1  (p .  154). I t  i s  d i f f i c u l t  
to-imagine discourse representat ion theor is ts ,  
who argue for' the e x p l i c i t  representat ion i n  
memory o f  imp1 i c i  t inferences (e .g . ,  
Frederi Rsen, 1975, Meyer, 1974) , arguing tha t  
e x p l i c i t  inferences are - not represented. I n  
schema theor ies (e.g., Rumel h a r t  f Ortony, 
1977), e x p l i c i t  discourse in format ion i s  used 
t o  bind schema var iables, again suggesting 
tha t  p red ic tab le  information would receive 
e x p l i c i t  m in ta l  representation. I f  anything, 
one would expect e x i s t i n g  th2or ies t o  p red i c t  
t ha t  e x p l i c i t -  inferences would receive a 
s t;onger memor i a 1 represen t a t  i on than un- 
p red ic tab le  information, given t h e i r  greater  
contextual support. For example, i n  t h e i r  
associat ive network model, HAM, Anderson and 
Bower (1973) argued that  the greater  the number 
o f  interconnect ions between information, the 
g r e a t e r  the l i kd l i hood  tha t  information w i t h i n  
the interconnected network would be r e c a l l  ed, 
This view w i  1 1  be referred t o  as the "storage 
of expl i c i  t inferences" (SEl) hypothesis. 

An a l t e r n a t i v e  hypothesis i s  t h a t  predic table 
information, however cent ra l  t o  a discourse, 
i s  taken f o r  granted, processed on!y super- 
f i c i a l l y  and receives an attenuated cogn i t i ve  
represen t a t  ion o r  no-endur inq representat ion 



a t  a1 I .  I f needed subsequent t y  , i f can be de- 
r i ved .  This iview w i l l  be re fe r red  t o  as the 
" s u p e r f i c i a l  processing o f  e x p l i c i t  inferencest '  
(SPE I )  hypothesis. Processing expl i c i  t inferences 
i n  such a manner has the advantage o f  a cogn i t i ve  
economy o f  represen t a  t i o n  (besides a f i ke 1 y reduc- 
t i o n  i n  processing t ime), Most in format ion tha t  
i s  a c q u i r e d w i l l  never be used again. It would 
then seem t o  be more e f f i c i e n t  t o  devote e x t r a  
processing e f f o r t  t o  the occasions when the 
in format ion i s  needed ( i . e . ,  by d e r i v i n g  i t  when 
remembering) ra ther  than exer t ing  e f f o r t  toward 
s tab le  encoding a t  the time o f  comprehension. 

Experiments on the Representation o f  
E x p l i q i t  Inferences 

There are considerable problems i n  designing 
an empir ica l  t es t  o f  the hypothesis t h a t  e x p l i c i t  
pragmatic inference5 i n  discourse are no t  repre- 
sented i n  long-term memory. I f  one merely t e s t s  
memory f o r  the inference, f e i  l u r e  t o  remember 
couTd be a t t r i b u t e d  t o  no t  s t o r i n g  the informa- 
t i o n  o r  t o  s t o r i n g  and then f o r g e t t i n g  i t ,  i f  the 
inference i s  rememberea', i t  could be because i t  
was stored and then re t r ieved,  o r  j t  may have 
been generated a t  the time o f  t e s t  w i thout  having 
been stored. 

Sp i ro  and Esposi t o  (1977) developed a para- 
digm not  subjkct  t o  the a m b i g u i t ~ e s  o f  in te rpre-  
t a t i o n  o f  the more simple design discussed above 
The p r i m a r y  manipulat ion g f  i n t e r e s t  involved 
subsequent lyrvi  t i s t i n g  the fo rce  o f  an e a r l i e r  
e x p l ; c i t  inference. i f  the inference i s  not  
stored, c e r t a i n  p red i c tab le  e r ro rs  i n  r e c a l l i n g  
i t  should be made. 

I n  the f i r s t  experiment, subjects  were pre- 
sented s t o r i e s  'which contained informat i on  A, B, 
and C such tha t  B was s t rong ly  impl ied by A 
except i n  the presence o f  C. For example, the 
A, B, and C elements i n  one s to ry  (about a demon- 
s t r a t i o n  by a karate champion) could be para- - 
phrased as f o l l o w s ~  

A: The karate champion h i t  the block. 
B: The b lock broke. 
C: He had had a f i g h t  w i t h  h i s  w i f e  

e a r l i e r .  I t  was impai r ing h i s  
concentrat ion. 

C was e i t h e r  presented p r i o r  t o  A and B (C-Before) 
a f t e r  A and B, (C-After) ,  o r  no t  a t  a l l  (NO-C). 
When C was not included i n  the s to ry ,  if S P E l  
i s  cor rec t ,  the B element should be taken for 
granted, processed on ly  superf i-ci-1 l y ,  and not  
s tab l y  represented. I t  would be de r i vab le  i f  
needed. However, i f  C i s  presented.after A and 
0 ,  memory f o r  B should be-impaired s ince  B was 
not  s tored and C w i l l  b lock i t s  d e r i v a t i o n  from 
A a t  the time o f  t e s t .  On the o ther  hand, i f  C 
occurs i n  the t e x t  p r i o r  t o  A and 0, then B i s  
not s t rong ly  impl ied by-A. 8 cannot be taken 
f o r  granted w i t h  the assumption tha t  i t  can be 
generated l a t e r  i f  needed. Here B should be 
s t a b l y  represented and memory fo r  B should no t  
be impaired. 

However, i f  SEl i s  cor rec t ,  memory f o r  B 
should not be a f f e c t e d  by whether C i s  before o r  

a f t e r  A and B, s ince B i s  ,tored whether i t  1s 
imp1 ied  by A (C-After) o r  not  impl ied by A 
(c-Before). Two ob jec t  ions t o  t h i s  argument 
can be made. The in fo rmat ion  might be stored, 
but remembering C might lead t o  a dec is ion  
tha t  the memory f o r  B must be mistaken (a  
k ind  of output in te r fe rence) .  However, C i s  
present whether i t  occurs before o r  a f t e r  A and 
8, so such an explanat ion would not accotrnt 
f o r  d i f f e r e n t i a l  e f f e c t s  of C-placement. The 
o ther  p o s s i b i l i t y  i s  t ha t  8 i s  represented i n  
C-After, but  the representat ion i s  a l t e r e d  
OJ- corrected when the C informat ion- i s encoun- 
tered. This  p o s s i b i l i t y  was inves t iga ted  i n  
the second experiment. 

I n  the f i r s t  experiment, the f o l l o w i n g  
,pre'dict ions of the SPE l  hypothesis-were tested. 
More e r r o r s  i n  response tg questions about the 
presented p red ic tab le  in format ion (0)  should 
be made i n  the C-After than i n  the C-Before 
cond i t ions .  Er rors  can be erroneous judgments 
tha t  noth ing about the  impl ied in fo rmat ion  
was presented, c a l l  ed 8-Ment i on  e r r o r s  (e.g. , 
the s t a r y  d i d  no t  mention whether the b lock  
was broken), o r ,  when the subject be1 ieves 
tha t  something about B was mentioned, re- 
membering i n c o r r e c t l y  what was s p e c i f f c a $ l y  
sa id  i n  the d i r e ~ t i o n  o f  conforming w i t h  the 
C information, c a l l e d  B- tneorrect  e r r o r s  
(e.g., i t  said i n  the s to ry  tha t  the b lock  
d i d  not  break when he h i t  i t ) .  Confidence i n  
e r r o r s  o r  the l a t t e r  k ind  were a l so  analyzed. 
I f  subjects  are as conf ident  about these 
e r r o r s  as they are about t h e i r  accurate 
responses, I t  would be even more d i f f i c u l t  t o  
mainta in the hypotheqis t h a t  the e x p l i c i t  in -  
ferences were represented. 

I n  the No-C cond i t ion ,  B-Mention e r r o r s  may 
occur s ince B would not  be represented pccord ing 
t o  the S P t l  hypothesis. The more important 
p r e d i c t i o n  regarding the No-C cond i t i on  i s  
t h a t  B- Incorrect  e r r o r s  should not  occur more 
o f t e n  than i n  the C-Before cond i t ion .  Other- 
wise, the d i f f e rences  between C-Before and 
C-After might be a t t r i b u t a b l e  t o  heightened 
accuracy due t o  g rea ter  sa l ience o f  the  impl ied 
informat ion  i n  the former cond i t i on  r a t h e r  
tttdn greater  inaccuracy due t o  a f?ai l u r e  t o  
s to re  the impl ied in fo rmat ion  i n  the  l a t t e r  
condi t ion.  

9 

College sub jec ta  read e i g h t  t a rge t  
v igne t tes  each conta in ing  A and B information, 
and C in format ion included o r  not and placed 
as a func t i on  o f  which o f  the three cond i t ions  
subjects were randomly assigned to. C informa- 
t i o n  was always on a separate page from ttte A 
and 1 in format ion,  and subjects  were i ns t ruc ted  
t o  not  look back a f t e r  reading a page. A f t e r  
reading a l l  the v igne t tes ,  the  subjects-were 
tested f o r  t h e i r  memory f o r  the v ignet tes .  
O f  p a r t i c u l a r  i n t e r e s t  Mere the two types o f  
questions, mentioned above, concerning the B 
in format ion (remember, 0 was always e x p l i c i t  
i n  the s to r l es ) .  

- The resul  t s  supported the hypothesis tha t  
pragmatic inferences presented i n  t e x t  a re  
s u p e r f i c i a l l y  processed and do no t  rece i ve  a 



s tab le  andendur ing representat ion i n  memory. i n  
the C-After condit ion, subjects tended e i t h e r  t o  
repb r t  t ha t  the inference was no t  presented I n  the 
text Or t h a t  the opposi te o f  t he  inference was 
presented. Furthermore, confidence i n  these 
e r r o r s  was as h igh  as confidence I n  co r rec t  mem- 
or ies .  I t  i s  d i f f i c u l t  t o  r e t a i n  the no t i on  t h a t  
in ferentes a r e  deeply processed and s tab l y  encoded 
 hen the C-Af t e r  man i pu 1 a t  i on can produce e r ro rs  
1 i ke  remembering the b lock  was n o t  broken when 
the karate champion h i t  1 t. The r e s u l t s  cannot 
Be a t t r i b u t e d  t o  in te r fe rence produced by the 
i n fe rence -v i t i a t i ng  C In format ion a t  output, 
since the B B e f o r e  subjects would a l s o  be subject 
to such Interference. Neither can the r e s u l t s  be 
r t t r i b u t e d  t o  d i f f e r e n t i a l  a v a i l a b i l i t y  o f  C a t  
3u tput, perhaps due t o  p r  imacy/recency e f fec ts  
re la ted  t o  the  p o s i t i o n  o f  F' in $he tex t ,  s ince 
the in format ion was almost a l w a y ~  reca1,led. Also, 
unimportance o f  the B in fo rmt ion  i s  not a v i a b l e  
a l t e r n a t i v e  since B tended t o  be cent ra l  t o  the 
s to ry  (e.g., i n  a s to ry  about a karate champion's 
performance, i f l format ion about h i s  success i n  the' 
demon st ratio^ i s  c e ~ t a i n l y  important). 

One a l t e r n a t i v e  i n t e r p r e t a t i o n  tha t  remains 
i s  that suolecrs do deeply process and s tab ly  
encode the presented in-ference, bu t  "correct"  
t h e i r  representat ion when the i n fe rence -v i t i a t i ng  
information i s  presented. If subjects  are s t o f i n g  
B and then changing o r  cor rec t ing  i t  a t  the t ime 
C i s  preserrted, e r ro rs  oh k should occur I n  the  
C-After cond i t i on  no matter how soon the t e s t  i s  
admj n i s tered a f t e r  read i ng . However, i f the SPE l 
hyptrthesfs i s  correct ,  when deiay i n t e r v a l s  are 
b r i e f  enough some surface memory f o r  the super- 
f i c l a l i y  processed 0 in format ion may remain,. 
reducing the numb@ of B errors,  Accordingly, 
i n  the second experiment subjects were tested 
qi'ther im&d i ately. a f t e r  reading each s t o r y  
('Interspersed Quest ions condition)-, as i n  the 
f i r s t  experiment, a f t e r  the Cn t i re  set  o f  s t o r i e s  
had been read tQues t ions-Af t e r  cond i t ion) , hga i n , 
the C-Before and C-After manipulations were 
emp 1 oyed . 

The r e s u l t s  o f  the second experiment r e p l i -  
cated those o f  the f i r s t  one i n  the  Questions- 
A6ter cbndi t ion.  Furthermore, the C-af t e r  
e f f e c t  was l a r g e l y  absent i n  the lnterspersed 
Querkions condi t ion,  demonstrating tha t  the , 
e f f e c t  i s  n o t  due go s t o r i n g  and then changing 
the representat loq of the B information ( the  
e x p l i c i t  inference). 

Re1 a ted l ssues 

The discussion of  imp l ica t ions  o f  the  super- 
f i c i a l  processing e f f e c t  w i  1 1  a t  times &e 1 i m i  red 
t o  reading ra ther  than 1 i s t w i n g .  Most o f  the 
fo l lowing i s  o f  a specuSlative nature. 

Representation and Under 1 y i ng Mechan i sms 

Assuming some compatible representat ion 
system, what character i zes the processes t h a t  
produce the s u p e r f i c i a l  processing e f f e c t ?  At  
t h i s  time, on ly  speculations about a1 te rna t i ve  
p o s s i b i l i t i e s  can be of fered.  There ar< three 
p o t e n t i a l l y  bene f i c ia l  aspects o f  s u p e r f i c i a l  
processing o f  e x p l i c i t  p red i c tab le  information: 

cogn i t i ve  e m m y  ( the in format ion need not be 
spec i f  i c a l  1 y s tored i n #  long- term memory) , speed 
o f  processing (you can prooess and understand 
such Informat ion r a p i d l y ) ,  and au tomat ic i ty  of 
processing ( less  consCioqs e f f o r t  and d i n g  
memory .space are  'required). 

Two simple, pre l iminary accounts o f  the 
f i r s t  f ac to r ,  cogn i t i ve  economy, can be offered. 
The superf i c i at  process i ng phenomenon appears 
most compatible w i t h  a schema-theoretic mode 
o f  representat ion. Perhaps v a r i a b l e  bindings 
t h a t  are d e f a u l t  (or a t  leas t  h i g h  probab i l  i ty )  
values are n o t  e x p l i c i t l y  i n s t a n t i a t e d  when 
they a re  e x p l i c i t  i n  discourse (bu t  see the 
discussion o f  Determinants o f  Performance 
V a r i a b i l i t y  below). However, one should not  
be ove r l y  persuadtd by the  s i m p l i c i t y  04 such 
an account. Other types o f  representat ion 
systems could a l so  account f o r  the phenomenon. 
For example, a spreading a c t i v a t i o n  mode? 
(e.g., C o l l i n s  & l o f t u s ,  1975) might  p r e d i c t  
t ha t  e x p l i c i t  in format ion i s  no t  tagged i n  
memory when i t  has been recent ly  ac t iva ted  w i t h  
some greater  than c r i t e r i o n  s t rength.  Th is  
issue w i l l  receive fu r the r  d iscuss ion i n  the 
next sect ion. 

Regarding speed of  processing, several 
poss ib i  1 i t i e s  may be o f f p m d :  the  in format ion 
i s  a c t u a l l y  predicted, perhaps fo l lowed by a 
se lec t i ve  scanning f o r  p a r t i a l  c lues o f  con- 
f i rmat ion (e.g., the word "broke" i n  the karate 
champion example; perhaps such checks couM be 
made i n  the v i sua l  per iphery and, when posi -  
t i v e ,  r e s u l t  i n  saccades t h a t  s k i p  the predicted 
information),  o r  the expectat ion may be formed 
a f t e r  beginning t o  read the p red ic tab le  informa- 
t i o n  fo l lowed by skipping ahead to the next 
l i n g u i s t i c  u n i t  ("Oh. They're t a l k i n g  about 
t H i  s now. We1 1 there 's  no doubt how i t  W I  11 
t u r n  out.  I can pass t h i s  by."); o r  temporary 
b ind ing o f  a schema va r iab le  ( e s s e n t i a l l y  a 
v e r i f i c a t i o n  o f  f i t )  may be more r a p i d  than 
more durable i ns tan t i a t i on ,  o r  l ess  metacognit ive 
a c t i v i t y  (pondering, studying, rehearsing, 
etc.) may be devoted t o  p red i c tab le  informat ion, 
given i t s  d e r i v a b i l i  t y  ( t h i s  a l s o  re la tes  t o  
automat i c i  t y ,  obviously).  Regarding auto- 
m a t i c i g ,  i t  seems l i k e l y  t h a t  the amount o f  
conscious processing requi red would be nega- 
t ~ v e l y  c o r r e l a t e d  w i t h  the goodness o f  f i t  t o  
p r i o r  knowledge. Thus conscious attempts t o  
make sense o f  p red ic tab le  in fo rmat ion  would be 
expected less of ten.  Also, r e l a t e d  to  the 
suggestions above regarding expectat ions and 
r a p l d i t y  o f  processing, the opera t ion  o f  some 
p rea t ten t i ve  process ( I n  the sense o f  Neisser, 
1967) is, a p o s s i b i l i t y .  Na tu ra l l y ,  i t  may be 
the case t h a t  a11 o f  these f a c t o r s  a re  con- 
t r i b u t  ing. However, some o f  ttfe fac tors  may - 
be mutual ly  exclusive. For example, i f  d e f a u l t  
values are processed automat ica l ly ,  an expecta- 
t i o n  and conf i rmat ion  process may be redlrndant. 

Determinants o f  Performance V a r i a b i l  i t y  

Occurrence o f  s u p e r f i c i a l  processing and 
f a i l u r e  t o  s t o r e  information probably depends on 
more than p r e d i c t a b i l i t y  o r  d e r i v a b i l i t y  con- 
s idered I n  i s o l a t i o n .  F o r o n e  th ing ,  the 



YE: 
d e s i v a b i l i t y  o f  o ther  in format ion i n  the d i s -  
course w i l l  have an e f f e c f .  The grea ter  t he  
p ropor t i on  o f  f i t  t o  one's schemata f o r  the d i s -  
course as a whole, the more l i k e l y  i,t i s  t h a t  
conforming in format ion w i l l  be l e f t . t o  be de- 
r i ved .  if a s t o r y  takes place i n  a restauraQt,  
and a1 1 the res taurant - re la ted  informattion i s  
t y p i c a l  then t h a t  aspect o f  the s t o r y  can be 
s to red  w i t h  the abs t rac t  schema node " t y p i c a l  
res taurant  a c t i v i t i e s . ' '  However, when the pro- 
p o r t i o n  o f  f i t  i s  poor, i,e., some a t y p i c a l  
events occur, even t y p i c a l ,  p red i c tab le  events 
may have t o  be stored. 

Occurrence o f  superf  i c ia1  processing i s  
a l s o  l i k e l y  t o  be a f fec ted  by the ex ten t  t o  
which the system i s  taxed. When the system i s  
overloaded, as when the re  i s a la rge  amount of- 
in format ion t o  be acqui red o r  the t ime t o  
acqui re the h f o r m a t i o n  i s  l i m i t e d ,  more super- 
f i c i a l  processing and leav ing  o f  in fo rmat ion  
t o  be der ived probably goes on. Perhaps the 
system has f l e x i b l e  c r i t e r i a  f o r  d e r i v a b i l i  t y ,  
reducing c r i t e r i a  under over load cond i t ions  and 
increasing them when processing load i s  l i g h t  
(and when demands f o r  r e c a l l  accuracy a re  h igh  
or' when subsequent a v a i l a b i l i t y  of the informa- 
t i o n  i s  l i m i t e d ) .  B r i e f l y  d igress ing,  Shere may 
be a temptat ion t o  confuse s u p e r f i c i a l  pro- 
cess ing-o f  der ivab le  in format ion w t t h  skimming. 
However, skimming i s  a se lec t i ve  seeking and 
then deep process i_ng o f  s i  t u a t  ional  ly  important 
in fo rmat ion  (see FRUMP, i n  Schank t Abel son, 
1975) whereas s u p e r f i c i a l  processing involves 
s e l e c t i v e l y  - not processing deeply in fo rmat ion  
perceived as der ivable,  however important i t  
might be. I n  o the r  words, the same in fo rmat ion  
t h a t  might receive more a t t e n t i o n  w h i l e  skimming 
may receive less a t t e n t i o n  i n  normal s i t u a t i o n s  
i f  the in fo rmat ion  i s  der ivable.  Th i s  w i l l  
happen t o  the ex ten t  t h a t  skimming r e s u l t s  i n  
shal low processing o f  e a r l i e r  in fo rmat ion  t h a t  
i s  the bas is  f o r  t he  d e r i v a b i L l t y  o f  t he  l a t e r  
information. 

Besides context-based v a r i a b i l i t y  i n  
d e r i v a b i l i t y  c r i t e r i a ,  research i n  the  psychology 
o f  p r e d i c t i o n  i nd i ca tes  the p o t e n t i a l  ope ra t i on  
o f  a genera1 b ias  i n  determining the c r i t e r i o n  
for d e r i v a b i l i t y  and s u p e r f i c i a l  processing. 
For example, F i  schof f  (1 975, 1977) ha3 found 
t h a t  when people a r e  t o l d  t h a t  some event has 
occurred, they increase t h e i r  sub jec t i ve  
probabi 1 i t y  es t  irnate o f  the 1 i k e l  ihood t h a t  
the event was going t o  occur, S i m i l a r l y ,  estima- 
t i o n  af how muEh was known before  being-  g iven a 
c o r r e c t  answer increases when the answer i s  
provided. I n  the case o f  s u p e r f i c i a l  processing 
o f  in format ion in  discourse, i t  i s  poss ib le  t h a t  
the der i vab i  1 i t y  o f  - information i s  overest imated 
a f t e r  i t  i s  e x p l i c i t l y  encountered. I t  seems 
t o  be a fairly comm~n'ex~er ience,  f o r  example, 
t o  no t  w r i  t e  down an idea t h a t  you a r e  sure 
w i l l  be der ivab le .  agaia l a t e r ,  on l y  t o  f i n d  
subsequent d e r i v a t i o n  impossible. What i s  being 
suggested here i s  a source o f  f o r g e t t i h g  no t  
u s u a l l y  discussed i n  memory theor ies:  super- 
f i c i a l  brocessing o f  in fo rmat ion  whose d e r i v -  
a b i l i t y  has &en overestimated. 

The Form ~f Exprespion of Der ivable l nformat ion, 

Semantic content, p r i o r  knowledge, a8d task 
contexts  a re  not the  o n l y  determinants o f  per- 
ceived d e r i v s b i l i t y .  The I i n g Q f s t i c  fcmn i n  
which in format ion i s  expressed w i l l  sometimes 
prov ide  s igna ls  of what information i s  a l ready 
known 'br can be taken f o r  granted, as when 
in fo rmat ion  i s  expressed near the  beginning o f  
a sentence (c.f., Ctark 6 Haviland, 1977, on 
the  g i ven-new s t  Pa tegy) , Tak 1 ng an example from 
Morgan and Green ( I n  press) , compare sentences 
(1) and (2). 

(1) The government has no t  ye t  acknowledged 
tha t  d i s t i l l e d  water causes cancer. 

(2) That dist. i  1 l e d  water causes cancer has 
no t  ye t  been acknowledged by the 
government . 

I n  (2) there i s  a s t ronger  imp1 ied presumption 
o f  the t r u t h  o f  the  p ropos i t i on  regard ing d i s -  
t i l l e d  water and cancer than there 7s i n  (1 ) .  

I n  general, i t  seems tha t  p l a c i n g  Lnforma- 
t i o n  i n  a sen tence - in i t i a l  subordinate clause: 
lowers the-super f ic ia l  processing c r i t e r i o n .  
Consider c o n t i  nuat ions (3) and (4) o f  "The 
ka ra te  champion h i t  the  block." 

(3 )  The b lock  broke, and then he bowed. 
(4)  R f t e r  the b lock  broke, he bowed. 

The b lock ' s  breaking would appear t o  be more 
taken f o r  granted i n  (4)  than i n  ( 3 ) .  

L i n g u i s t i c  s igna ls  o f  p r e d i c t a b i l i f y  o r  
d e r l G a b i l i t y  need not  be i m p l i c i t .  Consider 
cont  i nuat ions (5) , (6) , and (7) o f  the  same 
sentence as above. 

(5) Obviously, the b lock  broke. 
(6) As you would expect, the b l o c k  broke. 
(7) Natural  l y ,  t he  b lock broke. 

Words 1 i k e  "c lear  1 y" and phrases 1 i ke "of  
course11 are  e x p l i c i t  1 i n g u i s t i c  s igna ls  t h a t  
in fo rmat ion  t o  f o l l o w r i s  p r e d i m M e  and can 
be s u p e r f i c i a l t y  processed. However, one would 
expect t h a t  such s i g n a l s  could have t h e i r  e f f e c t  
o n l y  f o r  in fo rmat ion  w i t h i n  an acceptdble range 
o f  p l a u s i b i l i t y .  That i s ,  a p l a u s i b l e  bu t  n o t  
p r e d i c t a b l e  con t i nua t i on  may be more l i k e l y  t o  
be taken (erroneously) as p r e d i c t a b l e  when 
preceded by a l i n g u i s t i c  s igna l .  However, i f  
the  in format ion conta ins  s a l i e n t  imp laus ib le  
aspects or  something c l e a r l y  i r r e l e v a n t ,  a 
s igna l  1 ing  phrase such as "as you would expect" 
might  r e s u l t  i n  mare a t t e n t i o n  being devoted 

7. 
t o  the  c o n t i n u a t ~ o n  ~n fo rn lb t i on .  

Imp l i ca t i ons  f o r  the  Nature o f  Discourse Memory 

To the ex ten t  t h a t  d iscourse i s  super- 
f i c i a l l y  prqcessed, mgmory must be r e c o n s t r u c t i v e  
r a t h e r  than reproduct i ve. Rather than re-  
t r i e v i n g  t races o r  i n s t a n t i a t i o n s  o f  pas t  
experienge, the p a s t  must be i n f e r r e d  o r  der ived.  
Just as a p a l e o n t o l o g i s t  recons t ruc ts  a dinosaur 
From bone fragments, the pas t  must be recon- 
s t ruc ted  from the  incomplete data exp l  i c i  t l y  
stored. Evidence f o r  such r e c o n s t r u c t i v e  



processes has been provided by Spiro (19771, who 
found a pervasivk tendency for  subjects t o  pro- 
duce pred l c  table mean ing6chang ing d i-s t o r t  ions 
and importations i n  tex t  r eca l l  under ce r ta in  
conditions. I n  general, when subsequently en- 
countered information contradicted cont lnuat lon 
expectations derived from a target  story, the 
s tory  f requentiy was reconstructed i n  such a way 
as to  reconci 1 e o r  cohere w i  th  the continuation 
information, This process o f  i n fe r r ing  the past 
based on the present was termed accommodative re- 
construction. Af ter  a long re tent ion interval ,  
subjects tended t o  be more confident that t he i r  
accommodative reca l l  errors had ac tua l l y  been- 
included i n  the story than they were confident 
about the accurate aspects o f  t h e i r  reca l l .  Why 
should such gross errors occur and then be 
assigned such high confidence? Part  o f  the answer 
surely involves the i r  function i n  prbducing co- 
herence. S t i l l ,  l t  i s  somewhat surpr is ing that 
subjects should be so sure they read information 
that bore not even a d istant  i n fe ren t i a l  re la t ion -  
ship t o   hat they actual ly  d i d  read, 

Spiro suggested that the basis for  such an 
e f fec t  may be i n  the way information i s  treated 
a t  the time of comprehension; namely, i t  i s  
super f i c ia l l y  processed and not  stored i n  long- 
term memory. Then, when remembering, indiv idual  s 
should know (a t  least  t a c i t l y )  that  considerable 
amounts o f  predictable o r  derivable informat ion 
they have encountered w i l l  not be avai lable i n  
memory, I n  that  case, r eca l l  would t yp i ca l l y  
involve der iv ing a l o t  o f  missing information. 
Accordingly, i t  would not be surpr is ing tha t  
subjects faced w i th  njemories that  lack coherence 
would assume that  missing reconci l ing information 
was presented but only superficial 1 y processed 
a t  comprehension, The information could then 
be derived a t  reca l f  with high.confidence. Hence 
the capacity f o r  restructur ing the past based on 
the present. 

indiv idual  Differences 

A f i n a l  caveat should be o f fered regarding 
the super f ic ta l  processing e f f ec t ,  but also 
appl icable t o  al.1 research on xhema-based pro- 
cesses in  comprehension and memory. The assump- 
t i on  i s  usual ly  made that there are  no qua l i ta -  
t i v e  di f ferences between ind iv idua ls  i n  the 
manner i n  which discourse i s  processed. How- 
evet, Spi r o  and h i  s cot leagues have recent l y 
found that r e l i a b l e  s t y l e  differences can be 
predicted in ch i ld ren ( ~ p i r o  & Smith, 1978) and 
i n  co l  lege students ( ~ p i r a  6 T i  r re ,  i n  preeara- 
t ion) .  Some indiv iduals appear t o  be more d i$-  
course bound, tending toward over-re1 iance-on 
bottom-up processes. Others are more p r i o r  
know1 edge bound, tending toward over-re1 ance 
on top-down processes. For the adu l t  bottom- 
up readers, p r i o r  knowledge obviously must be 
used t o  a ce r ta in  extent i n  comprehension. How- 
ever, where use o f  p r i o r  knowledge i s  more 
optional, e.g., i n  provid ing a scaf fo ld ing f o r  
remembexing information (Anderson, S p i ~ o ,  & 
Anderson, 1978), the bottom-up readers capi ta 1 i ze 
less. Whether the l a t t e r  type o f  indiv idual  w i l l  
evince less knowledge-based super f i c ia l  pro- 
cessing (again an opt ional use o f  p r i o r  know- 
ledge) I s  a question cur rent ly  under investiga- 
t ion. 
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A Heuris t ic  
for Paradigms 

Joseph  E. Grimes 
C o r n e l l  U n i v e r s i t y  and 

Summer I n s t i t u t e  o f  L i n g u i s t i c s  

T h i s  paper h e l p s  c l a r i f y  one  o f  t h e  
p e r v a s i v e  problems o f  1 i n g u i s t i c  a n a l y s i s  : 
t h e  i n t e r a c t i o n  between t h e  pa rad igma t i c  
and syn tagma t i c  d imens ions  o f  language.  
Paradigms a r e  s e t s  o f  a l t e r n a t i v e s :  t h e  
speake r  must d e c i d e  on one member o f  t h e  
s e t  t o  use, and t h e  h e a t e r  must f i g u r e  out 
which he  used.  I n  a syntagm o r  
c o n s t r u c t i o n ,  an e lement  chosen o u t  o f  o n e  
paradigm is put  t o g e t h e r  w i t h  e l emen t s  
chosen out o f  o t h e r s .  Thus f a r  a l l  
grammars of  a l l  l anguages  a g r e e .  

The problem comes when we put t h e  
grammar t o g e t h e r .  The c h o i c e s  a v a i l a b l e  
i n  one paradigm t u r n  o u t  o f t e n  t o  be 
l i m i t e d  by t h o s e  made i n  some other 
paradigm t h a t  is p a r t  o f  t h e  same 
c o n s t r u c t i o n .  Grammar i s  never  a s  s i m p l e  
a s  a C a r t e s i a n  p roduc t  o f  paradigms. 

Var ious  forms o f  grammar have v a r i o u s  
means, none o f  them q u i t e  s a t i s f y i n g ,  t o  
e x p r e s s  t h e s e  l i m i t a t i o n s ,  A cpmmon one  is 
f o o t n o t e s  abou t  i r r e g u l a r i t i e s ;  ad hoc 
f e a t u r e s  t o  t r i g g e r  o r  b lock  s p e c i a l  r u l e s  
when needed a r e  ' a l so  used. 

Grammar ought  t o  h i g h l i g h t  t h e  mutual  
c o n s t r a i n t s  between paradigms ahd 
c o n s t r u c t i o n s ,  n o t  downplay them. 
Ha l l  i d a y ' s  sys t emic  grammar h a s  done w e l l  
i n  t h i s  r ega rd  ( H a l l i d a y  -1961, Hudson 
1971). I t  is a l r e a d y  known t o  
compu ta t iona l  1 i n g u i s t s  t h rough  Winograd's  
work (1972) .  The h e u r i s t i c ,  based on work 
by Lowe, Dooley, and myself  ( i n  p r e s s )  , is 
expressed  w i t h i n  H a l l i d a y l s  framework 
h e r e ,  though i t  is a p p l i c a b l e  w i t h i n  any 
o t h e r  model a f  l anguage  a s  w e l l .  

I n  s y s t e m i c  t e r m  a paradigm is known 
a s  a ' sy s t emB . A choice i n  one syst'em can  
be  t h e  e n t r y  c o n d i t i o n  f o r  ano the r  sys tem,  
one par& o f  a system can  havq Q i f f e r e n t  
p r o p e r t i e s  o f  combinat ion - from a n o t h e r  
p a r t ,  and two o r  more sys tems  can b e  
a c t i v a t e d  t o g e t h e r  a s  t h e  b a s i s  f o r  a 
c o n s t r u c t i o n .  The h e u r i s t i c  is in tended  t o  
c l a r i f y  something t h a t  is more, o f t e n  
guessed  a t  t han  proved:- what ' e l e m e n t  
be longs  t o  what sys tem,  

What I f i n d ,  on look ing  a t  l anguages  

o t h e r  t h a n  Eng l i sh ,  is t h a t  membership i n  
a Ha l l i dayan  system is by no means obvious  
i n  a l l  c a s e s .  T h i s  is t rue  f o r  two 
r e a s o n s  : f i r s t ,  some e l emen t s  Dave 
p r o p e r t i e s  t h a t  pe rmi t  u s  t o  a s s i g n  them 
t o  more t h a n  one  sys tem,  and second ,  some 
elements a r e  a r t i f a c t s  o f  t h e  mapping 
r e l a t i o n  between sys tems and forms b r a t h e r  
t han  d i r e c t  m a n i f e s t a t i o n s  o f  c h o i c e s  
w i t h i n  sys tems .  

The Data 

Table (1) g i v e s  dome d a t a  which 
i l l u s t r a t e  t h i s  g e n e r a l  p o i n t  by means of 
a l i m i t e d  ex amp1 e  , I t  r e p o r t s  
c o o c c u r r e n c e s  among a  p a r t i c u l a r l y  complex 
s u b s e t  o f  t h e  p r q f i x e s  t o  t h e  v e r b  i n  
Huichol , a Uto-Aztecan l anguage  spoken i n  
t h e  Mexican S i e r r a  Madre. A 1 i n  t h e  t a b l e  
means t h a t  t h e  p re f ix  a t  t h e  head of t h e  
column. h a s  been - obse rved  i n  t h e  
combina t ion  t h a t  t h e  row r e p o r t s .  For t h i s  
l anguage  t h e r e  are  e x a c t l y  1 5  o b s e r v a b l e  
combina t ions  o f  t h e s e  p r e f i x e s ,  e a c h  
r e p r e s e n t e d  by one row i n  Tab le  (1). The 
o r d e r  i n  which t h e  rows a r e  w r i t t e n  down 
makes no d i f f e r e n c e ,  no r  does t h e  o r d e r  i n  
which t h e  columns appea r .  kai- and ka2- - 
are homophonous f o r m s  t h a t  occupy 
d i f f e r e n t  p o s i t i o n s  i n  t h e  p r e f i x  s t r i n g  
and have d i f f e r e n t  meanings.  s t a n d s  f o r  
a h i g h  back unrounded vowel.  

(1) k a l k e  ps m& ka2ni  -- 
1 0  1 - 6 1 0  

The s i m p l e  f a c t  t h a t  two forms c a n n o t  
cooccur  w i th  each  o t h e r  is t h e  most  
obvious  b a s i s  f o r  s a y i n g  t h a t  t h o s e  two 



are  members o f  a s i n g l e  sys tem,  t h a t  t h e y  
a r e  i n  o p p o s i t i o n  a s  a l t e r n a t i v e s  i n  a 
paradigm, t h a t  t h e  c h o i c e  o f  one  a s  o v e r  
a g a i n s t  t h e  o t h e r  h a s  1 i n g u i s t i c  
s i g n i f i c a n c e .  I n  Tab le  ( I ) ,  f o r  example,  

does  n o t  o c c u r  in any combina t ion  
% r e  - n i -  o c c u r s ,  and v i c e  v e r s a .  

honcooccurreqce  p a t t e r n s  

The p a t t e r n s  bf noncooccurrence  a r e  
d e r i v e d  from Tab le  (1) by a  s i m p l e  
a l g d r i t h m :  

For each  column: 
C r e a t e  a v e c t o r  o f  a s  many 0 ' s  a s  

t h e r e  a r e  columns 
For e a c h  row t h a t  h a s  a  1 i n  t h e  

column i n  q u e s t i o n :  
U n i t e  t h a t  row w i t h  t h e  

v e c t o r .  
Complement t h e  v e c t o r .  

Each o f  t h e  uncomplemented v e c t o r s  
r e p r e s e n t s  t h e  union o f  a l l  t h e  
combina t ions  which t h e  form a t  t h e  head o f  
i ts  column e n t e r s  i n t o .  The 1's i n  its 
complement t h e r e f o r e  i d e n t i f y  t h e  e l e m e n t s  
w i t h  which i t  c a n n o t  cooccur .  

The Hui.cho1 d a t a  -- and t h i s  is t r u e  
o f  o t h e r  l a n g u a g e s ,  p o s s i b l y  o f  a l l  
l a n g u a g e s  -- do n o t  a l l o w  u s  t o  braw 
immediate c o n c l u s i o n s  a b o u t  mutual  
e x c l u s i v e n e s s  o r  s i m p l e  comembership gn 
sys tems .  ?he p r e f i x e s  r e p r e s e n t e d  by t h e  
complement v e c t o r s  of e a c h  form are  

( 2 )  k a l :  k e ,  m& 
k e :  kal, pc ,  m & ,  ka2 
pc: k e ,  m & ,  n i  
mh: k a l ,  ke ,  p& 
ka2: ke 
n i :  p& 

A form l i k e  p&- can  b e  a s s i g n e d  t o  
one  syStem i n  o p p o s i t i o n  w i t h  n i - ,  and t o  
a n o t h e r  i n  o p p o s i t i o n  w i t h  - ke- and - I  m&-• 
b u t  k a l i - ,  which cou ld  a l s o  g o  i n t o  a  
s y s t z  w i t h  k e  and m&-, c o o c c u r s  w i t h  p ~ -  
and t h e r e f o r e  c a G o t  r e p r e s e n t  an  
a l t e r n a t i v e  t o  it. The l o g i c  o f  s y s t e m s  
i n  grammar is more complex t h a n  
independen t  

- 

commutation, w i t h  t h e  
 artesian p r o d u c t s  t h a t  t h a t  i m p l i e s ,  i n  
which each  form of  one  s e t  c o o c c u r s  w i t h  
e v e r y  form of  a n o t h e r .  

u n t i l  t h e  z e r o  row is l e f t ;  t h e n  we a l s o  
c o n v e r t  t h e  zero row i f  t h e r e  is one  i n t o  
a  component subgraph.  I n  t h e  f i n a l  s t e p  o f  
t h e  h e u r i s t i c ,  t h e  component s u b g r a p h s  a r e  
u n i t e d  t o  givei  t h e  comple te  c o o c c u r r e n c e  
g r a p h .  That  g r a p h  o f  forms is t h e  aim of 
t h e  h e u r i s t i c ,  I t  is n o t  a  s y s t e m i c  
network d iagram i t s e l f ,  but is r a t h e r  a 
s t a t e m e n t  o f  a  ma jo r  c o n s t r a i n t  o n  t h e  
s e m a n t i c  s y s t e m i c  diagram t h a t  a c c o u n t s  
f o r  t h e  forms. 

Component s u b g r a p h s  a r e  forrned by 
p u t t i n g  a 1  t e r n a t i v e s  v e r t i & a l l y  i n  any  
o r d e r  w i t h i n  s q u a r e  b r a c k e t s ,  and 
c o n n e c t i n g  forms t h a t  cooccur  i n  any o r d e r  
by  h o r i z o n t a l  l i n e s .  Absence o f  a n y  form 
i n  a  p a r t i c u l a r  combina t ion  is r e p r e s e n t e d  
by --- 

I n  T a b l e  (1) t h e  two rows t h a t  
c o n t a i n  1's f o r  k e -  have a  t o t a l  o f  o n l y  - 
t h r e e  1's i n  them; s o  t h o s e  two rows a r e  
t a k e n  o u t  f o r  t h e  f i r s t  subgraph:  

T h i s  subgraph ,  l i k e  t h e  two rows o f  T a b l e  
(1) t h a t  i t  r e p r e - n t s ,  s a y s  t h a t  ke- can  - 
o w u r  w i t h  o r  w i t h o u t  n i -  - 

The f u l l  set  of component s u b g r a p h s  
d e r i v e d  from T a b l e  (1) c o n t a i n s  o n l y  
s i m p l e  a 1  t e r n a t i v e s  and t h e i r  C a r t e s i a n  
p r o d u c t s :  

( 4 )  (a)  ke.-L---J 

(b) [kal]-B --- p& --[ k a 2 ]  --- 

Decomposition 

The t r u e  i n t e t d e p e n d e n c y  of  a  
s y s t e m i c  network can  be  c a p t u r e d  i n  a  
c o o c c u r r e n c e  g r a p h  by f i r s t  decomposing 
Table (1) The m 6 s t  manageable 
decomposi t ion  s t m t e g y  found s o  f a r  is t o  
start wt th  theq  column t h a t  min imizes  t h e  
number o f  1's t h a t  would be removed from 
t h e  t a b l e  i f  a l l  t h e  rows t h a t  have  1's i n  
t h a t  column were removed, W e  c o n v e r t  t h o s e  
rows i n t o  a  component subgraph ,  t h e n  
c o n t i n u e  r e c u r s i v e l y  o n  t h e  t a b l e  minus 
t h o s e  rows u n t i l  no rows a r e  l e f t ,  o r  

Union o f  component s u b g r a p h s  

We u n i t e  t h e s e  subg raphs by 
c o n f l a t i n g  what t h e y  have  i n  common and 
symbol iz ing  t h e i r  d i f f e r e n c e s  a s  
a l t e r n a t i v e s ,  by  t h e  d i s t r i b u t i v e  
p r o p e r t y .  Four o f  t h e  s u b g r a p h s ,  ( a ) ,  ( f )  , 
( g )  , and (h )  , c a n  be combined w i t h o u t  
?hanging t h e  p i c t u r e  o f  s i m p l e  s y s t e m s  and 



C a r t e s i a n  p r o d u c t s :  Computa t iona l  a s p e c t s  

A r e s t r A c t k o n  on C a r t e s i a n  p r o d u c t s  
a p p e a r s ,  however,  when we expand t h e  
c o m p o s i t e  d iag ram f u r t h e r .  (d )  h a s  t h r e e  
o u t  o f  f o u r  F P its e l e m e n t s  i n  common w i t h  
e l e m e n t s  a l r e a d y  i n  t h e  c o m p o s i t e  d iagram 
( 5 ) .  The f o u r t h  e ' l eme~+~.  however,  h a s  
n o t h i n g  to  d o  w i t h  ke- o r  r t s  a b s e n c e ,  b u t  - 
o n l y  w i t h  m&-. Here is where t h e  
d i s c r e p a n c  i e s  i n  noncooccur rence  
p r o p e r t i e s  o f  d i f f e r e n t  forms come i n t o  
t h e  pictura,  and h e r e  is where t h e  
H a l l i d a y a n  d e v i c e  o f  l i n k e d  b r a c k e t s  is 
needec! i n  o r d e r  t o  show u p  t h o s e  
d i s c r e p a n c i e s .  The e l e m e n t s  i n  ( 6 )  a r e  
r e o r d e r e d  t o  d i s r u p t  t h e  g r a p h i c  s h a p e  
g i v e n  by (5 )  a s  l i t t l e  a s  p o s s i b l e :  

r ka2  1 m& 7 

Cooccur rence  g r a p h  

The comple te  c o o c c u r r e n c e  g r a p h  1s 
b u i l t  up by c o n t i n u i n g  i n  t h e  game way 
u n t i l  a l l  t h e  component s u b g r a p h s  a r e  i n  
it:  

The use  o f  two n u l l  symbols i n  a 
s i n g l e  s e t  o f  a l t e r n a t i v e s  d o e s  n o t  mean 
t h a t  Huichol  h a s  two z e r o  p r e f i x e s  t h a t  
c o n t r a s t  w i t h  e a c h  o t h e r ,  b u t  r a t h e r  t h a t  
t h e  g r a p h  is e s s e n t i a l l y  n o n p l a n a r  
Redundant n u l l s  c o u l d  be  e l i m i n a t e d  by 
c r o s s i n g  l i n e s  i n  an  e q u i v a l e n t  g raph .  

T h i s  diagrarr  now shows a l l  t h e  
c o n s t r a i n t s  o n  c o o c u u r r e n c e  t h a t  t h e r e  a r e  
f o r  t h e s e  Huichol  p r e f i x e s ,  I t  is n o t  y e t  
a s y s t e m i c  d iagram,  because  s y s t e m i c  
d iagrams  give d i f f e r e n c e s  i n  meaning and 
this one  g i v e s  o n l y  c o o c c u r r e n c e s  o f  
forms. The s y s t e m i c  d iagram we come up 
w i t h  w i l l ,  however,  h a v e  t o  a c c o u n t  f o r  
each  o f  t h e  c o n s t r a i n t s  o n  c o o c c u r r e n c e  
g i v e n  b y  t h i s  d iag ram,  

Our s c r u t i n y  o f  c o o c c u r r e n c e s  and 
noncooccur rences  h a s  shown u s  what fo rms  
might  be i n  o p p o s i t i o n  w i t h  e a c h  o t h e r  i n  
a senlantic sys tem and how t h o s e  fo rms  
interlock. T h a t  is a s  f a r  as  o u r  e x p l i c i t  
h e u r i s t i c  t a k e  us; but  i t  narrows the 
f h l d  f ~ r  semantic i n v e s t i g a t i o n  
c o n d i d e r a b l y  . 

B e f o r e  I go on to  show t h e  payoPf i n  
terms o f  s y s t e m s  o f  m e a n i n g f u l  c h o i c e s ,  
l e t  me s k e t c h  t h e  c o m p u t a t i o n a l  a q p e c t s  o f  
the h e u r i s t i c .  For a small problem l i k e  
t h e  one  i n  t h e  example,  o f  c o u r s e ,  no 
computing is needed.  But  were w e  t o  t a k e  
i n  a l l  4 2  v e r b  p r e f i x e s  o f  Huicho l ,  and 
s t a t e  how t h e y  combine wigh s u f f i x e s  and 
d i f f e r e n t  stem t y p e s  a s  well,  t h e  
h e u r i s t i c  would n e v e r  get o f f  t h e  g r ~ u n d  
w i t h  p e n c i l  and p a p e r .  It  is a good 
example o f  how a c o m p u t a t i o n a l l y  s i m p l e  
p r o c e s s ,  a c t u a l l y  a t w i s t  o n  concordance  
g e n e r a t i o n ,  c a n  b r i n g  o r d e r  i n t o  an a r e a  
where a l i n g u i s t  is o t h e r w i s e  a l l  too 
l i k e l y  t o  s h r u g  h i s  s h o u l d e r s  and d e f i n e  
o v e r s i m p l i f i e d  s>stems, t h e n  w r i t e  
i n t e r m i n a b l e  f o o t n o t e s  a b o u t  why t h e y  
d o n ' t  q u i t e  combine a s  h e  s a y s  t h e y  do.  

A l ingucks t  i n  t h e  f i e l d  n e e d s  a 
t h r e e - s t e p  c o m p u t a t i o n a l  a i d .  S t e p  One is 
d a t a  e n t t y :  t a k e  i n  o c c u r r i n g  c o m b i n a t i o n s  
o f  fo rms ,  which c o u l d  as w e l l  be  f u n c t i o n  
words o r  s u f f i x e s  o r  a n y  combinartion o f  
c l o s e d  c l a s s  phenomena, and d e v e l o p  a 
t a b l e  l i k e  T a b l e  (1). S t e p  Two i.s union:  
r ead  t h e  t a b l e  and d e v e l o p  a  v e c t o r  f o r  
e a c h  form t h a t  shows t h e  un ion  o f  a l l  i ts  
c o m b i n a t i o n s .  S t e p  Three  is d e c o m p o s i t i o n :  
s e g r e g a t e  o u t  from t h e  t a b l e  t h e  s u b s e t s  
o f  i ts rows t h a t  f a c i l i t a t e  making i ts  
component Subgraphs.  

These  t h r e e  s t e p s  a re  e a s y  t o  
implement.  The fofurth s t e p  o f  t h e  
h e u r i s t i c ,  forming t h e  w c c u r r e n c e  g r a p h  
by u n i t i n g  t h e  component s u b g r a p h s ,  is a t  
l e a s t  a n  o r d e r  o f  magn i tude  more complex,  
and may n o t  b e  f e a s i b l e  f o r  a s m a l l  f i e l d  
computer .  

Sys temic  d i a g r a m  

A f t e r  t h e  h e u r i s t a c  p r o c e d u r e  is gone  
t h r o u g h ,  wbether  w i t h  p e n c i l  o r  by 
computer ,  t h e  c o n s t r u c t i o n  o f  a  s e m a n t i c  
h y p o t h e s i s  r i c h  enough t o  a c c o u n t  f o r  a l l  
t h e  p a t t e r n s  o f  c o o c c u r r e n q e  c a n  g o  ahead .  
T h i s  is a  s t a n d a r d  l i n g u i s t i c  u n d e r t a k i n g ,  
and h a s  two s i d e s .  The-  f i r s t  iS t o  
i n v e s t i g a t e  t h e  r e a s o n s  why one ox another 
member o f  a noncooccur r ing  s e t  l i k e  t h e  
o n e s  i n  ( 2 )  g e t s  chosen .  The r e a s o n s  f o r  
choos ing  e i t h e r  member of ,a  p a i r  may n o t  
be t h e  same i n  the c o n t e x t  o f  one  p a t t e r n  
o f  c h o i c e s  made i n  o t h e r  s y s t e m s  a s  i t  is 
i n  o t h e r  c o n t e x t s .  The second  p a r t  o f  t h e  
s e m a n t i c  i n q u i r y  is t o  i d e n t i f y  ofi 
c o m b i n a t i o n s  o f  forms whose p r e s e n c e  is a n  
a r t i f a c t  o f  t h e  mapping between meaning 
and form, and n o t  a n  a s s e r t i o n  o f  a 
p a r t i c u l a r  meaning. 

T h i s  a r b i t r a r i n e s s  i n  t h e  mapping 
r e l a t i o n  shows up i n  two p l a c e s  i n  t h e  
example. When E- is p r e s e n t ,  k a l -  h a s  - 
e i t h e r  a t e n t a t i v e  o r  a  v e r y  s t r o n g  - - 
n e g a t i v e  meaning : k a a l  &mie means ' he 
might  n o t  g o e  o r  ' h e  s i?- a l l  n o t  go!' ( t h e  



meaning S p l i t  is n o t  t o o  d i f f e r e n t  fuom 
t h a t  - o f -  E n g l i s h  
d i s f i  ured  vs .  
e k a l -  - 
t h e  o r d i n a r y  n e g a t i v e ,  is p r e s e n t ,  and may 
o r  may n o t - b e  t h e r e  when ka2- is a b s e n t .  
The requ i rement  t h a t  ka l -  =ways g o  w i t h  
ka2- i n  t h e  p r e s e n z  o f  p i -  e l i m i n a t e s  - 
t h e  p o s s i b i l i t y  o f  t h e  two =mophones e v e r  
b e i n g  opposed t o  one  a n o t h e r ,  w i t h  
r e s u l t i n g  c o n f u s i o n  between n e g a t i v e  and 
t e n t a t i v n  between n e g a t i v e  and t e n t a t i v e  
meanings.  

The o e h e r  a r b i t r a r i n e s s  t u r n s  up  on  
t r y i n g  t o  r e l a L e  m&- w i t h  ni- .  m&- by 
i t s e l f  is t h e  s q n  o f  a d e p n d e n r v e r b ,  
and - n i -  by i t s e l f  o f  an  independep t  v e r b  
a t  a p a r t i c e  c o m b i n a t i o n  -* mbni however,  
h a s  n o t h i n g  t o  d o  w i t h  e i t h e r  of t h e s e  
meanings;  i t  makes a s t a t e m e n t  o f  t h e  
s p e a k e r f s o ' l p i n i o n .  I t a k e  i t  t o  be  a  
m o ~ p h o l o g i c a l l y  complex e x p r e s s i o n  o f  a 
s e p a r a t e  term o f  t h e  modal sys tem,  

Taking t h e s e  d i s c r e p a n c i e s  i n t o '  
a c c o u n t  g i v e s  u s  a  s y s t e m i c  diagr.am: 

( 8 )  

n  i 

--- 
e n e r a l  

d --- 
[ n a r r a t i v e ]  imp1 i e s  k a l  

o b l i g a t o r y  w i t h  [ n G a t i v e ]  
o p t i o n a l  w i t h  [ p o s i t i v e ]  

[ e v a l u a t i v e ]  r e a l i z e d  a s  -- mt+ni  
I t  is  by s t r a i g h t e n i n g  o u t  k a l -  and 

m&ni- t h a t  i t  becomes p o s s i b l e  f o  us  t6 - 
give a  s y s t e m i c  d4iagram p l u s  a  se t  o f  
rea l  i q a t i Q n  r ul es fo r  i t .  The 
s t r a i g h t f o r w a r d  r e a l i z a t i o n  r u l e s  a r e  
wr i t , ten  r i g h t  i n t o  t h e  d iagram:  f o r  
example,  i f  you c h o o s e  [ n e g a t i v e ] ,  u t t e r  
ka2- The more complex r e a l i z a t i o n s  a r e  
7 g i v e n  a t  t h e  bot tom o f  t h e  d iagram.  

The t e r m s  of t h e  s y s t e m i c  d iagram a r e  
l a b e l s  f o r  s e m a n t i b  c h o i c e s  t h a t  have  been  
e x p l a i n e d  e l s e w h e r e  and do  n o t  c o n c e r n  us  
now; t h e y  d o  n o t  c o n s t i t u t e  e x p l a n a t i o n s  
i n  themse lves .  Once t h e  a r b i t r a r y  mappings 
a r e  d e f i n e d  i n  r e a l i z a t i o n  r u l e s ,  t h e  
d iagram embodies  o n l y  o n e  r e a l  r e s t r i c t i o n  
on  C a r t e s i a n  p r o d u c t s  of paradigms,  i n  
t h a t  Hbichol  h a s  rPo s p e c l a l  n e g a t i v e  
i m p e r a t i v e  form. ( I t  u s e s  t h e  n e g a t i v e  
d e c l a r a t i v e  G2 i n  i t s  p l a c e . )  The 
c o m p l e t e n e s s  o  he  a n a l y s i s  is s u p p o r t e ?  
by t h e  f a c t  t h a e  t h e  i n t e r c o n n e c t e d  
paradigms o f  (8 )  have  e x a c t l y  14 p a t h s  
t h r o u g h  them, and t h a t  t o g e t h e r  w i t h  t h e  

o p t i o n a l  rule. f o r  t h e  r e a l i z a t i o n  of kdl -  - w i t h  ni- ,  t h e s e  y i e l d  e x a c t l y  t h e  15 rows 
o f  ~ a m e  (1) wim which w e  began. 

Bib1 iog raphy  

Grimes, J o s e p h  E., Ivan  Lowe, and  R o b e r t  
A. Dooley. i n  p r e s s .  C losed  s y s t e m s  
w i t h  complex r e s t r i c t i o n s .  
Anthropolog ice1 ~ i n g u i s t i c s .  

H a l l i d e y ,  Michael A. K, 1961. C a t e g o r i e s  
o f  t h e  t h e o r y  d 3  grammar. Word 
17: 241-292. 

Hudson, R. A. 1971. E n g l i s h  complex 
s e n t e n c e s .  Amsterdam: North-Holland 
Pub1 i s h i n g  Company. 

Winograd, T e r r y .  1972. Unders tand ing  
n a t u r a l  l a n g u a g e .  New York: Academic 
P r e s s .  



A Computational Account of Some 
Constraints on Language 

Mitchell Marcus 
MIT Alaiffclal Intelligence Laboratory 

In a series of papers over the last several years, 
Noam Chomsky has argued for several specific properties of 
lbl~grloge wli lci~ ha claims are universal to all human 
langi~ages [Cliomsky 73, 75, 76). These properties, wlrich 
forni one of the cornerstones of his current linguistic theory, 
are eml~oclied in a set of constralnts on language, a set of 
restrictions on the operation of rules of grammar. 

Tlils paper wlli outline two argtiments presented a t  
length i r i  [Marcus 771 clemonstrating thctt important sub- 
cases of two of tliese constraints, tlie Subjacency Principle 
oncl tlie Specified Subject Constraint, fall out naturally from 
the structure of a gramnlar interpreter called PARSIFAL, 
wliose structure is in tiirn based upon the hypothesis tliat a 
natural language parser needn't simulate a liondeterministic 
macliiiio. This "Deterniinism Hypothesistt claims that natural 
laiigiiaqe can be parsed by a computationally simple 
nieclion~sm tliat uses neither backtre~king nor pseudo- 
psrailclism, alid in wliicii all grammatical structure c m t e d  
by the parsor is 'ti~iclelible'v in that it must all be output as 
part of tlie structural alialysis of the parser's input. Once 
15uilt, no grammatical structure can be d~scarded or altered 
in tlio course of tlie parsing process. 

In l)prticular, this paper will show that the 
structurq of the grammar interpreter constrains Its operation 
in silch a way tliat, by and large, grammar rules cannot 
parse sentences whlch violate either tlie Specified Subject 
Cgnstraint or tlre ~tihjacency Principle, The component of 
the grarnniar interpreter upon wh~clt this. result princlpaily 
clcpcncls is motivated by the Determinism Hypothesis; this 
result thus provides inclirect evidence for tlie hypothesis. 
This result also clepends upbn the use Within . a 
coni~~trtatlonal framework of tlre dlosely related notions of 
annotated surface structure and trace theory, which also 
derive from Cliomskygs recent work? 

(I t  should be noted that these constraints are far 
from universally accepted. They are currently the source of 
much contraversy; for various critiques of Chomsky's 
positio~l see [Postal 74; Breslnan 76). However, what is 
presented below does not argue for these constralnts, per 
sa, bi l l  ratiier provides a different sort of explanation, 
based on a processing model, of why the sorts of sentences 
which these constraints forbid are. bad. While the exact 
formulation of these constraints is controverstal, the f a c t  
that some set of constraints is needed to account for this 
range of data Is i~enerally agreed upon by most generative 

graniniclrians. Tlie account which I will present below is 
crt~cially Iinkecl l o  Clionisky's, however, in that trace theory 
is at tlie haart of this account.) 

Because of space lirfiitations, this paper deals only 
with those gr~nrmatical processes characterized by the 
con~petence rille ' 'MOV~ NPg'; tlie constraints imposed by 
the grammar interpreter upon those processes 
cliaracteri7ecl by tlie rtrlc "MOVE WH-phrasew are discussed 
at I ~ n q t l i  in [Marcus 771 wliere I show tlmt tile behavior 
ctiaracterlzecl by ,Ross's Complex NP Constraint [Ross 671 
~tsetf follows clirectly from tlie str~rcture of the grammar 
interpreter for rather cliffere~it reasons than the bhavior 
considereti In this section. Plqo hcause of space 
Iiii i i l~itio~is, I will not attempt to show that the two 
colistralnts I w~ l l  deal with here necessarily follow from the 
grtlmmirr interpreter, but rather only that they naturally 
follow from tlie intarpretar, in particular from a slmple, 
natural formihatlon of a rule for passlvization, which itself 
deponcls lieav~ly upon the structure 6f the interpreter. 
Again, iiecessity is argued for in detail in [Marcus 771. 

Tliis paper will first ouNine tlie structure of the 
graninlilr interpreter, then present the PASSIVE rule, an8 
tlinn filially show liow Cliomskyts constraints ''fall outM of 
tlie formulation of PASSIVE. 

I3efore proceedilig with the body of thls paper, two 
other kaportnnt properties of the parser should be 
nie~~t~oriecl wli~ch will not be discirssed here. Both are 
cliscussecl at lengtli in [Marcus 771; the first is sketched 
as well in [Marcus 78).  

1) Simple cuies of grammar can by written for this 
irlterpreter which elegantly capture the significant 
gaiieralizatior~s behincl not only passivization, but also such 
Coiistrtictiolis as yes/no questions, imperatives, and 
selitetices with existential there. These rules are 
remiillscent of tlie sorts of rules proposed wjtiiin t l ie 
frnniework of t l ~ e  theory of yeneratlve grammar, despite tl ie 
fact that the rilles presented here must recover underlying 
structure given only the terminal string of the surface form 
of the sentence. 

2)Tlie. grammar interpreter provldes a sirhple 
exl>lanatkn for tlie difficulty caused by "garclen pathtt 
sentences, such as Vi le  cotton clothing is made of grows in 
M~ssisslppi.~ Rilles can be written for this interpreter to 



resolve local strirdtural ambiguities which might seem to 
require notlcleterminlstic parsing; the power of such rules, 
howaver, rlspe19ds lirpon a parameter of the mechanism. 
Most structural aniblgirlties can be resoivecl, given an 
appropriate setting of this parameter, but those "whlch 
typically cause garden paths cannot. 

Tho Structure at PARSIFAL 
PARSIFAL mai~itaills two major data structures: a 

p\isliclown stack of l~icomplete constituents called the active 
node stack, nricl a sniall tl~r'ee-place constituent buffer whlch 
contains constituonts whlch are complete, but whose higher 
level yramniatlcal functlon is as yet uncertain. 

Figure 1 below stlows a snapshot of the parsergs 
clatn structures taken wlllle parsing the sentence "John 
siioi~ld liave schecli~lecl tl ie meeting.", Nde  tliat the active 
nocle stnck in sliown growing downward, so that thg 
strirctirre of the stack reflects the structule of the 
enrerging parse tree. A t  tho bottom of the stack is an 
ai~xiliary ~iorle Cabelled wit11 the! features modal, p ~ s t ,  etc., 
w l i ic l~  lias as a daughter tlie modal 1tsliouic118. Above the 
bottoni of tlie stack is an S notla wlth an NP as a daughter. 
rlonri~iatinc~ the word "Johnt1. There are two words In tile 
birffer, tiie verb "hovew in the first buffer cell and the word 
"schedu1oc.l" irr the second: The two word8 "the meetingt1 
have notA yetacome to tiie attention of the parser, (The 
structures of form "(PARSE-AUX CPOQL)' and the like will be 
explained below.) 

The Active Nocle Stack - 
Sl (S DECL MAJOR S) / (PARSE-AUX CPOOL) 

NP : (John) 
AUXl (MODAL PAST VSPL AUX) / (BUILD-AUx) 

MODAL i (should) 

Tile Buffer 
1 : WORD3 ("HAVE VERB TNSLESS AUXOERB PRES 

V43S) : (iiave) 
2 : WORD4 ("SCHEDULE COMP-OBJ VERB tNF-OBJ 

V-3S ED=EN EN PART PAST ED) : (scheduled) 

Yet unseen words: the meeting . 
Figi~re 1 - P'.4RSIFALts two major data structures. 

The constituent buffer is tiie heart of the grammar 
interpreter; i t  is tiie central feature that distinguishes tliis 
parser froni all others. The words that make up the parser's 
input first conie to its attonti011 when they appear a t  the 
end of tliis buffer after morpno~ogical analysis. Triggered 
by t l ie worcls at the beginning of the buffer, the parser may 
clociclo to  create a new grammatical constituent, create a 
new node at tile bottom of the active rrode stack, and then 
l~egir i  to attach tlie cor~stituents in the buffer to it. After 
tliis new constituent is conipleted, the parser will then pop 
tile ~ i c w  constituent from the active node stack; If the 
grcllnill~tlticai role of this larger structure is as yet 
i~nclcterminorl, the parser will insert it into tlie first cell of 
the I~irffer. The parser is free to examine the constituents 
i ts  tJic buffcr, to act irpon them, and to otiiewise use the 
I ~ u t  fer as a workspace. 

While tlie buffer allows tile parser to examlne 

some 01 t h e  context surrounding .a given constituent, it does 
not allow arbitrary look-ahead. The length of the buffer Is 
stl.ictly iimiferl; in tlie version of the parser presented here, 
the b~ l f fe r  tins only three cells. (The buffer must be 
cxtcnclccl to five colis to allow the parser to build NPs in a 
manner wliich is transparent to  the taclause levelta grammar 
rilles wl lkh will be presented In this paper. This extended 
parsor still Iias a winclow of only three cells, but the 
ef lcct ive start of the buffer can be changed through an 
"at tenlion slilf ting n~echanisrn~~ whenever tlre parser Is 
ISuilding an NP. in effect, tills extended parser has two 
" l ~ ( ~ i c a i ~ ~ .  btrf fers of "length three, one for NPs and another 
for clauses, with these two buffers implemented by allowing 
an overlap in one larger buffer. For details, see [Marcus 
771.1 

Note that eacli of tiie tilree cells in the buffer can 
Iiolcl a grammetical constltuent of any type, where a 
constlt~reril Is any tree that tlie parser has constructed 
u~~c lo r  a singlo root nocle. The size of the structure 
~~ndcr~iocrtlr the tiotle is Immaterial; both ltthatl1 and "that 
tlie 11ig green cookie monstsras toe got stubbedea are 
perfectly good col.rstituents once the parser has 
constri~cterl a srrbordinate clause from tile latter phrase. 

Tlie constituent buffer and 'the active-node stack 
are acted ilpon by a grammar wliich is made up of 
~mttcrn/action rules; tlris grammar can be viewed as an 
au$jrnentecl form of Newell and Simont$ production systems 
[Newell & Simori 721. Each rirle is made up of a pattern, 
wliich is niatciieti against some subset of the constituents 
of tlie buffer and the accessible nocles in the active node 
stack (al~out wliich more will be said belowh and an action, 
a sequence of operations which acts on these constituents. 
Etlcii rule is assigned a numerical priority, which the 
graninlar interpreter uses to arbitrate simulteneous matches. 

The yrnmmar ns a wiiole is structured into rule 
packets, clumps of grammar rilles which can be, activated 
ant1 clcactivatecl as a group1 the grammar interpreter only 
attenipts to match rules in packets that have been 
activated by the grammar. Any grammar rule can activate a 
oachnt by associating that packel with tliq constituent a t  
tho i ~ o l  tom of tile active nocle stack. As long as that node 
is at  t l ie  1)ot'Coni of the stack, the packets associated with 
it arc! nctive; wlxen tliat node is pushed into the stack, the 
~ ~ a c k e t s  remain associated with it, but become active again 
tmly wlieri that node reaches the bottom o l  the stack. For 
sxnmple, in figure 1 above, the packet BUILD-AUX is 
nssociated with the bottom of the stack, end is thus active, 
while tlie packet PARSE-AUX is associated with the S node 
aljove tl ie auxiliary. 

Tile grammar rules tliemselves are written in a 
larigi~age callecl PIDGIN, an English-like formal language that 
is translated into LISP by a simple grammar translator based 
011 the notion of top-down operator precedence [Pratt 73). 
Tliis irse of pseuclo-English Is sinrilor to the use of pseudo- 
E~iglisli in tlie grammar for Sager's STRING parser ,[Sager 
731. Figure 2 below gives a sciiematic overview of the 
organization of tlie gtamniar, and exhibit5 some of the rules 
that nrake up tile packet PARSE-AUX. 

A few comments on the a r a m r  notation itself are 



in order. Tlte'general form of each gramrn'ar.rule Is: 

(Rule <name> priority: <priority> in <packet>* 
<pattern> --> <action>) 

sltiftingl, the' buffer to tlie riglit to create a gap'tand causing 
L/ I 

an erior. if the buffer was, already ful!)! If the .constituents 
iu tlie buffer provide sufficient evidence that a constituent 
of s given type should be initiated, a new node of that type 
can he created apd pushed onto tile stack; this new node 

Each Pattern is of the form : call also be attached to the -node at tire bot.tsr,w of the 
stgck. befor; the stack is pushed, If tlje grammbtical 

[<description of i st -buffer constituent>] [<2nd> J fut~ct iot~ of tho now constituent is clew when It is created. 

[<3rd>] 
This strirctrlre is motivated by several properties 

The symbol It=", used only in pattein descriptions; i s  to be wltikh, as IS argued in [Marcus 771, any %on- 

read 6 s  s"has the foature(s)". Features of the form noncIeterministica8 grammar.interpreter must embody. These 

'u*<worrl>u mean "has tlie root <word>", e.g. "Rhave" means principles. attd their embodiment in PARSIFAL, are as follows: 

"has -the root tthave"lt. The tokens 181st11, l12ndI1, "3rd8I and 
8 t ~ "  (or "c") refer tw the constltuents in the Is t ,  2nd, and 1 ) A deterministic parser must be at least partially data 

3rd bufbr  pdsitiot~s and fhe.cur?ent active node (i.e. the driven. A granirnar for PARSIFAL is.made up of 

bottom of the stack), respectlvely:  he PIDGIN code o t  the l>ai ter~acl iot i  rules which are triggered when 

rule patterns sltouid otherwise be fairly self-explanatory. constituents wllicll fulfill specific descriptions 
appear in tlie buffer. 

Priority Pattern Action 
Description of: 

l e t  2nd 3rd TheStack 
PACKET1 - 

6: I 1  1 1  I --> ACTION1 
10: 1 I 1  1  --> ACTION2 
10:. [ I I I 1 I [  I -->'ACTIONS 

PACKET2 
10: [ 3 1  1 --> ACTION4 
15: [ 3 1  1 --> ACTION5 

(a) - The structure 67 the grammat. 

{RULE START-AUX PRIORITY: 10. IN PARSE-AUK 
[=verb] --> 
Create a new aux node. 
Label C with the meet of the features of 1st and pres, 

past, future, tnsless. 
Activate build-anx.) 

{RULE TO-INFINITIVE PRIORITY: 10. IN PARSE-AUX 
[=*to, auxverb] [=tnsless] --> 
Label a new aux node inf. 
,Attach 1 st  to % as to. 
Activate build-aux.) 

(b) - Some grammar rules that initiate auxiliarieg. 

Figure 2 

The parser (i.e. the grammar interpreter 
interpreting some grammar) operates by attachiflg 
constitt~ents w l l i ~ h  are in the buffer to the constituent at 
tlta l~ottom of tlte sfask: functionally, a,constituent IS in the 
stack when the parser is attempting to find its daughters, 
aitd in the buffer when the p a w r  is attempting, to find i ts  
n~otlier. Once a constituent in She buffer has beeh 
atlacliecl, tile grpmmar interpreter will a&tomatically remove 
it from the buffer, filling in tlie gap by shiftihg to the left  the 
constitumts formerly to its right. When the parsei has 
completed the mnstituent at the bottom of. the stack, it 
po(,s j l iat constityent from tlte adive node stack; the 
corlstitilent either remeins attached to its parent, if It 'was 
attoclied to some larger constituent when it was created, or 
else .it falls into the first cell of the constitu8ntd buffer, 

2) A determinislic parser must be able to reflect 
expectations that follow from the partial structures 
i~ctijt ctp during the parsing process. 'Packets of 
ritlcs can be a-ctivated and deactivated by 
grammar rilles to reflect tlie properties. of the 
constitue~its .in tlie active node stack. 

3) A deterministic parser must have some sort of 
constrained look-ahead facility. PARSIFAL1s buffer 
pro~ides.tltis constrained look-ahead. Because the 
bi~f fer  can l~oicl several constituents, a grammar 
:rule can exaniitte tlie cont&xt that follows the first 
constituent in the buffer before deciding what 
granrmirtical role it fills in a higher level structure. 
The key idea is that the site of .the buffer can be 
sltargly constrained if each location In the buffer 
cat1 hold .a single complete constituent, regardless 
of Ilia t constituentls size. It must be stressed that 
this look-ahead ability must be constrained in tome 
manner, as i t  is  here by limiting the length of the-. 
buffer: otherwise [he "deterrnini~m~~ claim i s  
vacuous. 

The Ge~~eral Gra~~~matical Framowdrk - 1 races 
Tlte form of tile structures tljat the current 

graninior builcls is based on the notion .of Annotated Surface 
Structure. Tliis term lies been used in two different seoses 
by Winogracl [Winograd 711 and Chomsky [Cltomsky (a]: 
tlte rrsage o f  tlie term here ,can be thought of as a 
synthesis 01 tlte two cmcepts. Following winograd, this 
tern? will be used to refer to a notion of surface structure 
annotated by the addition o l  a set of- featyres to each node 
in a parse tree. Following Chomsky, the term will be used t o  
refer to a tiotion of surface Structure annotated by the 
aclclition of an element called trace to indicate the 
"underlyittg position" of "sltiftecl" NPs-. 

In current linguistic theory, a trace Js essentially a 
~~~~ltonoio<clically null" NP ilt t siltface . structure 
represetitation of a sentehce that 'has no daughters but is 
"botylclu to Ilte 'NP that filled that position at some level of 
i r n c l o r l y ~  structure. In a sense, a trace can be viewed as 
a "dr~mmy" W that serves as a placeholder for. the ,NP that  
2ariier filled tll'6t~.position; in the same' sense, the trace's' 



bintlinfl cen ha viowed as simply a pointer to that NP. It 
sl~oi~icl be strcssscl at tlis outset, liowever, thbt a tpace is 
inclistingirisha~~ie froar a nornral NP in terms of normal 
grnnrtrrotlcal processes; a trace is an NP, even though It is 
an NF' that clominates no lexical material. 

There are sovcral reasons for choosing a properly 
annototoci surface strircturo as a primary output 
rsprclsantntion for syntactic analysis. While a deeper 
a~~alys is  1s neerlctl to racovdr tlie predkatelargllment 
strt~ctirre of a sentonce (either in terms of Fillmote case 
relatiotis [Fililnore 08)  or GruberIJackendoff tttliern&tic 
relntiotrs" [Grubnr 06; Jackendoff 72]), phenomena such as 
focDs, tlionio, protionrinal reference, scope of quantification, 
ant1 the tiko can be recovered only from the surface 
structure of a sen4ence. By means of proper annotatlon, It 
is ~~ossib le to encocle in tlie surface structure tlie "deep" 
syntactic itrfortrration necessary to recover underlying 
~~rucIicatc/arg~tnient relations, and tlius to encode in the 
same fornlelisnr b o t l ~  deep syntactic relations and the 
sttrrncc orclcr tleecleci for pronomid reference and the 
otlic!r plie~ronrena listed above, 

Sonie exaniples of tlie use of trace are given in 
Figure 3 ininiccllat_oly below. - 

( l a )  What d i d  John give 40 Sue? 
( l b )  Wlrat d i d  John give t to  Sue? 

I- I 
(LC) John gave wllat to  Sue. 

(2a) The meeting uas scheduled for  Wednesday. 
I7b) The meeting uas scheduled t f o r  Wednesday. 

I I 
(2cI V schcdul ed a meebing fo r  Wednegdau. 

(3a) John uas be1 ikved to  be happy. 
(3b)John uas be1 ieved IS t t o  be happy]. 

Figure  3 - Some examples of  the use of  trace. 

Otle 11se of trace is to indicate the untleriying 
position of tlie wh-heacl of a question or relative clause. 
Tl~us, tho structurr! built by the parser for 3, la would 
iticlucle tlie trace sl~own in 3.lb, witlFtlle trace's binding 
shown by the line utlcter the sentence. The position of the 
trace inclicates tliat 3.1 a has an underlying structure 
alialogous to tlio overt surface structure of 3 .1~ .  

Aliother use of trace is to indicate tlie underlying 
j-lositiol~ of tlio surfnce sttbject of a passivized clause. For 
cxeml>lo, 3.2a will be parsec1 into a structure tliat includes a 
trnce as shown as 3.2b: this trace indicates tliat the 
s\t\,ject of the passive hns the underlying position shown in 
3 . 2 ~ .  Tlre synlbol 8tVt1 signifies the fact that the subject 
position of (2c) is fillecl by all NP that clominates rto lexical 
stritcttlre. (Following Chomsky, I assume that a passive 
sentence in fact has no trnderlying subject, that an 
ayr!ntive "by NP" prepositional phrase originates as such in 
trnclerlyiny s tructurc ) The trace in (3b) inclicates that the 
phrase "to be happy", wllicl1 the brackets show Is really an 
~mbecicleci clarrse, has an underlying subject wl~lch. is 
iclcnticcll with tlie surface subject of the matrix S, the 

cibltse tlrat clomiriates the embedded complement. Note 
that what Is conceptually the underlying subject of the 
enihatltled clarrse tias been passivized into subject position 
of t l in matrix S, a phenomenon commonly called "raI~Ing@~ 
The ntiaiysis of this phenomenon assumed here derlves from 
[Cl~onrsky 733; it is an alternative to the classic analysis 
which involves "raising" tlie subject of the embedded 
clntrscr illto object position o f  tlie matrix S before 
ptlssivization (for details of this later analysis see [Postal 
741) 

Tho Passive Rule 
in this section ond the next, I will briefly sketch a 

so111 t ion to tlie plionomena of passivization and 'tralslngtt in 
tlia cotitoxt of a grammar for PARSIFAL. This section- will 
prcscnt tlio Passive rule; the next section whL sliow how 
this rille, wltlrout alteration, l~anrlles the ttralsing@g cases. 

Let 11s uegln with the parser in the state shown In 
f igr~ro 4 below, in the miclst of parsing 3.2a above. The 
analysis process for tlie sentence prior to  this point Is 
essentially parallel to tlie analysis of any simple declarative 
wllh o11c exception: the rule PASSIVE-AUX in packet BUILD- 
AUX has clococlecl tile passive morphology In the auxiiia.ry 
atlcl ylven the auxiliary the feature passive (although this 
fciaturc? is not visible in figure 4). At the point we begin our 
example. tllc packet SUBJ-VERB is active. 

Tlie Active Nocle Slack ( 1. deep) 
S2 l  (S DECL MAJOR) / (SS-FINAL) 

NP : (The meeting) 
AUX : (was) 
VP : $ 

C : VP 1 7 (VP) / (SUW-VERL, 
VERB : (scheduled) 

The Buffer 
1 Pf'14 (PP) : (far Wednesrlay) 
2 WOROl 62 (*. FINALPUNC PUNC) : (.) 

Figi~re 4 - Partial enalytjis of a passive sentence: 
after tlie verb has been attached. 

Tlie packet SUBJ-VERB contains, among other rule$, tlie rule 
PASSIVE, shown in figure 5 below. The pattern of this rule 
is f~~l f i l lar l  i f  the nuxilinry of the S node dominating tlie 
currelrt active noclc (which will always be 8 VP node i f  
packet SUBJ-VERB is active) has the feature passive,,and 
tl ie S nocle has not yet been labelled np-preposed. (The 
~~otat io t i  "** C'II indicates that tills rule matches against the 
two accessible nodes In the stack, not against the corltents 
of t i le buffer.) Tlie action of tlie rule PASSIVE simply 
creates a trace, sets the binding of the trace to  the 
subjcct of the clominating S node, and then drops the new 
trace illto the buffer. 



{RULE PASSIVE IN SUBJ-VERB 
In* .c; tlie aux of tilo s above c is passive; 

tlre s above c Is not np-preposed] --> 
Label the s above c np-preposed. 
Create a new np nocle labelled trace; 
Set the bitrdi~ig of c to tlie np of the s above c. 
Drop c. )  

Figure 6 - Six lines of code captures np-preposlng. 
-- - - 

The state of the parser after thls rille has been executed, 
with tlie purser previoirsly In tlie state In figure 4 above, is 
sl iow~i in firjure below. S21 is trow labelled wlth the 
feature np-preposed, and there is a trace, NP63, In tlie first 
buffer position. NP53, as a trace, has no daughters, but is 
bouncl to t l ie sirbjoct of S21. 

JJre Activq Nocle Stack ( 1, deep) 
S21 (NP-PREPOSED S DECL MAJOR) / (SS-FINAL) 

NP : (Tlie meeting) 
AUX : (wes) 
VP : 4 

C : VP 1 7 CVP) / (SUBJ-VERB) 
VERB : (scheduled) 

Tlie Duffer 
1 : NP53 (NP TRACE) : boi~nd to: (The meeting) 
2 :  PPI 4 '(PP) : (for Wednesday) 
3 : WORD1 (32 (*. FINALPUNC PUNC) : (:) 

Figure 6 - After PASSIVE has been executed. 

Now rilles will run which will activate the two 
packets SS-VP and IRF-COMP, given that tlie verb of VP17 
is 18sclisclule11. These two packets contain rules for parsing 
simple olljects of non-embeclded Ss, and infinitive 
coniplements, respectively. Two such rules, each of w l~ ich 
utilize nn NP immediately following a verb, are given in figtrre 
7 Irelow. ?lie rille OBJECTS, in packet SS-VP, picks Up an 
NP nftcr tlre verb and attaches it to tlie VP node as a 
simple object. Tlie ruls INF-S-STARTI, in packet INF-COMP, 
ttmigr_lors when an NP is followecl by @'to1' and a tenseless 
ver0; it i l~i l iates an infiliifivo complement and attaches the 
NP as its strbjoct. (An example of such a sentence is "We 
warrtecl John to give a seminar next weekg1.) The rule INF- 
S-STARTI must have a higher priority than OBJECTS 
beceuse tile pattern of OBJECTS is fulfiiied by any situation 
that fulfills tlie paLtern of INF-S-STARTI; if both rules ate in 
active (x~ckots  arirl match, the hlglrer priprlty of INF-S- 
START1 will cause it to be run instead of OBJECTS. 

(RULE OBJECTS PRIORITY: 10 IN SS-VP 
[enp J --> 
Attach 1st to c as np.) 

{RULE INF-S-START1 PRIORITY: 5. IN INF-COMP 
[=np] [=xto,auxverb] [=tnsless] --> 
Label n new s node sec, Inf-s. 
Attacli 1st to c as np. 
Activate parse-aux.) 

Wlillo there Is not space to continue the example 
39 

here in cletoll, llote that the rule OBJECTS will trigger with 
tlrc parsor- in tlie state shown In figure 6 above, and wlll 
atttrclr NP63 as tlro ol)jt?ct of tlie vorb wschedule. OBJECTS 
is tlrrfs totally Indifferent both to tlie fact that NP63 was 
not o rngular NP, Dilt rather a trace, and the fact tlrpt f i~53  
t l i c l  not orlgitiata i t1  tlio in1,ut string, but was placed into the 
b i~ l lo r  by grammatical processes. Whetlier or not thls rule 
is executecl, is al~solutely unaffected by differences 
I~etween an actlve sentence and its passlve form; the 
ntrolysls process for e i t l i ~ r  Is Identical as of thls point In the 
pnrsinq process. Thus, the arrelysis process will be exactly 
i~rtrnllal in botli cases alter the PASSIVE rille has been 
exac!~teci. ( I  remind tlie reader that the analysis of passive 
ass~~nrocl E IOOV~ ,  following Cliomsky, does 170t assume a 
Irroccss of "agent ciolet i~n~~, "subject p~s tpos ing~~  or the 
like.) 

Passjvcs in En~bodded Complements. - "Raising" 
Tlie rcnclbr may have wondered why PASSIVE 

clrops the trace i t  creates into tlie buffer rather than 
InrtiiaclioZely attacliing tlie new trace to the VP node. As we 
will sac below, sirch formulation of PASSIVE also correctly 
analyzes passives like 3.3a above wl?ich involve nraislng", 
btlt with no arlclitlo~~al complexity added to tlie grammar, 
correctly capturing an Important generalization about 
t l i s l .  To sliow the range of the generalization, the 
exfin~ple wliicli we will investigate in this section, sentence 
(1) in fig~rre 8 bclow, is yet a level more complnx than 3.3a 
ahovc; its analysis is sliown sclienratically in 8.2. In this 
cxtrml>le tliore ore two traces: the first, tlie subject of the 
entl~cclclecl clause, is bound to the subject of the major 
clause, tlie seconcl, the object of the embedded S, Is bound 
to the first trace, and is thus ultimately Qoirnd to the 
su l~ jcc t  of the liiglior S as well. Thus the underlying 
position of tlie NP "the meeting" can be viewed as being 
t l ~ c  ohject position of the ombedded S, as shown in 8.3. 

( 1 )'Tlic lneeting was believed to have been scheduled for 
Weclnestlay. 

(2)Tlie nieetilig was believed [s 1 to have been scheduled. 
t for Waclnesdq)r] 

(3) V believecl Ls V to have scheduled the ineetlng for 
Wedtiesday J. 

Figure 8 - This cxamplo shows simple pe'ssive and raising. 

We bedin our example, once again, right after 
"believecl" has been ottached to VP20, t l ie current active 
~)ocle, as shown it1 figure 9 below. Note that the AUX node 
has been labelled passive, although this feature is not 
sliown here. 

Figye 7 - Two rules which utilize an NP following a verb. 



The Active Nocle Stack ( 1. deep) 
S22 (S DECL MAJOR) I .(SS-FINAL) 

NP : (The meeting) 
AlJX : (was) 
VP : 5. 

C : VP20 (VP) / (SUBJ-VERB) 
VERB : (I~elieved) 

Tlie Buffer 
1 : G 6 ~ ~ 1 6 6  ('TO PREP AUXVERB) : (to) 
2 : WORD1 67 (*tIAVE VERB TNSLESS AUXVERB 

PRES ... ) : (have) 

Figtrre 9 - After the verb lias been attached. 

The packet SUBJ-VERB is now active; the PASSIVE 
rule, coti\ainecI in this packet. now matches and is executed. 
Tliis rule, as statecl above, creates a trace, bincls it to  the 
st~hjoct of tlre ctrrrent clause, and drops the trace into the 
Sirst cell in the buffer, The resulting state is shown In 
figure 10 below. 

Tho Active Nocle Stnck ( 1. deep) 
S22 (NP-PREPOSED S DECL MAJOR) I (SS-FINAL) 

NP : (Tlie nieetlngl 
AUX : (was) 
VP : 4 

C : VP20 (VP) / (SUBJ-VERB) 
VERB : (believed) 

TI91 Btr f f c!r; 
1 : E 5 5  (NP TRACE) : bound to: (The meeting) 
2: WORD1 66 (*TO PREP AUXVERB) : (to) 
3: WORD1 67 ("HAVE VERB TNSLESS AUXVERB 

PRES ... ) : (have) 

Yet unseen words: been schedbled for Wednesday 

Figrrre 10 - After PASSIVE has been executed. 

Again, rules will- now be executed which will 
activnte the packet SS-VP (which contains the rule 
OB.,IECTS) allti, since "believe" takes infinitive complements, 
tlie packet INF-COMP ' (which contains INF-S-START1 ): 
among others. (These rilles will also deactivate tlie packet 
SUII,I-VEFll3.) Now tlie patterns of OBJECTS and INF-S- 
START1 wlll both match, ancl INF-S-START1 ,*shown above In 
figure 7, will be execitted by tlie interpreter since It has 
tlie liigiier priority. (Note once again that a trace is a 
perfectly nornial NP from the poiht view of the pattern 
malcliingl process.) Tliis rille now creates a new S node 
lal~ellecl Infinitive and attaches tile trace NP66 to the new 
infinitive as its sui~ject. The resulting state is shown in 
figure 1 1 below. 

The Active Node Stack ( 2,  deep) 
522 (NP-PREPOSED S DECL MAJOR) / (SS-FINAL) 

NP : (The meeting) 
AUX : (was) 
VP : 3. 

VPZO (VP) / (SS-VP THAT-COMP INF-COMP) 
VERB : (believed) 

C : 523 (SEC INF-S S) I (PARSE-AUX) 
NP : bound to: (The meetlng) 

The Duff% 
1 : WOnDl66 ("TO PREP AUXVERB) : (to) 
2: WORD1 67 (*HAVE VERB TNSLESS AUXVERB 

PRES ...) : (have) 

Yet unseen words: been scheduled for Wedtiesday 

Figurc 11 - After iNF-S-START1 has been executed. 

We are now well on our way to tlie desired 
analysis. An en\lrecldeci infinitive has been initiated, and a 
trnco bdunci to tlie subject of the dominating S has been 
attacl~oci as its suhj8ct. although 110 rule has explicitly 
itlowsr~rlll tl ie trace from one clause into the other. 

The parser will now proceed exactly as in the 
previous exa~iple, It will the aux~l i~ry.  attach It, and 
attach the verb "schetluled" to  a new VP node. Once again 
PASSIVE will match and be executed, creating a trace, 
I~i~ir l ing it l o  tlie subject of tile clause (in this case Itself a 
trace). alicl clropplng the new trace Into the buffer. Again 
the rule OOJECTS will attach tile trace NP67 as the object 
of VPZ1, and tlie parse wlll then be completed by 
clranimatical processes which will not be discussed here. An 
eclilteci lorin of tlle tree structure which results is shown in 
figure 12  below. A trace is indicated in this tree by  grving 
tlie tcrnlillal string of its ultimate binding in parentheses. 

(NP-PREPOSED S DECL MAJOR) 
NP* (MODiIJLE NP DEF DET NP) 

The meeting 
AUX: (PASSIVE PAST V13S AUX) 

was 
VP: (VP) 

VERB: bclievcd 
NP: (NP COMP) 

S; (NP-PREPOSED SEC iNF-S S) 
NP: (NP TRACE) (boundn to: The meeting) 
AUX: (PASSIVE PERF iNF AUX) 

to have been 
VP: (VP) 

VERB: scheduled 
NP: (NP TRACE) (boundn to: The meeting) 
PP: (PP) 

PREP: for 
NP: (NP TIME DOW) 

Weclnesday 

Figure 12 - Tlie final tree structure. 

This example demonstrates that the simple 
formillation of the PASSIVE rule. presented above, 
interacting with other simply formulated grammatical rules 



for parsing objects and initiating embedded infinitives, 
allows a trace to be attacliecl either as tlie object of a verb 
or as tlie subject of an embedded jnfln!tive, whichever is 
tlie appropriate analysis f.or a given grammatical situation, 
Recot~se tlie PASSIVE rule is formutated in such a way that 
it clrops the. trace it creates into the birffer, later, rules, 
already fornlyiated to trigger on an NP In' the'buffer;. will 
analyze sentences with NP-preposing exactly the same as 
tlioso witliout a preposecl subject. Thus, we see that .the 
aviriiabiiity of tlie buffer maolteinism is.crucial to chpturlng 
tliis generalization; such a generalize'tion can only be 
s\atr?cl I,y a parser with a mechanism much like the buffer 
usacl hare. 

The Gralnniar Intorproter'and Chomsky's Constraints 
Before ti~rning now to a sketch of q computatlonal 

account of Clloniskyls constraints, there are several 
illlportnht liniitations of this work which must be enumerated. 

First of all, wliile two of Chomskyls constraints 
soon1 to fall out of the grammar interpreter, there seems ttl 
Ire no apparent accoiltit of a third, tlie Propositional Island 
Constraint, in terms of this mechanlsni. 

.Seconcl, Cliomskyts formutation of these 
coristraitits is irltended to allply to all rules of grammar, both 
syntactic rules (i.e. transfbrmations) and those rules of 
seninntic interpretation wliicti' Chomsky calls "rules of 
cdns t r~a l~~,  a set of shallow senientic rules whlch .govern 
A~ipplioric processes [~llomsky 773. The discussion here 
wi(l only tolloh on purely syntactic phenome~ia; the question 
uf,j~ow rules of 'semantic interpretati~n can be meshed with 
t l ia  fr-aniework presented in this clocument has yet to be 
investigaterl. 

'Tliircl, tlie arguments presented below deal only 
wirlli €nglish, ancl in fact depend strongly upon several facts 
about Etiglisl~ sflitax, most crucially upon the fact that 
English i s  sul~ject-initial. Whether these argu.ments can be 
successfully extencled, to other language types 'is an open 
cluestion, and to this extent tliis work must be  considered 
exploratory. 

Ancl finally, I will not show tliat these constraints 
must bo k u e  withoyt exception; as we will see, there are 
vari-ous situations in wliich tlie .constraints imposed by the 
gratnninr interpreter can be circumventecl. M O S ~  of fliese 
situations, tliougli, will be shown to demand much more 
coml)lex grammar forniulations than those typlcally needed 
in the' flarnaer so, far constructed. This is quite in keeping 
with tlie suggestion made by Chonisky [Chomsky 77J that 
tile cotlstrai~its are not necessarily without exception, but 
ratlier that  exceptions will be l'liiyhly marked" and 
therefore will caulit heavily against any grammar that 
includes them. 

Tho SpoclfiedSubjoct Constraint 
The Specifiecl Sul~ject Constraint (SSC), stated 

informally, says tliat no rule may involve two constituents 
tliat are Domiriat&d by different cyclic' nodes unless tlie 
.loweraof the two is tlie subject.of .an S or NP. Thus, no rule 
may involve constltuents X .and Y in the structure shown in 
?igae 13 below, i f  and p'are cyclic nodes and Z is the 
s i~bjcct  of a, Z distinct from X. 

Figrrre 13 - 'SSC: 
No rille can involve X wd Y in this structure. 

Tne SSC; .explains why tlie surface subject position 
of vcrl>s' like and lais certahfi' which have no 
irnclor!ying subject can bo flied only by the subject and not 
tlie object of tlie enibsdded S: Tlie rule '"MOVE NPgl is free 
to shift 'ouy NP into the empty-subject -position, but is 
constrainecl by tlie,SSC so tliat the object of the embedded 
S canno'f'be nlovktl out bf .hat clause. Thls explains why 
(n) in figure -1 4 below, but noJ 1411,- Can be derived from 
1 4c; tlie cicrlvation af 141) from 14c would violate the SSC, 

(a) John seeps to like Mary. 
(b)*Mary seems John to like, 
(c) ~ 'seenis [s John to like Mary] 

Fic~trro 1 4 ' - Sorrte exam(~/cs illustrating !he SSC. 

esseiice, - tlien, the Specified Suljject Constraint 
bd~istrai~ls tlie rule "MOVE NPu.in' s l~ch a way that only the 
si~l?ject' of a clei~se con be moved out of that clause into a 
position in n liigl~er S, Tl~us, If a trace in an annotated 
stlrfaco structure is bouncl to an NP-Dominated by a higher 
S, l l ~ n t  iracc mtist fill the subject posiiion of the lower 
clause, 

In the reniaincler of tljis se~t ion I will show tliat the 
oramnrnr interpreter constrains grammatical processes in 
strcti a way that a;iriota ted strrface structures constructed 
Ily I l ie granlmilr interpreter will have tlits same property, 
givwi tlic formulation of tile PASSIVE, rule presented- above, 
111 tcrais of tlie parsing process, tliis means tliat if a trace Is 
" Iow~rec l~~ from one clause to another as a result of a 
"MOVE NP"- tyl)e or>era tion (luring the parsinq process, then 
it- will he attacliecl as the subject of tlie second clause. To 
I)e wore precise, if a trace is attacl~ed so that it is 
Donrinated by sonie S node S1, and tl1.e trace is  bound to an 
NP Doniinatecl by sonie other S node S2, tlien that trace will 
aocessahly bo attached so that it fills the suGect position 
of S1. This is depictacl in firlure 16 below. 

Tlie Active ,Node Stack 
..... 

S2 ... / :.. 
... 
NP2 
. a .  

C : s1 ... / .., 
NP:'W 1 (NP'TRACE) : bound to NP2 

F i~ j i~ re  16 - NP1 uiust be atlaclied as tlie subject of S1 
since it is bound to ar Nb Domlnoted by a higher S. 

looking bdck at the complex passive example 
involving. "raisi~ig'~ ~)resentod above, we see that the 
ixirsing .-~rocess results in a structure exactly 'like that 
shown above. The original point of the example, of course, 
was t l ~ o t  tho 'ratlior simple PASSIVE. rule handles this case 
wit l idu~ the ~ ieed  for some moQiianism.to ewlicitlv lower the 
NP. . ~ i l e  PASSIVE rule caatures this- yonerslization by 



clropping the* trace It creates into tlie buffer (after 
nppropriately binding the trace), thus allowing other rules 
written to hanclle normal NPs (e.g, OBJECTS and INF-S- 
SThRT1) to  correctly place t l io trace, 

This statement of PASSIVE does more, however, 
tliali slmgly cegtilre a generalizhtlon about a specific 
construclion. As I .wIII argue i t1 detail below, tlie behavior 
spocifled by both the spocihed Subject Constraint and 
Sirbjaconcy follows almost immediately from this formulatlon. 
In [ ~ & c u s  7 7 1 ~ 1  BrgUe that tlils formulation of PASSIVE Is 
the otily simple, tion-ad hoc, formulation of tlils rule possi,ble, 
dnct tl iat qll other rules characterized by tlie competenca 
rule "MOVE NPtt ~ru~s t  operate slmllarly; here, however, I will 
olily show tliat these cotistrainta,-fallow naturally. from thls 
formulation of PASSIVE, leaving tlie question of necessity 
asicle. I will also assume one additional consl~aint below, 
the Left-to-/light Constraint, which will be brlefly motivated 
lator in tliis pnper as a natural conclition on the formulation 
of a ciramniar tor tlils nieclianlsm. 

Tlie Le,f t-to-Right Constraint: tlie constituents in the 
buffer aro (almost always) attached to hlglier IeQel 
constittle~its In left-to-rigl(t order,. 1.e. the first 
constitl~ent in the buffer is (almost always) 
attncliecl before tlie seconci constituent. 

I will now show tliat a trece created by PASSIVE 
which is bounci to an NP in one clause-can only servd as the 
subject of a cla11se.dominated by thaf first clause. 

Given tlie formulption  of PASSIVE, a trace can be 
t'lowerecltt illto one clause from another only by'the indirect 
route of clropping i t  illto tlie buffer before the subordinate 
clause node is created, which ig exactly how the PASSIVE 
r111n operates. This njoans t l b t  the orderlnp of t l ie 
operations is crucially: 1) create a trace and drop it into 
tho buffer, 2) create o li~borciinate S node, 3) attach the 
trace to the newly creotecl S, node'. Tlie key pmt Is that at  
tl ie t i~i ie that tlie sili~orclinate clause node ig created and 
boconios ihe current activtFnode, tlie trsce must be ~sitf jng 
in t11e' l111f fer, filling one of tlie tliree buffer posltlons. .Tliust 
t l ie pacser will be in tlie state -shown 1n.figure 16' below, 
with t l ie t r ice,  'in fact, most likely In the first buffer 
position. 

Tlie Activ-e Stack 

Tlie Buffer 
*.. 
NP 123 (NP TRACE) : bound to NP in S above sl za 
. *  

Figure 16 - Parser state after embedded S created. 

Now., given the L-to-R Constraint, a trace which is 
ill t l ie hi~f'feroat the time l l iat an en~bedded S node is first 
creatccl mtlst be one of tlie first several constituents 
attacl~ecl to file S node ,or Its daughter nodes. From tl ie 
structure of Engli.sli, we know that the leftmost three 
co~istituents of an enlbedded S node, Ignoring, toplcalized 
constitrrents, milst .either be 

COMP NP AUX 
or 

NP AUX [", VERB ,.. 1. 
(Tlie COMP node will'clominate flags like lithatll or' llforll that 
mark' tlis beglnnlng- of a complement clause.) But then, if a 
trace, itself an NP, is one of the first 'several constltuents 
attilcliocl to  an leml)odded clause, tlie only position It can fill 
will be  tlio subject of t l ie clau'se, exactly the empirical 
co~ i~eyaence  of Chomsky8s Specified Subject Constralnt in 
s i t c l ~  p s e s  as explnl~iecl .gbove, 

The L-to-R Constraint 
Let IJS now return to fhe motivation'for the L-to-R 

Constraitit. Again, I will not attempt to  prove that thls 
colistrelnt hyst be true, but merely tq,show why it Is 
plausible. 

Enr~~irically, tlie Left-to-Right CCfiTstraint seems to 
liolcl for tlio triost part: for the grammar of Enyllsh discussed 
in this I)aper, ancl, i t  woulcl seem, for atiy grammar of English 
t lw t  attempts to capture tile same range of generalizations 
as tliis (jramm~r, tlie constituents In the buffei are utllized 
i;i Inft-to-riglit orclor, witli a small range of exceptions. Thls 
usiige is clearfy not enforced by the .grammar lnter~reter  as 
proJeiitly iniplen~ent?ee(i; i t ' is qulle possible to write a set of 
graniniar rirles that specifically ignores a constituent_in the  
buffor until some arldtrary point h the cl&se, though~uch a 
set of rilles would be lilghly ad'hoc. However, there rarely 
seenis to .he a need to remove other than the ' first 
constituent in tlie buffer. 

The one B.xception to tlie L-to-R Constraint seems 
to  I le that a constituent Ci may be attached 'before the 
constituetit to* left, C ,I,'if Ci does not appear in surface 
struct i~re in its underlying position (or, if one prefers, In i ts  
ynniar,kecl l>osItion) and if i ts rkmoval .from the buffer 
reestablishes the unmarkec! order of the -remaining 
constituents, as in tlie caserof tlie AUX-INVERSION rule 
clis.cussecl~ earlier in tliis paper. To capture .this notion, the 
L-to-R Constrairit can b e  rebtated as follows: Al l  
mnstitrrents niilst be attached to higher. level econstituents 
accorrling'to the .left-'to-right order bf constltuents in the 
unsarkecl case of tliat constituentls structura. 

Tliis reformirlation is interesting .In that It would be 
n natural consecluence of the opereflon of t l ie granimar 
intcjrpreter i f  packets were associatecl with the phrase 
strtrct41re rules of .an explicit "base componentI1, and'these 
r~ t les \  were used as templates to build up the structure 
assignccl by tlio gramtiiar interpreter. A packet of grammar 
r i ~ l cs  woulcl tlien be explicitly assoclated witli each symbol 
on t l ie right hand sicle of each phrhse structure rule. A 
constittrent of a given type would them'be constructed b.y 
activating tlie packets associated with each node type of 
t l ic  appropriate phrase strildture rule in left-to-r.ight order. 
Sir~ce these base rilles would reflect the unmarked .I-to-r 
orclcr of constituenfs, tlie constraint suggested here would 
tlien simply fall out of tlie Interpreter mechanism. 

Subjacency 
Before turning to the Subjacency Princip!e, a' few 

auxiliary technical terms need to be defined: I f  we can 



trace a patlr up tlie tree from a given node X to a given 
node Y, tlien we say X Is do~lneted. by Y, or'equivalentiyv Y 
dominates X. If Y dominates XI and no other nodes inteivene 
(i-.e. X is a daughter of Y), then Y iinmedlately (or directly) 
domipales. X. [Akmajian & ,Heny 761. One non-standard 
delinition will prove usefui: I will say tliat i f  Y dominates X, 
ancl'Y Is n cyclic node, 1.e. an S or NP node, and tliere Is no 
otlieP cyclic node Z such' that' Y dominates Z and Z 
doniinatos X I .  there. Is no Intervening cyciic' node Z 
between Y bticl X) then Y Domlnntes X.  

Tlre principle of Subjadeticy,' informally stated, 
says that no rulo can involve constituents that are 
soper'e'tecl by more .than one cycllc*node. Let us say that a 
nocie X i s  sublacent to a node Y i f  tliere is at most ope 
cycilc nocle, i.e. at niost one NP o j  S node, between the 
cycilc node tliat Don\iliates Y and tlie node X. Given this 
clatmition. the ~ u l l j s c e n c ~  prlnciplk says tliat no rule can 
involve coristltuents tliat are not subjacent. 

Tlie Subjacency principle l~nplies tliat movemerit 
.tiles qre co~istrai~iecl so tirat* they can move a constituent 
~ n i y  into positipns tliat tlie' constituent was subjacenj to, 
i.e. o~i ly  witl~iri .the clei~se (or NP) in which it originates, or 
i ~ i t o  th.6 clai~se (or NP) that Dominates that clause (...). This 
mRnns that if a, p, and c In figure 17 are c y ~ l l c  nodes, no 
rille can move a cqnstituent from position X to either of the 
~osit ioi is Y. whore [,,,*...I. is distinct from [,XI. 

[t...Y...[/J...[ @.*. x... ].**]... Y*..] 

Figure 17 - Subjacency: 
No rille call involve X and Y in this structure. 

Subjacency inlplles tliat if a constituent is to be 
"lifted" up more tlian one level in constituent structure, this 
olioratioti nrtrst. be clone by relreated operations. Thus, to 
use one of Clio~lskyls exaniples, tlie sentence given in 
flguro 18a, with a cleep structure analogous to lab, must be 
tleriveci k s  follows (assuming that "is certainl1, like 
has no subject in uncierlyiny structure): The ,deep structure 
nlrlst first u~iclergo a niovemeiri operation that results in a 
~b i t c t u re  ~nalogous to 18c, and then another movement 
operation i l lat  results in 18ci, each of these movements 
leavilill a trace as sliown. That 18c is in fact en 
intnrniecliato structure is si~pported by tl;e existence of 
sentmices sucli as 18e, which purporteclly result when the 
V ill tiie matrix S is replaced by tlie. lexical Item "itvg, and 
the enil~ecicied S' is tensed rather tlian infinitival. Tlie 
strttctirre given in 18f is ruled out as a possible annotated 
sirrface structure, because tlie single trace could only be 
left  if tlie NP was moved in one fell swoop'from'lts 
untlerlyiti~~ pohition to its.position in surface structure, which 
woi~lcl .violate Sub/o'cency. 

(a) John seems to be certain to win. 
(h) v seems [S V to be certain [s Jolin to win]] 
( c )  4 GRBIIIS Jolin to be ceriain [s I to win]] 
((1) Jol111 seems' [i t to be certain CS ( to wln]] 
(e l  It seems that Jolin i's certain -to win. 
(1) rlohn seeins. [s V to be certain'[s t to win]] 

Figure 1 6 - An exsmj~l~-demonstrating Subjacency. 

IJavlhg statetl Subjaconcy'ln terms of tlie dbstrgct 
con~potinca tliaory of generative grammar, 'I now will show 
that a, parsing correlate of St~bjacency follows from ill8 
strl~ctitre of tlie. grammar interpreter.. Speciflcaily, I  ill 
slinw tliat tliere are. only .,limited dases in wlilch a trace 
qeheratotl by a "MOVE-NP" process can be ttiowered; inotg 
tliaii olio cleuse, i,enqtIiat a trace cieated and bound while 
any given S is crirrent niust almost always be ettached 
either tb tligt S or to an.S whlcli Is dominlted by that S. 

Let us bcglli by exeririning what i t  would mean to 
lower a trace more tlian one clause. ~ i v e n  that a trace can 
otily be 1810wereclfl by dropping it lnto tlie buffer and tlien 
croati~ig a sul~orilinhte S node, as discussed above, 
low&incj a trace nrore tlian one clause necessarily implies 
tlie -follnwinf~ sequence of events, depicted in figure I 9  
below: First, a trace N P ~  must (a) be created with some S 
noclb,' S l ,  ss tlie current S, (b) bound to some NP Domlnateil 
by that S ant1 lJie)i .(c) ciioppeu" into tlie buffer By 
, . 
rlelinition, It will be i~isertecl lnto the first cell in the buffer. 
('I his Is s h ~ w n  in figure 10a) Tlien b second S, S2, myst be 
crirntnrl, slrt~(~lnntin{~ S1 as tlie current S, and then -yet 
tiiir(1 S, S3, n i ~ ~ s t  be created, bocomlny the current S. During 
i l l 1  those steps, tlie trace NPI renlains sitting in the b u f k 6  
f'it~ally NP1 is attacliecl urider S3 (fig. 1 Oh). By the 
s i~oc i f io r i  Silbjcct co~;stralnt, NP1 muathen attach to S3 
as its subject. 

Tlie Active Node Stack 
...,. 

S l  ... I ... 
Thc I)uffj?r --- 
NP1 (NP.TRACE) : bound to NP Dominated by S1 
. . . 

(n) NPI is clr.opped.into tlie buffer 
wliile S1 is. the current S. 

Tlie Active Node Stack 
..,.. 

s1 ... I ... 
S 2  ... I ... 

C : sa .,. I ... 
NPI (NP TRACE) : hound to NP Dominatea by S 

(11) A After 52 tnK1 S3 are createcl, 
NP1 is nttacliqrl to 53 as its subject (by the SSC). 

F i y m  10- Lowering a trace more than 1 clause 

Dtlt tilis secluence of events is highly unlikely. The 
essence of the nrglrlment Is tli-is; 

Nothing in l l ie buffer can change between tlie time 
that S 2  is createcl and S3 Is cieated if NPI remains In t l ie 
htrfler. NPI, like nny other nocle that is dropped from tlie 
active liorls stack illto tile buffer, is lliserted into tlie first 
Ilulfcr position. But tlien, by tlie L-to;R Constraint, notliing 
to tI.1e riglit of NP1 can be nttacliecl to a higher level 
constit'irent utiril-NP1 is ~atiaclidd. (One can show i l lat  it Is 
~ ~ i o s t  i~nlikclyttliat any constitu6nts will. enter to  the left  of 
NP1 after it is clrol)ped illto tlie buffer, but 'I will .suppress 
tliis ciotail here; tiie 11111 argumerit is included In [Marcus 
771.) 



011t if tlte contonts .of the buffer do 'not change 
between the creation of.S2 and S3i then what.can possibly 
nintivirte the creation of both S2 and $33 The contents of 
Hie i j ~ f  f or must necessarily provlde clear evlclerice that 
botli of these clailses are present, slhce, by the 
~etertiiinism tlypothesls, the parser must be correct if it 
ililtint&s n canstititent. Tiius, the same-three c~ns~kltuents In 
tiin !)trffer ~attst provide convincing evidence ndt only for 
the creation of S2 but also'for S3. FurtiTBhnore, j'f NP1 is to 
becomk athe subject of 83, elid if S2  Dominates 53, then i t  
woulcl Seem tliat tiie constituents that follow, NP1 In the 
buffor nirist also he constituents of S3. since ~3 must be 
,coni~~ieteci bdoro it is dropped from tiie activg node stack 
anrl 'constititetits can then be at taci~ei ' to 52, But then 52 
must be crnnted entirely on tile bast3 of Wfdence ~rovided 
by tile cotislitile~rts of.andther clause (unless S3 has less 
than Iliree Constituents). Tliils,lt would seem that the 
cbntents of tile i~irf fer cannot' provide evidence for tile 
presonce of both clauses itnless the presence of'S3, by 
itsclf, is cnou(~lr to provide confirnring evidencd-\for the 
i,resencaof S2. ~ i i l s  woidd be the case only i f  there were, 
say, a clP~tsel c~nstruction. t k t  cpiid:~nly appear (perhaps 
i t i  n garlicii l6~~environ?j~nt j 'as ,tile lliltial 'constituent of a 
tiiglier claaso. in this. case, If there Pre such constructions, 
a vioio t loti of Sui~jecency a tiauld be ibi,s~bie. 

Wilh. the one exception just mentioned, there is no 
molivcltion for crcati~lg two clauses in such a situation, and 
thus the iliitibtion of only one such clause can be motivuty?d. 
But if only one cldiise is Initiated before NPI is attached, 
tlicn Ni)l muat bc attaclietb to tliis clause, and this clause is 
~~ecpssarily subjacent to the clause which Dominates the 'NP 
Lo wliicli i t  is i~ou~id. Thi~s, tlie grammar interpreter wlil 
behave as if i t  enforces the Subjacency Constralnt. ' 

As a concltrdingl point, it is worthy of note that 
w\iile the gronrmar interpreter appears to beliave exactly as 
if it wRra colist~ained by the Subjacency principlei it is in 
fact constrainotl by a \;crsion of tlie ~laiisemate constraint! 
(The Clauseniate Constraint, long 'tacitly assumed by 
linc_~irists but first explicitly stated, I believe, by Postal 
[Pnstal'64], states that a transformation can only involve 
constittrents tlint are Dominated by the same cyclic node. 
Tliis constraint is i t  tiie heart of Postal's attack bn the 
constraints that nre discussed above and his argument for'a 
;'mising" nnnlysis.) The yrehnor interpreter, a* was stated 
above, litiiits gramnier rules from examining any nocle in the. 
active nodc stack hiyl;er tiionathe current cyclic hade, 
wtiic.1; is to say that i t  call only examine clausemates. The 
trick is'-that a trace is created and bdund wliile it is a 
"c lauscnr~tc~~ of the NP to wlijch it is boirnd in tiiat the 
citrrent cyclic~nocie at tliat time Is the nocle to which that 
NP is atteclied. Tlie. trace is ti;6n dropped into the buffer 
a~i r l  &iotlier' S ilotle is created, tilereby' destroying. the 
clot~scniatc relationslii~~, * The trtice Is then attached to this 
new S.  ~mcle. Thus, i t1  a sense, the trace Is lowered from 
one,clpuse to another. Tl?e.,crucial point is that wiiile tlfis 

1 
lowering goes on n s  a .resuit of the operatlon of,the graminar. 
i~;tbr~,rct~ri it Is olily lmdcitly lowered in tiiat 1)  the trace' 
was never .atlaclied to the' higher S and 2) it isanot dropped 
irito the bi~ff.er .because of any reoltzatlon that it. m u ~ t  be 
"1owDroc1~~; -in fact i t  may end upattached as a clausemate 
of the NP to whicli it is bound - as the passive examples 

preqenteil earlier make clqar. Uie trace is simply dropped 
into tlie buffer because its grammatical function Is not clear, 
anti the creation. of tlie second , S .  follows' from other 
Indnpondon tly n~ollvated gramma tics1 ' From the 
poilit of view of tliis orocessing ,tliciory, we. can have our 
cake ant1 eat i t  too; i o  the exteni that i t  makes sense to 
ninp .resuits from tlie realm of processing into the realm of 
~ompotcnce, in 'a sense both the clausemate/'~relslngt~ and 
tire Subjacency positions are correct. 

Eviclonco for tho Doterminism Hypothesis 

111 closi~lg, I would like to sliow tliat tile properties 
of t he  grnnimar interpre'ter crucial to capturing the behavior 
of ~liomsky's constraints were orlglnaliy motivated by the 
Determlnism Hypdhesis, 'and thus, to some. extent, the 
Deterniinisni t~ypotl~esis explain-s chomsky's constraints. 

Tlie strongest form of such,an argi~ment, of course, 
wotrlcl be to sliow that (a) *ittier (i) tlie grammar Interpreter 
accoi~~i ts  for all 01 ~honisky~s. cbnstraints in a inanner which 
is coucli~sively universal or (ii) the constraints that i t  will 
riot ncco~llit for nre wrong and that (b) tlie properties of the 
grauiiiiar interpreter wlilch were .crucial for this proof were 
forced by tiie Determinism Hypotliesis. i f  such an argument 
could ho made, it would -show that the ~etermlnlsm 
Hypotliegis provides a natural processing 'account of the 
~ i n ~ i ~ i s i i c  ddte characterized by. chdmskyts constraints, 
giving strotip confirmation to ttie Determinism Hypothesls. 

I hsvs, shown none of tlie above, and thus' my 
clsibs niirst Be proportionately more modest. i have argued 
0111 y that irnpor'taiit sub-eases of Chomsky1s constraints 
follow fiorn the giammar interpreter, bnd while I c m  show 
tlia t tile Onter~nlriism Hypotl~esls strongly mo(lvaies the 
tiiecl,atiisnis froni wliicli these arguments folloui, I .cannot 
show hecesliity. The, &tent to .which tiilk argument 
provicles evidence for the ~eterminism.,Hy~othesis must thus 
be left  to thd reader; no objective measureaxists for such 
matters. 

The ability to drop a trace into the buffer Is at the 
heart. ot tile arguments pre.sented here for Subjacency and 
the SSC as consecluences of the functioning of the grammar 
inieroreter; t l i i i '  i; tlie central operation upon wtitbh the 
above br(~ilnietits are bosecl. But the'buffer Itself, and the 
fact thkt a constituent .can be dropped into the buffer'if Its 
pramnlntical' f i c t i o n  is uncertain, are directly motivated by 
the ~eterhinism. HypdtMsJs. ~ i v e n  this, it .is fair to .  claim 
tlirr t if '_~homsky's constraints follow from. the operatlob of - . .  . < 

tltc  ranihe her interpreter, theii they are strongly linked to the 
Deterniinism Hypotl~esis, if , Ciiomskyls constraints. are In 
fact true,, then the arguments prgsented In this paper 
providq solid evidence in support of the '~eterminlsm 
Hypothesis. 
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HKR1 A HKS O N  1'UOC:ESSl N(;, CONS'I'WAIN'l'S, AN11 
1'111< LI'SIC'ON* 

TIlollii~s Ikrnsow 
Stnriford Uliivcrsity 

l..inguists hi\ve long recopnizch the desirnhilitj'of cmbqdding a 
t l iu~ry 01.' graliilnai withill tr tlicory ol' t inguistic pcrf ormanc* 
(scc, c,g., C l ~ o m A y  .(19G5;10A1 5)). It lias bccn widcly assulncd 
by transformationalists that an adcqui~tc' niodcl of ',a language 
mcr woilld include as uric coniponcn t some sort ol' generative 
grntnmar. Yct t r ;~nsfot~natiu~i;~l  gri1mni;rri;lfls Iiavc dcvbtcd 
relatively little eneGy to the problc~n that ,Srcsnan (in press) 
calls "the gra1nmatic;rl Irc;~lii.atio~~ problcm": "1 low lrould a 
reasona hlc modcl of langilage g s e  ' i n ~ o ; ~ o r a t e  .a 
transformat~onal grammar?" When this question has. been 
raised, 1 ittle support cotild B e  idduced for the hypothesis that 
thc oparations of transforn~ational grammar play .a part in 
speakers' or  hearers' processing of scntences.(see Fpdor, et a1 
(1974: chapter 5)). lnitead of concerning themselves with 
qr~cstions of processing,. tmnsf'ormntioni~lists have concentrated 
their efforts ( i ~ t  least in the l i ~ ~ t  dt.~iide o r  so) on the problem 
of constraining thc k w c r  of their thcory. T,k goal of much 
recent research has becn t o  construct as. restrictive a theory of 
granlmar as possiblc, within the bounds set by the known 
divcrsits of human latigungcs (scc. c.g.. Ross (1007), Chomsky 
(1973), Bresnan (1.976), Emonds (1976), and Culicover and 
Wexler (1977) for  examples .of this .type of research). 

Computational linguists, on the other hand, have not e$plicitly 
concerned rhenisc.lves very a ,mi~ch  with the probl'etn of 
constraints (but see Woods (1973; 124-5) ' for  an exception), 
Ilatlicr, their goill has bccn to l'iltd effective procedures fo r  the 
parsing and proccssitig of natural Ianguagc. Whilc this is 
implicitly a .  rcstricti.on to rcc~~rs ive  languages, the 
computational literature has dealt more, with questions of 
processing . than with how to limit the class .of available 
grammars o r  languages. 

In previoils papers ( ~ s h e r s o n  and Wasow (1976), Wasow (in 
press a. 19711)) 1 have argi~cd for  the legititnacy of the quest 
for  constrilints ,as  a rescarch strategy. 1 have argued that a 
thcory that ,plrrccs litnits on thc class of possible languages 
n1ah.c~ significant empirical clai~ns a b ~ u t  --l h iman  .mental 
capacitics, and can contribute. to a solution to "the 
fundamental empirical problem .of linguistics" (as ~ h o m s k y  
has cullcd it) of how cliild ren .are able .to '!car11 languages with 
such' facility. I have tried to show that such psychological 
cl.iir~ls Ciirl, LIL' ~~l; ldc,  ' i t l ~ o i ~ t  I I ~ : \ ~ ~ I I L ;  all) ; t b : t ~ ~ ~ l ~  j ~ t i ~ l i s  i ~ b ~ ~ t  
what rolc g tammqs  play in pc.~~orariulcc. In short, I have 
a r g ~ ~ c d  that a tlit'ory 01' gra~lini i~r  Cat1 ~liak'c sig~lificant 
col~t~.ibiitions to psycholbgy, i~rdcpcndet~t of tllb ilnswcr to  the 
granli~iatical. rc.i:ill izatioa ~ ~ ~ o b l c t n .  

Rccyit work by Joi~tl Bres~l;tll (in prcss) takcs a vory diffcrcnt 
positiun: s,hc 1135 S L I ~ ~ C S L C J  illat tratibfor~ii;lti~l~ali~t~ O L I ~ I I  t to  
pay morc attention to thc gram~natic:~l rcaliz:~tion problem, 
and thitt .considerations of processing suggest. ' radical 
modifications in 7he theory of' transfortnational grammar. 
Furthcr, she argues that thcrc. is- st~iplt: pra~nliiatical evidcnce 

for tlrcsc modificatioos. In this piryer 1 will suggest solnc 
dxtcnsions at' hcr proposnlq and will explore somc of their 
empirical cotiscqucnces. Furthe& 1 will argue that her 
I'rrrnlcwork ~iiiikcs i t  possiblc tu imposr: riltllcr rcstrictive 
consfrir inls vn 'gr;rlrin~i~t icsl tt~cory. 'i'hils. 1 will ilrgllc that the 
grrtmmaticnl rcaliration problcm and the prablcm of 
constraitiing t run~fr \ r~~l i l t io~la l  thcory, wllilc lo@ally 
independent, are both addressed by Bcesnan's proposals. If I 
am correct in this, then L)res~ian's "realistic tratlsformational 
grammar" rcpiescnts a major- conucrgcnce oi .the concerns of 
transfor~natiorid and compu~atiorri~l lingnists. 

My presentation , will consist of three parts. First, I .  will 
briefly sketch Brr'snan's framcxvork. Sccond, I. will suggest 
some extensions of her proposals and point ou t  .$erne 
conse'q~icnces .d these e.xtcnsions. Third, -1 will prdpose how 
her framewo'rk can be constrained, and indicate certain 
desirable consequences .of m? proposals. 

The primary innovation of Bresnan's framework is &hat. i t  
eliminates . a  large 'class 'af transformations in favor of an 
enriched conception bf the lexicon. The grammar that  results 
is one that Bresnan claims is . f a r  more. realistic from a 
proccsging point of view than other versions. of 
transformational grammar. She points out striking similarities 
betwczt~ her proposals and .recent ' conip~rtirtiunal and 
psycholinguistic work by KapIa11 and Wanncr, and shc argues 
that Augmented Trr~nsition Nctworks can provide a t  least a' 
partial answer to. the .grammatical realization problem within 
her framework. 

now sketch very roughly what Btesnan's "realistic" 
transt-ormational erammar .is like.. . Rules like passive, dative, 
and raising rules, which are "structqre-preserving" (in the 
sense that thcir. outputs are st~ucturally' idei~tical- to 
indcpcnddntly' rcquircd base-generated structures) and "local" 
(in tlic scnsr: that the :elein$nts affectcd arc' always in the 
immediate cnvi 'ronni~nt of some governink iexica~ item, 
~ a o s l i y  a . vcrb): are climinutcd from the tritnsforrnational 
cot~lponent atid relcyutcd to tlic lexicorl. .Lexical entries 
include, among other things, (strict) subcatcgorization frames 
arlcl o c absll.~c;l rc~u.usc111.11iyns N 1kic.h I31-cs11an ~.i~lls 
"f~111~ti011ill S ~ ~ U C ~ L I ~ C S "  ur '*prcdicatc arg11IIicnt structurc9*'. 
S~bccttc'porizatio~~ 1'ranl~'s' give t l ~ c  sy~itactic e h v j r ~ t ~ f i ~ c ~ ~ t s '  in 
which thc luxical i'tclii lilay appuar: thcse arc cxpresscd in 
terlas o f  i1 hiisic s t  grarli~i~aticnl relations, includi(g 
"sut~ject" a11.d "objcct". 'i'hcsc notiotis. w l i ~ l r  l~nivrrsi~l ,  are 
inst;~nliatcd dif'fcrclitly i l l  d i f fcrc~\ t  Ii\ng.ll;~gcs; for  cxamplc, 
nrcsllnti tt1kt.s c~&nti:llly thc s t r u c t ~ ~ ~ a l  dcfi~iitiorls of "subject" . . 
and ''nhject" prmposrd hy ('hornsky (19115; 71) as langr~nge- 
spccific charilctcri;r.a~io~ls' 01' thcsc notio~ls  for  English. 
Futlctionitl structure3 give a .more abstract reprpscntation of 
tlic elements mcngioncd in the sub~;ltcgoriz;ltion frame, 
indicating what thcir-"1ogic;lll' rc1;ltionships arc, 'I'hus, thc 



functional structure correswnds very roughly to the deep 
structure in the standard theory of transform;iti.onal grammar, 
and the subcategorization frame corresponds even more 
roughly to the surface structure. 

What the standerd theory did with local structure-preserving 
transformations' Bresnan can do in either of two ways. 
~elati'otrships like active/passive are handled by positing two 
separnte lexical~'entries for active and passivg verb forms. The 
product\uify of this relationship' can be accounted for by 
means of a lexical redundancy rule, which would say, in  effect, 
that corresponding to the typical...transitive verb there is an 
intransitive. verb which looks morpbobgically like the perfect 
form of "the transitive, and whos'e subject plilys the sitme 
Iqical role ( i . ~ .  in the functional structure) as the object-of 
the tra~sitive verb. ~resnan's other way of replaeink local 
structure-preserving rules is illtatrated most clearly with-the 
raising rules. Raising to object pcwitioh, for cxarnple, is used 
to capture the fact that ihe NP which' is syntactically the 
object c4 one clause is logically not an argument of that clause 
a1 all, put 4 subject of the sutsordinate'~clausc. Bresnan 
expresses this simply in terms of the rcli~tionship between the 
saategorization frame and the'functional structure; that is, 
the object of the niain clause plays no role in the ful\ctional 
structure of that clause, but is "prrhsed down". to play 3 role in 
the next clause down. In the interests of brevity I will not. 
illustrate Bresnan's framework here. Rather, I will refer the 
interested rei\dzr to her paper, and go on to indicate my 
reasons for seeking to modify hl:r proposals. 

My primary motivittion comes from some earlier work of 
mine (Wiaow (1977)). which argued agaiqst the climirta&iotl'of 
local. strrtcture-priscrving trnnsformations. My qrgumcnt was 
based on theobscrvation that there are two similar but distinct 
classes of linguistic relationships whose differences can be 
expressec) rather nilturally as the differences between 
tra~rsformational rules and lexical redundancy rules: 'The 
clearest cxatnple of this is the English passive. ItAss often 
been suggested that some passive pafiiciples arc aljectives and 
others verbs: I .pointed out that adjectival passivcs ~ ~ t i d  verbal 
passives differed in certain systemiltic ways. M y  c e n M  claim 
was that the surface subject of adjectival passives was always 
the deep direct object of the correspoiding verb. For example, 
a passive participlz which is demonstrably adjectival . (e.g.,. 
because i t  is prefixed with un- or imnediately follows seem) 
may not have as its. surface subject the "logical" subject of a 
lower clause, the indirect object, or a chunk of an idiom: 
*John is  unknown lo be a cornmurist *John seemed told the 
story, * ~ d v & r u ~ e  seemed taken o/ John,. A verbal passive, in 
contrast, could have as its subject any . N P .which could 
immediately follow the corresponding active verb: John is  
.known to be a communlsr, John was told rhe story, Advantage 
was taken of John This, I claimed, would foffow from the 
hypothesis that adjectival pssives are formed by a lexical 
redundancy rulc, whereas verbal . passive .are 
tr~nsformatlonally derived, if lexical redundancy rules arb 
"relational", in  the sense that they are formulated in terms of 
grammatical relations such as subject and object, whereas 
transformations are '"struttural", i.e., .they are - operations on 
phrast! structure tree. 

I t  is evident that my earlier position is inconsistent with 
Bi_esnanls recent proposals. My estensions of her ideas, 
developed in collaboration with Ron -Kaplan, are'in part an 
attemipt to capture within her framework ihe distinction -my 
earliti paper sought. to pxplicatc in terms of the 
lexicon/transfotmation contrast They are also motivated by 
the very interesting comments of Anderson (1977). *~ride-son 
suggests tliat 1 -was mistaken in -claimin8 that the operative 
factor in formulating rules like the adjectival. passive r u l ~  wag 
the deep grammatical relation .of the surface subject Rather, 
he argues, it is thematic relations like "theine". "aeent*'. "goal" 

and "source-" (see Gruher (1965) and Jackendoff (1972)) which 
are 'erucinll. Asstiming Andersoh to' he correct, an obvious 
1n4qification df Nesnan's systerfi svggests itself,' which would 
permit the distinctions of my earlier paper to be captured. Let 
us supposc: thath the functiollsrl structure in,lexical 1:ntues is-a 
specification of which thiniatic relations should be assigned to 
the eleme~rts mel!tiorixJ in the subcategorization frame. Then 
we may distinguish.two types of lexical rules: those that make 
reference to thematic relatiqns and thdse that. do not. The 
former would correspond to rules that nty earlier paper called 
lexical, and -the I9tter to those ihat ' l galled transformations, 
'This is the extension of Brcsnan's fratilework that I wish To 
propose. I will illustrate ky formulating the two pa:;sivc.rules 
and the dative rille and applying them to a fragment of the 
lexicon of Engli&. 

kly formalism is based on the ..rtssrrmplion that the 
grilfnn~alicsl relations are eivcn latrguagc-wid$ definitions in 
struct~~ral terms (at !cast in  English) along rhe lines in(licnted 
by Dresn~n. and that a verb's st~bcr\tegori;ration frame inrt.cly 
itidicates which relations it has, and vrltat grammatical 
categories lhnso relations are assigncd to. . (Thus, 1 differ from 
Bresnan in this .respect, for she assumed that. grammatical 
relations would be limited to NP's). I will adopt the fb\\owing 
abbreviations: "SS" 2 (surface) subject: SO = (surface) object 
"S02" ='(suiface) second object; "1" = tl~eme: "2" o agent; "3" 
t goal; "4" = complemenl The rule forming ,erbal passive 
participles from the corre~po~ding active lexical entries can 
now be formulated2 quite simply as SScSO. This is to be 
interpreted i s  follows: eliminate "SS" wherever i t  apjears in 
lhe entry for the active verb (eliminating also au)' assignment 
it may have to a thematic relatibn) and change all occurrences 
of "SO to "~5"~. The adjectival passive rule Will  differ 
from this in that it ha? an additional condition on it: if SO=1, 
then SScSB: This condition insures that the SO is " loka~,  in 
the sense that' it bears a thematic relation to the verb. The 
dative rule4 also has a "localners" condition: if S02.1, then 
SOcS02. .Let me illustrate these. rules with a simple example, 
namely the verb sell. The basic lexical entry' 1 posit for this 
verb includes the following information: SS=N P, -SO=NP, 
SOZ~NP;' SS=2, SO.3, SOZ-1. This. 1 claitn, is amon& the 
information that must be included in a representatipn of sell 
in such uses as They sold John rwo cars. Appll ing the verbal 
oassive rule to this entry,' we 'get the following: SS=NP, 
.SOZ=NP; SS=3, S02=1. This verb appears in examples like 
John ulas.soId two cnrs. Since the original entry for sell did 
not meet the condition S0~1, thz idjectival pi~ssive rulc' is not 
applicable; 'correspondirigly, forms 1ilr.e +John was unsold two 
cars are impossible. The condition for application of dative, 
502-1 is met, so we can derive an entry in  which .SS=NP, 
SO=NP; SS=2, SO=1. This corresponds to examples like They 
sold two cars. Notice that this last entry does 'satisfy the 
condition on the adjectiva' passive rule, so .we can derive the 
fqllowing entry for an iidjectival passive p.artici ple for sell: 
SSdCP; SS=l. This corresporids to exantples like Two cars 
were unsold. 

Let us now turn to some mote complex eKamp1es. Specifically, 
I now want to look at several different verbs which share the 
same strict subcategorization frame, namely. SS-NP, SQ=NP, 
SOZ=VP. The verbs in question differ from one another along 
two Cirnensjons, ni~nely, thc'as~igr~ment of tlict~irrtic relations, 
and coritrol properties. Whpt I mean by thSs latter $?rase is 
qidte simple: !he. ulrderslood st~bjcct of ~ h c  VP' in .the SO2 
position will be.lhe'SS in some cases and the SO in others. I 
will represent this. in the funct iotial structurc by assigning, a 
thCm;~ti~ relalio,n irot si~nply to S02. but to SOZ(SS) or 
SOZ(!iO). depending on the8 co~!lrol properties5. MY 
assig~ro\cnts of .thernalic rtlatiotis arc inten2:d 'to reflect 
certiii n intuitions :I bout the scmaniic rdeb df thc various 
eieme~its. but I cannot, in gcnerni, provide c*tnpil.ical irrgUnients 



fot  111y asslpments. othcr than the fact that they give me the 
right rcsulls. 1 do have a n  optri~lionnl cri~crion for deciding 
whether lo call the SO 3 1 or 3 3: when the verb ill question 
could nppeiir in n donl)lc object const r ~ ~ c t  ion (i.e., irnmedliitelv 
followed by two NP's). I carled the SO a 3; otherwise, I called 
it a 1. Thus, in what follows, the assignments are correlated 
with the fact that promise and rell have double object forms (I 
prornised/told him nothing), but persunde and believe d o  not 
(*I  persuaded/beiieved hitn nothing). 

Conside1 first persuade. The functional structure fo r  this 
verb in examples like They peraaded John l o  leave would be 
SS=2, SO=1. S02(S0)=4. The passive rule yields an entry 
whose functional sttucture is SS=l, S02(SS)=4. Since SOrl In 
the original entry, this passive may be either verbal o r  
adjectival. Hence, we ::an get both Joltrl was pc?rsuaded ~o 
l ~ u v e  and Johrt seemed persuaded to leave. On the other 
hand, the condition fo t  application of dative is not met, and, 
accordingly, we cannot get *They persuaded to leave. 
Transformational studies going back t 3  Kosenbaum (1967) 
have pointed out numerous differepces between the behavior 
of pekusude and that of believe. The standard analysis of 
these. ( iffercmces has involved the claim that 1 h 2 surface object 
of believe was raised from the subject position of the 
complement. The system proposed here ,ran mimic that 
analysis by assigning to belicvtn a functiorral sttucture in which 
the SO bears no thematic relation6: S S 2  , S02(SO)=l. These 
are'the assignments for examples like I believe John to be at 
home. Tlie verbal passive rule will appiy, yielding the 
functional structure S02(SS)=l, l'or exaniples like John is 
believed .to be dr h m e .  Since neither the condiiion. on the 
adjectival. passive rule nor that on the dative rule is met, we 
can- predict .the non-occurrence of examples like 'John seems 
believed to bext  home and * I  btplieve to be at hotne. The next 
verb I wish to  consider is tell, which standard 
transformational accounts would not distinguish in any 
relevant bay from persuade. For reilsons noted above, 1 
azsign re11 the functional structure $S=2, 93=3, S02(SO)=l, as 
in examples ljke FVc {old John to bring the beer. Applying the 
verbal passive rule we get SS=3, SOZ(SS)=l, qnvering exatllples 
like ,aoltn wus told lo  bring the beer. The condition on the 
adjectival passire rule is,"not satisfied, so we. cannot derive 
*John sc'ertted .told ro br'rlg the beer. Notice now that the 
ccnditian for, applying the dative rule is niet Applying [he 
tule results in the following funcliorial structure: SS=2, 
SO()'=l; this structure i s  ill-formed, since. there is no 
controller. Accordingly. exntnples l i  kc * lYe told to bring the 
beer are. impossible..  ina ally. consider pro~nisr in cxamples 
like I prorni.wd._John 10 mow tllc lawn. Promi~e is cxaclly like 
rell. except ~ h a c  the controller is t l ~ e  st~l~jcct,  riot the o!>ject, 
i.e., ltle f~inctionel srracture is SS=2. SO=3. S02/SS)=l. If we 
try. to aflply either passive rule, we will get the following 
fi~nclinnal str-ucttire: SS=3. SOZ()=i. l'his is ill-formed for 
the snnle reasoti 11131 the dative of tell w:is, namely, lack of a 
controjlcr. '1 lie corrr.spond4ng exaniples are also impossible: 
*Joftn.nv~~s prvntised 1.0 mow the l a ~ ~ r t  or *John seen~ed 
promTsEd lo nrorcl tlte Iu~clrt. Dative, frowcver. can .apply, 
yielding an eptry whose hnctiqnal structure 'is SS=2, SO(SS)=l. 
This corresponds to example3 like I promised io niow rhe 
lawn. 

1 hope that this fragment of the lexicon suffices to show that 
my proposzd modification of Brrsnan's system permi6 an 
elegant and natural accouni of a number of syntactic 
distinctioas, incl'udingSome which have not been-discussed in 
the li teratuie, to my. knowlidge. One nike featwe that I @odd 
like to emphasize is that my' proposals provide' a rather 
straightforwafd acco Jnt. of Visser's (1973; 21 18) observation: 
"A passive .transform .is on l j  possible when khe complement 
relates to the immediately preceding (pro)noun." In my 
terminology, passive will be impossible when the active has a 
complement controlled by the SS, as in' the case of piomise; 

fcm passivization will always lead to an uncontrolled 
complement. Thus.- to taka another standard example of 
Visser's general izatibn, we can account for the distinction 
betwcer, strike and regard much BS we accounted )for the 
difference. between pramise and tell. Both will have the 
following subcategorization frame: SS=NP. SOSNP, S02tAP. 
Their fuc t iona l  structures will include the assignments S S d  
and SO=I; they will differ in that rcagard -will have 
S02(~0)=4; while strike hu S02(SS)+. These assignments are 
for examples like John regards/s!r{kes U r y  as pompbus. If 
ne$ipply passive to regard we get SSb=1, SOZ(SS)=4, bs in Mary 
is regarded as pompous, Applying passive, to  strike wZ get 
SS=l, S02()4, which i s  ill-formed, 4s is *Mury is struck as 
pompous. Notice, i n c i d e n t w ,  that .this, example ilfdstrates 
that, in the system 1 advocate here, cdnstituents other than 
VP's can serve as predicates, ant! be subject to control. 

This concludes my suggestions, for  'rnodifyMg Bresnan's 
framework. 1 hope I have succeeded in indicating how a 
grammar which makes extensive use of the lexicon In place of 
syntactic tr:insformtiofis can handle an r w  of syntactic 
facts inga satisfying manner. Next, ! wis 5: tb  .argue. that a 
systelii of the sort 'outlined here can be effectively constrained 
in reaso~iable and i n t e r k i ~ q  ways. Intuitively, it seems quite 
plausible that such a systcm would be easy to conslrain, for  by 
drastically reducing the role of transformatfuns, it opens the 
way for  reductions in the power of transformalions. A 
nuniber of candidate constrainls on transformations come. to 
mind. For example, .within Bresnan's f rimework one might 
plausibly argue that n o .  trnnsformation call creatc new 
gramtnatical reliltions (e.g., there will be no "subject-creating" 
ttansforhations, like passive or  raising to subjcct), or that no 
transforma$io~, can change the words in< thc -sentence 
niorpl~ulogically (c,g., there *ill be no norninalization, 
agreement, or case-nierkin- trit~~sformalions-Lcf. Rrame 
(1978)). Various ways ir; which lexical rilles niight be 
constrai~led also come to mind: most immediately, it seems to 
me.biet lllaiiy of the' "lavts".of reletiydal grnnilnar propos:d by 
Posttil and ~erlrnuttcr in recent yea-s could be translaled 
straibhtforwardly into the kind of framework discussed herc. 
In this aaper, however, I would like to consider the 
consequences of a constrai~lt  on transformations modeled on 
the Freezing Principle of Culigover and Wexler :1977). My 
proposal depends on distinguishing two classes of 
trapsformations: root transformations (Emonds (1976)). and 
what I will call untlounded'rules. Root transformations arc 
rules like English subject-auxiliary inversion in questions, 
which apply only to main clauses; unbounded rules are 
transformations (e.g., wh-movement) which involve a crucial 
variable, it., they move something over a variable or they 
delete sqmething under identity with something on the other 
side of a v3riable7 (see the contributions by Chomsky, .Bath. 
Bresnan, and Partee in Culicover, et a1 (1977) for  discussion 
of whether unbounded rules are truly unbounded). The 
constraint l wish to propose, which 1 will call. the. inter:iction 
constraint'is the following: once a rule of one.of these c l a s s ~  
has applied Lo a given structure, .no further rule of the same 
type may apply to that structure. More specifically, when a 
transformation appl ie~,  the smalles~. constituent containing all 
of the affected elements becomes' frozen, in the seme that 
further transformations of tlie same type may analyze i t  This 
means, in  effect, that there will be no 'ititeractions anlong root 
transforrnatibns, nor among unbounded tl.ansfermations 
(though a root transformation may interact with an 
unbounded rule, as in the case of English wh-questions). . l 
believe tl'at there are several desirable consequences of 
prohibiting such interactions. 

First df all, let me mention a somewhat conjectural reason f o ~  
advocating ihe interattion constraint. As noted above, a vcrj 
similar proposal emerged from the learnability studies of 
Wexler, Culicover, and Hamburger: they were able to  prove 



that a class of grammars in which nodes were frozen under 
slmilar conditions was leatnabls by a fairly simple learning 
device. Hence, it secnis plausible to conjecture that the 
interactioq constraint might I)e useful in devising a 
learnability proof for some version of Rresnnn's Chcory. 'In 
any evefit, it seems that tile in teraxtion constrairl t Would make 
the language-learner's task easier by limiting the extent a to 
which surface structures could deviitte from base fortns (see 
Coker & Urain (in preparation)). 

Second, thcre is empirical, support for the interaction 
consrraint Emonds (1972; 38=40) shows that only one root 
preposing trarlsforniation can apply p'er scntetlcc. Sincc the 
snialle;t structure conltlinir~g initiill position in a mot sentence 
is the whale sentence. Emm~ds's observqrion is ati itnrllediale 
conscquer.cc of the interaction constraint. Similarly, many of 
the witys in which unbounded tri~nsfortnations are prollibiled 
from tnteracting are familiar. For cxnn~plc, thc fact that 
elctncnts it1 relative clauses are initcccssi ble to irr~bounded 
transformlr~io~ls has been extensively discussed in the literature 
(c.g., Ross (1967), Chonrs&y (1973), tomcite only two accuiiw). 
This fact follows from the interaction constraint, slnce an 
unbounded transformation is involved in the formation of 
relalive clauses. Hence, examples like Who do you know u 
man w h ~ s a w ?  or 'John i s  tallertltanJ know a man who is are 
excluded by th: interaction constraint. The fact that 
comparative clauses and embedded questions are also "islands" 
has been less widely discussed in the literature, but is also a 
consequence of the interaction constraint Thus, such 
examples as *Who-is John louder ihan Mary persuaded to be? 
or *Who does John wonder when Bill will see? are excluded 
because they involve wh-movernent extracting inaterial from 
clauscs in which wh-movement or comparative deletion has 
taken place. Likewise, comparative clauses are impervious to 
further applications of comparative deletion: John was kind 
to more people rhan he liked Bill more than / liked (where 
this would mean, if grammatical, that the number c~f people 
John was kind to exceeded the number of people liked better 
by Bitl. ihan by me). In short, the interaction constraint seems 
to make the right predfctions about a substantial array of data. 

Finally, I would like to suggest that the interaction constraint 
serves not only to restrict tllc class of grammars made 
available by lirlguistic theory, but also to limit the class of 
languqges generable by the available grammars (see Wasow (in 
prcss 3) for discussion, of this distinctim). I w.ill not attempt 
any formal demonstration of this concluSion here, but will 
sketch briefly why 1 believe it to be the case. Peters and 
Ritchie (1973) prove that the languagc generated by a 
transformational grammar is recursibe if it is possible, on the 
basis of a surface string, to effectively compute a maxinium 
size of a deep structure from which that string could be 
derived. The interaction constraint, together with sthe standard 
condition on recoverability of deletions (see Peters and 
Rilchie (1973)). liniit the extent to which deietions may shrink 
a stfucture. 1'0 show wliy this is the case, it will tle aseful to 
invent some terminology: let us call A a parcnt of B if B can 
be derived from A- by a single application of one 
transformation. A parent's parent will he called a grandparent, 
and so on. .Now consider a string cjf length n. Because 3f the 
recoverabill ty condition, its parcnt callnot bc longer than 2n 
(measuring length-in lernls of number of tertiiinal symbds): 
Likewise. its grandparent cannot he* longer than 4n However, 
if the grandparcnl were the full 4 1 r  long, then tlie parent would 
be frozen by.lhc. interaction constraint, and thc original string 
viould be undcrivable. In fact, each (length 1 1 )  half of the 
parent must have 3 parent of lensth no morc than 2n-1, i f  we 
are to avoid blocking the dtrivation by the intcractbn 
co~~strainl. TINIS, the .maxinium size of a grandparetlt is 4n-2, 
By similar reasorting it is  not. hard to sce .that he niaxitlitrm 
s i ~ e  of. any ancestor m t l  generations rernovetl is 2In(2n-.m). 
Sincc this nl~nihcr becomes xero. whcn m;2n. there is an 

effective upper b~rrrnd on the sizc of any atlccstor. Ilencc, the 
it\tcr;lctio~l con.str;~int, togcthcr wit41 lllc ~ ~ i t ~ \ d : ! ~ ~ l  .condi:ion on 
tecovurlrhility of dcletionq, l i  m i t h  4 he class of I ~ I I I & ~ I ~ I ~ C S  wlrich 
can be. generala to a s~bclass of the recursive sets8. This 
provides yet another point of convergence with comp~?ational 
concerns, since, as noted above, a language must be fecursivc 
in '  order to 'be effectively processed. 

r havp qketched a version of transformational gramma[ which 
5eems to hold considerable promise. There are a number of 
problems with this approach which 1 am aware of and 
undoubtedly many more I am blisshlly ignorant of. What 1 
haye presented here. was intended, more than anything elv, as 
an indication of a program of research, and 1 have hence felt 
free to ignore, many important issues. The primary point' J 
wish to make is that the study of language appears 'to have 
progressed t a poipt where the concerns of the 
transformationalist "and the concerns of, the compu@tional 
linguist need not conflict, and indeed qay be addressed by a 
single theory. 

* I wish to express my gratitude to Adrian Akmajian, Joan 
Bresnan, and especially Ron Kaplon for verb stimulating 
discussioris of some of the material in this paper. They are, of 
course,. absolved of an9 responsibility for its .shortcomings. I 
am also very grateful to the Xerox Corporation for making its 
resources human and elcctronic, available to me in the 
preparation of this paper. Some of the research reported on 
here was begun under a Summer Stipend from the ~afiorlal  
Endowment for the Humanities. 

Footnotes 

1. No rigorous definition of these. notioris has. cver been offered in  the 
literature. and certain problems with [he wry lhcy have been used have been 
pointed out (e.~.. I i ~ s t  and Briime.(1976)1. I do hot wish to conimil myself 
lo  all of thc clr~ms wliicli have been made In the lrterature about t ese 
notions. and my nota l i~n below is intended to rcftecl this. 1 do, how f ver. 
believe that,tholr who have discussed thematic rclauont; are onto something 
impurhnl 

2. Obviously. thcre is nrore to forming passives-than this; for cxample. I 
ignort morphology. 

3. Those .familiar ~ r t h  . Postal and Pcrllnutler's version. of relational 
grammar will recugnl7e the resenihlance d last senltnce to the Rclattonal 
Annih~lalion L;Iw. Notice by the way. lhat iry passive rules siky tiothing 
r b v ~ t  the h.v phrase. 1 sir1 iisstlmlng. with Brcm~n (in press), (hill thcre is 
an inde ntlcnt rule ass~~,ning':~ecnr status to tihe objecls d some by phrases. 
Thrs r i ~ r u u l l l  operate no! vnlf in  passives. bul also in  exarnpln. ltke The 
syn~phony wcls by Becthnvrn. 

4. Notirc that 1 :Im fortnuktlinp the dative rule "hackwards", Ih.~t is, with 
the doublb objccl coi]structron 11s the inpul. My rule says nothing aboul the 
prcpositicrns to iind / o r  brlc~nac I ~ISSUII~~ that thc func(~urt:tl rolc of their 
objects wlll bc covtred by sep.rt;ile rules, ;a i s  thc c:ec w ~ t h  b Examples 
like Julrn's qall 'wur 10 htdry m d  Titis presmr i s  Jar yua lm$crlcnce to 
my acsuniptlon. 

5.. This is .lo be itndcrstood as saying lhat -tht SO? will be trcalpd :I$ ? 
prcdicatc, with 11s ow11 assi&nniu~hts of tkcniat~c rtl.lIlons. qnd with the 
elrmcnl in . p:~rcthescs t;cilted irs ~f rl were the SS of lhnt predicate. 

6. Jane Kobirison has sujgcstcd to nic 11131 i t  mi@ bc awre :ippropriate 
sernnnl~c;rllp to. lrr;lt llrc st1ltjlfc.t. of bclievc as n 3. I'his. would hc perfectly 
conipi~tiblr with nly an:llgsls. . 
,7. My treatment here ignores anaphora rules Iike'VP deletion and sluicing. 
I ;In1 .assumin that the* rules arc not transforaa~rons, but 3 separate 
category of ruyes. subject to their awn unHue cond~truns (see W a r n  (in 
press b) for dtscussion). 

8. As ivcn, my argument does not lake into account root trans rmatrons 
or spec.1 f led deletions (see Warow (in press a)). I : is quite triviaphowever. 
l o  extend .the arzument 01 cover these cases 
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Lis t  of questions suggested for  consideration 
f n  each session 

Session 1 Language Representation and Psychology 

1 How psychologically accurate a re  d i f ferent  
for- L i s m s  ? (e- g KRL, conce ptaa 1 dependency 
diagrams, SCRIPTS, m, t semanttc networks/spread- 
ing act ivat ion,  e t c . )  

How might we find out such information? 
How important i s  psychologica 1 accuracy? 
What aspects and consequences of various 

formalisms lead t o  implausible cognitive models? 

2. How would highly para l le l  hardware a f fec t  
representa t ions and processing? 

What evidence is  there for the act ion of 
pa ra l l .1  agents ( in  Minsky' s sense) i n  language 
under8 tanding? 

How would such a model of .cognition af fec t  
models of language tamprehension? 

3 How general are various formalisms? 

Are they rea l ly  ad hoc solutions t o  relat ive-  
l y  narrow domains (e g s t o d e s ,  newspaper a r t i -  
cles, data Babe question-answering , isolated 
sentences, e t c  ) ?  

Which could be most successfully generalized? 
What problems a re  s t i l l  unsolvec' by any 

fama l i s m ?  

Session 2 Lengua~e,Repreaentation and Reference 

It i s  the hypothesis of t h i s  segsion tha t  
en t5 t ies  which can be referred t o  provide prime 
evidence for the underlying representation neces- 
sary for  extended passages of language (narrative 
t e x t  o r  discourse). 

1. What functions do descriptions serve (e.g 
i n fe ren t i a l  a s  well as r e fe ren t i a l ) ?  

How much inference 1s necessary t o  resolve 
reference? 

Are items which can be referenced ''naturally" 
already appropriately organized or "indexed?" 

Bow close i s  representation t o  surface 
s t ruc ture?  

Does repreeenta t ion  depend on factors  l ike 
a t ten t ion  or visual izat ion on the part  of a 
l i s t ene r?  

2 .  What things can be referred t o  anaphorically 

What things can not? 
When (under what circumstances) can they be 

referenced? 
What intervening i terns can confuse reference 

o r  make i t / i q o s s i b l e ?  
How a r e  appropriate referr ing expressions 

constructed/understood? 
Are there differences i n  the answers for  

reference by pronoun and de f in i t e  noun phrases? 

3 .  1s the i n i t i a l  hypothesis above va l id?  

What other methods can be used to find out 
about underlying passage representa t ion? 

S e s a i ~ n  3. Discourse: Speech Acts and Dialogue 

1. What s o r t s  of models are  necessary? (e.g. 
se l f  models, other-models , model of "contract ," 
model of topic,  e t c . ) .  

2 .  Whaz should He included i n  a model? (e . g . 
bel ie fs ,  goals, current topic content, current 
topic consti tuents,  e t c . ) .  

3 .  How domain dependent must the models be? 
What s ignals  are used t o  cue model 

informe t ion? 
How a re  these s i g ~ l a l a  understood? 

4. How much information i s  l o s t  i n  t ranscr ip ts  
of dialogues ( i .e .  without intonation, body 
language, e t c . ) ?  

Do we use d i f ferent  techniques i n  wri t ing aa 
substitutes? 

5. What makes discourse coherent? 
How could we characterize and model what is 

cormnmicated i n  a coherent discourse? 
What mechanisms are used t o  r e l a t e  utterances 

i n  a discourse? 
What relat ionships are  there between produc- 

t ion and comprehension, and how a r e  the  models of 
these processes used? 

6 .  What extra  meaning can be conveyed a t  the 
phrasa 1 level?  

How much depends on b i n g  able t o  "read 
between the lines" i n  a dialogue? 

Session 4. Language and Preception 

1. How a re  language and perception xelated? 
How closely? 
Are na tu ra l  language primitives related t o  a 

p r i o r i  perceptual e n t i t i e s ?  
How might we find out? 
Are parts of speech perceptually based? 

2 ,  What is  the function of v i sua l  imagery i n  the 
undefs tanding of language ? 

How important is L t ?  

3. Is perceptual experience represented rtr 
memory l i k e  linguf s t i c  experience (e . g . s t o r i e s )  ? 

I f  not,  how are representations linked o r  
combined ? 

4. DO a l l  schemata a r i s e  from the  sensory/motor 
world? 

To what extent  should computational l inguis - 
t i c s  mimic human development? 

What are the poss ib i l i t i e s  f o r  a system t o  
learn language by ex per ience ? 

Session 5. Inference Mechanisms i n  Natural 
TAnRuage 

1. How can we ef fec t ive ly  use mul t ip le  descrip- 
t ions of e n t i t i e s ?  

Should we? 

2.  How can presupposition be represenred and 
used i n  understand generating indi rec t  r ep l i e s  t o  
questions, e t c .  

3. HOW is inference controlled? 

4. What is  the ro le  of deduction i n  language 
processing. 

What i s  i t 8  r e l a t ion  to  inference? 



Session 6 Computational Modela as a Vehicle fo r  

2 What can theore t ica l  li nguietics l aa rn  from 
computational models that i s  not aaceasible by 
t r a d i t i o n a l  means? 

2 What aspects of l ingu i s t i ce  have not been 
f u l l y  comprehended o r  apprec i s t e d  by computational 
l inguis  t e  

What current  directionr,  l i ngu i s t i c s  a r e  
most promising f o r  computa t;lona 1 modelling? 

4 What problem a r e  most appropriate for each 
d i s c i p l i n e ?  

How might cooperation and cgordination be 
improved? 

5 What a r e  the current  views i n  each f i e l d  on 
syntax, sematics and pragmatice? 

Why i s  there  widespread disagreement, 
e spec ia l fy  about the r o l e  of ayntax? 

3 I8 l i n g ~ i s t i c e  r i p e  f o r  a paradigm s h i f t ?  
A r e  l i ngu i s t s  ready? 
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