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ABSTRACT 
A method is presented fo r c o n s t r u c t i n g 

maximal cons is ten t t n t e p r e t a t i o n s of e r r o r ! u l 
d a t a . The method appears a p p l i c a b l e to many 
tasks (speech unders tand ing , n a t u r a l language 
understanding;, v i s i o n , medical d iagnos is ) 
r e q u i r i n g p a r t i a l - m a t c h i n g o f e r r o r f u l data 
aga inst complex, h i e r a r c h i c a l l y de f ined p a t t e r n s . 
The data is represented as symbolic s t r u c t u r e s 
(word sequences, l i n e segment c o n f i g u r a t i o n s , 
disease symptoms). Errors consist of missing data 
(unrecognized words, occluded l i n e s , undetected 
symptoms) and e x t r a (poss ib ly incons is ten t ) data 
( i n c o r r e c t l y recognized words, v i s u a l n o i s e , 
spur ious symptoms). Data i n t e r p r e t a t i o n s 
correspond to subst ruc tures of a h ie rarchy of 

concepts . Cons t ra in ts on cons is ten t predef ined 
conceptual 
h i e r a r c h y . 
c o r r e c t l y 
fragments 
speech 

s t r u c t u r e s embedded t h e 
An imp1erne nta t ion of the me t hod has 

sets of sentence 
the HEARSAY-II 

system. The 

i n t e r p r e t e d e r r o r f u l 
recognized by 

understanding 
Implementat ion has a lso c o r r e c t l y i n t e r p r e t e d 
t y p e d - i n ungrammatical sentences. D e t a i l e d 
examples i l l u s t r a t e o p e r a t i o n of the method on 
rea l d a t a . 

0DUCT10N 
The a p p l i c a t i o n of Al methods to complex 

domains ( e . g . , spe ec h , v i s ion , medical d i agn os is ) 
has expanded the dimensions of data 
i n t e r p r e t a t i o n to incorpora te some novel phenomena. 
Two of these phenomena are data e r r o r and 
h i e r a r c h i c a l l y de f ined data p a t t e r n s . 

Many complex domains are c h a r a c t e r i z e d by 
e r r o r f u l d a t a . E r rors such as i n s e r t i o n , 
d e l e t i o n , s u b s t i t u t i o n , 
in f orina t ion incrcase as 
source data t r a n s d u c t i o n 
i n cr eases . D a t a ma y be 
in that two or more piece: 
be e x p l a i n e d c o n s i s t e n t l y , 
inconsis t enc i es in t he 

and r e p e t i t i o n of 
the u n c e r t a i n t y of 

and i n t e r p r e t a t i o n 
mut vial ly i nco n s i s t en t 

s of i n fo rmat ion cannot 
T o l e r a t i n g e r r o r and 

data r e q u i r e s robust 
methods that can not only f i n d the best 
i n t e r p r e t a t i o n but are able to d i s t i n g u i s h the 
incons is ten t and e r r o r f u l data from the cons is ten t 
d a t a . 

Another aspect of data i n t e r p r e t a t i o n in 
complex domains is that i n t e r p r e t a t i o n s represent 
complex, h i e r a r c h i c a l l y de f ined concepts ( i d e a s , 
r u l e s , p a t t e r n s ) r a t h e r than s i m p l e , independent 
concepts ( f e a t u r e s ) . Of ten the concepts used in 
i n t e r p r e t a t i o n s can be placed in a h ierarchy where 
each concept is de f ined in terms "of i t s 
subconcepts. Th is s t r u c t u r e of concepts is 
c a l l e d a conceptual h i e r a r c h y . A c o l l e c t i o n oi 
data can then be i n t e r p r e t e d by the highest concept 
in the h ie ra rchy supported ( v a l i d a t e d ) by the d a t a . 
The i n t e r p r e t a t i o n of the data is de f ined by the 
concept 's descendants (subconcepts, subsubconcepts, 
e t c . ) and the data which supports them. These 
descendants form a s u b s t r u c t u r e of the conceptual 
h i e r a r c h y . 

The general data i n t e r p r e t a t i o n problem can 
now be r e s t a t e d as a search f o r the concept in the 
conceptual h ie ra rchy that e x p l a i n s ( i s supported 
by) the most d a t a . The data suppor t ing the 
s t r u c t u r e under ly ing t h i s maximal concept can 
be descr ibed as the maximal c o n s i s t e n t subset of 
d a t a . 

In t h i s paper we de f ine conceptual 
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h i e r a r c h i e s and maximal cons is ten t 
i n t e r p r e t a t i o n s . We then descr ibe a method f o r 
i n t e r p r e t i n g data in such an environment, i . e . , 
f i n d i n g maximal cons is ten t i n t e r p r e t a t i o n s in a 
conceptual h i e r a r c h y . Examples i l l u s t r a t i n g the 
method are shown. F i n a l l y , we show the ac tua l 
a p p l i c a t i o n of the method to the problem of 
i n t e r p r e t i n g e r r o r f u l sentence fragments recognized 
by the HEARSAY-II speech understanding system 
(Erman, 19 7 5 ) . 

2. A REAL EXAMPLE 
The ma tch ing problem used as 

throughout t h i s paper is taken from 
speech understanding system. When 
unable to complete ly recogniz 
sentence ( u t t e r a n c e ) , i t generat'* 
sentence fragments (Hayes-Rotn et ai , 
must be i n t e r p r e t e d by the semantic-
module, named SGI ANT. The generat 
can be both e r r o r f u l a 
i n c o n s i s t e n t (Example 2 . 1 ) . A senten 
a chunk of cons is ten t data in that it 
grammat ica l ly p l a u s i b l e sequence 
words. HEARSAY-II mechanisms 
i d e n t i f y i n g such chunks are not s u i t e 
them i n t o an o v e r a l l cons is tent i n t 
tlie u t t e r a n c e . 

EXAMPLE 2. 1 

an example 
the HEARSAY-II 

HEARSAY-II is 
e a spoken 
s a set of 

19 76c) which 
i n t e r p r e t a t i o n 
ed fragments 
nd mutual ly 
ce fragment is 

consists of a 
of recognized 
e f f e c t i v e i n 
d to combining 
e r p r e t a t i o n of 

Fragment 
p o r t i o n of the 
1-3 conta in 
1 and 2 are 

they provide 
the over lapp ing 

1 6. 3, 1 & 

1: <0> [ WHAT HAS HERBERT <75> 
2: <18> PAPER ABOUT PATTERN MATCHING ]<177> 
3: <29> IN LEARNING OR PATTERN MATCHING J <17 7> 
4: <0> [ WHO <24> 

Correct Sentence: 
<0>[ WHO HAS WRITTEN ABOUT PATTERN MATCHING ]<17 7> 

Example 2 . 1 shows four sentence fragments 
generated when HEARSAY-II was unable to recognize 
the sentence [ WHO HAS WRITTEN ABOUT PATTERN 
MATCHING ] . The square brackets denote the s t a r t 
and f i n i s h of the spoken u t t e r a n c e . The numbers 
enclosed in angle brackets s p e c i f y , in 
cent iseconds, how long a f t e r the s t a r t of the 
u t te rance each fragment begins and ends. 
4 c o r r e c t l y matches the i n i t i a l 
spoken sentence. Fragments 
s u b s t i t u t i o n e r r o r s . Fragments 
mutual ly i n c o n s i s t e n t in that 
d i f f e r e n t i n t e r p r e t a t i o n s o f the 
time per iod <18 :75> . The fragment p a i r s 
4. and 2 & 3 are i n c o n s i s t e n t for the same reason. 
A lso , Fragment I s p e c i f i c s a WHAT quest ion whereas 
fragment 4 s p e c i f i e s a WHO q u e s t i o n . Thus 
Fragments 1 and 4 are semant l e a l ly i n c o n s i s t e n t , 
I r r e g a r d less of t h e i r t imes . Each " fragment is 
semant i c a l l y descr ibed by a h i e r a r c h i c a l l y 
s t r u c t u r e d c o l l e c t i o n of concepts. F igure 2 .1 
shows a p o r t i o n of the conceptual h ie rarchy used by 
the SEMANT module in HEARSAY-II . F igure 2.2 shows 
the h i e r a r c h i c a l d e s c r i p t i o n of the cor rec t 
sentence. 

The problem of i n t e r p r e t i n g these fragments 
i l l u s t r a t e s the phenomena of data e r r o r and 
h i e r a r c h i c a l l y - s t r u c t u r e d i n t e r p r e t a t i o n s . The 
method used f o r s o l v i n g t h i s problem appears 
a p p l i c a b l e to a s i g n i f i c a n t c lass of problems 
e x h i b i t i n g these two phenomena. 

3. CONCEPTUAL HT FERARC.HIES 
A conceptual h ie ra rchy can be represented by 

a d i r e c t e d graph of concepts. Th is graph is tree-
s t r u c t u r e d In tha t i t has a root at the to 
leaf nodes at the bottom; however 
p e r m i t t e d . The sons of a node 
subconcepts that compose the f a t h e r , 
of the graph de f ines the h ighest 
g e n e r a l ) i n t e r p r e t a t i o n o f a l l 
beneath i t . 

A g iven i n t e r p r e t a t i o n task has 

top and 
cycles are 

de f ine the 
The root 

l e v e l (most 
the concepts 

a set of 
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prespecified patterns, modelling possible data-
generating events (e.g. , utterances, scenes, 
diseases). Each pattern has i ts own underlying 
hierarchy. These hierarchies are collapsed into 
a single hierarchy (for computational purposes) by 
adding a new root concept. The sons of the root 
concept are called the primary concepts of the 
hierarchy. The primary concepts are the roots 
of the original disjoint hierarchies. A 
collection of data is interpreted by choosing one 
or more primary concepts matched by the data. 

Whether a primary concept can be considered to 
be matched by the data depends on which ( i f any) of 
i ts subconcepts have been matched and on the 
relationship between the primary concept and i ts 
subconcepts. A concept that requires all. i ts 
subconcepts (sons) to be matched as a necessary 
condition for i tse l f to be matched is a 
conjunctive concept. The subconcepts are related 
to the conjunctive concept by the constituent (IS-
PART-OF) relationship. A concept requiring any 
non-empty subset of i t s subconcepts to be matched 
is union concept. The subconcepts are re lated to 
the union concept by the opt ional const i tuent ( IS-
OPTIONAL-PART-OF) re l a t i onsh ip . A concept which 
requires one of i t s subconcepts to be matched is 
a dis timet iye concept. The subconcepts are 
re la ted to the d is junc t i ve concept by the taxonomic 
(1S-A) re l a t i onsh ip . Other, more complex 
re la t ionsh ips can be defined on the subconcepts of 
a concept by def in ing parameterized constraints on 
the data supporting trie subconcepts. Figure 2.1 
shows part of the conceptual hierarchy used to 
describe the types of sentences expected by the 
HEARSAY -II speech understanding system. The 
method used to match sentence fragments to concepts 
is parameterless but successful nonetheless. This 
met nod is described in Section 6. 

Based on the above d e f i n i t i o n s , a maximal 
consistent i n te rp re ta t i on of the data is defined 
as the primary concept and the subtree 
underlying it that is matched by a maximal 
consistent subset of the data. A maximal 
consistent subset contains the greatest amount 
of domain informat ion (measured by some 
funct ion) that is mutually consistent . I f the 
subconcepts of a concept are mutually consistent , 
it fol lows that the domain information that 
supports (matches) these subconcepts is 
mutually cons is tent , w i th an important 
q u a l i f i c a t i o n . This q u a l i f i c a t i o n is necessary 
because two or more competing (mutually 
inconsistent) pieces of domain data may 
support the same concept. A consistent 
i n te rp re ta t ion must choose only one of these 
pieces of data to support the concept. Since 
there is a choice of which data to incorporate in 
the i n t e r p r e t a t i o n , there are many possible 
in te rp re ta t ions der ivable from the data supporting 
the subtree. These in te rp re ta t ions can be ordered 
by the funct ion that measures the quant i ty of 
data incorporated in (explained by) an 
i n t e r p r e t a t i o n . Thus once concept matching has 
been carr ied out , any subtree w i th in the 
conceptual hierarchy defines consistent data sets . 
Furthermore, the d i s t i n c t i o n between conjunct ive, 
union, and d is junc t ive concepts allows us to 
i den t i f y which informat ion is missing in a 
pa r t i cu la r i n t e r p r e t a t i o n . Missing information 
corresponds to unsupported sons of p a r t i a l l y 
supported conjunctive concepts. 

Data consistency must be defined re la t i ve to a 
pa r t i cu la r app l i ca t i on . A set of data is 
considered consistent i f i t s a t i s f i e s some set of 
app l i ca t ion -spec i f i c cons t ra in ts . Some of these 
constraints can be incorporated in the s t ruc ture of 
the conceptual h ierarchy; a given hierarchy 
i m p l i c i t l y defines a class of permissible data 
combinations. For example, the data conf igurat ions 
supporting the sons of a node are mutually 
consistent i f the node is conjunctive but not i f i t 
is d i s j unc t i ve . Other constra ints can be 
incorporated in the chunking process which 

fenerates conf igurat ions of data. Data chunks 
ncorporate informat ion about data consistency 

insofar as the data in a chunk is mutually 
consistent , and subconfigurat ions of the chunk are 
consistent w i th the chunk i t s e l f . This information 
is incomplete in that i t doesn't specify whether 
d i f f e ren t chunks are mutually consistent . F i n a l l y , 

constraints not incorporated in the hierarchy or 
the chunking process must be s a t i s f i e d by specia l 
tests on appropriate propert ies of the data 
supporting a po ten t ia l i n t e r p r e t a t i o n . One such 
constra int in the HEARSAY-11 example is temporal 
consistency between the various data fragments 
supporting the i n t e rp re ta t i on of an ut terance. 
Fragments which assign d i f f e ren t t ranscr ip t ions to 
the same time in te rva l are mutually inconsis tent . 

The measure of an i n te rp re ta t i on must also be 
defined re la t i ve to a pa r t i cu la r app l i ca t i on . The 
measuring funct ion should r e f l e c t the d i f f e r i n g 
c r e d i b i l i t y of a l te rna t i ve i n te rp re ta t i ons . 
Several factors a f fec t th is c r e d i b i l i t y . One of 
them is the amount of data s a t i s f a c t o r i l y explained 
by a given i n t e r p r e t a t i o n . An i n te rp re ta t i on which 
accounts tor a large subset of the data may be more 
credib le than an i n te rp re ta t i on which accounts for 
only a small subset. Another fac tor a f fec t i ng the 
c r e d i b i l i t y of an i n te rp re ta t i on is the cogency of 
i t s conceptual s t ruc tu re . For example, an 
in te rp re ta t i on wi th many missing pieces 
(unsupported sons of conjunctive nodes) may be less 
credib le than an i n te rp re ta t i on wi th no missing 
pieces. An extensive i n te rp re ta t i on (supported by 
many concepts) may be more cred ib le than a l im i ted 
i n te rp re ta t i on ( invo lv ing very few concepts). A 
t h i r d factor is the ind iv idua l c r e d i b i l i t y of the 
data chunks supporting the i n t e rp re ta t i on . The 
number of consistency constra ints sa t i s f i ed by a 
chunk increases with i t s s ize . I t these 
constraints are reasonably r igorous, larger chunks 
may be more cred ib le than smaller chunks. Thus the 
credib 11 i ty of a pa r t i cu la r daturn may be sensi ti ve
to the context (chunk) in which it occurs. The 
more accurately these various c r e d i b i l i t y factors 
are represented in the iunct ion which rates 
a l te rna t i ve i n t e rp re ta t i ons , the more often the 
maximal (h ighest- rated) consistent i n te rp re ta t ion 
w i l l in fac t be cor rec t . 

1* MATCHTNC AND FNTKHPH F.TT MP. 
A s p r e v i o u s l y d e s c r i b e d , t h e c o n c e p t u a l 

h i e r a r c h y i s a g r a p h w h o s e n o d e s a r e c o n c e p t s . 
W e a l l o w e a c h n o d e t o a c t a s a r e p o s i t o r y 
o f i n f o r m a t i o n d u r i n g t h e m a t c h i n g a n d 
i n t e r p r e t a t i o n . F i n d i n g t h e m a x i m a l c o n s i s t e n t 
i n t e r p r e t a t i o n i s a t h r e e p a r t p r o c e s s . 

T h e f i r s t p h a s e m a t c h e s t r i e c o n c e p t s a g a i n s t 
t h e d a t a . W e a s s u m e t h a t t h e i n i t i a l p a r t o f t h i s 
p r o c e s s i s p e r f o r m e d b y some m e c h a n i s m w h i c h 
s t r u c t u r e s t h e d a t a b y i d e n t i f y i n g c h u n k s , i . e . , 
l o c a l c o n f i g u r a t i o n s o f m u t u a l l y c o n s i s t e n t d a t a . 
I n t h e c u r r e n t e x a m p l e , t h i s m e c h a n i s m i s HKARSAY-
I I , a n d t h e c h u n k s a r e s e n t e n c e f r a g m e n t s . T h i s 
m a t c h may b e f u l l o r p a r t i a l i n t h a t c o n j u n c t i v e 
c o n c e p t s may b e c o m p l e t e l y o r p a r t i a l l y m a t c h e d . 
When a c o n c e p t i s s u c c e s s f u l l y m a t c h e d , t h e d o m a i n 
i n f o r m a t i o n m a t c h i n g t h e c o n c e p t i s s t o r e d a t t h e 
c o r r e s p o n d i n g n o d e . T h i s i n f o r m a t i o n i s s a i d t o 
d i r e c t l y s u p p o r t t h e c o n c e p t . 

T h e s e c o i f d p h a s e i n t e g r a t e s t h e c h u n k s b y 
f i n d i n g c o n c e p t s w h i c h e x p l a i n c o m b i n a t i o n s o f 
c h u n k s . T h i s i s a c c o m p l i s h e d b y " n o t c h i n g " e a c h 
m a t c h e d c o n c e p t a n d a l l i t s a n c e s t o r s , i . e . , 
i n c r e a s i n g t h e i r c r e d i b i l i t y s c o r e s a c c o r d i n g t o 
t h e a m o u n t o f d a t a s u p p o r t i n g t h e m a t c h e d c o n c e p t . 
T h e n o t c h i n g p r o c e s s a s s i g n s a m e t r i c o f how w e l l 
e a c h c o n c e p t i s s u p p o r t e d b y d a t a . V a r i o u s m e t r i c s 
a r e p o s s i b l e . T h e m e t r i c u s e d i n t h i s p a p e r i s 
d e f i n e d a s f o l l o w s . T h e s c o r e o f a d i s j u n c t i v e 
c o n c e p t i s t h e s i z e o f t h e l a r g e s t c h u n k d i r e c t l y 
s u p p o r t i n g t h e c o n c e p t p l u s t h e s c o r e o f t h e 
c o n c e p t ' s h i g h e s t - r a t e d s o n . T h e s c o r e o f a 
c o n j u n c t i v e o r u n i o n c o n c e p t i s t h e sum o f t h e 
s i z e s o f t h e c h u n k s s u p p o r t i n g i t d i r e c t l y , p l u s 
t h e sum o f t h e s c o r e s o f i t s s o n s . T h e s c o r e o f a n 
u n s u p p o r t e d c o n c e p t i s z e r o . S c o r i n g i s c o m p u t e d 
b y a o n e - p a s s n o t c h i n g p r o c e s s w h i c h p r o p a g a t e s 
s c o r e s b o t t o m - u p s t a r t i n g a t t h e l e a v e s o r t h e 
h i e r a r c h y . T h e n o t c h i n g p r o c e s s c a n b e v i e w e d a s a 
f l o w o f s u p p o r t f r o m t h e d a t a t h r o u g h t h e 
c o n c e p t u a l h i e r a r c h y . 

T h e l a s t p h a s e s e l e c t s a c o n s i s t e n t 
i n t e r p r e t a t i o n b y w a l k i n g t o p - d o w n t h o u g h t h e 
h i e r a r c h y s t a r t i n g a t t h e r o o t c o n c e p t , a n d 
i n c o r p o r a t i n g t h e v i s i t e d c o n c e p t s i n t o t h e 
i n t e r p r e t a t i o n . T h e m a x i m a l l y s u p p o r t e d s u b t r e e 
i n t h e h i e r a r c h y i s f o u n d b y i n t e r r o g a t i n g t h e 
s c o r e o f e a c h c o n c e p t . When t h e w a l k e n c o u n t e r s a 
d i s j u n c t i v e c o n c e p t , o n l y i t s h i g h e s t - s c o r e d s o n 
i s i n c o r p o r a t e d i n t h e i n t e r p r e t a t i o n a n d 
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i t e d , s i n c e the sons o f a 
t are m u t u a x c l u s i v e . When a 
o n concept i s e n c o u n t e r e d , a l l o f 

z e r o sco res are i n c l u d e d i n the 
s u b s e q u e n t l y v i s i t e d , s i n c e they 

s t e n t . Unsuppor ted ( z e r o - s c o r e d ) 
v e concep ts i n t h e i n t e r p r e t a t i o n 
g d a t a . (More complex 
ween concep ts and t h e i r sons 

complex d e d u c t i o n s . ) The s u b t r e e 
l i s f a s h i o n r e p r e s e n t s a n 

s u p p o r t e d by a maximal 
t o t t h e d a t a . T h i s c o n s i s t e n t 

l y I d e n t i f i e d s i n c e the s u b t r e e 
t h a t s u p p o r t s i t . 

o f t he i n t e r p r e t a t i o n g e n e r a t e d 
e r t he r o o t o f the c o n c e p t u a l 
u n c t i v e o r u n i o n . 11 the r o o t i s 

on^ o f t h e p r i m a r y concep ts is 
e i n t e r p r e t a t i o n . T h i s p r o p e r t y 
t he purpose o f ma tch i n g ls to 
a c c o r d i n g t o wh i ch s i n g l e concept 

I f t h e r o o t i s u n i o n , the 
a n i n t e g r a t e m u l t i p l e p r i m a r y 

t o e x p l a i n t h e d a t a . T h i s 
f u l i n domains such as med ica l 

t h e p r i m a r y concep ts model 
( d i s e a s e s ) wh ich can occur 

s u b s e q u e n t l y v i s 
d i s j u n c t i v e concep 
con j unc t i v e or un i 
i ts sons wi th non 
i n t e r p r e t a t i o n and 
a r e m u t u a l l y c o n s i 
sons of c o n j u n c t i v e 
i d e n t i f y m i s s i n 
r e l a t i o n s h i p s bet 
wou Id a l l o w mo re 
p roduced in t 
i n t e r p r e t a t i o n 
c o n s i s t e n t subse 
subse t can be read 
p o i n t s t o the da ta 

The n a t u r e 
depends on wheth 
h i e r a r c h y i s d i s 
d i s j u n c t i v e , o n l y 
i n c o r p o r a t e d i n t h 
i s u s e f u l when 
c l lass i f y an event 
b e s t models i t . 
i n t e r e t a t i o n c 
concep ts i n o rder 
ca pa b i 1 i t y i s us e 
d i a g n o s i s where 
d i f f e r e n t even t s 
s i m u l t a n e o u s l y . 

6. A DETAILED EXAMPLE 
SEMANT s rati t e l l i n g domain is composed of 

e r r o r f u l , somet imes m u t u a l l y i n c o n s i s t e n t sen tence 
f r agmen ts ( c h u n k s ) . A p o r t i o n o f the c o n c e p t u a l 
h i e r a r c h y i s shown I n F i g u r e 2 . 1 . 

Trie i n i t i a l p r o c e s s o f m a t c h i n g the domain 
( f r a g m e n t s ) t o the c o n c e p t s , i . e . , i n t e r p r e t i n g 
i n d i v i d u a l c h u n k s , i s done by p a r s i n g . A 
p a r s e r c a l l e d PPARSE (Erman, 19 7 7 ) , t aken f r o m 
the HEARSAY-11 s y n t a x and s e m a n t i c s module 
( H a y e s - R o t h , Mostow, and Fox, 1 9 / / ; Hayes-Roth e t 
a l , 19 7 6 a ) , i s used to parse each sen tence 
f r a g m e n t . PPARSE g e n e r a l i z e s e x i s t i n g p a r s i n g 
t e c h n i q u e s to parse connec ted subsequences o f 
sen tences g e n e r a t e d by the grammar. Such a 
sequence may c r o s s t h e b o u n d a r i e s of t h e 
g rammat i ca l n i e r a r c h y in t h a t i t may no t be 
g r a m m a t i c a l l y d e r i v a b l e f rom any s i n g l e n o n 
t e r m i n a l . PPARSE produces a l l d e r i v a t i o n t r e e s 
f o r each f r a g m e n t . (An ambiguous f ragment has 
more than one d e r i v a t i o n t r e e . ) The grammar used 
by PPARSE is a seman t i c grammar ( H a y e s - R o t h , 
Mostow, and Fox, 19 77) in wh i ch some of the n o n 
t e r m i n a l s have a s s o c i a t e d seman t i c mean ings . 
These n o n - t e r m i n a l s , c a l l e d seman t i c nodes , 
c o r r e s p o n d t o matched concep ts i n t h e h i e r a r c h y . 
In t h e p r e s e n t grammar, a seman t i c node has the 
same name as the c o r r e s p o n d i n g c o n c e p t . Thus the 
d e r i v a t i o n t r e e f o r a sen tence f ragmen t p o i n t s 
d i r e c t l y t o t h e concep ts i t ma tches . 

The m a t c h i n g p r o c e s s can be d e s c r i b e d as 
f o l l o w s : 

1) The d a t a is chunked by HEARSAY-!.I i n t o 
p o s s i b l y o v e r l a p p i n g sen tence f r a g m e n t s . 

2) The p r o c e s s of s i n g l e - c h u n k 
i n t e r p r e t a t i o n d e t e r m i n e s how each chunk f i t s 
i n t o t he c o n c e p t u a l h i e r a r c h y : 

2a) Eacn f ragment is pa rsed by PPARSE. 
2b) For each semant i c node in t he 

p a r s e , the c o r r e s p o n d i n g concep t i n the 
n i e r a r c h y i s f o u n d , and a p o i n t e r t o the 
seman t i c node i s p l a c e d a t the c o n c e p t . 
Thus one can r e t r i e v e t h e word sequence (s ) 
s u p p o r t i n g any g i v e n c o n c e p t . 

J ) The concep t and i t s a n c e s t o r s a re 
n o t c h e d by t h e number of words u n d e r l y i n g the 
seman t i c node i n t h e parse o f t h e f r a g m e n t . 
The d e t a i i s o f t h e n o t c h i n g m e t r i c have 
a l r e a d y been d i s c u s s e d ( S e c t i o n 5 ) . 
F i g u r e 6 . 1 shows the pa rse t r e e s f o r t h e 

f r agmen ts "PAPERS ABOUT PATTERN MATCHING" and 
"ARTIFICIAL INTELLIGENCE". N o n t e r m i n a l s a re 
d i s t i n g u i s h e d b y t he " S " p r e f i x . Only t h e c i r c l e d 
nodes are matched i n t o t h e c o n c e p t u a l 
h i e r a r c h y : $TOPIC because i t i s s e m a n t i c a l l y 
m e a n i n g f u l and $MENTION!TOPICS because i t i s 
t h e r o o t node of a p a r s e . When t h e r o o t node of a 
d e r i v a t i o n t r e e i s n o t a seman t i c node, i t matches 
t h e c o n c e p t ( s ) c o r r e s p o n d i n g t o i t s n e a r e s t 
s e m a n t i c a l l y m e a n i n g f u l a n c e s t o r ( s ) i n t he grammar. 
I n t h i s examp le , the n e a r e s t such a n c e s t o r s o f t h e 
r o o t node ^MENTION!TOPICS a r e $QUERY!TOPIC and 
$QUERY!TOPIC!AUTHOR. 

F i g u r e 6 .2 shows the m a t c h i n g of t h e TOPIC 
concept by the STOPIC node . (Note t h a t concep t 
names are not p r e f i x e d by " $ " ) . The s c o r e o f t h e 
$TOPIC node is 2 because t h e s u b - f r a g m e n t "PATTERN 
MATCHING" u n d e r l y i n g i t i s two words l o n g . T h i s 
score c o n t r i b u t e s t o t h e s c o r e s o f a l l t he 
a n c e s t o r s o f TOPIC i n t h e c o n c e p t u a l h i e r a r c h y . 

F i g u r e 6 .3 shows t h e m a t c h i n g o f 
the QUERYLT0P1C and QUERY'TOPIC!AUTHOR 
concep ts by t h e SMENTION!TOPICS node . The s c o r e 
f o r t h i s node i s 4 , s i n c e $MENTIONITOPICS i s 
s u p p o r t e d by t h e 4 -word sequence PAPERS ABOUT 
PATTERN MATCHING. A l l concep t s s u p p o r t e d by the 
SMENTION!TOPICS node a re a c c o r d i n g l y no tched by 4. 
F i g u r e 6.4 shows the m a t c h i n g of t he TOPIC concept 
by" the STOPIC node s u p p o r t e d by t h e f ragmen t 
"ARTIFICIAL INTELLIGENCE. The TOPIC concept and 
a l l i t s a n c e s t o r s a re no t ched b y 2 . Note t h a t 
w h i l e the f ragment parse t r e e s c o n t a i n more than 
one $TOPIC node , the c o n c e p t u a l h i e r a r c h y c o n t a i n s 
a s i n g l e c a n o n i c a l TOPIC node . 

The c o n s t r u c t i o n o f the maximal c o n s i s t e n t , 
i n t e r p r e t a t i o n s t a r t s a t t he r o o t o f the 
h i e r a r c h y . At a d i s j u n c t i v e concept SEMANT chooses 
the h i g h e s t - s c o r e d son t o b e i n t h e i n t e r p r e t a t i o n . 
I n F i g u r e 6.4 t he h i g h e s t - s c o r e d p r i m a r y concept 
i s REQUEST and is t h e r e f o r e chosen i n s t e a d o f 
PRUNE. SEMANT nex t l o o k s at t h e sons of t h e 
REQUEST c o n c e p t , wh i ch i s a l s o d i s j u n c t i v e . The 
QUERY concept i s chosen s i n c e i t i s t h e h i g h e s t -
scored son of REQUEST. The h i g h e s t - s c o r e d sons of 
QUERY a r e QUERYiTOPlC and QUERY!TOPIC!AUTHOR 
( b o t h are s u p p o r t e d by SMENTION1T0PICS). E i t h e r 
one can be chosen to be p a r t of t he 
i n t e r p r e t a t i o n . When SEMANT r e a d i e s t he TOPIC 
c o n c e p t , i t must choose wh ich s u p p o r t i n g da ta t o 
i n c o r p o r a t e i n t h e i n t e r p r e t a t i o n . S ince SEMANT 
has t r a v e r s e d a concept s u p p o r t e d by the node 
.SMENTION! TOPICS in o r d e r to reach the TOPIC 
c o n c e p t , t l ie c h o i c e o f t o p i c I s c a r r i e d o u t 
in t h e c o n t e x t of t he SMENTION 1T0PICS. Hence 
PATTERN MATCHING is chosen s i n c e i t i s p a r t o f t h a t 
c o n t e x t ( i . e . , i s p a r t o f t h e f ragment s u p p o r t i n g 
SMENTION!TOPICS). F i g u r e 6.5 d e p i c t s a 
r e s u l t i n g i n t e r p r e t a t i o n and i t s c o r r e s p o n d i n g 
s u p p o r t . (Note t h a t c h o o s i n g the concept 
QUERY!TOPIC!AUTHOR i n s t e a d of QUERY1T0PIC y i e l d s an 
e q u a l l y w e l l - s u p p o r t e d i n t e r p r e t a t i o n . ) 

F i g u r e 6 .6 shows the m a t c h i n g o f f r a g m e n t s 
g e n e r a t e d when HEARSAY-II was unab le to 
r e c o g n i z e t he sen tence "LET 'S RESTRICT OUR 
ATTENTION TO PAPERS SINCE NINETEEN SEVENTY FOUR". 
The f r agmen ts "TO PAPERS SINCE NINETEEN SEVENTY 
FOUR" and "LET 'S RESTRICT OUR ATTENTION TO" a re 
m u t u a l l y c o n s i s t e n t w h i l e the f r agmen t "DESIGN IN 
THE ARTS" i s not c o n s i s t e n t w i t h e i t h e r o f t he 
o t h e r two f r a g m e n t s a c c o r d i n g t o t he s t r u c t u r e o f 
t he c o n c e p t u a l h i e r a r c h y . The l i g u r e shows t h e 
s t a t e o f t he c o n c e p t u a l h i e r a r c h y a f t e r n o t c h i n g 
has t a k e n p l a c e . The maximal c o n s i s t e n t 
i n t e r p r e t a t i o n g e n e r a t e d i s shown i n F i g u r e 6 . 7 . 
T h i s i n t e r p r e t a t i o n i s t h e same as t h a t o f t h e 
c o r r e c t s e n t e n c e . Thus t h e i n c o n s i s t e n t 
i n f o r m a t i o n i s i g n o r e d and the two c o n s i s t e n t 
f r agmen ts are s e m a n t i c a l l y combined t o 
fo rm a maximal c o n s i s t e n t i n t e r p r e t a t i o n o f 
t he u t t e r a n c e . 

SEMANT can use c o n t e x t u a l i n f o r m a t i o n to 
d i s c a r d the i n c o r r e c t p o r t i o n o f a p a r t i a l l y 
c o r r e c t f r a g m e n t . T h i s c a p a b i l i t y i s most c l e a r l y 
I l l u s t r a t e d by a h y p o t h e t i c a l p r o b l e m . Suppose 
HEARSAY-II f a i l s t o r e c o g n i z e t h e u t t e r a n c e DID 
REDDY WRITE ANY ARTICLES ABOUT LEARNING" b u t 
g e n e r a t e s t h e f r a g m e n t s "DID REDDY WRITE ANY 
ARTICLES ABOUT" and "INTERESTED IN LEARNING." 
F i g u r e 6 .8 shows how these f r a g m e n t s a re matched 
i n t o the c o n c e p t u a l h i e r a r c h y . The f i r s t f ragmen t 
s u p p o r t s AUTHOR and QUERY!AUTHOR!TOPlC. The second 
f ragment s u p p o r t s TOPIC and SELECTION. The 

Ge n e r a t e d i n t e r p r e t a t i o n i s shown i n F i g u r e 6 . 9 . 
t i n c o r p o r a t e s the h i g h e s t - s c o r e d p r i m a r y concept 

REQUEST, i n p r e f e r e n c e t o t he l o w e r - s c o r e d 
SELECTION. The i n c o r p o r a t e d c o n j u n c t i v e concept 
QUERY!TOPIC!AUTHOR is s u p p o r t e d by b o t h AUTHOR and 
TOPIC. S ince these two concep ts a re m u t u a l l y 
c o n s i s t e n t , t hey a re b o t h i n c l u d e d i n t h e 
i n t e r p r e t a t i o n , even though they are s u p p o r t e d by 
d i f f e r e n t f r a g m e n t s . Consequen t l y t he 
i n t e r p r e t a t i o n I n c o r p o r a t e s t h e c o r r e c t word 
"LEARNING" f rom t h e second f r a g m e n t , b u t d i s c a r d s 
t h e i n c o r r e c t s u b - f r a g m e n t "INTERESTED I N , " s i n c e 
the SELECTION concep t i s no t p a r t o f t h e 
i n t e r p r e t a t i o n . 

N a t u r a l L a n g u a g e - 9 : Fox 
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Ano the r f e a t u r e o f SEMANT i s i t s a b i l i t y t o 
i d e n t i f y w h i c h d a t a i s m i s s i n g . Suppose i n t h e 

Pr e c e d i n g example HEARSAY-Il g e n e r a t e s t h e 

ragment " "PUBLISHED IN I J C A I " i n s t e a d o f t he 
f ragmen t "INTERESTED IN LEARNING." F i g u r e 6 .10 
shows t h e m a t c h i n g o f t h e g e n e r a t e d f r a g m e n t s . 
T h i s example d i f f e r s f r o m t h e p r e c e d i n g example i n 
t h a t t h e second f r agmen t c o n t a i n s no i n f o r m a t i o n 
c o n s i s t e n t w i t h t h e f i r s t . The maximal c o n s i s t e n t 
i n t e r p r e t a t i o n , shown i n F i g u r e 6 . 1 1 , i s s u p p o r t e d 
o n l y b y the f i r s t f r a g m e n t . I t i n c o r p o r a t e s the 
c o n j u n c t i v e concep t QUERY!TOPIC!AUTHOR, whose son 
TOPIC is u n s u p p o r t e d . Thus SEMANT can p r e d i c t 
t h a t t h e m i s s i n g d a t a ( u n r e c o g n i z e d p o r t i o n o f t he 
u t t e r a n c e ) i n c l u d e s da ta wh i ch w o u l d s u p p o r t TOPIC. 
Such a seman t i c p r e d i c t i o n c o u l d be used to gu ide 
f u r t h e r e f f o r t s b y HEARSAY-II t o r e c o g n i z e t h e 
u t t e r a n c e (Hayes -Ro th e t a l , 1 9 76b; Hayes -Ro th , 
Mostow, and Fox , 19 7 7 ) . A l t e r n a t i v e l y , i t c o u l d be 
used as g rounds f o r a s k i n g the user t o r epea t the 
t o p i c ( H a y e s - R o t h , G i l l , and Mostow, 19 7 7 ) . 
7. COMPLICATIONS 

The p r o b l e m of f i n d i n g a maximal c o n s i s t e n t 
i n t e r p r e t a t i o n o f t he da ta i s c o m p l i c a t e d by a 
c o n f l i c t between m a x i m a l i t y and c o n s i s t e n c y . 
M a x i m a l i t y i s d e f i n e d i n te rms o f a s c o r i n g m e t r i c 
o n concep t s u p p o r t . A c o r r e c t m e t r i c f u n c t i o n w i l l 
s co re t h e nodes in such a way t h a t a s i m p l e t o p -
down wa l k t h a t s e l e c t s the h i g h e s t - r a t e d son o f 
eve ry d i s j u n c t i v e node w i l l i n f a c t g e n e r a t e the 
maximal c o n s i s t e n t i n t e r p r e t a t i o n . I d e a l l y , the 
s c o r i n g p r o c e s s s h o u l d r e q u i r e a s i n g l e bo t t om-up 
pass wh i ch v i s i t s each node a t most once . 

U n f o r t u n a t e l y , the c o n t e x t - s e n s i t i v e n a t u r e o f 
c o n s i s t e n c y may p r e c l u d e the r e a l i z a t i o n o f t h i s 
i d e a l . The i n c o r p o r a t i o n of a chunk of da ta as 
s u p p o r t f o r a h i g h - l e v e l concept i n an 
i n t e r p r e t a t i o n c r e a t e s a commitment to i n c o r p o r a t e 
s u b p a r t s o f t h a t d a t a chunk as s u p p o r t f o r l o w e r -
l e v e l c o n c e p t s . T h i s i d e a i s i l l u s t r a t e d i n F i g u r e 
7 . 1 . The n i g h - l e v e l d i s j u n c t i v e concept QUERY i s 
s u p p o r t e d by t h e 5 -word f ragment (chunk) "DO ANY 
ARTICLES MENTION LEARNING " and has s c o r e 8. QUERY 
has two s o n s : QUERY!TOPIC, w h i c h is s u p p o r t e d by 
t he 2-word s u b - f r a g m e n t "MENTION LEARNING " and 
QUERY!SOURCE, wh i ch is s u p p o r t e d by t he 3-word 
f ragment " I N IJ CAT. PROCEEDINGS." A c c o r d i n g l y , 
QUERY!TOPIC has s c o r e 2 and QUERY!SOURCE has s c o r e 
3 . C o n s i d e r t h e b e h a v i o r o f a top-down wa lk wh i ch 
s e l e c t s the h i g h e s t - r a t e d son o f e v e r y d i s j u n c t i v e 
node. Such an a l g o r i t h m i n c o r p o r a t e s t h e f ragment 
s u p p o r t i n g QUERY i n t o t he i n t e r p r e t a t i o n , t h e r e b y 
m o r a l l y c o m m i t t i n g i t s e l f t o i n c o r p o r a t e t h e 
sub f ragment s u p p o r t i n g QUERY!TOPIC. The a l g o r i t h m 
t h e n v i o l a t e s i t s commitment b y s e l e c t i n g 
QUERY!SOURCE ove r t h e l o w e r - s c o r e d QUERY'TOPIC and 
c o n s e q u e n t l y g e n e r a t e s t h e i n c o n s i s t e n t 
i n t e r p r e t a t i o n shown i n F i g u r e 7 . 2 . The c o r r e c t 
maximal c o n s i s t e n t i n t e r p r e t a t i o n , shown i n F i g u r e 
7 . 3 , i s c o n s t r u c t e d b y f u l f i l l i n g t h i s commi tment . 

What e x a c t l y i s t h e p rob lem here? The 
i n c l u s i o n of a chunk of da ta as s u p p o r t f o r a 
concept in an i n t e r p r e t a t i o n c r e a t e s a commitment 
to i n c l u d e c o n c e p t s s u p p o r t e d by subchunks o f t h a t 
d a t a . I n s h o r t , the s e l e c t i o n o f s u p p o r t f o r a 
concept i s c o n t e x t - s e n s i t i v e , s i n c e i t depends o n 
t h e da ta chosen t o s u p p o r t t h e c o n c e p t ' s a n c e s t o r s 
i n t h e c o n c e p t u a l h i e r a r c h y . However, the s c o r e s 
a s s i g n e d by a one -pass b o t t o m - u p n o t c h i n g a l g o r i t h m 
a re c o n t e x t - f r e e . C o n s e q u e n t l y t hey do n o t a lways 
s e l e c t the c o r r e c t (maximal c o n s i s t e n t ) 
i n t e r p r e t a t i o n . a s t h e p r e c e d i n g example 
i l l u s t r a t e s . We see s e v e r a l p o s s i b l e approaches to 
s o l v i n g t h i s p r o b l e m . 

The f i r s t app roach compensates f o r 
d e f i c i e n c i e s o f t h e c o n t e x t - f r e e s c o r i n g f u n c t i o n 
by i n t r o d u c i n g some s e a r c h in t he top-down 
s e l e c t i o n o f a n i n t e r p r e t a t i o n . I f i n c o r p o r a t i n g 
t h e h i g h e s t - s c o r e d son o f a d i s j u n c t i v e node l eads 
t o a n I n c o n s i s t e n t i n t e r p r e t a t i o n , the n e x t - h i g h e s t 
node can be t r i e d . 

The second app roach uses a c o n t e x t - s e n s i t i v e 
s c o r i n g scheme so t n a t a n o n - b a c k t r a c k i n g top -down 
wa lk w i l l work c o r r e c t l y . One way t o do t h i s i s t o 
n o t c h concep ts u s i n g a b o t t o m - u p p r o c e s s , b u t under 
c e r t a i n c i r c u m s t a n c e s t o r e e v a l u a t e descendants o f 
a concep t i n t h e c o n t e x t o f i t s s u p p o r t i n g d a t a . 
Note t h a t t h e c o n t e x t - f r e e s c o r e o f a concept i s an 
upper bound o n t h e s i z e o f t h e l a r g e s t c o n s i s t e n t 
s e t o f d a t a s u p p o r t i n g t h a t c o n c e p t . The 
a p p l i c a t i o n o f a d d i t i o n a l c o n s t r a i n t s such a s 

c o n t e x t can o n l y dec rease the s i z e o f t h i s s e t . 
Thus one i n d i c a t i o n t h a t a node may need to be 
r e e v a l u a t e d i n c o n t e x t i s a f a i l u r e t o s u p p o r t i t 
w i t h a da ta se t as l a r g e as i t s s c o r e . 

These approaches have a common d e f e c t : t h e 
"max imal c o n s i s t e n t i n t e r p r e t a t i o n s " they g e n e r a t e 
may f a i l t o s a t i s f y c e r t a i n c o n s i s t e n c y c o n s t r a i n t s 
not r e p r e s e n t e d i n t h e s t r u c t u r e o f t ne c o n c e p t u a l 
h i e r a r c h y . For e x a m p l e , a c o n s i s t e n t 
i n t e r p r e t a t i o n of a spoken u t t e r a n c e canno t be 
s u p p o r t e d by two c o n f l i c t i n g da ta f r agmen ts (word 
sequences) s p a n n i n g the same t e m p o r a l i n t e r v a l o f 
t he u t t e r a n c e . S i m i l a r l y , a c o n s i s t e n t 
i n t e r p r e t a t i o n o f a scene canno t a s s i g n two 
c o n f l i c t i n g l a b e l s t o t h e same r e g i o n . 
R e p r e s e n t a t i o n o f such c o n s t r a i n t s I n the 
c o n c e p t u a l h i e r a r c h y appears t o r e q u i r e t h e 
p r o p a g a t i o n o f t e m p o r a l o r s p a t i a l i n f o r m a t i o n 
t h rough the h i e r a r c h y and the p a r a m e t e r i z a t i o n o f 
node r e l a t i o n s ( c u r r e n t l y AND, XOR, UNION) to t e s t 
such i n f o r m a t i o n f o r c o n s i s t e n c y . 

The t h i r d a p p r o a c h , c u r r e n t l y under 
deve lopmen t , uses a p a r a m e t e r i z e d c o n c e p t u a l 
h i e r a r c h y . A f t e r da ta s u p p o r t i s a t t a c h e d t o 
a p p r o p r i a t e , nodes i n t h e h i e r a r c h y , " n o t c h t o k e n s " 
a re p r o p a g a t e d up f r o m the l e a v e s o f the h i e r a r c h y . 
Each t oken r e p r e s e n t s a p a r t i c u l a r se t o f da ta 
s u p p o r t i n g ( i n s t a n t i a t i n g ) a c o n c e p t . A t o k e n i s 
p r o p a g a t e d upward f r o m a node by p a s s i n g c o p i e s of 
i t t o the n o d e ' s p a r e n t s . When tokens are passed 
to a c o n j u n c t i v e o r un i on node f r o m s e v e r a l o f i t s 
subconcept nodes , a new t o k e n is fo rmed 
r e p r e s e n t i n g the combined data s u p p o r t i n g the 
c o n c e p t . I f t h i s da ta i s m u t u a l l y i n c o n s i s t e n t , i t 
i s s p l i t i n t o maximal c o n s i s t e n t s u b s e t s , each 
r e p r e s e n t e d by a new t o k e n . 

Such p a r a m e t e r i z e d c o n c e p t u a l h i e r a r c h i e s 
p r o v i d e s t r o n g e r domain models by i n c o r p o r a t i n g 
a d d i t i o n a l c o n s i s t e n c y c o n s t r a i n t s . However, 
e x p e r i e n c e w i t h such ' p a r a m e t e r i z e d h i e r a r c h i e s 
shows t h a t they i n v o l v e more c o m p u t a t i o n than do 
u n p a r a m e t e r i z e d h i e r a r c h i e s , s i n c e the v a r i o u s 
i n s t a n c e s ( t o k e n s ) o f each concept ( d i s t i n g u i s h e d 
by t h e i r d i f f e r e n t pa ramete r v a l u e s ) must, be 
p rocessed ( e . g . , s c o r e d ) s e p a r a t e l y (Hayes-Roth and 
Mostow, 1975 ; " Mostow and H a y e s - R o t h , 1977 ) . Thus 
i t may be d e s i r a b l e to d e v e l o p a h y b r i d m a t c h i n g 
scheme t h a t t e s t s as many c o n s t r a i n t s as p o s s i b l e 
i n a p a r a m e t e r l e s s c o n c e p t u a l h i e r a r c h y and o n l y 
t e s t s r e s i d u a l c o n s t r a i n t s a f t e r w a r d s . I n t h i s 
f o u r t h a p p r o a c h , the pa ramete r1ess h i e r a r c h y 
f u n c t i o n s as a weak model of t h e domain . The 
m a t c h i n g p r o c e s s e f f i c i e n t l y f i l t e r s t h e d a t a , 
g e n e r a t i n g max imal i n t e r p r e t a t i o n s s a t i s f y i n g a l l 
t he c o n s t r a i n t s embedded i n t h e h i e r a r c h y . I f such 
a n i n t e r p r e t a t i o n f a i l s t o s a t i s f y tne r e s i d u a l 
c o n s t r a i n t s , the matcher f i n d s t h e nex t h i g h e s t -
sco red i n t e r p r e t a t i o n . T h i s p r o c e s s c o n t i n u e s 
u n t i l a n i n t e r p r e t a t i o n s a t i s f y i n g a l l c o n s t r a i n t s 
i s f o u n d . T h i s I s the d e s i r e d maximal c o n s i s t e n t 
i n t e r p r e t a t i o n . 

fit DISCUSSION 
S e v e r a l p o i n t s abou t the p r e s e n t e d method 

s h o u l d be e m p h a s i z e d . 

8 . 1 Impo r tance o f Chunk ing 
Chunk ing c o n t r i b u t e s t o t h e success o f our 

method i n s e v e r a l ways . The c h u n k i n g p r o c e s s 
i d e n t i f i e s s e m a n t i c a i l y m e a n i n g f u l c o n f i g u r a t i o n s 
o f d a t a , i . e . , c o n f i g u r a t i o n s c o r r e s p o n d i n g t o 
( s u b s t r u c t u r e s o f ) known c o n c e p t s . T h i s 
s t r u c t u r i n g o f t h e da ta i s e s s e n t i a l t o t h e 
c o n s t r u c t i o n o f a c o h e r e n t i n t e r p r e t a t i o n . 
Chunk ing p r o v i d e s i n f o r m a t i o n abou t da ta 
c o n s i s t e n c y i n s o f a r as t h e da ta i n a chunk i s 
m u t u a l l y c o n s i s t e n t . T h i s i n f o r m a t i o n i s 
I n c o r p o r a t e d i n t h e p r o c e s s o f c o n s t r u c t i n g a n 
I n t e r p r e t a t i o n . Chunk ing a l s o p r o v i d e s i n f o r m a t i o n 
abou t t h e c o n t e x t u a l c r e d i b i l i t y o f da ta i n s o f a r a s 
t h e da ta i n a chunk i s m u t u a l l y c o n f i r m a t o r y . T h i s 
i n f o r m a t i o n , r e p r e s e n t e d b y v a r y i n g chunk s i z e , i s 
i n c o r p o r a t e d i n t h e s c o r i n g m e t r i c and h e l p s 
d i s c r i m i n a t e be tween 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 s . 

tL2—Importance of Hierarchy 
Ano the r i m p o r t a n t aspec t o f t h e method i s i t s 

use o f h i e r a r c h i c a l s t r u c t u r e t o embed c o n s t r a i n t s 
o n d a t a c o n s i s t e n c y . M u t u a l e x c l u s i o n . m u t u a l 
n e c e s s i t y , and m u t u a l c o n s i s t e n c y o f suDconcepts 
a r e m o d e l l e d r e s p e c t i v e l y b y d i s j u n c t i v e , 
c o n j u n c t i v e , and u n i o n nodes . Any subgraph o f t h e 
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p r o g r a m s p e r f o r m i n g r e a l - w o r l d t a s k s . Such 
p r o g r a m s w i l l have t o h a n d l e u n c e r t a i n , 
i n c o n s i s t e n t d a t a c o r r e s p o n d i n g o n l y a p p r o x i n u i t e l y 
t o known c o n c e p t s . T h e p r o b l e m o f i d e n t i f y i n g 
c o n s i s t e n t s u b s e t s o f d a t a and i n t e g r a t i n g "them 
i n t o a h i e r a r c h i c a l l y o r g a n i z e d c o n c e p t u a l 
k n o w l e d g e base c a n a c c o r d i n g l y b e e x p e c t e d t o 
assume I n c r e a s i n g i m p o r t a n c e . 
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hierarchy in which no d i s j u n c t i v e node lias more 
than one son constitut.es a cons is tent (poss ib ly 
incomplete) conceptual s t r u c t u r e . The data 
suppor t ing such a s t r u c t u r e consequently s a t i s f i e s 
many c o n s t r a i n t s on data cons is tency . 

The h i e r a r c h i c a l s t r u c t u r e also permits the 
i d e n t i f i c a t i o n of missing d a t a . Mutual necessi ty 
of concept c o n s t i t u e n t s is represented by 
con junct ive nodes. Unsupported sons of con junct ive 
concepts incorpora ted in an i n t e r p r e t a t i o n 
t h e r e f o r e represent missing c o n s t i t u e n t s . 

The parameter less nature of the conceptual 
h ierarchy precludes the embedding of c e r t a i n types 
of c o n s t r a i n t s . In the speech understanding 
example, since temporal in format ion is not 
propagated through the h i e r a r c h y , temporal 
c o n s t r a i n t s such as adjacency, o r d e r i n g , and non-
over lap are not represented jn the h i e r a r c h y . In 
the v i s i o n domain, s ince l o c a t i o n in fo rmat ion is 
not propagated through the h i e r a r c h y , s p a t i a l 
c o n s t r a i n t s such as a l l i g n m e n t , ad jacency, 
p r o x i m i t y , o r d e r i n g , and non-over lap are not 
represen ted . This reduct ion of c o n s t r a i n t al lows 
s e m a n t i c a l l y cons is tent chunks to be incorpora ted 
in an i n t e r p r e t a t i o n even i f they don ' t conform to 
a s t ronger (more const ra ined) model of the domain. 
Th is aspect of the r e p r e s e n t a t i o n permits increased 
f l e x i b i l i t y in the matching process, in that the 
c o n s t r a i n t s on the i n t e g r a t i o n ot m u l t i p l e chunks 
i n t o an i n t e r p r e t a t i o n are weaker than the 
c o n s t r a i n t s on the l o c a l i n t e g r a t i o n of data i n t o 
i n d i v i d u a l chunks. Fur thermore, the s i m p l i c i t y of 
the r e p r e s e n t a t i o n should make the matching process 
f a s t e r than methods which represent consistency 
c o n s t r a i n t s as t e s t s on propagated parametr ic 
i n f o r m a t i o n . The disadvantage of the s impler 
r e p r e s e n t a t i o n i s i t s g r e a t e r p o t e n t i a l f o r 
c o n s t r u c t i n g i n c o n s i s t e n t i n t e r p r e t a t i o n s . 

ft.i.4. rower oj Lht; Method 
The presented method i n t e r p r e t s sets oi 

h i e r a r c h i c a l l y s t r u c t u r e d , possib ly mutual ly 
i n c o n s i s t e n t chunks of d a t a . Although i t e x p l o i t s 
in fo rmat ion incorpora ted in the chunk s t r u c t u r e , 
the method is not r e s t r i c t e d to accept ing or 
r e j e c t i n g chunks in an a l l - o r - n o n e f a s h i o n ; the 
method can d i s c a r d p a r t of a chunk in order to 
construct a cons is ten t i n t e r p r e t a t i o n which 
incorpora tes the remainder of the chunk. The 
const ructed i n t e r p r e t a t i o n corresponds to a h i g h l y 
par t ia1 -matched s u b s t r u c t u r e of the conceptual 
h i e r a r c h y . Unsupported c o n s t i t u e n t s of the 
subs t ruc tu re i d e n t i f y missing d a t a . 

6-Ja A p p l i c a t i o n s oJLli ie Current Implementat ion 
SEMANT was o r i g i n a l l y developed to i n t e r p r e t 

sentences and sentence fragments recognized by 
HEARSAY-1I (Hayes-Roth et a 1 , 1 9 7 6 b ) . In a d d i t i o n 
to t h i s t a s k , SEMANT has been a p p l i e d to the 
i n t e r p r e t a t i o n of ungrammatica1 sentences. A 
sentence is chunked i n t o i t s maximal grammatical 
subsequences, which are input to SEMANT as 
f ragments. SEMANT then i n t e g r a t e s the fragments 
i n t o an i n t e r p r e t a t i o n of the sentence. This 
method has been used to c o r r e c t l y i n t e r p r e t 
sentences c o n t a i n i n g e r r o r s o f i n s e r t i o n , d e l e t i o n , 
s u b s t i t u t i o n , r e p e t i t i o n , and r e - o r d e r i n g . 

9, CONCLUSIONS 
We have designed and implemented a method 

f o r i d e n t i f y i n g and i n t e r p r e t i n g maximal 
cons is ten t subsets of data in h i e r a r c h i c a l l y 
modelled domains c h a r a c t e r i z e d by data e r r o r and 
i n c o n s i s t e n c y . The implementat ion has c o r r e c t l y 
I n t e r p r e t e d spoken sentence fragments recognized by 
the HEARSAY-ll speech understanding system. It has 
a lso been used s u c c e s s f u l l y to i n t e r p r e t t y p e d - i n 
ungraminatical sentences . 

The method appears a p p l i c a b l e to many tasks 
( e . g . , speech unders tand ing , n a t u r a l language 
unders tand ing , scene a n a l y s i s , medical a n a l y s i s ) 
r e q u i r i n g matching of e r r o r ! u l data aga ins t 
complex, h i e r a r c h i c a l l y d e s c r i b a b l e s t r u c t u r e s . 
When missing data or tne inherent nature of the 
task causes the s t r u c t u r e s to be 
incomplete ly i n s t a n t i a t e d , p a r t i a l - m a t c h i n g o t 
these s t r u c t u r e s provides c o n s i s t e n t , meaningful 
i n t e r p r e t a t i o n s of the d a t a . 

The cont inu ing progress of AI beyond toy 
problems will be 

by intelligent 






