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INTRODUCTION 
We demonstrate how the use of domain dependent 

knowledge can reduce the combinatorics of learn ing 
s t r u c t u r a l descri.pt ions, using as an example the 
creat ion of a l t e r n a t i v e pronunciat ions from 
examples of spoken words. B r i e f l y , c e r t a i n 
learn ing problems (Winston, 19 70; Fox & Hayes-
Roth, 19 76) can be solved by present ing to a 
learn ing program exemplars ( t r a i n i n g data) 
representat ive of a c lass . The program constructs 
a cha rac te r i s t i c representat ion (Cl<) of the class 
that best f i t s the t r a i n i n g data. Learning can be 
viewed as search in the space of representa t ions . 
Applied to complex domains the search is h igh ly 
combinator ia l due to the: 1) Number of a l t e r n a t i v e 
CRs. 2) Size of t r a i n i n g se t . 3) Size of the 
exemplars. 

.PROBLEM 
An i m p o r t a n t aspec t o f speech u n d e r s t a n d i n g 

(Reddy, 19 76) r e s e a r c h is t h e c r e a t i o n of wora 
p r o n u n c i a t i o n d i c t i o n a r i e s . The d i c t i o n a r y e n t r y 
f o r a word must c o n t a i n t h e s a l i e n t f e a t u r e s and 
v a r i a t i o n s of how a word may be p ronounced . The 
pe r fo rmance o f a speech sys tem depends d i r e c t l y 
upon the v a l i d i t y o f t h i s d i c t i o n a r y . 
P r e s e n t l y , a t r a i n e d p e r s o n c o n s t r u c t s a 
d i c t i o n a r y b y e x a m i n i n g speech d a t a , l a b o r i o u s l y 
t e s t i n g and m o d i f y i n g a d i c t i o n a r y many t i m e s . The 
g o a l o f t h i s work i s t o automate t h i s p r o c e s s . 

The t r a i n i n g da ta i s a se t o f segmented 
spoken w o r d s . Each exemplar i s a v a r y i n g l e n g t h 
sequence of segments . A segment is a t i m e 
p a r t i t i o n o f t h e speech s i g n a l t h a t i s l a b e l e d 
by an a r r a y o f phoneme-we igh t p a i r s . The w e i g h t 
s p e c i f i e s now c l o s e l y t he segment matches t h e 
c o r r e s p o n d i n g phoneme. The phoneme a r r a y f o r 
our a p p l i c a t i o n u s u a l l y c o n t a i n s 1 0 0 e n t r i e s and 
the average exemplar segment l e n g t h i s s e v e n . 
Thus each exemplar d e p i c t s a p p r o x i m a t e l y 100 
p r o n u n c i a t i o n s ( i . e . , pa ths t h r o u g h t h e phoneme-
segment m a t r i x ) . The segment l a b e l ' s w e i g h t 
ass ignment i s e r r o r f u l . A segment i s c o r r e c t l y 
c l a s s i f i e d ( i . e . . c o r r e c t l a b e l i s bes t r a t e d ) o n l y 
42% of t h e t ime ( G o l d b e r g , 1 9 7 6 ) . A n o t h e r p r o b l e m 
i s the s e g m e n t a t i o n p r o c e s s . An exemp la r t h a t 
c o n t a i n s p o s s i b l y 10 segments may on ly r e p r e s e n t 4 
c o n t i g u o u s phonemes. Thus' a l l p o s s i b l e 
c o m b i n a t i o n s ( p a r t i t i o n s ) o f c o n t i g u o u s segments 
must be c o n s t r u c t e d , and the l a b e l s t h a t bes t 
d e s c r i b e the p a r t i t i o n s must be d e t e r m i n e d . 

The t a r g e t CR is a n e t w o r k whose nodes 
r e p r e s e n t phonemes and whose a r c s r e p r e s e n t 
a l l o w a b l e t r a n s i t i o n s be tween nodes . T h i s ne two rk 
must be s m a l l due to space l i m i t a t i o n s . 

The l e a r n i n g p r o b l e m can be v iewed as t h r e e 
s e p a r a t e phases : 1) L e a r n i n g o f a m i n i m a l s t a t e 
r e p r e s e n t a t i o n f o r each exemp la r o f a word c l a s s . 
2) Combin ing the exemp la rs of a word c l a s s i n t o a 
m i n i m a l . s t a t e n e t w o r k . 3 ) M o d i f y the n e t w o r k s as 
a r e s u l t o f near miss a n a l y s i s between word 
c l a s s e s . 

KNOWLEDGE-GUIDED LEARNING 
T y p i c a l a t t e m p t s a t i n c l u d i n g knowledge i n 

t he l e a r n i n g p r o c e s s a re g e n e r a l l y ad h o c . We 
b e l i e v e a n o t h e r i m p o r t a n t method o f a d d i n g 
knowledge i s t o r e c o g n i z e where i n t h e l e a r n i n g 
p rob lem knowledge i s c r i t i c a l i n r e d u c i n g the 
sea rch space and e m p h a s i z i n g s a l i e n t a s p e c t s o f 
t h e e x e m p l a r s . Then examine t h e domain f o r 
t h i s c r i t i c a l k n o w l e d g e . The i m p o r t a n c e o f 
knowledge i s p r i m a r i l y measured i n te rms o f t he 
r e d u c t i o n i n s e a r c h space . We b e l i e v e t h a t t h e r e 
e x i s t s a s e t o f r u l e s t h a t can a i d i n t h e 
r e c o g n i t i o n and d e t e r m i n a t i o n o f t h i s c r i t i c a l 

1 T h i s work was s u p p o r t e d in p a r t by t h e Defense 
Advanced Research P r o j e c t s Agency under 
c o n t r a c t n o . F44620-73-C-0074 and m o n i t o r e d 
b y the A i r Force O f f i c e o f S c i e n t i f i c 
Resea rch . I n a d d i t i o n , the f i r s t a u t h o r was 
p a r t i a l l y s u p p o r t e d by a N a t i o n a l Research 
C o u n c i l o f Canada P o s t g r a d u a t e S c h o l a r s h i p . 

knowledge. The fo l low ing Is a p a r t i a l l i s t 
of domain independent rules we have used to 
recognize relevant domain knowledge. 

1) " .Bounds on RepresenLaLiQ": Informat ion can 
narrow the minimum and maximum size bounds of 
the learned representa t ion. For example: 
The number of sy l lab ies ( l oca l maximum 
amplitude) In the example wave form provide a 
minimum size on the s ing le exemplar learn ing. 

2) Ff^t-nrP Focusing: Certain features ol an 
exemplar convey more Information than others 
and should appear in the f i n a l learned 
representat ion. For example: Acoustic 
cha rac te r i s t i c s of stressed sy l lab les exh ib i t 
less ambiguity therefore are more r e l i a b l e . 

3) n i f f H rent-e " Focus 1 ng: It is important to 
emphasize features that d i f f e r e n t i a t e between 
two s im i la r classes (near miss analysis 
(Winston, 1970)). For example: Compare CRs 
and speech s igna l to derive d i f fe rences . 

A) .KcsnU Cunf ir ma Liun: There may ex is t a model of 
expectation of how the resu l t i ng CR should 
look. For example: 1) Each word can be 
described as a sequence of nasal , vowel, 
consonant, noise and s i lence type sounds. 

AM EXAMPLE 
Figure 1 depicts an exemplar of the word 

MENTION. Figure 1 depicts the best p a r t i t i o n fo r 
two exemplars (s ingle exemplar l ea rn ing ) . The 
p a r t i t i o n size was bounded below by the number of 
sy l lab les and above by the abstract expectation 
model. The second exemplar was confirmed by the 
expectat ion. Figure 3 contains the resu l t i ng 
network constructed from the exemplars. Merging 
and separation of nodes was guided by both abstract 
mo de Is and s i gn a 1 1 e ve 1 i n f o r ma t i on. 

DISCUSSION 
Learning .in complex domains en ta i l s a large 

combinator ial search. The research described 
here attempts to solve two problems: 
General ly, where to look in a domain for knowledge 
that w i l l help reduce the search space. 
S p e c i f i c a l l y , how to automat ical ly generate word 
d i c t i ona r ies for speech understanding systems 
both e f f i c i e n t l y and accurate ly . At the time of 
w r i t i n g the approach taken here appears to be 
f r u i t f u l . One idea that we see occurr ing 
repeatedly in th i s and other work ( e . g . . v i s ion ) 
is the importance of models at var ious levels of 
abst ract ion in both the pruning and v e r i f i c a t i o n ot 
learned representat ions. 
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