
PHACMATICS TH SPEECH UNDERSTANDINO 

A b s t r a c t 

The p r a g m a t i c s component o f 
SPEECHLIS i s a p r o c e s s w h i c h a p p l i e s 
v a r i o u s f a c t s a b o u t t h e s p e a k e r , t h e 
p r e v i o u s d i a l o g u e , and t h e doma in o f 
d i s c o u r s e t o i n t e r p r e t u t t e r a n c e s and 
r e s p o n d a p p r o p r i a t e l y . For e x a m p l e , a n 
e a r l y v e r s i o n o f t h e s y s t e m o p e r a t e s a s a 
q u e s t i o n a n s w e r e r f o r t h e doma in o f l u n a r 
g e o l o g y . I n t h a t doma in one i s u s u a l l y 
n o t c o n c e r n e d w i t h t h e p a r t i c u l a r 
s c i e n t i s t s who i n v e s t i g a t e d t h e s a m p l e s , 
b u t r a t h e r w i t h t h e s a m p l e s t h e m s e l v e s . 
Thus v e r b s w h i c h a l l o w a g e n t d e l e t i o n i n 
t h e p a s s i v e v o i c e a r e u s u a l l y e x p r e s s e d 
t h a t w a y , r a t h e r t h a n i n t h e a c t i v e 
v o i c e . One s a y s " W h i c h new m i n e r a l s were 
d i s c o v e r e d i n t h e l u n a r b r e c c i a s ? " and 
n o t " W h i c h new m i n e r a l s d i d t h e 
i n v e s t i g a t o r s d i s c o v e r i n t h e l u n a r 
b r e c c i a s ? " 

I n t h e c u r r e n t t r a v e l b u d g e t 
management s y s t e m we have r e c o g n i z e d 

s i m i l a r e f f e c t s o f p r a g m a t i c s i n 
s i m u l a t e d d i a l o g u e s . For i n s t a n c e , 
f o l l o w i n g a s u p p o s i t i o n , a speake r 
t y o i c a l l y a s k s a q u e s t i o n . T h i s q u e s t i o n 
u s u a l l y c o n c e r n s f u t u r e e v e n t s and i s 
r e l a t e d t o t h e c o n t e n t o f t h e 
s u p p o s i t i o n . A n o t h e r examp le i s t h a t use 
o f t h e v e r b " c a n c e l " i m p l i e s t h a t t h e 
s p e a k e r b e l i e v e s t h a t t h e o b j e c t o f 
" c a n c e l " has p r e v i o u s l y been e n t e r e d i n t o 
t h e s y s t e m d a t a b a s e . 

T h e r e i s n o d o u b t t h a t p r a g m a t i c s 
i n f o r m a t i o n c a n b e h e l p f u l i n c e r t a i n 
c a s e s . W e a r e c u r r e n t l y e x p l o r i n g t h e 
use o f a u s e r / t a s k mode l t o g e n e r a l i z e 
and s t r u c t u r e t h e p r a g m a t i c s r u l e s w e 
have d i s c o v e r e d . T h i s model p r o v i d e s a 
f o c u s o n a c e n t r a l i s s u e i n p r a g m a t i c s , 
t h e r e c o g n i t i o n o f t h e s p e a k e r ' s p u r p o s e . 

A p e r s o n u s e s a speech s y s t e m to 
a c c o m p l i s h some p u r p o s e , w h e t h e r t h a t b e 
t o o b t a i n i n f o r m a t i o n , t o g a i n a s s i s t a n c e 
i n p l a n n i n g and d e c i s i o n m a k i n g , o r t o 
c o n t r o l some p r o c e s s . H i s p u r p o s e i s 
r e f l e c t e d i n b o t h t h e v o c a b u l a r y and 
s y n t a x o f t h e l a n g u a g e and i n t h e 
i n t e r p r e t a t i o n s w h i c h a r e a s s i g n e d t o 
u t t e r a n c e s . A n a t l e a s t i m p l i c i t 
r e c o g n i t i o n o f t h e p u r p o s e b e h i n d a n 
u t t e r a n c e i s n e c e s s a r y f o r c o m p l e t e 
speech u n d e r s t a n d i n g . R e l a t e d work b y 
D e u t s c h [41 has a l s o shown t h e i m p o r t a n c e 
o f a mode l o f t h e u s e r ' s p u r p o s e i n 
u n d e r s t a n d i n g s p o k e n d i a l o g u e . 
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When a p e r s o n speaks he is u s i n g 
w o r d s t o a c h i e v e a g o a l , w h e t h e r t h a t b e 
t o g a i n i n f o r m a t i o n , t o t h r e a t e n , t o 
p r o m i s e , o r t o r e a s s u r e . R e c o g n i t i o n o f 
t h a t g o a l i s a n e s s e n t i a l p a r t o f s p e e c h 
u n d e r s t a n d i n g , b o t h i n d e t e r m i n i n g w h a t 
was s a i d and i n d e c i d i n g wha t was m e a n t . 
The t e r m " p r a g m a t i c s " i s used h e r e t o 
mean t h e p r o c e d u r e w h i c h a p p l i e s 
k n o w l e d g e a b o u t t h e s p e a k e r , t h e p r e v i o u s 
d i a l o g u e , and t h e d o m a i n o f d i s c o u r s e t o 
i n t e r p r e t u t t e r a n c e s and r e s p o n d 
a p p r o p r i a t e l y . T h i s p r o c e d u r e i n v o k e s 
d e f i n i t i o n s o f i n t e n t s ( s p e e c h a c t s ) and 
modes o f i n t e r a c t i o n t o r e c o g n i z e t h e 
g o a l o f a s p e a k e r and c o n s e q u e n t l y to 
u n d e r s t a n d h i s u t t e r a n c e . 

1 • I n t r o d u c t i o n 

I n o r d e r t o u n d e r s t a n d s p e e c h i t i s 
n e c e s s a r y t o use k n o w l e d g e o f t h e s p e a k e r 
and h i s p u r p o s e . I n t h e BBN s p e e c h 
u n d e r s t a n d i n g s y s t e m (known as SPEECHLIS) 
t h i s k n o w l e d q e i s i n c o r p o r a t e d i n t h e 
P r a g m a t i c s c o m p o n e n t . P r a g m a t i c s 
i n t e r a c t s w i t h o t h e r componen ts such a s 
S y n t a x , S e m a n t i c s , and C o n t r o l t o b u i l d 
a n i n t e r p r e t a t i o n o f a n u t t e r a n c e (see 
Woods, e_t a l [ 8 ] ) . T h i s paper d i s c u s s e s 
t h e s t r u c t u r e and f u n c t i o n o f P r a g m a t i c s 
i n speech u n d e r s t a n d i n g . 

In s e c t i o n 2 we c o n s i d e r a s e t o f 
i n t e n t s d e r i v e d f r o m e x a m i n a t i o n o f 
s i m u l a t e d uses o f t h e t r a v e l b u d g e t 
s y s t e m . S e c t i o n 3 c o v e r s t h e 
o r g a n i z a t i o n o f t h e s e i n t e n t s i n t o modes 
o f i n t e r a c t i o n . S e c t i o n 4 i s a 
3 T s c u s s i o n o f o r g a n i z a t i o n and 
i m p l e m e n t a t i o n i s s u e s . 

We have f o r m u l a t e d a s e t of 
s t r u c t u r e s w h i c h can b e used t o r e p r e s e n t 
t h e c o n c e p t o f i n t e n t i o n i n l a n g u a g e u s e . 
These s t r u c t u r e s a r e based o n a n a l y s e s o f 
s i m u l a t e d d i a l o g u e s w i t h t h e t r a v e l 
s y s t e m , and o n g e n e r a l c o n s i d e r a t i o n s o f 
what i t means t o c o m m u n i c a t e w i t h a 
p u r p o s e . D i s c u s s i o n o f t h e g e n e r a l 
c o n s i d e r a t i o n s can b e f o u n d i n B r u c e [ 2 ] , 
B r u c e and S c h m i d t [ 3 ] , and S c h m i d t [ 5 ] . 
T h i s paper i s p r i m a r i l y c o n c e r n e d w i t h 
t h e more s p e c i f i c a p p l i c a t i o n o f u s e r and 
t a s k k n o w l e d g e t o t h e t r a v e l b u d g e t 
SDeech u n d e r s t a n d i n g s y s t e m . 



2 . I n t e n t i o n i n Speech 

We can d e s c r i b e a c t i o n s a t many 
d i f f e r e n t l e v e l s . For e x a m p l e , t h e 
a c t i o n -

Susan s a i d t o M a r y , 
come t o n i g h t " . 

c o u l d be d e s c r i b e d as -

" I hope you 

Susan was f a c i n g Mary and u t t e r e d 
t h e sounds t y p i c a l l y a s s o c i a t e d 
w i t h t h e s e n t e n c e , " I hope you 
come t o n i g h t " . 

On t h e o t h e r h a n d , a p u r p o s e o r i e n t e d 
d e s c r i p t i o n m i g h t be -

Susan u r g e d Mary to come. 

o r i n a n o t h e r c o n t e x t -

c o n c l u d e s t h a t one o r more o f t h e 
c o n d i t i o n s does n o t h o l d t h e n h e may 
change h i s i n t e r p r e t a t i o n o f t h e 
u t t e r a n c e . 

Each c o n d i t i o n can be e x p r e s s e d as a 
f o r m u l a c o n s i s t i n g o f a p r e d i c a t e w i t h 
i t s a r g u m e n t s . T y p i c a l l y t h e o r e d i c a t e s 
a r e such t h i n g s a s " b e l i e v e " and " w a n t " , 
and t h e a r g u m e n t s ( o r c a s e s [ 1 ] ) a r e s u c h 
t h i n g s a s t h e s p e a k e r , t h e h e a r e r , t h e 
t i m e , and embedded p r o p o s i t i o n s . (An 
embedded p r o p o s i t i o n m i g h t b e t h e " X " i n 
" t h e s p e a k e r b e l i e v e s X " . ) 

R e a l i z a t i o n o f a n i n t e n t i s needed 
to d e t e r m i n e wha t was meant f r o m w h a t was 
s a i d , a n d , i n t h e c a s e o f s p e e c h , e v e n t o 
d e t e r m i n e wha t was s a i d . For e x a m p l e , 
c o n s i d e r t h e f o l l o w i n g " w o r d l a t t i c e " 
(Woods, e t a l [ 8 ] ) f o r a s e n t e n c e s p o k e n 
t o ou r t r a v e l b u d g e t management s y s t e m : 

Susan t h r e a t e n e d Mary a b o u t c o m i n g . 

The a b i l i t y to generate purpose o r i en ted 
d e s c r i p t i o n s fo r u t terances i s c r u c i a l 
fo r speech understanding because the 
speech ac t is always par t of some plan 
d i r e c t e d towards a g o a l . General speech 
communication r e l i e s on the a b i l i t y o f 
the communicators to main ta in an 
awareness of the o t h e r ' s purposes. In 
general an u t te rance can express any of 
severa l i n t e n t s and an i n t e n t can be 
rea l i zed by"many d i f f e r e n t u t t e rances . 

B e f o r e d e s c r i b i n g some i n t e n t s we 
s h o u l d s k e t c h t h e c o n t e x t i n w h i c h t h e y 
a r e u s e d . I m a g i n e a n o b s e r v e r o f , o r a 
p a r t i c i p a n t i n a d i a l o g u e . When h e h e a r s 
a s e n t e n c e he i m m e d i a t e l y makes some 
i n t e r p r e t a t i o n . T h i s i n t e r p r e t a t i o n may 
s i m p l y b e t h a t t h e s p e a k e r has chosen t o 
i n f o r m h i s l i s t e n e r s t h a t X , where X i s 
some p r o p o s i t i o n . 

Wha teve r i n t e r p r e t a t i o n he m a k e s , a 
r a t i o n a l o b s e r v e r c o m m i t s h i m s e l f t o 
v a r i o u s b e l i e f s . For e x a m p l e , t h e 
i n t e r p r e t a t i o n , " t h e s p e a k e r i n f o r m e d t h e 
h e a r e r o f X , " c o m m i t s h im t o t h e b e l i e f 
t h a t t h e s p e a k e r b e l i e v e s X and t h a t t h e 
h e a r e r was n o t aware o f X a t t h e t i m e o f 
t h e u t t e r a n c e . D i f f e r e n t b e l i e f s 
c o r r e s p o n d t o d i f f e r e n t i n t e r p r e t a t i o n s , 
e . g . " t h e s p e a k e r l i e d t o t h e h e a r e r 
a b o u t X " e n t a i l s t h e b e l i e f t h a t t h e 
speake r does n o t b e l i e v e X . B e l i e f s o f 
t h i s k i n d a r e c a l l e d p r e c o n d i t i o n s s i n c e 
t h e y r e f e r t o c o n d i t i o n s p r i o F t o t h e 
u t t e r a n c e . T h e r e a r e a l s o o u t c o m e 
c o n d i t i o n s w h i c h r e f e r t o c o n d i t i o n s 
a f t e r t h e u t t e r a n c e . For e x a m p l e , a t 
l e a s t one sense o f " i n f o r m " has t h e 
ou tcome c o n d i t i o n t h a t t h e h e a r e r i s 
aware o f x . B o t h p r e c o n d i t i o n s and 
ou tcome c o n d i t i o n s a r e s u b j e c t t o l a t e r 
v e r i f i c a t i o n . i f t h e o b s e r v e r l a t e r 

F i g u r e 1 . A Word L a t t i c e 

T h e w o r d l a t t i c e r e p r e s e n t s s e v e r a l 
p o s s i b l e s t r i n g s o f w o r d s w h i c h m i g h t b e 
p r e s e n t i n t h e u t t e r a n c e . O f t e n t h e 
u n c e r t a i n t y c a n b e r e s o l v e d b y a 
c o m b i n a t i o n o f a c o u s t i c - p h o n e t i c , 
s y n t a c t i c , a n d s e m a n t i c i n f o r m a t i o n a b o u t 
t h e w o r d s a n d t h e u s u a l w a y s t h e y f i t 
t o g e t h e r . S o m e t i m e s , t h o u g h , a c o r r e c t 
i n t e r p r e t a t i o n r e q u i r e s t h e u s e o f 
k n o w l e d g e a b o u t i n t e n t s . 

I n t h i s e x a m p l e o u r k n o w l e d g e o f 
w h a t i t m e a n s t o " e d i t " t e l l s u s t h a t t h e 
o b j e c t o f t h e s e n t e n c e s h o u l d b e a 
p r e v i o u s l v s t o r e d i t e m , o r , m o r e 
p r e c i s e l y , t h a t i n t e r p r e t i n g t h e f i r s t 
p o r t i o n o f t h e s e n t e n c e a s " e d i t " c o m m i t s 
u s t o t h e b e l i e f t h a t t h e s p e a k e r 
b e l i e v e s t h a t t h e l a t t e r p o r t i o n o f t h e 
s e n t e n c e d e s c r i b e s a d a t a i t e m w h i c h 
e x i s t s i n t h e d a t a b a s e . T h u s t h e " e d i t " 
i n t e r p r e t a t i o n f o r c e s ( v i a i t s 
p r e c o n d i t i o n s ) c o n s t r a i n t s o n t h e s e t s o f 
p o s s i b l e names a n d c i t i e s . S i m i l a r l y , 
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EDIT 

t h e " e n t e r " i n t e r p r e t a t i o n r e q u i r e s u s t o 
b e l i e v e s u c h t h i n g s a s : The s h a k e r 
b e l i e v e s t h a t a " t r i p " i s s o m e t h i n g w h i c h 
can b e added t o t h e d a t a b a s e , and a t 
l e a s t one o f t e n n i s , t e n a n t , D e n n e t t , 
T e n n a n t , 0 . N u n n , and D e n n i s i s a o e r s o n 
whose t r i p s a r e r e c o r d e d b y t h e s y s t e m . 
The d e f i n i t i o n s of EDIT and ADD NEW 
STRUCTURED ITEM TO DATA BASE (see b e l o w ) 
a r e compared w i t h r e s D e c t t o t h e d i a l o g u e 
h i s t o r y and o u r mode l o f t h e u s e r t o 
s e l e c t t h e b e s t i n t e r p r e t a t i o n . 

A f u l l d e f i n i t i o n o f a n i n t e n t 
c o n s i s t s o f i t s case s t r u c t u r e , 
p r e c o n d i t i o n s , o u t c o m e c o n d i t i o n s , and a 
s e t o f p o i n t e r s t o t y p i c a l e x p r e s s i o n s o f 
t h e i n t e n t i n l a n g u a g e . I n t h e e x a m p l e s 
g i v e n h e r e t h e case s t r u c t u r e s a r e a l l 
t h e same. T h e r e i s an a g e n t ( t h e 
s p e a k e r ) , a r e c i p i e n t ( the h e a r e r ) , a 
t i m e o f u t t e r a n c e , and a p r o p o s i t i o n . We 
w i l l s y m b o l i z e t h e s e a s A , R , T , and X 
r e s p e c t i v e l y . For t h e sake o f 
r e a d a b i l i t y t h e p r e c o n d i t i o n s and o u t c o m e 
c o n d i t i o n s f o r e a c h i n t e n t a r e e x p r e s s e d 
i n E n g l i s h . I t i s , h o w e v e r , p o s s i b l e t o 
f o r m a l i z e t h e s e e x p r e s s i o n s (see B ruc 
[2 ] , B r u c e and S c h m i d t [ 3 ] ) . The 
f o l l o w i n g a r e two o f t h e i n t e n t s f o u n d i n 
t h e t r a v e l b u d g e t management d o m a i n . 
( S q u a r e b r a c k e t s i n d i c a t e c o n d i t i o n s 
b e l i e v e d by t h e a g e n t ) . 

ADD NEW STRUCTURED ITEM TO DATA BASE 

(A " s t r u c t u r e d i t e m " i s a c o n c e p t s u c h as 
" t r i p " w h i c h i s known t o have s p e c i f i c 
c o m p o n e n t s such a s c o s t , t r a v e l e r s , 
d e s t i n a t i o n , e t c . ) 

P r e c o n d i t i o n s : 
P I . A is useF : R is s y s t e m : X is a 

s t r u c t u r e d i t e m 
P2 . [ X i s t r u e ] 
P3. (X was n o t added b e f o r e ] 
P4• ( T h e r e i s a s t a n d a r d s e t o f 

q u e s t i o n s based o n 
t h e s t r u c t u r e o f X ] 

P5. [ X i s t h e k i n d o f d a t a i t e m 
a p p r o p r i a t e t o t h e d a t a b a s e ] 

Outcome c o n d i t i o n s : 

0 1 . X i s added t o d a t a base 
0 2 . R knows t h a t A added X 

I n s t a n c e s : 

Add a t r i p f o r B i l l t o B e r k e l e y -
I n s e r t a new b u d g e t i t e m . 

(The u s e r w a n t s t o change t h e d a t a base 
o f t h e s y s t e m i n some w a y . ) 

P r e c o n d i t i o n s : 

P l . A is u s e r : R is sys tem : X is 
command t o change an i t e m i n 
t h e d a t a base 

P 2 . I X r e f e r s t o p r e v i o u s l y s t o r e d i t e m ] 
? 3 . [The e f f e c t o f X i s c o n s i s t e n t w i t h 

d a t a b a s e ] 

Outcome c o n d i t i o n s : 

0 1 . R a p p l i e s X t o d a t a base i f i t s 
e f f e c t i s n o t i n c o n s i s t e n t 

I n s t a n c e s : 

Change t h e r e g i s t r a t i o n f e e t o $ 7 5 . 
Add B o n n i e t o t h e l i s t o f p e o p l e 
g o i n g t o C h i c a g o . 

O t h e r i n t e n t s have a l s o been d e f i n e d 
and a r e used i n c h a r a c t e r i z i n g t h e modes 
o f i n t e r a c t i o n . These i n c l u d e ASK 
STANDARD QUESTION, REPLY TO STANDARD 
QUESTION, ASK AGAIN, CONFIRM DATA I T E M , 
CONFIRM STRUCTURED ITEM, POINT OUT A 
CONTRADICTION, REASSURE, STRONG E D I T , 
QUESTION, CLARIFY, QUERY, INFORM, PRESENT 
A SUPPOSITION, NAME SUPPOSITION, SUSPEND, 
TEST, and RESPOND. (See [8 ] f o r more 
d e f i n i t i o n s . ) 

T h e r e a r e two p r e c o n d i t i o n s a p p l y i n g 
t o a l l i n t e n t s w h i c h a r e n o t l i s t e d 
e x p l i c i t l y i n t h e e x a m p l e s a b o v e . F i r s t , 
t h e a g e n t o f t h e i n t e n t must i n t e n d t o 
e x p r e s s t h a t i n t e n t , i . e . h e mus t b e 
s i n c e r e . R e g a r d l e s s o f t h e u t t e r a n c e , a 
g i v e n i n t e n t i s r e a l i z e d o n l y when t h e 
u t t e r a n c e i s d e l i b e r a t e l y c h o s e n (and n o t 
s a i d a s a j o k e , under d u r e s s , i n a p l a y , 
e t c . ) . S e c o n d , t h e a g e n t must b e l i e v e 
t h a t t h e r e c i p i e n t o f t h e i n t e n t b e l i e v e s 
t h a t t h e a g e n t i s s i n c e r e . I f h e d o e s 
n o t t h e n h e has a n o b l i g a t i o n t o s u p p l y 
a d d i t i o n a l i n f o r m a t i o n . T o g e t h e r t h e s e 
c o n d i t i o n s i m p l y w h a t S e a r l e [ 5 , 6 ] c a l l s , 
" n o r m a l i n p u t / o u t p u t c o n d i t i o n s " f o r t h e 
s p e e c h a c t . S i n c e one o f t h e 
p a r t i c i p a n t s i n t h e d i a l o g u e s w e a r e 
d e s c r i b i n g i s SPEECHLIS i t s e l f , s u c h 
n o t i o n s a s " s i n c e r i t y " and " b e l i e f i n 
s i n c e r i t y " mus t b e b u i l t i n t o t h e u s e r 
mode l and t h e s y s t e m ' s p rog rammed 
i n t e r a c t i o n s . 

T h e r e i s a l s o a g e n e r a l o u t c o m e 
c o n d i t i o n w h i c h says t h a t i f a n o b s e r v e r 
( s p e a k e r , h e a r e r , o r t h i r d p a r t y ) 
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b e l i e v e s t h a t a n i n t e n t i s e x p r e s s e d , 
t h e n he may c o m p u t e any c o n s e q u e n c e o f 
t h e p r e c o n d i t i o n s o r o u t c o m e c o n d i t i o n s . 
For e x a m p l e , a s i n c e r e " p r o m i s e " has a 
p r e c o n d i t i o n t h a t t h e a g e n t b e l i e v e s h e 
can d o t h e a c t i o n p r o m i s e d . A n o b s e r v e r 
o f t h e p r o m i s e m i g h t i n f e r t h a t t h e a g e n t 
a l s o b e l i e v e s t h a t h e has a l l t h e 
a p p r o p r i a t e e q u i p m e n t and s k i l l s t o d o 
t h e a c t i o n . 

I n a d d i t i o n t o t h e p r e c o n d i t i o n s 
a s s o c i a t e d w i t h each i n t e n t , t h e r e a r e 
a s s u m p t i o n s w h i c h can b e made a b o u t a l l 
c o m m u n i c a t i o n w i t h i n t h e t r a v e l b u d g e t 
w o r l d . These l a t t e r a s s u m p t i o n s a r e 
e s s e n t i a l l y g l o b a l p r e s u p p o s i t i o n s a b o u t 
u t t e r a n c e s a s opposed t o t h e l o c a l 
p r e s u p p o s i t i o n s e x p r e s s e d a s 
p r e c o n d i t i o n s . One such g l o b a l 
p r e s u p p o s i t i o n i s t h a t t h e t r a v e l b u d g e t 
s y s t e m i s h e l p f u l . W h i l e i t may f a i l t o 
a s s i s t t h e use r i n a p a r t i c u l a r c a s e , i t s 
o v e r a l l d e s i g n i s t o h e l p t h e u s e r , n o t 
h i n d e r , o r i g n o r e h i m . A n o t h e r 
p r e s u p p o s i t i o n i s t h a t t h e u s e r i s bona 
f i d e , i . e . t h a t h e has t h e r i g h t t o use 
t h e s y s t e m and w i l l n o t d e l i b e r a t e l y 
e n t e r f a l s e i n f o r m a t i o n , no r a t t e m p t t o 
f o i l t h e s y s t e m . C e r t a i n l y a s y s t e m 
m i g h t n o t make t h e s e p r e s u p p o s i t i o n s and 
i t s a c t i o n s w o u l d d i f f e r a c c o r d i n g l y . 
H o w e v e r , t h e s y s t e m ' s p e r f o r m a n c e w i l l 
b e n e f i t t o t h e e x t e n t t h a t g l o b a l r u l e s 
can b e e s t a b l i s h e d and u s e d . 

3 . Modes o f I n t e r a c t i o n 

A d i r e c t c o n s e q u e n c e o f t h e 
r e c o g n i t i o n o f a n u t t e r a n c e ' s i n t e n t i s 
a n e x p e c t a t i o n c o n c e r n i n g t h e p o s s i b l e 
u t t e r a n c e s w h i c h may r e a s o n a b l y f o l l o w . 
For e x a m p l e , i f t h e t r a v e l b u d g e t s y s t e m 
p o i n t s o u t a c o n t r a d i c t i o n i n t h e d a t a 
base t h e n i t can e x p e c t t h e use r t o 
r e s p o n d w i t h a n u t t e r a n c e w h i c h r e a l i z e s 
one o f a few i n t e n t s . He may r e c t i f y t h e 
d a t a b a s e , may a s s e r t t h a t t h e 
c o n t r a d i c t i o n i s o f n o c o n s e q u e n c e , o r 
may b e g i n m a k i n g t e s t s o f t h e d a t a base 
t o a s c e r t a i n t h e r e a s o n f o r t h e 
d i s c r e p a n c y . C o m p l e t e l y i g n o r i n g t h e 
s y s t e m ' s comment i s a l s o a p o s s i b i l i t y , 
b u t i t i s n o t l i k e l y , e s p e c i a l l y i n l i g h t 
o f t h e g l o b a l p r e s u p p o s i t i o n s t h a t t h e 
s y s t e m i s t r y i n g t o h e l p and t h e u s e r 
w a n t s t h e s y s t e m t o b e e f f e c t i v e . A n 
o r g a n i z a t i o n o f i n t e n t s i n t o a l a r g e r 
s t r u c t u r e e x p r e s s i n g e x p e c t a t i o n s i s 
c a l l c d a mode o f i n t e r a c t i o n . Modes 
c o n s i s t o f ( e x p e c t a t i o n } l i n k s b e t w e e n 
i n t e n t s and ( p o s s i b l y ) o t h e r modes . 

Each mode is d e f i n e d by a header and 
a b o d y . The heade r d e t e r m i n e s w h e t h e r o r 
n o t t h e mode body i s a p p l i c a b l e i n a 
g i v e n s i t u a t i o n . I n a d d i t i o n , i t b i n d s 
v a r i a b l e s w i t h i n t h e mode body t o 
e n t i t i e s i n t h e s i t u a t i o n . The m o d e b o d y 

i s a g r a p h i n w h i c h t h e nodes a r e e i t h e r 
i n t e n t s o r o t h e r modes , and t h e a r c s a r e 
d i r e c t e d l i n k s b e t w e e n n o d e s , l a b e l l e d b y 
l i k e l i h o o d . I n g e n e r a l , t h e r e i s a s m a l l 
number ( o f t e n one) o f s t a r t i n g nodes i n 
t h e mode b o d y . The heade r r e q u i r e s t h a t 
t h e p r e c o n d i t i o n s f o r t h e s t a r t i n g mode 
i n t e n t s b e m e t . I t may a l s o impose o t h e r 
more g e n e r a l c o n s t r a i n t s , e . g . t h a t t h e 
mode o c c u r s o n l y a t t h e b e g i n n i n g o f a 
s e s s i o n . 

Examp les o f some modes o f 
i n t e r a c t i o n w h i c h o c c u r i n t h e t r a v e l 
b u d g e t management doma in a r e t h e 
f o l l o w i n g : 

ADD - t h e use r i s a t t e m p t i n g to add 
new i n f o r m a t i o n t o t h e d a t a b a s e . 

CONFLICT - t h e s y s t e m has p o i n t e d 
o u t a c o n t r a d i c t i o n b e t w e e n some 
s t a t e m e n t o r a s s u m p t i o n made b y t h e 
use r and i t s own i n f o r m a t i o n . The 
use r s h o u l d t h e n r e s p o n d t o i t . 

EDIT - t h e u s e r i s a t t e m p t i n g t o 
change some i n f o r m a t i o n a l r e a d y i n 
t h e d a t a b a s e . 

QUERY - t h e u s e r i s a t t e m p t i n g t o 
g e t i n f o r m a t i o n f r o m t h e s y s t e m . 

QUESTION/CLARIFY - t h e s y s t e m d o e s 
n o t u n d e r s t a n d t h e u s e r ' s u t t e r a n c e 
and a s k s f o r c l a r i f i c a t i o n . 

SUPPOSITION - t h e user i s m a k i n g 
h y p o t h e t i c a l c h a n g e s t o t h e d a t a 
base t o see w h e r e t h e y w i l l l e a d . 

TEST - t h e use r i s a t t e m p t i n g t o 
a s c e r t a i n t h a t t h e s y s t e m ' s 
k n o w l e d g e a b o u t some p a s t o r f u t u r e 
e v e n t c o n f o r m s w i t h h i s o w n . 

The body f o r t h e mode ADD is shown 
i n F i g u r e 2 . I t s heade r i s o m i t t e d s i n c e 
i t s i m p l y c h e c k s t h e p r e c o n d i t i o n s o n t h e 
s t a r t i n g n o d e . I n t h e f i g u r e , a n o v a l 
means t h e u s e r i s t a l k i n g t o t h e s y s t e m ; 
a r e c t a n g l e means t h e s y s t e m i s t a l k i n g 
t o t h e u s e r ; a p o i n t e d box r e p r e s e n t s a 
c a l l t o a n o t h e r mode . L i k e l i h o o d r a t i n g s 
a r e n o t g i v e n , b u t i t can b e assumed t h a t 
t h e a r c s g i v e n r e p r e s e n t t h e most l i k e l y , 
i f n o t t h e o n l y p o s s i b l e t r a n s i t i o n s . 

The user e n t e r s ADD mode when he 
w i s h e s t o add some i t e m w i t h a n i n t e r n a l 
s t r u c t u r e t o t h e d a t a b a s e . For e x a m p l e , 
a t r i p has an a g e n t , a d e s t i n a t i o n , a 
t i m e , a p u r p o s e , and o t h e r c o m p o n e n t s . 
When t h e use r s t a t e s h i s i n t e n t i o n t o add 
s u c h a n i t e m t h e s y s t e m can b e e x p e c t e d 
t o p r e s e n t h i m w i t h a s e t o f u s u a l l y 
s t a n d a r d i z e d q u e s t i o n s i n o r d e r t o f i l l 
o u t t h e s t r u c t u r e o f t h e i t e m , e . i . 
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F o l l o w i n g each q u e s t i o n by the 
sys tem, the user may g i v e a r e p l y or 
e n t e r t h e QUESTION/CLARIFY mode. The 
l a t t e r o c c u r s i f the user does no t 
unde rs tand the s y s t e m ' s q u e s t i o n . Once 
the q u e s t i o n i s c l a r i f i e d the user shou ld 
r e p l y . The system then responds to t he 
u s e r ' s r e p l y i n one o f f ou r ways: 

(1) I t may c o n f i r m the a d d i t i o n o f 
the g i v e n i n f o r m a t i o n t o t he d a t a 
base . Then , i f t h e r e a re f u r t h e r 
q u e s t i o n s the nex t one i s a s k e d . 
O t h e r w i s e , the system c o n f i r m s 
the a d d i t i o n o f the e n t i r e i t em 
and a new mode may be i n i t i a t e d . 

(2) I t may e n t e r QUESTION/CLARIFY i f 
i t does n o t unde rs tand the u s e r ' s 
r e p l y . F o l l o w i n g the 
c l a r i f i c a t i o n t h i n g s proceed a s 
i n (1) . 

(3) The system may ask the q u e s t i o n 
a g a i n i f t he answer i s 
i n s u f f i c i e n t o r i napp rop r i a t e . 
T h i s i s no t j u s t c l a r i f i c a t i o n . 
The system b e l i e v e s t h a t i t has 
unde rs tood the u s e r ' s u t t e r a n c e 

c o r r e c t l y , bu t t h a t t he user J L 
no t unde rs tand the s tanda rd 
q u e s t i o n . Thus the system 
rewords t h e q u e s t i o n and asks i t 
a g a i n . 

4) 

I t may be w o r t h w h i l e to c o n t r a s t t he 
ADD mode w i t h t he EDIT mode. A user 
e n t e r s EDIT mode ( F i g u r e 3) w i t h t he 
i n t e n t i o n o f chang ing some i n f o r m a t i o n i n 
the da ta b a s e . As a r e s u l t o f h i s 
u t t e r a n c e , 

1) 

2) 

3) 

The system may ask f o r 
c l a r i f i c a t i o n . Tha t i s , t he mode 
may s w i t c h to QUESTION/CLARIFY. 
Upon s u c c e s s f u l c l a r i f i c a t i o n , 
t h i n g s proceed as in (3) be low. 

The system may p o i n t o u t a 
c o n t r a d i c t i o n . For example , t he 
user may have a m i s t a k e n assumpt ion 
about what i s a c t u a l l y i n t he d a t a 
b a s e . Here t h e mode s w i t c h e s to 
CONFLICT. 

The system may make the reques ted 
change and c o n f i r m to the user t h a t 
i t has made i t . A t t h i s p o i n t , t he 
user may want to make ano the r 
change , r e m a i n i n g in EDIT mode, or 
1eave t h a t mode f o r ano ther one . 

Mones ot i n t e r a c t i o n represent 
a d d i t i o n a l pragmat ics i n f o rma t i on which 
can be used in understanding spoken 
d i a l ogue . Together w i t h i n t e n t s they 
f a c i l i t a t e i n t e r p r e t a t i o n o f o therw ise 
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I f the u s e r ' s r e p l y c o n t r a d i c t s 
p r e v i o u s l y s to red i n fo rma t ion 
then the CONFLICT mode is 
en te red . When the c o n f l i c t is 
r e s o l v e d , the system conf i rms as 
i n (1) . 



amb iguous u t t e r a n c e s . R e t u r n i n g t o o u t 
e x a m p l e in S e c t i o n 2 we can see t h a t an 
a w a r e n e s s o f t h e c u r r e n t mode i s a u s e f u l 
c o m p l e m e n t t o t h e p r e v i o u s l y m e n t i o n e d 
i n t e n t i o n a l k n o w l e d g e . The b e g i n n i n g o f 
t h e u t t e r a n c e c o u l d b e e i t h e r " E d i t t h e " 
o r " E n t e r a " . I t i s n o t p o s s i b l e t o 
r e s o l v e t h i s a m b i g u i t y u s i n g t h e i n t e n t 
d e f i n i t i o n s a l o n e . Know ledge based o n 
modes m i g h t p r o v i d e enough i n f o r m a t i o n , 
t o g e t h e r w i t h word m a t c h s c o r e s , t o 
s e l e c t t h e c o r r e c t i n t e r p r e t a t i o n . For 
e x a m p l e : 

(1) I f t h e mode i s CONFLICT t h e n t h e 
" e d i t " i n t e r p r e t a t i o n i s much 
more l i k e l y . 

(2) I f a mode has j u s t been c o m p l e t e d 
t h e n " e n t e r a " has i t s g r e a t e s t 
l i k e l i h o o d , p a r t i c u l a r l y i f t h e r e 
has been a s u c c e s s i o n of ADD 
modes . 

(3) I f t h e mode i s QUERY t h e n t h e 
c o n t e n t o f t h e r e s t o f t h e 
s e n t e n c e i s l i k e l y t o b e r e l a t e d 
t o r e c e n t a u e s t i o n s . T h i s may 
p r o v i d e t h e b a s i s f o r r e j e c t i o n 
o r c o n f i r m a t i o n o f one o f t h e 
i n t e n t s . 

4 . O r g a n i z a t i o n and I m p l e m e n t a t i o n I s s u e s 

A p r o t o t y p e p r a g m a t i c s componen t has 
been added to t h e BBN SPEECHLIS s y s t e m . 
T h i s componen t ( c a l l e d " P r a g m a t i c s " ) 
i n t e r a c t s w i t h o t h e r c o m p o n e n t s such a s 
S y n t a x and S e m a n t i c s , and a l s o w i t h t h e 
C o n t r o l c o m p o n e n t . 

I n o r d e r t o r e c o g n i z e i n t e n t s and 
modes i t i s n e c e s s a r y t o have a model o f 
t h e s p e a k e r . The model i n c l u d e s such 
t h i n g s a s t h e s p e a k e r ' s p resumed 
k n o w l e d g e , h i s p r e v i o u s p u r p o s e s , 
i d i o s y n c r a t i c p r o n u n c i a t i o n , v o c a b u l a r y 
o r s y n t a x , and h i s r o l e o r p o s i t i o n . 
Such a u s e r mode l must be s u b j e c t to 
change o n t h e b a s i s ~ o f i n t e r a c t i o n s w i t h 
t h e s y s t e m . 

The c o m b i n a t i o n o f a t a s k mode l , 
e x p r e s s e d t h r o u g h modes and i n t e n t s , and 
i user mode l can be a p o w e r f u l a i d to 
speech u n d e r s t a n d i n g . I t can h e l p f i r s t 
b y p r o v i d i n g e x p e c t a t i o n - w h i c h s t r u c t u r e 
t h e space o f p o s s i b i l i t i e s f o r 
u t t e r a n c e s . For e x a m p l e , i f t h e u s e r 
s a y s , "Suppose we c a n c e l t h e upcom ing 
P i t t s b u r g h t r i p " , t h e s y s t e m can e x p e c t a 
q u e s t i o n t o f o l l o w , e i t h e r i m m e d i a t e l y o r 
a f t e r f u r t h e r s u p p o s i t i o n s . The q u e s t i o n 
s h o u l d b e r e l a t e d t o t h e s u p p o s i t i o n and 
s h o u l d r e f e r t o f u t u r e p o s s i b i l i t i e s . 
The f a c t t h a t e x p e c t a t i o n s a r e n e v e r 
c e r t a i n d o e s n o t i n v a l i d a t e t h e i r 
i m p o r t a n c e i n s u g g e s t i n g p o s s i b i l i t i e s . 
Thus P r a g m a t i c s can use t h e u s e r / t a s k 
model t o i n d i c a t e l i k e l y c l a s s e s o f 
morphemes ( e . g . , f u t u r e t e n s e i n d i c a t o r s 
f o l l o w i n g a s u p p o s i t i o n ) , o r s t r u c t u r e s 
f o r t h e n e x t u t t e r a n c e . 

S e c o n d l y , P r a g m a t i c s can use i t s 
u s e r / t a s k mode l t o e x p r e s s p r e f e r e n c e s 
f o r c e r t a i n r e a d i n g s o v e r o t h e r o n e s . 
P e o p l e c e r t a i n l y t a k e i n t o a c c o u n t w h a t 
t h e y suppose i s t h e s p e a k e r ' s D u r p o s e 
when t h e y h e a r an u t t e r a n c e . For 
e x a m p l e , when a gas s t a t i o n a t t e n d a n t 
s a y s , " F i l l ' e r u p ? " , i t i s o n e ' s 
u n d e r s t a n d i n g o f h i s p u r p o s e w h i c h 
s e l e c t s " F i l l ' e r u p ? " o v e r " P h i l R u p p ? " . 

T h i r d l y , P r a g m a t i c s can e n s u r e t h a t 
t h e a c t i o n s o f t h e s y s t e m a r e a p p r o p r i a t e 
t o t h e g o a l s o f t h e u s e r . I f a u s e r o f 
t h e t r a v e l b u d g e t s y s t e m were t o s a y , 
"The c o s t o f a f l i g h t t o L . A . i s t w o 
h u n d r e d d o l l a r s " , h e c o u l d b e a s k i n g a 
q u e s t i o n , a t t e m p t i n g t o i n s e r t new 
i n f o r m a t i o n i n t o t h e s y s t e m , o r 
d e l i b e r a t e l y t r y i n g t o change i n f o r m a t i o n 
i n t h e d a t a b a s e . The s y s t e m ' s r e s p o n s e 
m i g h t b e e i t h e r : 

( 1 ) N o , i t ' s $ 2 5 0 . 
( 2 ) M y d a t a b a s e h a s $ 2 5 0 a s t h e 

c o s t o f a t r i p t o L . A . I s t h a t 
i n e r r o r ? 

o r ( 3 ) OK. 

d e p e n d i n g o n w h a t i t d i s c e r n s t o b e t h e 
u s e r ' s p u r p o s e . 

The f u n c t i o n s o f P r a g m a t i c s s u g g e s t 
t h a t i t n e e d s t o c o m m u n i c a t e w i t h 
SPEECHLIS C o n t r o l a n d , p e r h a p s , d i r e c t l y 
w i t h S y n t a x , S e m a n t i c s , a n d t h e f a c t u a l 
d a t a b a s e . W e a r e c u r r e n t l y e x p l o r i n g 
t h e e s t a b l i s h m e n t o f t h e s e c o m m u n i c a t i o n s 
c h a n n e l s . 

P r a g m a t i c s i t s e l f r e q u i r e s a c o n t r o l 
s t r u c t u r e w h i c h a l l o w s a c c e s s t o v a r i e d 
s e t s o f d a t a . A p r e l i m i n a r y d e s i g n i s 
s h o w n i n F i g u r e 4 . I t i s e s s e n t i a l l y a 
s i n g l e c o o r d i n a t i n g p r o c e s s c a l l e d t h e 
P r a g m a t i c s C o n t r o l p l u s a s e t o f 
k n o w l e d g e s o u r c e s a n d a c o n t e x t 
r e p r e s e n t a t i o n . T h e k n o w l e d g e s o u r c e s 
i n c l u d e t h e d e f i n i t i o n s o f i n t e n t s a n d 
m o d e s . The c o n t e x t r e p r e s e n t a t i o n 
c o n s i s t s o f t h e mode s t a t u s ( t h e c u r r e n t 
mode and s t a t e w i t h i n t h e mode) , a 
r e p r e s e n t a t i o n o f t h e f a c t s o f t h e 
d i a l o g u e ( i . e . t h e s y s t e m s k n o w l e d g e ) , 
t h e s y s t e m ' s r e p r e s e n t a t i o n o f t h e u s e r ' s 
f a c t s ( t h e u s e r ' s k n o w l e d g e ) , a n d a 
d i a l o g u e h i s t o r y , w h i c h c o n t a i n s s u c h 
t h i n g s a s i n f o r m a t i o n a b o u t l i k e l y w a y s 
o f r e f e r r i n g t o o b j e c t s . T h i s l a t t e r 
e l e m e n t i s e s o e c i a l l y i m p o r t a n t f o r 
p r o b l e m s o f a n a p h o r a a n d e l l i p s i s . 
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Pragmatics can be c a l l e d whenever an 
i n t e r p r e t a t i o n of an u t te rance (or 
p o r t i o n of an u t te rance) is to be 
eva luated or responded to by the system. 
Pragmatics Cont ro l f i r s t looks a t 
ins tances of i n t e n t s . This is a 
knowledge source which de f ines a maDping 
of words and phrases i n t o i n t e n t s . Using 
simple p a t t e r n matching ru l es va r i ous 
i n t e n t s may be suggested. These 
suggest ions can be supported or r e j e c t e d 
by c o n s i d e r a t i o n of the mode s t a t u s . 
Pragmatics Cont ro l looks there to 
determine what, i f any, i n t e n t s can be 
expected in the c u r r e n t c o n t e x t . Given 
t h i s f i l t e r i n q o f the poss ib le i n t e n t s , 
Pragmatics Control can then begin to 
se lec t the probable i n t e n t using the 
i n t e n t p r e c o n d i t i o n s . These may r e q u i r e 
s i g n i f i c a n t computat ions on both the 
t r a v e l budget f a c t s and the user 's 
knowledge. Once an i n t e n t is s e l e c t e d , 
Pragmatics Cont ro l processes i t s outcome 
c o n d i t i o n s , changing the con tex t 
r e p r e s e n t a t i o n as needed. The ou tpu t of 
Pragmatics c o n t r o l can be a message to 
SPEECHLIS C o n t r o l , such as a v e r i f i c a t i o n 
of the u t te rance i n t e r p r e t a t i o n , a 
request fo r ac t i ons on the data base, or 
notes to Semantics or Syntax concerning 
the subsequent u t t e r a n c e , i . e . words or 
c lasses of words to look f o r . 

The cu r ren t work on Dragmatics 
w i t h i n the speech system represents a 
compromise between the idea l of a general 
pragmat ics component which t r u l y 
understands human mot i va t ions and the 
r e a l i t y of a working system. Further 
development of the user / task model 
o u t l i n e d above w i l l prov ide a framework 
in which o therw ise ad hoc pragmatics 
p r i n c i p l e s can be implemented. 
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