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ABSTRACT 

The purpose o f t h i s commun ica t i on i s t o exam
i n e one p a r t i c u l a r a s p e c t o f d i s c o u r s e s t r u c t u r e , 
name l y , a d i s c o u r s e c o n s t r u c t c a l l e d c e n t e r o f a 
sen tence ( u t t e r a n c e ) i n d i s c o u r s e and i t s r e l a t i o n 
t o t he l a r g e r i s s u e o f c o n t r o l o f i n f e r e n c e . W e 
have d e s c r i b e d v e r y b r i e f l y t h e n o t i o n o f c e n t e r ( s ) 
o f a s e n t e n c e in d i s c o u r s e and d i s c u s s e d how t h e 
c e n t e r i n g phenomenon m i g h t be i n c o r p o r a t e d in a 
f o r m a l mode l o f i n f e r e n c e and i t s r e l a t i o n t o t h e 
i n t r i n s i c c o m p l e x i t y o f c e r t a i n i n f e r e n c e s . 

1 . INTRODUCTION 

A l t h o u g h t h e r e i s c o n s i d e r a b l e r e s e a r c h i n t h e 
deve lopmen t o f s u i t a b l e r e p r e s e n t a t i o n s f o r d i f f e r 
e n t p i e c e s o f knowledge s o t h a t t h e necessa ry i n 
f e r e n c e s can be drawn ( e . g . , f o r comprehend ing a 
d i s c o u r s e ) , v e r y l i t t l e i s known about how t h e i n 
f e r e n t i a l p r o c e s s e s a r e c o n t r o l l e d (some e x c e p t i o n s 
a r e [ 1 ] , [ 2 ] , and [ 4 ] , f o r example) i . e . , how t h e 
more a p p r o p r i a t e i n f e r e n c e s a r e drawn and how the 
i r r e l e v a n t ( y e t v a l i d ) i n f e r e n c e s a r e p r e v e n t e d 
f rom b e i n g d r a w n , o r a t l e a s t drawn w i t h g r e a t e r 
d i f f i c u l t y ; a l t e r n a t i v e l y , how t h e v a r i o u s p i e c e s 
o f knowledge and t h e i r o r g a n i z a t i o n impose o r d e r i n g 
o n t h e s e t o f i n f e r e n c e s s o t h a t t h i s o r d e r i n g r e 
f l e c t s t h e r e l a t i v e ease ( o r d i f f i c u l t y ) a s s o c i a t e d 
w i t h t hese i n f e r e n c e s . 

The pu rpose o f t h i s c o m m u n i c a t i o n i s t o exam
i n e one p a r t i c u l a r a s p e c t o f d i s c o u r s e s t r u c t u r e , 
name ly , a d i s c o u r s e c o n s t r u c t c a l l e d c e n t e r o f a 
s e n t e n c e i n d i s c o u r s e and i t s r e l a t i o n t o the l a r 
ger i s s u e o f c o n t r o l o f i n f e r e n c e . F i r s t w e w i l l 
d e s c r i b e v e r y b r i e f l y t h e n o t i o n o f c e n t e r ( s ) o f a 
s e n t e n c e i n d i s c o u r s e and t h e n d i s c u s s ( a g a i n v e r y 
b r i e f l y ) how t h e c e n t e r i n g phenomenon m i g h t b e i n 
c o r p o r a t e d i n a f o r m a l mode l o f i n f e r e n c e and 
w h e t h e r such a mode l m i g h t shed l i g h t o n t h e i n t r i n 
s i c c o m p l e x i t y o f c e r t a i n i n f e r e n c e s . 

T h i s work i s p a r t i a l l y s u p p o r t e d b y a g r a n t f r om 
t h e N a t i o n a l Sc ience F o u n d a t i o n , MCS79-08401, and 
by a g r a n t t o t h e U n i v e r s i t y o f De laware by the A i r 
Force O f f i c e o f S c i e n t i f i c R e s e a r c h , A i r Force 
Systems Command, USAF, AFOSR-80-0190. 

I n a n a t u r a l language sen tence i n d i s c o u r s e 
( i n sha rp c o n t r a s t t o s e n t e n c e s o f a f o r m a l l a n 
guage) one o r more e n t i t i e s (a rguments o f t h e ma in 
p r e d i c a t e ) a r e s i n g l e d o u t . W e c a l l t h e s e t h e 
c e n t e r s * . Cen te red e n t i t l e s may b e s y n t a c t i c a l l y 
marked b u t t h i s need n o t be t h e c a s e . 

L e t S i be the c u r r e n t u t t e r a n c e ( s e n t e n c e ) and 
l e t D i - 1 b e t h e p r e c e d i n g d i s c o u r s e ( a t t i m e s o n l y 
the p r e c e d i n g s e n t e n c e S i - 1 ) . We assume t h a t as 
t h e d i s c o u r s e i s u n f o l d i n g a d i s c o u r s e " m o d e l " i s 
b e i n g c r e a t e d . B y " m o d e l " , f o r the pu rpose o f ou r 
p r e s e n t d i s c u s s i o n , we mean s i m p l y a d a t a s t r u c t u r e 
i n te rms o f a s e t o f e n t i t i e s and r e l a t i o n s among 
them. W e a r e n o t c l a i m i n g h e r e t h a t t h i s i s a l l 
t h e r e i s t o a d i s c o u r s e " m o d e l " , howeve r , f o r ou r 
immed ia te pu rpose t h i s r e p r e s e n t a t i o n wou ld b e a d e 
q u a t e . I n a d d i t i o n t o c o n s t r u c t i n g t h e d i s c o u r s e 
m o d e l , we w i l l assume t h a t we keep t r a c k o f t h o s e 
e n t i t i e s w h i c h a r e c e n t e r e d s o f a r . Our ma in g o a l 
i s t h a t i n te rms o f the d i s c o u r s e model t o g e t h e r 
w i t h t he a s s o c i a t e d s e t o f c e n t e r s , and the c e n 
t e r ( s ) o f t h e c u r r e n t s e n t e n c e , w e s h o u l d b e a b l e 
t o g i v e some a c c o u n t o f t h e a p p r o p r i a t e n e s s ( o r i n -
a p p r o p r i a t e n e s s ) o f t h e c u r r e n t sen tence S i i n t h e 
d i s c o u r s e c o n t e x t D i - 1 . The n o t i o n o f c e n t e r i s 
r e l e v a n t t o t h e d e t e r m i n a t i o n o f how t h e c u r r e n t 
u t t e r a n c e i s i n t e g r a t e d i n t h e d i s c o u r s e " m o d e l " 
c o n s t r u c t e d so f a r and how t h e s u c c e e d i n g d i s c o u r s e 
i s t o b e i n t e g r a t e d i n t h e p r e c e d i n g d i s c o u r s e o f 
w h i c h t h e c u r r e n t u t t e r a n c e i s now a p a r t . 

For each u t t e r a n c e ( s e n t e n c e ) , S i , i n d i s 
c o u r s e , w e w i l l a s s o c i a t e two c e n t e r s , C b ( S i ) : t he 
backward l o o k i n g c e n t e r , and C f ( S i ) : t h e f o r w a r d 
l o o k i n g c e n t e r ( s ) * * . C b S i ) d e t e r m i n e s how S i i s 
g o i n g t o b e i n c o r p o r a t e d i n t he p r e c e d i n g d i s c o u r s e 
D i - 1 and t h u s i n c r e m e n t a l l y augment t h e c u r r e n t 
d i s c o u r s e m o d e l . C f ( S i ) d e t e r m i n e s how S i w i l l 
ge t l i n k e d up t o t h e s u c c e e d i n g d i s c o u r s e . We w i l l 
assume t h a t C b ( S i ) i s a lways a s i n g l e t o n , i . e . each 
sen tence has o n l y one backward l o o k i n g c e n t e r ; 
however , C f ( S t ) c o u l d b e a s e t . F u r t h e r , i t i s 

T h i s n o t i o n i s r e l a t e d t o t h e A I n o t i o n o f ( l o c a l ) 
f ocus [ 3 ] and t h e n o t i o n s o f t o p i c and f o c u s i n l i n 
g u i s t i c s , b u t i t i s no t i d e n t i c a l t o any o f t h e s e . 

We a re n o t concerned he re abou t the d e t e r m i n a 
t i o n o f c e n t e r s . S y n t a c t i c s t r u c t u r e , s t r e s s , and 
d i s c o u r s e c o n t e x t a r e some o f t he d e t e r m i n i n g f a c 
t o r s . For ou r p r e s e n t pu rpose i t i s enough t o 
assume t h a t a sen tence in d i s c o u r s e has c e n t e r s . 
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not necessary tha t C b (S i ) and C f ( S i ) are d i s j o i n t . 
In an obvious way we can def ine C f ( D i - 1 ) which 
would be the set of a l l forward look ing centers 
associated w i t h the preceding discourse D i -1. (We 
have def ined C f ( D i - 1 ) as a set w i thout any f u r t h e r 
s t r uc tu re on i t . This i s c l e a r l y not adequate. 
Some s t r uc tu re on t h i s set is necessary to account 
f o r the r e l a t i v e ease (or d i f f i c u l t y ) o f accessing 
elements of t h i s s e t . See examples in 
Sect ion 2. Stack o rgan iza t ion by i t s e l f is not 
adequate. We w i l l not discuss t h i s issue here due 
to r e s t r i c t i o n on al lowed space fo r the paper.) 

We w i l l now def ine "appropr ia teness" of S i in 
the discourse context D i - 1 . S i is "app rop r ia te " 
i n the discourse context D i - 1 i f C b (S i ) E C f ( D i - 1 ) , 
i . e . the backward look ing center i s i d e n t i c a l to 
one of the forward look ing cen te rs , or C b (S i ) is a 
proword f o r some element in C f ( D i - i ) , or C^S^) is 
f u n c t i o n a l l y dependent on some element of C f ( D i - 1 ) . 
Cf(Dj.) the set of forward look ing centers f o r D i 
cannot be represented by j u s t the union of 
Cf (D i -1) and C f ( S i ) . (See the remark at the end of 
the previous paragraph.) We do not drop centers 
but a l low fo r some of them to be temporar i ly placed 
in the background. 

The i n t u i t i v e no t ion of appropriateness is 
tha t i f the cond i t i on i s s a t i s f i e d the r esu l t an t 
discourse Di = Di-1 S i w i l l be judged to be more 
coherent, b e t t e r "we l l - f o rmed , " less awkward than 
the case when the cond i t i on is not s a t i s f i e d . Thus 
i t i s not the case that i f the cond i t i on i s not 
s a t i s f i e d , S i cannot f o l l o w D i - 1 but ra ther i f i t 
does, the r e s u l t a n t discourse D i = D i - 1 S i w i l l be 
more d i f f i c u l t to comprehend i . e . , there would be 
more processing involved in i n t e g r a t i n g S i i n t o the 
discourse model constructed so f a r (more as com
pared to the case when the cond i t i on is f u l f i l l e d ) . 
Our mathematical treatment so f a r has attempted to 
charac ter ize t h i s increased processing in terms of 
some complexi ty measures associated w i t h c e r t a i n 
in ference schemes. 

John i s the focus; hence i t i s C f ( S i ) . B i l l i s 
the Cb(S i) which corresponds to the t o p i c . Note 
tha t B i l l i s not i n C f ( S i ) . I n t h i s respect (3) 
above is d i f f e r e n t from ( 2 ) . The i t - c l e f t const 
r u c t i o n has the e f f e c t o f temporar i l y p u t t i n g B i l l 
i n the background thereby making i t d i f f i c u l t t o 
access B i l l from the set of p rev ious ly centered en
t i t l e s , i . e . , B i l l can be made the center in the 

C b (S i - 1 ) * door is not in C f ( S i ) , however, i t i s 
f u n c t i o n a l l y dependent on house ( i . e . the door of 
the house), hence ( l a lb ) is appropr ia te . Such 
dependencies could be nested. I t is important to 
note that whenever we have such func t i ona l depen
dencies, we have an e f f e c t which is s i m i l a r to 
that in i t - c l e f t sentences, i . e . , in 1 b S i + 1 : the 
door was locked, Cb(S i + 1 ) = door; house in Cf (S i) 
i s temporar i ly put in the background, i . e . , i t can 
be brought i n t o the succeeding discourse only by 
e x p l i c i t r e i n t r o d u c t i o n . Hence (2a2b2c2d) is 
more awkward than ( 2 a ' 2 b ' 2 c ' 2 d ' ) . (The cont rast 
can be made sharper by a l low ing fo r f u r t he r nested 
f u n c t i o n a l dependencies.) 

John walked up to the house. 
The door was locked. 
But the handle was broken. 
It (= the house) looked unoccupied fo r 
a long t ime. 

John walked up to the house. 
The door was locked. 
But the handle was broken. 
The house looked unoccupied f o r a long 
t ime. 

3. COMPLEXITY OF INFERENCING 

We w i l l now b r i e f l y describe our formal i n 
ves t i ga t i ons in complexi ty o f in fe renc ing w i t h 
respect to the no t ion of cen te r ing . Center ing 
con t r ibu tes to the d i f f i c u l t y o f i n fe renc ing ( i . e . 
of i ncorpora t ing S i i n t o the discourse model con
s t ruc ted up to D i -1), 
in var ious ways: 1) v i o l a t i o n of center ing con
s t r a i n t s , 2) s ize of the forward look ing centers 
of D i - 1 the la rger t h i s set the more d i f f i c u l t y 
in i nco rpo ra t i ng S i 3) the t o t a l number of e n t i 
t i e s centered in the d iscourse. In a formal 
model of in ference inco rpo ra t i ng the no t ion of 
center , each of these aspects of discourses r e l e 
vant to t h e i r ease of comprehension may be na tu 
r a l l y t rans la ted i n t o measures of complexi ty on 
the deductions which can be formal ized in the 
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m o d e l . Thus each of t hese measures wou ld impose a 
c o m p l e x i t y o r d e r i n g o n t h e f o r m a l d e d u c t i o n s o f t h e 
mode l . A n i n f e r e n c e ( i . e . p a i r o f p rem ises and 
c o n c l u s i o n ) w h i c h c o u l d b e d e r i v e d i n t h e model 
m i g h t t h e n b e a s s i g n e d a s i t s i n t r i n s i c c o m p l e x i t y 
a l o n g one o f t hese measures t h e minimum c o m p l e x i t y 
o f t h e d e d u c t i o n s w h i c h d e r i v e t h a t i n f e r e n c e . B y 
c o m b i n i n g the d i f f e r e n t measures w e m i g h t a r r i v e a t 
a u s e f u l p a r t i a l o r d e r i n g o f t h e c o m p l e x i t y o f i n 
f e r e n c e s . I t wou ld b e p a r t i c u l a r l y i n t e r e s t i n g t o 
show t h a t t h e i n f e r e n c e s w h i c h f e l l be low a g i v e n 
l e v e l o f c o m p l e x i t y i n such a n o r d e r i n g a r e s i m 
p l e r t h a n t h o s e f a l l i n g above t h a t l e v e l i n a 
c o m p u t a t i o n a l sense . Thus a f i r s t q u e s t i o n t o c o n 
s i d e r w o u l d b e : a r e t h e c o l l e c t i o n s o f i n f e r e n c e s 
w h i c h f a l l be low a g i v e n l e v e l o f c o m p l e x i t y a l o n g 
each o f t he measures c o n s i d e r e d above d e c i d a b l e 
s e t s . I f s o , a r e t he d e c i s i o n p r o c e d u r e s f o r t h e 
c o l l e c t i o n s a t h i g h e r l e v e l s more complex (compu
t a t i o n a l l y ) t h a n t h e d e c i s i o n p r o c e d u r e s f o r l owe r 
l e v e l s . 

I n o r d e r t o i n v e s t i g a t e t hese q u e s t i o n s i n any 
d e t a i l we must choose a f o r m a l mode l o f i n f e r e n c e 
and a means o f i n c o r p o r a t i n g t h e n o t i o n o f c e n t e r 
i n t o t h a t m o d e l . I n t h e s t u d i e s w e have comp le ted 
t hus f a r , t h e mode l o f i n f e r e n c e we have chosen i s 
t h e sys tem o f n a t u r a l d e d u c t i o n as f o r m u l a t e d by 
P r a w i t z and o u r means o f i n t r o d u c i n g the n o t i o n o f 
c e n t e r has been t o r e q u i r e t he c e n t e r i n g o f p a r a 
me te rs w h i c h a r e used as t h e p r o p e r pa rame te r s o f 
q u a n t i f i e r i n t r o d u c t i o n and e l i m i n a t i o n r u l e s . B y 
u s i n g P r a w i t z ' s n o r m a l i z a t i o n t h e o r e m , we have been 
a b l e t o answer t he d e c i d a b i l i t y q u e s t i o n b roached 
above f o r t h e t h i r d measure o f c o m p l e x i t y i n d i c a t e d 
above ( t h a t i n terms o f t o t a l number o f c e n t e r e d 
e n t i t i e s ) . I n p a r t i c u l a r , i f "TT i s a d e d u c t i o n 
i n P r a w i t z * s sys tem C ' l e t c (TT ) * the number o f 
d i s t i n c t p a r a m e t e r s w h i c h occu r i n f o r m u l a s i n TT. 
Le t Tn ■ { A | A is a pa ramete r f r e e f o r m u l a of C f 

and 3 T T ( T T i s a d e d u c t i o n o f A f rom t h e empty s e t 
o f assumpt i ons and c ( T T ) = n } . 

P r o p o s i t i o n ; 1 ) For e v e r y n , T n i s p r i m i t i v e 
r e c u r s i v e . 

2) For e v e r y n , T n + 1 - T n = 0 

A t p r e s e n t w e a r e s t u d y i n g o t h e r f o r m a l mode ls 
o f i n f e r e n c e i n o r d e r t o d e t e r m i n e w h e t h e r a more 
n a t u r a l i n t r o d u c t i o n o f t h e n o t i o n o f c e n t e r can b e 
a c h i e v e d t h a n i n t h e case o f n a t u r a l d e d u c t i o n . 
I n p a r t i c u l a r , i t seems t h a t c e n t e r i n g , i f i t p l a y s 
a g e n u i n e r o l e i n i n f e r e n t i a l c o m p l e x i t y a t a l l , 
ough t t o b e r e l e v a n t t o t h e c o m p l e x i t y o f i n f e r e n 
ces I n t h e p r o p o s i t i o n a l a s w e l l a s i n t h e f u l l 
p r e d i c a t e c a l c u l u s . Our n a t u r a l d e d u c t i o n model 
does n o t e x h i b i t t h i s f e a t u r e . I n d e e d , i t i s 
easy t o see t h a t a l l t he p u r e l y p r o p o s i t i o n a l i n 
f e r e n c e s comprehended i n t h e model d e s c r i b e d above 
occur i n T 0 . Hence, o u r model does n o t d i s c r i m i 
na te a t a l l among p r o p o s i t i o n a l i n f e r e n c e s o f 
d i f f e r i n g c o m p l e x i t y . W e a r e c u r r e n t l y s t u d y i n g 
ways i n w h i c h t h e p r o p o s i t i o n a l c o m p l e x i t y o f i n 
f e r e n c e s m i g h t be accommodated w i t h i n ou r m o d e l , 
a s t u d y w h i c h seems e s s e n t i a l i f t h e c e n t e r i n g 
phenomenon i s t o have b e a r i n g o n the c o m p u t a t i o n a l 
c o m p l e x i t y o f i n f e r e n c l n g p r o c e d u r e s . 

I n a d d i t i o n , i t may b e t h a t measures o f com
p l e x i t y based o n the n o t i o n o f c e n t e r i n g p r o v i d e a 
n i c e s t r u c t u r e o n l y o n a p r o p e r s u b c o l l e c t i o n o f 
a l l v a l i d i n f e r e n c e s i n t h e p r o p o s i t i o n a l o r p r e 
d i c a t e c a l c u l u s . T h i s seems p a r t i c u l a r l y p l a u s i b l e 
i n v i e w o f t h e f a c t t h a t such measures were d e 
r i v e d f r o m phenomena w h i c h a r i s e i n n a t u r a l d i s 
cou rse and t h e c o n s i d e r a t i o n t h a t n o t a l l v a l i d 
i n f e r e n c e s may be d e r i v a b l e by d e d u c t i o n s w h i c h 
c o n s t i t u t e n a t u r a l d i s c o u r s e s . The q u e s t i o n 
whe the r t h e r e a r e p r o p e r f r a g m e n t s o f the p r e d i 
c a t e c a l c u l u s t o w h i c h the c o m p l e x i t y measures 
c o n s i d e r e d he re more n a t u r a l l y a p p l y i s c u r r e n t l y 
under s t u d y . 
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