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Abs t rac t 

The idea of t r e a t i n g ut terances as programs to be 
run in human bra ins or on a computer is jxirsued 
by advocat ing the use of the environment no t ion 
f o r na tu ra l language semantics. One s t r u c t u r e of 
environments i s devoted to keeping t r a c k o f the 
r e a l o r f i c t i v e i n t e r l o c u t o r s and another t o d i s 
t i n g u i s h i n g somebody's l i n g u i s t i c behavior from 
i t s pretense and b e l i e f , wh i le the t h i r d one 
represents the s t r u c t u r e o f t op i cs in a d iscourse . 
The regu i red f l e x i b i l i t y o f environment manipu
l a t i o n is expected to be suppl ied by the Bobrow-
Wegbrelt p r i m i t i v e s . 

I n t r o d u c t i o n 

I t is now obvious t h a t the human a b i l i t y to use 
language i s r e l a t e d c l ose l y t o i n t e l l i g e n c e i t 
s e l f . Nevertheless, the complexi ty o f na tu ra l 
language i s s t i l l ra the r underestimated b y l i n 
g u i s t i c s , i n c l u d i n g in some measure a lso computa
t i o n a l l i n g u i s t i c s . That underest imat ion r e s u l t s 
usua l l y i n us ing r e l a t i v e l y p r i m i t i v e t o o l s f o r 
a formal d e s c r i p t i o n of language. Wlnograd [14] 
c la ims r i g h t l y t h a t the best t e s t of a complex 
model of n a t u r a l language is to Implement i t as a 
language understanding system. There is a lso a 
more r a d i c a l app roach , i ns i s t i ng t h a t na tu ra l l a n 
guage t e x t s are Just programs to be run in our 
bra ins [ 9 ] . Some i n t e r e s t i n g analogies between 
language understanding and running a program have 
been shown, e . g . i n [ 4 ] . Consider ing a l l u t t e r 
ances as imperatives is not e n t i r e l y a new idea ; 
i t can be found a lso in l i n g u i s t i c s papers, e . g . 
in [ 1 3 ] . But i f we t r e a t the ut terances as prog
rams, we can descr ibe t h e i r semantics by means 
of not ions much more soph is t i ca ted and exact than 
were ever used in l i n g u i s t i c s . The purpose of the 
paper is to advocate the use of the m u l t i p l e en
vironments model of Bobrow and Wegbreit [ 2 ] f o r 
na tu ra l language semantics. The basic ideas of 
t h i s approach w i l l be shown by d iscuss ing some 
wel l -known problems of reference and presup
p o s i t i o n . In the ea r l y stage o f t h i s i n q u i r y s 
development, the paper tends to a r a the r t h e 
o r e t i c a l b i a s . The Bobrow-Wegbreit p r i m i t i v e s do 
not intervene d i r e c t l y i n t o i t s content , but the 
f l e x i b i l i t y o f environment manipu lat ion suppl ied 
by them is a necessary cond i t i on f o r the f e a s i 
b i l i t y o f the present approach, which i s expected 
t o g ive va luab le gu ide l ines f o r des ign ing d i s 
course understanding systems, i n c l ud i ng l i t e r a r y 
d iscourse l i k e c h i l d r e n ' s s t o r i es t r ea ted by 
Charniak [ 3 ] . 

Not ion o f d iscourse 

The n o t i o n of d iscourse is a ra the r vague one; 
t h e r e f o r e , i t is necessary to s ta te what I mean 
by the te rm. I use it as a synonym f o r a coherent 

t e x t and I recognize four poss ib le aspects of 
coherency, which correspond I n t u i t i v e l y t o d i f 
f e ren t types o f a c c e p t a b i l i t y -

F i r s t , there i s con tex tua l coherence, r e a l i z e d 
in a t e x t by in te r -een tence and i n te r -ph rase 
l i n k s represented by spec ia l i zed l i n g u i s t i c means 
which I c a l l p o i n t e r s . They can be d i s t i n g u i s h e d , 
more or less a r b i t r a r i l y , in every language. They 
e n t a i l f i r s t o f a l l the pronouns ( i n a l a rge sen
se, i n c l u d i n g pro-adverbs e t c . ) . The second Im
por tan t type o f po in te rs cons is ts o f presupposi 
t i ons ,wh ich d i f f e r from the pronouns in two ways: 
they r a r e l y occur on the sur face of the t e x t , and 
they po in t exc l us i ve l y to p ropos i t i ons . There are 
a lso po in te rs pecu l i a r t o g iven languages; e . g . , 
f o r Eng l i sh I t I s reasonable t o t r e a t the Past 
Tense as a p o i n t e r , f o l l o w i n g the approach of 
McCawley [10 ] and I s a r d [ 7 ) . Now, i f there is a 
pending po in te r (w i thou t a va lue ) In a t e x t , the 
t e x t i s not con tex tua l l y coherent . There I s a l so 
s i t u a t i o n a l coherence, 1. e . the coherence of a 
t e x t w i t h the s i t u a t i o n o f I t s p a r t i c u l a r usage; 

(1 ) Be c a r e f u l , he might b i t e you. 

i s p e r f e c t l y acceptable i f the addressee I s near 
a dangerous an ima l . I n t roduc ing a na r ra to r can 
change such a t e x t i n t o an con tex tua l l y coherent 
one, by s u b s t i t u t i n g i t s Ind ices ( r e f e r r i n g to 
the elements o f the r e a l wo r ld ) back i n t o p o i n t 
ers ( r e f e r r i n g to more or less abs t rac t t e x t 
e lements) . When the addressee has to apply h i s 
knowledge o f the r e a l wor ld to i n t e r p r e t the t e x t 
as a coherent one, I use the no t i on of r e l a t i v e 
coherence. This i s the case in the t e x t 

( 2 ) Ann's e ldes t son has l e f t Warsaw f o r a s c h o l 
a r sh i p study in the Sorbonne. 

( 3 ) France i s an i n t e r e s t i n g country to study i n . 

where the knowledge t h a t the Sorbonne is a French 
u n i v e r s i t y suppl ies the missing l i n k . I n general 
we can c a l l a t e x t coherent r e l a t i v e to a g iven 
domain of knowledge. 

Most t e x t s which are incoherent according to 
the a l ready mentioned r u l e s can s t i l l be regarded 
as coherent ones i f the addressee wishes to do so. 
I c a l l such a s i t u a t i o n v o l l t l o n a r y coherence. 
The addressee's w i l l can be expressed In two ways. 
F i r s t , he can supply h imse l f the values f o r pend
i ng p o i n t e r s . I n p a r t i c u l a r , the events requ i red 
by the presupposi t ions are f requen t l y accepted as 
t r u e , as has been po in ted out by e. g. B e l l e r t 
[ 1 ] , Wierzbicka [ 1 3 1 , r ecen t l y Kart tunen [ 8 ] , and 
I l l u s t r a t e d by examples: 

(4) I would l i k e to in t roduce you to my w i f e . 
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( 5 ) We regrea t t h a t c h i l d r e n cannot accompany 
t h e i r parents to commencement exerc ises . 

where the presupposi t ions ca r ry brand new i n f o r 
mat ion . Secondly, the addressee can decide to 
consider pending po in te rs and ind ices as not 
r e l evan t to the mat te r ; t h i s procedure seems to 
be app l ied on ly f o r some l i t e r a r y t e x t s . 

Pronouns 

We w i l l d iscuss now some problems of re fe rence . 
Let us s t a r t from the assumption t h a t every per
son (human being or r o b o t ) who uses na tu ra l l a n 
guage perceives a lso some aspects of the cu r ren t 
s l t u a t l o n , l n p a r t i c u l a r he recognizes the persons 
engaged in the d iscourse and usua l l y r e a l i z e s 
poss ib le d i f f e rences between h i s own percept ion 
o f the s i t u a t i o n and the percept ions o f o t h e r s . 
Res ta t ing t h i s in m u l t i p l e environments terms, we 
assume t h a t a spec ia l type of environments is 
used to represent the wor ld as perceived and 
known by a person; a g l oba l environment represents 
the person under cons ide ra t ion and l o c a l e n v i 
ronments e n t a i l e d I n i t are images o f i t s i n t e r 
l o c u t o r s . 

An u t te rance is received together w i t h the 
i n f o rma t i on about i t s sender and i t s addressee; 
t h e r e f o r e , i t can be run in such a way tha t the 
personal pronouns " I " , *we* , *you* e t c . t r a n s 
l a t e d I n t o va r iab les are evaluated r e s p e c t i v e l y 
In the sender and the addressee environments, 
y i e l d i n g t h e i r i d e n t i f i c a t i o n . I n t h i s way the 
eva lua t i on of the sentence (6 ) sa id by Fred to 
S tan ley : 

( 6 ) 1 l i k e your book. 

suppl ies the value equ iva lent to the u t te rance 

( 7 ) Fred l i k e s S tan ley ' s book. 

run in the proper environment. Which environment 
is proper depends on the robot* s a t t i t u d e to the 
d iscourse . I f he be l ieves Fred and assumes 
S tan ley ' s knowledge to be b a s i c a l l y i d e n t i c a l 
w i t h h i s own, he may run (7 ) in the environment 
o f h imse l f . But I f he wants to keep t r a c k o f a l l 
the p o s s i b i l i t i e s , he has to a l l o c a t e in Fred' s 
environment which holds mainly the data about 
h i s behavior , a new environment f o r Fred as 
descr ibed by Fred and evaluate (7 ) i n i t t o 
o b t a i n Fred 's pretense, and then to evaluate (7 ) 
again in S tan ley ' s knowledge environment to 
o b t a i n i t s probable e f f e c t on S tan ley ' s mind. 
The mer i t o f the approach l i e s in the f a c t t h a t 
I t can be app l ied r e c u r s i v e l y in the case o f 
d i r e c t and i n d i r e c t speech. K . g . , i n the t e x t 

( 8 ) Frank s a i d : 
(9 ) "When I came back, John was al ready w a i t i n g 

f o r ma and asked: 
(10) 'How are y o u * * . 

( 8 ) should be run both In the cu r ren t addressee 
and sender envi ronments,(9) in the environment of 
the sender and the new environment of the Frank 
as quoted by the sender , and (10) in the Frank 
as quoted by the sender and John as quoted by 

Frank as quoted by the sender. The i n t e r p r e t a t i o n 
o f u t terances w i t h i n d i r e c t speech, e . g . , 

(11 ) Fred sa id to Stanley he l i k e d h i s book. 

and In general the u t te races w i t h the 3rd person 
pronouns, is much more compl ica ted. To account 
f o r i t w e w i l l i n t roduce a u x i l i a r y phrase e n v i 
ronments f o r running some u t te rances , w i t h a 
spec ia l v a r i a b l e s i m i l a r t o the contex t o f 
C0NMIVW [ 1 1 ] . The v a r i a b l e named TOPIC has a 
t u p l e as a value and when accessed y i e l d s the 
f i r s t element o f i t , but when accessed because o f 
back t rack ing y i e l d s consecut ive elements o f the 
t u p l e , and a f t e r exhaust ing I t takes the t u p l e 
of TOPIC from I t s super-environment. Dur ing a 
run o f an u t te rance , TOPIC is f r e q u e n t l y mod i f ied 
by adding and permuting I t s elements. The e l e 
ments of TOPIC are po in te rs to environments of 
( r e a l o r f i c t l v e ) persons and other data s t r u c 
tu res represen t ing o b j e c t s , and a lso po in te rs to 
o ther phrase environment w i t h h i s own TOPICS. 
The I n t e r p r e t a t i o n of a t e x t w i t h I n d i r e c t speech 
and a l so s i ng le sentences w i t h the 3rd person 
pronouns can be descr ibed now in the f o l l o w i n g 
way, 

A. Every access to a TOPIC element rese ts TOPIC 
In such a way t h a t the accessed element becomes 
the f i r s t one i n the t u p l e . 
B. Pronouns in a main c lause and proper names 
execute immediately the access to the TOPIC 
v a r i a b l e . 
C. Execut ion of the access requ i red by pronouns 
in a subordinate clause can be suspended u n t i l 
the end o f the main clause process ing, i f t he re 
is no s u i t a b l e value f o r them in the l o c a l TOPIC. 
D. The verbs " s a y * , " d e s c r i b e * e t c . c rea te a 
c lause environment w i t h h i s own TOPIC v a r i a b l e 
and put the po in te r to i t as the f i r s t element o f 
TOPIC in the environment of the v e r b . 
E. The subordinate clauses in t roduced by " s a y * , 
"desc r i be * e t c . are evaluated In the environment 
taken from the TOPIC of the main c lause e n v i 
ronment . 
Let us see w i t h examples how the r u l e s g i v e n 
above work. 

(12) A f t e r John l e f t h i s apartemnt, he went to 
the pool h a l l , 

John sets TOPIC to the po in te r to the John 
environment; h i s Is evaluated because t h e r e 
is a l ready s u i t a b l e value in TOPIC; he eva
lua tes a lso to John, 

(13) A f t e r he l e f t h i s apartment, John went to 
the pool h a l l . 

A f t e r in t roduces the subordinate c lause , which 
i s being eva luated, but I t i s suspended be fo re 
execut ing access by the pronouns, because of the 
lack o f su i t ab le values f o r them in TOPIC. John 
sets TOPIC, a f t e r the end of the main c lause 
processing the subordinate c lause Is resumed and 
the pronouns are proper ly bound to John. 

(1**) John went to the pool room a f t e r he l e f t 
h i s apartment. 

No problem; John sets TOPIC and the pronouns 
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access I t . 

(15) He went to the pool room a f t e r John l e f t h i s 
apartment. 

He is evaluted Immediately because I t Is 
conta ined I n the main c lause; t he re fo re i t i s 
a l ready bound when John sets TOPIC. The s t rong 
f e e l i n g t h a t the va lue of he should be d i f f e r 
ent from John can be explained in terms of 
computat ional e f f i c i e n c y : there is no reason to 
set TOPIC to John i f i t i s a l ready the va lue . 

(16) What d i d John say about Dick? 
(17) He sa id t h a t 
(18 ) he looked l i k e a drunken g i r a f f e on i ce 

skates. 

In (16) TOPIC is set f i r s t to John, then 'say 
creates a phrase environment w i th i t s TOPIC i n i 
t i a l i s e d t o D ick , and puts the po in te r t o i t a t 
the top of i t s own TOPIC. In (17) "he" evaluates 
to John, then *sa fd* recovers from TOPIC the 
c lause environment and evaluates (18) in i t . 
There fore the *he* o f (18) is bound to D ick . 

have c l e a r meaning in our model. They are Just 
d e c l a r a t i o n s , used to create appropr ia te e n v i 
ronment ( i n genera l , data s t r u c t u r e s ) i n i t i a l i z e d 
to the values suppl ied by the d e s c r i p t i o n ; the 
po in te r to the new environment is put i n t o TOPIC. 
There fore i n the t e x t 

(20) One young boy has f lunked h is m a t r i c u l a t i o n 
exam. 

(21) He decided to g ive up f u r t h e r s tud ies . 

the he* of (21 ) can rece ive the proper value 
of the young boy mentioned in (20) . Such an 
i n t e r p r e t a t i o n o f i n d e f i n i t e desc r ip t i ons has i n 
f a c t a l l p roper t i es o f the Ref operator i n t r o 
duced f o r the purpose by B e l l e r t [ 1 ] ; i t agrees 
a l so w i t h i n t u i t i o n s o f l i n g u i s t s , e . g . Wierz-
b i cka [ 1 3 1 . D e f i n i t e desc r i p t i ons are I n te rp re ted 
as func t i ons which when evaluated in a proper 
environment y i e l d the requ i red va lue . The i n t e r 
p r e t a t i o n supports the i n t u i t i o n o f Donnel lan [5 ] 
who c la ims r i g h t l y tha t a d e f i n i t e desc r i p t i ons 
does not i n i t s e l f r e f e r t o anyth ing but only i t s 
use po in ts to a r e f e r e n t . That i n t e r p r e t a t i o n 
exp la ins a lso why we can u t t e r 

(22) Her husband is k ind to her . 

and be understood even i f the man is not in 
f a c t the husband of the woman. The func t ions 
rep resen t ing d e f i n i t e desc r ip t i ons can be a lso 
Just memorized; such a memorizing corresponds 
to the a t t r i b u t i v e use ( the term o f Donnel lan) 
o f the d e f i n i t e d e s c r i p t i o n , as , e . g . , i n : 

(23) The Smith murderer is insane, 

in the sense o f 

(24) Whoever has murdered Smi th , he is insane. 

To summarize our d i scus ion of re fe rence , l e t 
us run a sentence 

(25) A boy who saw her kissed a g i r l who knew h im. 

F i r s t , an environment f o r boy* is created and 
the po in te r to i t i s put i n t o TOPIC. Next, "who 
saw her" is evaluated except the "her" because of 
the lack o f a proper va lue f o r i t in TOPIC; t h e r e 
f o r e , the clause is suspended. Then the r e s t o f 
the main clause is evaluated and an environment 
f o r " g i r l is made, and the TOPIC is r e s p e c t i v e l y 
changed. Now the suspended clause can be resumed 
and evaluated in p a r a l l e l w i t h the c lause who 
knew him ; both the pronouns w i l l be p rope r l y 
bound. 

Presupposi t ions 

Presupposi t ions are t r ea ted as pa t te rns of event 
rep resen ta t i ons ; depending on the v o l i t i o n a r y 
a t t i t u d e to the t e x t , the p a t t e r n can be matched 
aga ins t the memory to r e t r i e v e an e x i s t i n g event 
or the app r i op r l a te event can be added to the 
memory. We express the d i f f e rence between f a c t u a l 
and non- fac tua l sentences l i k e 

(26) John reg re ts t h a t i t i s r a i n i n g . 

(27) John th inks t h a t i t i s r a i n i n g . 

assuming t h a t the presuppos i t ion i t i s r a i n i n g 
i s evaluated in the environment o f the n a r r a t o r 
in the case o f (26) and in the environment o f 
John's b e l i e f in the case of (27 ) . I t may seem 
strange to t a l k about presupposi t ions o f non-
f a c t u a l sentences but i t i s reasonable; a l though 
we do not expect such a presupposi t ions to be 
t r u e , we s t i l l expect i t t o be coherent , as i n 
( 2 7 ) , w i t h somebody' s b e l i e f . The environment of 
somebody' s b e l i e f and the mentioned e a r l i e r 
environment o f pretense i n t e r a c t w i t h themselves, 
e . g . i n . 

(28) Fred is l y i n g when he says he l i k e s 
S tan ley ' s book. 

which evaluates both to * Fred l i k e s S t a n l e y ' s 
book in Fred 's pretense and t o * F r e d does not 
l i k e S tan ley ' s book i n Fred's b e l i e f . 

The idea of runn ing an u t terance proves use
f u l a lso in the case o f p resuppos i t i ons . The 
s t a t i c t reatment by p r o j e c t i o n r u l es o f the 
r e l a t i o n between the presuppos i t ion of a complex 
sentence as a whole and the presupposi t ions of 
i t s cons t i t uen t clauses has not been success fu l . 
The recen t , more dynamic, approach of Kar t tunen 
[ 8 ] can be e a s i l y i n teg ra ted i n t o our model. 
E. g . , in the f o l l o w i n g sentences 

(29) I f Dean t o l d the t r u t h , Nixon i s g u i l t y t o o . 

(30) I f Haldeman i s g u i l t y , Nixon i s g u i l t y t o o . 

(31) I f Miss Woods destroyed the missing tapes , 
Nixon i s g u i l t y t oo . 

the antecedent clauses should be run before the 
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consequent clause t o o b t a i n r i g h t r e s u l t s . I n 
(30) the p resuppos i t ion o f the consequent c lause 
is s a t i s f i e d by the antecedent and In (31 ) I t 
can a l so be the case,depending on the other know
ledge present in the environment of t he eva lu 
a t i o n . 
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