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ABSTRACT-Representing Engl ish ad jec t i ves and 

adverbs using a l o g i c a l l y perspicuous no ta t ion 
(extended semantic networks, Schubert. 1974) and 
the i r accomodation w i t h i n a state-based paradigm 
(Cercone, 1975) are discussed. Where appropr ia te , 
e x p l i c i t comparisons are made w i th re la ted 
approaches such as those of Schank (1972.197*0, 
Montague (1972), Bartsch and Venneraann (1972), 
Zadeh (1972), and Reichenbach (1947). 

1. INTRODUCTION 

The state-based rep resen ta t i on , v ide Cercone 
(1975), has been developed f o r use in a computer 
program concerned w i th the comprehension and 
manipulat ion of f a c t u a l knowledge where such 
knowledge is communicated to the computer program 
v i a na tu ra l language. The representat ion is not 
based on " p r i m i t i v e s " , yet permits e f f i c i e n t use of 
semantic preferences; i t i s capable o f 
accommodating un l im i ted amounts of in format ion 
about complex concepts wi thout loss of e f f i c i e n c y 
in the use of those concepts (Cercone, 1975, Ch 4 ) . 
Mod i f i e r s , of course, complicate t h i s endeavour. 

The f o l l ow ing d iscussion addresses the task of 
i nco rpora t ing modi f ie rs i n t o the state-based 
rep resen ta t ion . I t w i l l c e r t a i n l y not exhaust the 
myriad problems of represent ing a l l Engl ish adverbs 
and a d j e c t i v e s . Nevertheless, t h e o r e t i c a l (the use 
of func to rs ) and methodological (the v i sua l 
suggestiveness of extended semantic networks) 
advantages accrue from the approach ou t l i ned below. 

2. ADJECTIVES AND RELATIVE TERMS 

Bartsch and Vennemann (1972) o u t l i n e a u n i f i e d 
treatment of r e l a t i v e ad jec t i ves and comparatives 
extending Montague's (1972; treatment w i t h i n the 
i n tens iona i l og i c framework. Their not ion of a 
reference set (a set of objects whose members are 
used f o r comparison w i th some given ob ject r e l a t i v e 
to some measurable a t t r i b u t e of the ob lects) may, 
however, be inadequate. For example, whi le it Is 
poss ib le to def ine a more or less adequate 
"reference se t " to account f o r a phrase l i k e "a 
large app le " , i t is not immediately apparent what 
the reference set would be if one were to ask a 
c h i l d to draw a large c i r c l e on a sheet of paper. 
This ra ises the a d d i t i o n a l question of how to i n f e r 
the reference set from the contex t . 

The use of functors (Cresswel i , 1973) avoids some 
d i f f i c u l t i e s predetermined reference sets e n t a i l . 
For example, the " t y p i c a l value" functor app l ied to 
a concept w i th some measure a t t r i b u t e re tu rns a 
va lue , e .g . the t y p i c a l value of s ize f o r mar). 
Note tha t t h i s is not the same as the t y p i c a l man s 
s ize which cannot be read i l y determined since it is 
d i f f i c u l t to ascer ta in exact ly what cons t i t u tes a 
t y p i c a l man. A " t y p i c a l va lue" functor is shown in 
F i g . 1. We abbreviate the t y p i c a l value functor in 
a manner analogous to predicate co l l asp ing in the 
abbreviated semantic net no ta t ion (Schubert, 1974). 

We t r e a t desc r ip t i ve ad jec t i ves as conjoined 
pred ica t ions in most cases. The sentence "Judy ate 
a c i r c u l a r spice cake" is diagrammed in F i g . 2 
(abbreviated n o t a t i o n ) . Spice in t h i s sentence is 
t rea ted as a k ind of cake l i k e a chocolate cake. 

Most ad jec t i ves appear to be comparative in 
nature regardless of t h e i r morphology. For example, 
t a l l , slow, hard, and so on are r e l a t i v e ad jec t i ves 
based on some measurable a t t r i b u t e of the object of 
a t t e n t i o n . The sentence "John is bigger than B i l l " 
is diagrammed in F i g . 3. The explanatory paraphrase 
of F i g . J is "John s s ize is greater than B i l l ' s 
s i z e " . Often the comparative i s i m p l i c i t i n the 
u t te rance. For example, in the sentence "John is a 
b ig man", " b i g " serves as a comparative. The 
meaning of "John is a b ig man" is diagrammed as 
F i g . 4. The associated paraphrase is as f o l l ows : 
"John is a man and the s ize of John is greater than 

a t y p i c a l value of s ize fo r a man". Note the use 
o f the " t y p i c a l va lue" functor i n F i g . 4 . 

F i n a l l y , F i g . 5 i l l u s t r a t e s a non -d i r ec t l y 
o r e d i c a t i v e . non -d i r ec t l y comparative use of a 
r e l a t i v e a d j e c t i v e . The sentence "Big John dr inks 
the whiskey" is paraphrased ^n the diagram as "John 
dr inks the whiskey and John s s ize is greater than 
the t y p i c a l value of s ize fo r something and John is 
an instance of tha t something". In F i g . 5, the 
node immediately to the l e f t of John represents 
John's size (s ize is used as a functor in the 
propos i t ion conta in ing John and s i z e ) . In general 
the treatment of r e l a t i v e ad jec t i ves based orj 
measurable a t t r i b u t e s can be summarized as f o l l o w s : 
The value of the " a t t r i b u t e " of "x " exceeds the 
value o f the " a t t r i b u t e " which is t y p i c a l f o r that 
concept (o f which x is an ins tance) . 

Ordinary discourse admits const ruct ions such an: 

John is the per fec t man. 
Mary is the worst conceivable baker. 
Mike is the idea l f a t man. 
In order to form a more per fect u n i o n . . . 

Modi f ie rs such as p e r f e c t , worst conceivable, and 
i dea l are problematic to represent because of thtr 
way they operate on what they modify. For example, 
we might formulate {1} in l o g i c a l terms as: 

(P ) { [ ( x ) [man(x )&P(xh = >y-approves[P(x) ] ] ] r>p(John)} 

Here y is the speaker. The formula t ion reads "John 
has#al l p roper t ies such that y would approve of any 
man's having them". We can then eas i l y formulate 
an expression f o r "someone is not a per fec t man" by 
u t i l i z i n g the expression above w i th the e x i s t e n t i a l 
q u a n t i f i e r added (Ez)~ and rep lac ing P(John) w i th 
P (z ) . C lea r l y , the method of handl ing comparative 
ad jec t ives such as b ig does not work here. 

At t h i s time I make no d e f i n i t e proposals fo r 
handl ing ad jec t i ves such as p e r f e c t . best 
conceivable, and so on, at any adequately de ta i l ed 
leve l of ana l ys i s . However one might render the 
sentence "Mike is the per fec t f a t man" as shown in 
F ig . 6. Note tha t the predicate " f a t man" is 
formed using lambda a b s t r a c t i o n , vide Cercone 
(1975) Ch 3 & 4. The predicate " f a t man" is then 
operated on by the "pe r f ec t " f unc to r . In the case 
o f desc r ip t i ve ad jec t i ves (c f the i m p l i c i t 
comparative " f a t " In the " f a t man" example above) 
the best one could do ( i n absence of context) is to 
t rea t them as conjoined pred icat ions outside the 
scope of the func tor opera t ing . 

3. ADVERBIALS 

The purpose of t h i s sect ion is to suggest 
p laus ib le methods fo r handl ing adverb ia ls w i t h i n 
the state-based framework and to reformulate an 
e a r l i e r vers ion of F i g . 8 consistent w i th the use 
of functors above, see Cercone and Schubert (1974). 

There appear to be two major approaches to the 
treatment of adverb ia l m o d i f i e r s . One approach, 
expressed in Montague (1972), Bartsch and Vennemann 
(1972), and Zadeh (1972) is to regard comparative 
ad jec t i ves and adverbs as operators which t ransform 
pred ica tes . Reichenbach s (1947) approach, 
seemingly accepted by Schank (1972) and Anderson 
and Bower (1973), is to regard adverb ia l modi f ie rs 
as second-order predicates that impose cons t ra in ts 
on a s p e c i f i c r e l a t i o n , thereby r e s t r i c t i n g the 
c lass of s p e c i f i c r e l a t i o n s of which it may be a 
member. Bartsch and Vennemann s approach seems 
promising but w i l l be seen to have ser ious de fec ts . 

Schank (1972) diagrams adverbs as ac t ion 
modi f ie rs wi thout f u r t he r ana lys i s . Apparently he 
has not concerned h imsel f wi th the meanings of 
genuine manner adverb ia ls as yet (but see Schank, 
1974, fo r a discussion of adverbs such as 
venge fu l l y ) . In the case of many adverbs (and many 
ad jec t i ves) t h i s neglect i s probably J u s t i f i e d , 
since most of the meaning content derives from 
perceptual processes. For example, in the sentence 
f,Mary walked g r a c e f u l l y " i t i s d i f f i c u l t t o 
paraphrase " g r a c e f u l l y " in more elementary terms. 
Essen t ia l l y we know gracefulness when we see i t . 
Thus perceptual understanding needs to be 
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supplemented only by a 
language comprehension 
that gracefu l motion is 
ur less the opposite of 
and we l l - coo rd ina ted , 
adverb ia l m o d i f i e r s , 
systematic a n a l y s i s ; 
This term appears to sa 
of an ac t i on or act 
standard. An adequate 
"qu i ck l y " should s p e i i 

few a d d i t i o n a l f a c t s f o r 
p u r p o s e s , such a s t h e f a c t 

g e n e r a l l y p l e a s i n g , i s more 
awkward m o t i o n , i s smooth 

and t h e l i k e . Other 
however , c l e a r l y r e q u i r e 
" q u i c k l y " i s a good examp le . 

s o m e t h i n g abou t t h e speed 
v i t y , compar i ng i t t o some 

meaning r e p r e s e n t a t i o n f o r 
t h i s o u t p r e c i s e l y . 

B a r t s c h and Vennemann s u g g e s t t h a t a d v e r b i a l 
m o d i f i e r s o p e r a t e on v e r b meanings i n t h e same 
manner t h a t a d j e c t i v a l m o d i f i e r s o p e r a t e o n noun 
mean ings , i . e . t h e y have s e m a n t i c r e p r e s e n t a t i o n s 
w i t h f u n c t i o n s f such t h a t f i s a p p l i e d to t e r m x 
to map x o n t o a new t e r m f ( x ) . One p rob lem in t h i s 
app roach i s i l l u s t r a t e d b y t h e f o l l o w i n g example . 

John owns a l a r g e c a r . 
John i s r u n n i n g q u i c k l y . 

Whereas l a r g e in [5 ) has as a r e f e r e n c e s e t t h e s e t 
o f c a r s , and John s c a r i s l a r g e i n r e l a t i o n t o t h e 
" a v e r a g e " f o r t h a t s e t . " r u n n i n g q u i c k l y " canno t b e 
a n a l y z e d s o e a s i l y . i f t h e ana logy were p e r f e c t 
t hen t h e r e f e r e n c e s e t o p e r a t e d on by " q u i c k l y " 
wou ld be t h e s e t o f " r u n n i n g s " (wha teve r t h a t 
means) ; b u t c l e a r l y t h i s s e t o f r u n n i n g s must b e 
f u r t h e r r e s t r i c t e d t o t h e s e t o f r u n n i n g s John i s 
c a p a b l e o f p e r f o r m i n g . Thus " q u i c k l y " appears t o 
o p e r a t e n o t on " r u n n i n g " a l o n e , but on "John 
r u n n i n g " . A s f u r t h e r examples c o n s i d e r (7 ) and { 8 } . 

The c h e e t a h i s r u n n i n g q u i c k l y . 
The an t i s r u n n i n g q u i c k l y . 

" r u n n i n g a n t " 

f; 

C l e a r l y " q u i c k l y " here o p e r a t e s o n 
and " r u n n i n g c h e e t a h " r e s p e c t i v e l y . 

Hence t h e n a t u r e o f t h e " r u n n e r " can n a r r o w the 
r e f e r e n c e s e t to wh ich we a p p l y a measure f u n c t i o n . 
I n [6} " q u i c k l y " m o d i f i e s r u n n i n g w i t h r e s p e c t t u 
John s r u n n i n g s , o r , i f we don t know J o h n , at 
l e a s t t o human r u n n i n g s (assuming t h a t John i s 
numan). I n (7 ) and {8 } t he measure f u n c t i o n i s 
a p p l i e d t o t h e r u n n i n g s o f chee tahs and a n t s 
r e s p e c t i v e l y . U n f o r t u n a t e l y f a c t o r s o t h e r t h a n t h e 
i d e n t i t y o r c a t e g o r y o f t h e r u n n e r can a l s o a f f e c t 
t he meaning o f " q u i c k l y " , as shown by (9 ) t o { 1 3 h 

John i s r u n n i n g q u i c k l y o n h i s hands and k n e e s . {9 } 
John i s r u n n i n g q u i c k l y o n t h e moon. {10} 
John i s r u n n i n g q u i c k l y i n C h i l e . {11 } { 1 2 N 
The chee tah i s r u n n i n g q u i c k l y i n t h e dense f o r e s t 1 . 
The c h e e t a h i s r u n n i n g q u i c k l y o n t h e p l a i n . {13 } 

The e f f e c t o f l o c a l e o n t h e meaning o f " q u i c k l y " i s 
seen in t h e c o n t r a s t between {107 and {11} and 
between {12} and { 1 3 } . 

Consequen t l y i t appea rs t h a t t h e c o n t e x t w h i c h 
d e t e r m i n e s t h e meaning o f a n a d v e r b i a l m o d i f i e r 
can t be c i r c u m s c r i b e d once and f o r a l l . A d v e r b i a l s 
must be a l l o w e d t o i n t e r a c t w i t h any s p e c i f i c and 

e n e r a l knowledge a v a i l a b l e a b o u t t h e p a r t i c i p a n t s 
n (and s e t t i n g - o f ) an a c t i o n . Zadeh ' s (1972) 

t r e a t m e n t o f a d v e r b i a l " h e d g e s " l a c k s g e n e r a l i t y 
s i n c e he s p e c i f i e s ( w e i g h t e d ) components o f each 
f u z z y te rm on w h i c h a hedge may o p e r a t e once and 
f o r a l l p r i o r t o u s i n g a p a r t i c u l a r " h e d g e " . Thus 
we d iagram { 7 } , w i t h o u t t h e a d v e r b , as F i g . 7 ; (a ) 
and ( b ) a r e based on a l t e r n a t i v e ( b u t e q u i v a l e n t ) 
r e p r e s e n t a t i o n s o f d e f i n i t e d e s c r i p t i o n s . F i g . 8 
i l l u s t r a t e s t h e a d v e r b i a l c o n s t r u c t i o n , i n {12} 
c o n s i s t e n t w i t h B a r t s c h and Vennemann s g e n e r a l 
a p p r o a c h , but t a k e s i n t o accoun t t h e above 
c o n s i d e r a t i o n s . I n F i g . 8 t h e r e l a t i o n s h i p i s made 
e x p l i c i t between t h e speed o f t h e chee tah s r u n n i n g 
and t h e t y p i c a l v a l u e o f speed f o r s o m e t h i n g t h a t 
i s r u n n i n g , a c h e e t a h , and i n dense f o r e s t s . 

Note t h a t t h e s e t o f chee tahs r u n n i n g i n dense 
f o r e s t s , r e q u i r e d f o r c o m p a r i s o n , may w e l l b e empty 
( i f n o t , r e p l a c e "dense f o r e s t " w i t h "deep s n o w " ) . 
The " r e f e r e n c e s e t " t h e r e f o r e , i f i t e x i s t s a t a l l . 
i s no t o f t h i s w o r l d b u t o f some i m a g i n a r y w o r l d 
wh i ch i s ou r c o n c e p t i o n o f how h a r d chee tahs wou ld 
f i n d t h e Ro ing i f t h e y were t o r u n t h r o u g h f o r e s t s 
( o r s n o w ) . I n our f o r m u l a t i o n w e have a p p l i e d t h e 
t y p i c a l v a l u e f u n c t o r , t o t h e lambda a b s t r a c t e d 
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