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ABSTRACT 

Systems which process na tu ra l language requ i re a 
r e l i a b l e source of i n fo rmat ion about words. Not 
only must t h e i r l e x i c a l subsystems handle a large 

known words; they must a lso cope w i t h 
The morphological p r i n c i p l e s under l y ing 
"poss ib le word" are under ac t i ve study by 

l i n g u i s t s , and are a r t i c u l a t e d in the theory of word 
fo rmat ion . This paper presents a technique fo r 
b u i l d i n g l e x i c a l subsystems which embody these p r i n 
c ip les by emulat ing the behavior of word format ion 
r u l e s . These subsystems combine t o t a l l y i d i o s y n 
c r a t i c l e x i c a l i n f o r m a t i o n , s tored in a d i c t i o n a r y , 
w i t h systematic in fo rmat ion der ived from word s t r u c 
t u r e . App l i ca t i ons fo r l e x i c a l subsystems b u i l t 
along the l ines descr ibed here w i l l be d iscussed. 

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

In many publ ished desc r i p t i ons of computer systems 
tha t process na tu ra l language, l i t t l e or no in forma
t i o n is given about the sources of l e x i c a l in forma
t i o n . Ins tead , f u l l y analyzed words, bear ing a l l 
requ i red c a t e g o r i a l , s y n t a c t i c , and semantic 
f ea tu res , appear in the data s t ruc tu res presented as 
i l l u s t r a t i o n s of the systems' ope ra t i on . The 
d i c t i o n a r y s t ruc tu res which s to re these words, and 
the processes by which fea tu re in fo rmat ion is 
de r i ved , are not usua l l y revealed. 

When system desc r ip t i ons do shed some l i g h t on t h e i r 
l e x i c a l p rocess ing, two general approaches can be 
d iscerned. In the f i r s t , t y p i f i e d by Sager(1981), 
the. words in the input t e x t serve as keys for access
ing d i c t i o n a r y e n t r i e s where in fo rmat ion about the 
words is s to red . D i f f e r e n t i n f l e c t e d forms of a 
word serve as independent keys i n t o the 
d i c t i o n a r i e s ' data s t r u c t u r e s , al though morphologi
ca l r e g u l a r i t i e s are sometimes captured by a l l ow ing 
d i f f e r e n t d i c t i o n a r y en t r i es fo r i n f l e c t i o n a l l y 
re la ted words to share s u b l i s t s of common 
p r o p e r t i e s . 

The second category of l e x i c a l subsystems uses 
" a f f i x s t r i p p i n g " to economize on word s to rage , o r , 
e q u i v a l e n t l y , to increase the apparent s ize o f t h e i r 
word l i s t s . In the s impler vers ions of the proce
dure, the systems w i l l merely t e s t i f a v a l i d ending 
is at tached to a v a l i d word (as in Peterson(1980)) . 
In some cases adjustments are made to the s p e l l i n g 
of the base a f t e r s t r i p p i n g the a f f i x and before 
look ing up the base in the d i c t i o n a r y (as in Wino-
grad(1972) ) . These systems usua l l y handle only 

words w i t h i n f l e c t i o n a l s u f f i x e s , reducing them to 
t h e i r u n i n f l e c t e d forms. Words w i t h d e r i v a t i o n a l 
a f f i x e s again have separate d i c t i o n a r y e n t r i e s . 

A more complex form of the a f f i x s t r i p p i n g procedure 
is presented in Cercone(1974). In tha t system, 
p re f i xes as w e l l as s u f f i x e s are ( r e c u r s i v e l y ) 
removed from an incoming word, and the r e s u l t i n g 
bases are looked up in the. d i c t i o n a r y , as above. 
Only if the base is of an appropr ia te category fo r 
the a f f i x , w i l l the input be accepted, however. 
Furthermore, i n fo rmat ion tha t is redundant ly assoc i 
ated w i th the a f f i x - - s u c h as the fac t tha t words 
ending in -ness are nouns- - is asserted fo r the input 
word. Cercone's system handles d e r i v a t i o n a l as we l l 
as i n f l e c t i o n a l a f f i x e s . 

The system of morphological ru les descr ibed in t h i s 
paper is super ior to the a f f i x s t r i p p i n g systems in 
several respects . F i r s t , i t a l lows fo r the features 
associated w i t h a word to be a combination of t o t a l 
ly i d i o s y n c r a t i c in fo rmat ion from a d i c t i o n a r y , 
together w i th systematic in fo rmat ion der ived by the 
recurs ive a p p l i c a t i o n o f morphological r u l e s . 
Second, i t provides fo r the observat ion*of a complex 
set of r e s t r i c t i o n s on morphological ru le app l i ca 
t i o n . The nature of these r e s t r i c t i o n s is known 
from l i n g u i s t i c research, and t h e i r observat ion 
al lows fo r much t i g h t e r con t ro l over the attachment 
of a f f i x e s to bases. This enhanced con t ro l provides 
for the t h i r d type of improvement over previous 
systems: t h i s system can e x h i b i t much more r e l i a b l e 
behavior in the presence of co inages- - the c rea t i on 
of new words by human users. 

Sect ion 2 of t h i s paper descr ibes word format ion 
ru les and the r e s t r i c t i o n s tha t govern t h e i r a p p l i 
c a t i o n . Sect ion 3 presents a system of morphologi
ca l ru les based in the l i n g u i s t i c r e s u l t s o f sec t ion 
2. The f i n a l sec t i on l i s t s app l i ca t i ons of the 
techniques developed in t h i s paper. 

2 . Word Formation Rules. 

L i n g u i s t i c s tud ies of morphology have s e t t l e d on the 
word format ion ru l e as the best means of account ing 
fo r the s t r u c t u r e of words. Extensive desc r i p t i ons 
of two vary ing views of t h i s model can be found in 
Aronoff (1976) and Se lk i rk (1982) . B r i e f l y , word 
format ion ru les can be represented as in ( 1 ) . Rule 
( l a ) w i l l apply t o t r a n s i t i v e verbs tha t se lec t fo r 
animate o b j e c t s , and w i l l produce animate nouns. 
Using t h i s r u l e , we can der ive d ra f tee from d r a f t , 
but we can ' t get *s ingee (s ing doesn t take animate 
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ob jec ts ) or *abdicatee (abdicate is i n t r a n s i t i v e ) . 

Rule ( l b ) der ives l a t i n a t e ad jec t i ves from t r a n s i 
t i v e verbs. For example, we can get i n t e r r u p t i b l e 
and s ingab le , but not *abd ica tab le . Rule ( l c ) says 
t ha t the i n f l e c t i o n a l a f f i x -ed can be app l ied to 
verbs bear ing the morphological fea tu re [ - a b l a u t ] , 
y i e l d i n g a past tense verb . I t w i l l apply to walk to 
produce walked, but not to s i ng which is [+ab laut ] . 

Three types of r e s t r i c t i o n s apply to word format ion 
r u l e s : boundary r e s t r i c t i o n s , subca tegor iza t ion 
r e s t r i c t i o n s , and s e l e c t i o n a l r e s t r i c t i o n s . Bounda
ry r e s t r i c t i o n s r e f e r to the fac t tha t some types of 
a f f i x e s may only occur "outside." of other types. 
Se lk i rk (1982) d i s t i ngu i shes three types of boundary. 
a) The " innermost" are those associated w i t h 

non-neut ra l a f f i x e s which can a l t e r the phonology 
of the base to which they apply. Such an a f f i x is 
+ee in ( l a ) which a l t e r s the s t ress pa t t e rn of 
assign when forming assignee. These boundaries 
are denoted by " + " . 

b) Boundaries at the next l e v e l , denoted by " # " , are 
associated w i t h n e u t r a l a f f i x e s , such as #abl , 
which do not a l t e r the phonology of t h e i r base. 
Note tha t the s t ress of the base is not s h i f t e d in 
assignable. 

c) The 'outermost" boundaries are associated w i t h 
i n f l e c t i o n a l a f f i x e s , ana are denoted by " - " . An 
example is the past tense s u f f i x -ed . An impor
tan t fac t about i n f l e c t i o n a l a f f i x e s is tha t they 
do not p i l e up" ; at most one is ever found on a 
s ing le word. 

Subcategor izat ion r e s t r i c t i o n s l i m i t the occurrence 
o f a f f i x e s to environments con ta in ing only c e r t a i n 
word ca tegor ies . Thus, in example ( l b ) , #abl may 
only cooccur w i t h verbs. I t cannot be a f f i x e d to 
nouns (*elementable) or ad jec t i ves 
(*temporaryable) . Cercone's morphological ana lys is 
system captures subca tegor iza t ion r e s t r i c t i o n s when 
i t t es ts tha t the s t r i n g remaining a f t e r a f f i x 
s t r i p p i n g belongs to a c e r t a i n category. 

Se lec t i ona l r e s t r i c t i o n s spec i f y cons t ra in t s on 
non-ca tegor ia l features of an a f f i x ' s base. Thus, 
the base to which the a f f i x +ee can apply must not 
s imply be a ve rb , it must a lso bear the features 
[ - • • t ransi t ive] and [+animate o b j e c t ] . 

Since the word format ion process is r ecu rs i ve , and 
s ince word format ion ru les themselves can assert new 
features fo r the words tha t they form, the se lec
t i o n a l r e s t r i c t i o n mechanism can be a powerful t o o l . 
Consider the r u l e in ( 2 ) . 

1 . [ + l a t i n a t e ] is an abs t rac t morphological fea tu re 
which roughly i nd i ca tes t h a t words so marked are 
of Greek or L a t i n o r i g i n . A p a r t i c u l a r use of 
t h i s abs t rac t fea tu re w i l l be g iven below. 

(2) + i t y : [ [ + l a t i n a t e ) A _ ] N 

Because + i t y only attaches to l a t i n a t e ad jec t i ves 
(we get f a l s i t y but not * w r o n g i t y ) , i t s a b i l i t y to 
cooccur w i t h s ingable in s i n g a b i l i t y must mean tha t 
s ingable is [ + l a t i n a t e ] . But s ince s ing is not a 
l a t i n a t e word, t h i s must be so because of the s u f f i x 
+abl in s ingab le . Thus, the d e r i v a t i o n a l h i s t o r y o f 
a word, in a d d i t i o n to i t s u l t i m a t e base, determines 

2 
what features w i l l be associated w i t h i t . 

3. The Morphological Rule System. 

The l i n g u i s t i c theory of word format ion r u l e s , 
o u t l i n e d above, can be advantageously exp lo i t ed fo r 
na tu ra l language processing systems. A usefu l way 
of o rgan iz ing the l e x i c a l subcomponent of such 
systems is to incorporate a d i c t i o n a r y , where t r u l y 
i d i o s y n c r a t i c in fo rmat ion about words is s t o r e d , and 
an i n t e r p r e t i v e mechanism fo r app ly ing morphological 
ru les der ived from word format ion r u l e s . 

The in fo rmat ion contained in the d i c t i o n a r y should 
inc lude not only the usual c a t e g o r i a l , s y n t a c t i c , 
and semantic fea tu res . I t should also inc lude 
morpho log ica l , e t ymo log ica l , and phonolog ica l 
in fo rmat ion re levant to word format ion processes. 
This i n fo rmat ion can be e f f i c i e n t l y encoded, and the 
payo f f - -as t h i s paper attempts to show-- is w e l l 
worth the a d d i t i o n a l cos t . 

The morphological ru les themselves cons is t of f i v e 
p a r t s : a) an a f f i x name, b) a boundary s p e c i f i c a 
t i o n , c) a p a t t e r n , d) a c o n d i t i o n , and e) an 
a s s e r t i o n . The par ts of a ru le combine to emulate 
the behavior of a word format ion r u l e in l i n g u i s t i c 
theory . The p a t t e r n spec i f i e s the base fo r the r u l e 
by desc r i b ing the a f f i x to be removed and f u r t h e r 
adjustments to be made. The cond i t i on embodies the 
subcategor iza t ion and s e l e c t i o n a l r e s t r i c t i o n s on 
the base. The asser t i on al lows statement of the 
c a t e g o r i a l and d i a c r i t i c features fo r the output of 
a r u l e a p p l i c a t i o n . The boundary s p e c i f i c a t i o n 
insures the observat ion of boundary r e s t r i c t i o n s . 

An example of a morphological r u l e is given in ( 3 ) . 
The f i v e pa r ts of the ru le are labeled a) through e) . 

(3) + ion : a t ion5*e* (verb) (noun +sg +abst r ) 
b)a) c) d) e) 

This r u l e would operate as fo l lows wh i le analyz ing 
the word r e a l i z a t i o n . The p o s i t i o n of the boundary 
marker ind ica tes tha t t h i s is a s u f f i x r u l e . Hence, 
the r i g h t end of the word is checked fo r the p a t t e r n 
characters ' ' a - t - i - o - n ' ' . This check succeeds, so 5 
characters are removed and the "*" causes the r e s u l t 
( " r e a l i z " ) to be looked up e i t h e r in the d i c t i o n a r y 
or v i a a recurs ive invoca t ion of the morphological 
r u l e processor. This look up f a i l s - - . i t would have 
succeeded had the o r i g i n a l word been, say, re laxa 
t i on—so " e " i s added, y i e l d i n g " r e a l i z e " which i s 

2. In s p i t e of appearances, the word s i n g a b i l i t y is 
not a v i o l a t i o n of the boundary r e s t r i c t i o n s 
mentioned e a r l i e r . See Aronoff(1976) fo r a 
j u s t i f i c a t i o n o f the existence o f two s u f f i x e s , 
#abl and +ab l . +abl is the one in s i n g a b i l i t y . 
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success fu l l y looked up. The c a t e g o r i a l and d i a c r i t i c 
features of the base are checked against the cond i 
t i o n . In t h i s case, the f ac t t ha t " r e a l i z e " i s a 
verb s u f f i c e s . Furthermore, the boundary s p e c i f i c a 
t i o n i s not v i o l a t e d , s ince " r e a l i z e " conta ins no 
n e u t r a l or i n f l e c t i o n a l a f f i x e s . So the asse r t i on 
i s a p p l i e d , assoc ia t i ng the c a t e g o r i a l fea tu re 
"noun" and the d i a c r i t i c features "+s ingu la r 
-♦-abstract" w i t h the word " r e a l i z a t i o n " . 

These ru les a c t u a l l y manipulate morphographemes 
( i . e . , the w r i t t e n form o f words) ra the r than 
morphemes. While t h i s is p e r f e c t l y acceptable fo r 
computer a p p l i c a t i o n s , we must be c lear about the 
correspondence between the abs t rac t word fo rmat ion 
r u l e s , and t h e i r r e a l i z a t i o n as morphological r u l e s . 
Thus, the three morphological ru les in (4) represent 
d i f f e r e n t o r thograph ica l facets of a s i ng le word 
format ion r u l e which handles the s u f f i x # a b l . 

(4 )a . #ab l : ab le4*e* (v + t rans) (a + l a t -sg - p i ) 

b. #ab l : s i b l e 5 d * (v + t rans) (a + l a t -sg - p i ) 

c. # a b l : ab le3 te* (v + t rans) (a + l a t -sg - p l ) 

Rule (4a) w i l l de r i ve reachable from reach and l i k a -
b_le from l i k e . (4b) der ives de fens ib le from defend. 
(4c) der ives delegable from de legate . A l l w i l l 
check tha t the base is a t r a n s i t i v e ve rb , and assert 
tha t the r e s u l t is a l a t i n a t e a d j e c t i v e . S im i la r 
c l u s t e r s o f ru les w i l l e x i s t fo r cases o f 
a l lomorphy, as in i n+con t i nen t , i m + p r a c t i c a l , 
i r r e v e r s i b l e , and i l + l l o g i c a l . I n f a c t , the 
pa t te rns of morphological ru les can be used to 
capture the al lomorphy and t r u n c a t i o n phenomena 
discussed by Aronof f (1976) . In a d d i t i o n , they can 
encode pure ly o r thog raph ica l phenomena, such as the 
s p e l l i n g ru les fo r s i l e n t e suppress ion, consonant 
doub l i ng , c-k a l t e r n a t i o n s , e t c . 

In a l e x i c a l subcomponent c o n s t i t u t e d as suggested 
here, the i n fo rma t ion known about a g iven word is a 
combination of the inherent features found in the 
l e x i c a l ent ry fo r the u l t ima te base and the system
a t i c fea tures associated w i t h the word's s t r u c t u r e . 
Thus, i f one form of the verb r e a l i z e is known to be 
t r a n s i t i v e and to requ i re an animate sub jec t (as in 
" the scu lp to r r e a l i z e d h is masterpiece in b ronze" ) , 
then we also know tha t r e a l i z a t i o n is l i kew ise t r a n 
s i t i v e and requ i res an animate subject (as in " the 
s c u l p t o r ' s r e a l i z a t i o n o f h i s mas te rp iece" ) . 
Furthermore, we know tha t the semantic p rope r t i es of 
r e a l i z e and r e a l i z a t i o n are c l ose l y r e l a t e d . This 
means of a t t ach ing inherent i n fo rma t ion to many 
r e l a t e d words captures the l e x i c a l redundancy 
r e l a t i o n s in t roduced by Chomsky(1970) and e laborated 
by Jackendof f (1975) . I t goes fa r beyond 
Sager's(1981) scheme of having m u l t i p l e d i c t i o n a r y 
e n t r i e s f o r i n f l e c t i o n a l l y r e l a t e d words po in t t o 
shared s u b l i s t s of common p r o p e r t i e s . 

4 . A p p l i c a t i o n s . 

A l e x i c a l subcomponent based on the ideas presented 
here has been implemented and is being used in a 
system t h a t produces s y n t a c t i c and s t y l i s t i c 
c r i t i q u e s of Eng l ish language t e x t s in a 
word-processing environment. The system is 

descr ibed in Heidorn, et a l . ( 1 9 8 2 ) . As par t of the 
development of t ha t system's d i c t i o n a r y , a set of 
morphologica l ru les fo r ana lys ing i n f l e c t i o n a l 
a f f i x e s was used to au tomat i ca l l y i d e n t i f y redundant 
words in a source d i c t i o n a r y . From among more than 
80,000 o r i g i n a l e n t r i e s , i t was poss ib le to omit 
approximately 10,000 which were found to have 
completely p red i c t ab le analyses. 

The morphological r u l e i n t e r p r e t e r i t s e l f i s being 
used as pa r t of a l i n g u i s t i c study of r e s t r i c t i o n s 
on word fo rmat ion r u l e s , descr ibed in Byrd(1983). 
This study should y i e l d a h i g h l y d e t a i l e d set of 
word format ion ru les which, i n t u r n , w i l l p rov ide 
the basis f o r morphological ru les to be used in 
var ious computer a p p l i c a t i o n s . 

In automatic t ex t - t o -speech synthesis systems, accu
ra te morphological decomposit ion as we l l as r e l i a b l e 
phonolog ica l i n f o r m a t i o n , such as can be s tored in 
our d i c t i o n a r y , is e s s e n t i a l . A vers ion of the 
morphological r u l e i n t e r p r e t e r has been implemented 
which can decompose an input word i n t o a base, f o r 
which a p ronunc ia t ion is known, p lus an ordered l i s t 
of a f f i x e s . See Al len(1976) fo r another approach to 
t h i s problem. F i n a l l y , w i t h a h i gh l y a r t i c u l a t e d 
set o f morphological r u l e s , i t seems l i k e l y t ha t 
t h i s technology could be used to generate words as 
r e l i a b l y as it analyses them. Such a c a p a b i l i t y 
would be inva luab le in t e x t generat ion a p p l i c a t i o n s . 
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