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ABSTRACT s e q u e n c e  of t h ree  l e t t e r s ,  called a t r i l i teral  root .  

A p roposed  "Matrix" method for  the  r e p r e s e n t a t i o n  
of the  inf lect ional  pa rad igms  of Arabic  words is 
p r e s e n t e d .  This  r e p r e s e n t a t i o n  r e s u l t s  in a 
c lass i f ica t ion of Arabic  words  into a t ree  s t r u c t u r e  
( F i g ( l ) )  whose leaves  r e p r e s e n t  un ique  
conjugat ional  or  der iva t ional  p a r a d i g m s ,  each 
r e p r e s e n t e d  in the  p roposed  "Matrix" form. 

A s t u d y  of abou t  2,500 s tems from a h igh  f r e q u e n c y  
Arabic  wordl is t  due  to Landau  <1> has  revea led  a 
sys t ema t i c  se t  of co -occu r r ence  p a t t e r n s  for  the 
encli t ic  p r o n o u n s  of Arabic  v e r b s  and  for the 
p o s s e s s i v e  p r o n o u n s  a t t a ched  to Arabic  n o u n s .  Each 
c o - o c c u r r e n c e  p a t t e r n  r e p r e s e n t s  a 
subca tegor i za t ion  f rame that  r e f l ec t s  the  u n d e r l y i n g  
semant ic  r e la t ionsh ip .  

The  key  f ea tu r e  tha t  d i s t i n g u i s h e s  these  semant ic  
p a t t e r n s  has  been o b s e r v e d  to be w h e t h e r  the  
a t t ached  su f f i x e s  re la te  to the animate or inanimate .  
In some cases  for v e r b s ,  the n u m b e r  of the sub jec t  
is also a s ign i f i can t  f e a tu r e .  T h e s e  semant ic  
f e a t u r e s  also e x t e n d  to n o n - a t t a c h e d  s u b j e c t s  and  
objects  ( for  v e r b s )  and  to p o s s e s s i v e  noun  
complements  ( for  n o u n s ) .  T h e r e f o r e  the  semant ic  
c l a s ses  p r e s e n t e d  in this  pape r  also a s s i s t  in 
s y n t a c t i c / s e m a n t i c  ana lys i s .  

The  f i r s t  applicat ion tha t  was deve loped ,  based  
upon  the p roposed  r e p r e s e n t a i o n  is a s t e m - b a s e d  
Arabic  morphological  a n a l y s e r ,  from which a spe l l  
c h e c k e r  (on a PS/2 microcomputer )  emerged  as a 
b y - p r o d u c t .  C u r r e n t l y ,  the s y s t e m  is be ing  u se d  to 
i n t e r ac t  with an Arabic  s y n t a c t i c  p a r s e r  and  the re  
a re  p lans  to use  it in a machine a s s i s t e d  t rans la t ion  
sy s t em .  

1. INTRODUCTION 

Over  the pas t  few y e a r s  the re  ha s  been a marked 
inc rease  in the u s e  of compute r s  in the  Arabic  
s p e a k i n g  co u n t r i e s .  Many appl ica t ions  p rog rams  in 
Arabic  have  been developed,  bu t  the  field of 
computat ional  l ingu i s t i c s  is re la t ive ly  new in Arabic  
and  p r e s e n t s  a un ique  cha l lenge ,  due  to the h i gh ly  
inf lected n a t u r e  of the Arabic  l anguage .  

In the p r e s e n t  work,  we have  a t t empted  to 
r e p r e s e n t  the morphological ru les  g o v e r n i n g  the  
inf lect ions  of Arabic  words  in a compact form which 
can s implify  the p r o c e s s i n g  of Arabic  words  by  
compute r s  and  which is i n d e p e n d e n t  of the a 
p a r t i cu l a r  appl icat ion.  The re  have  been o the r  
a t t empt s  to show the  con juga t ions  of Arabic  v e r b s  
<2> bu t  the t r ea tmen t  does not  delve into su f f i c ien t  
d ep th  and  not  all enc l i t ics ,  which a re  an  e s sen t i a l  
p a r t  of Arabic v e r b s ,  a re  cons ide red .  Moreover,  
the t r ea tmen t  in <2> does not e x t e n d  to n o u n s .  

By  s t u d y i n g  some 2,500 s tems out  of a h igh  
f r e q u e n c y  Arabic  wordl is t  due to Landau  <1>, 
ce r ta in  sys t ema t i c  c o - o c c u r r e n c e  p a t t e r n s  g o v e r n i n g  
v e rb  encl i t ics  and  noun  p o s s e s s i v e  p r o n o u n s  have  
been o b s e r v e d .  These  p a t t e r n s  a re  what we call 
"Matrices" in this  pape r ;  each un ique  "Matrix" 
ref lec ts  a d i f f e ren t  semant ic  behav iou r .  

To summarize  Arabic  morphology in a n u t s h e l l ,  
about  80~. of Arabic  words can be de r ived  from a 

For example , i f  we c ons ide r  the root ,~ .'. J 
(K T B) ,  we can form words s u c h  as  . 
(?aKTuB - ! wri te)  and  ~J " < (KiTa:B - book) ,  by  
s u b j e c t i n g  the root to va r ious  "forms" or "moulds" 
and  by  u n d e r g o i n g  cer ta in  morpho-phonemic  (and 
poss ib ly  also morpho-g raphemic )  c h a n g e s .  For a full 
d i s c us s ion  of t radi t ional  Arabic  morphology see <9> 
a nd  <10>. In this  p a p e r ,  we shal l  def ine  s u c h  an 
inf lected form to be a "STEM". 

T h u s  a s tem may conta in  inf ixes  and  cer ta in  
p re f ixes  which are  pa r t  of the "mould" bu t  may not 
contain a n y  s u f f i x e s .  Suf f ixes  for v e r b s  a re  sub jec t  
and  object p r o n o u n s ,  wblle for  nouns  they  are  
p o s s e s s i v e  p r o n o u n s .  

One f u r t h e r  defini t ion which is u se d  in the 
p roposed  r e p r e s e n t a i o n  is the "Core"; this  is s imply 
the inf lected form with all p r e f ixes  and  su f f i xe s  
s t r i ppe d  off. The  core may or  may not be a valid 
word. 

In comparison with o the r  work in the a rea  of 
t radi t ional  Arabic  morphology (<3>,<4>), where  the 
concern  is with the ru les  which cause  the inf lected 
form to be de r ived  from the ROOT, we have  s t ud i ed  
the ru les  g o v e r n i n g  the der iva t ion  of all poss ib le  
inf lected forms from the STEM, as  def ined above.  

2. THE MATRIX REPRESENTATION 

Sample "MATRIX PARADIGMS" are  shown in 
Fig(2) for  v e r b s  and Fig(3) for  nouns .  Ta b l e ( l )  
g ives  the k e y s  in Engl ish to the columns on the 
Matrix Parad igms .  The inf lec ted  form for a g iven  
P e r s o n / N u m b e r / G e n d e r ~ M o d e  combination for v e r b s  
(obta ined  from the r e l evan t  "row" of the Matrix 
Paradigm) is c o n s t r u c t e d  by conca t ena t ing  the 
p re f ix ,  core and  bo th  sub jec t  and  object p r o n o u n  
column e n t r i e s .  The  inf lected forms for  nouns  are  
s imilar ly c o n s t r u c t e d  for  a pa r t i cu l a r  
N u m b e r / G e n d e r / C a s e  combinat ion.  

The  var ious  "cells" of the  object p ronoun  columns 
indicate  w h e t h e r  a pa r t i c u l a r  e n t r y  is valid 
( indica ted  by "~", an Arabic numeral  one) .  Invalid 
en t r i e s  a re  indica ted  by a " ' " ,  an  Arabic zero. It 
is due to this  matr ix  of ones and  zeros that  the 
r e p r e s e n t a t i o n  was named the "Matrix Paradigm".  

3. TAXONOMY OF ARABIC WORDS 

Fig ( l )  shows a tree d iagram r e p r e s e n t i n g  the 
taxonomical c lass i f icat ion of Arabic v e r b s  and  
n o u n s .  The re  a re  d i f fe ren t  "levels" in the tree 
c o r r e spond  to d i f f e ren t  t ypes  of var ia t ions  of the 
inf lected form from one c lass  to a no the r .  The f i r s t  
type  of var ia t ion coincides more or less  with the 
t radi t ional  c lass i f icat ion and  is r e s p r e s e n t e d  at  
levels 2 and  3 for  v e r b s  and  at  level 2 for  n o u n s .  

Each Matrix Paradigm also ref lec ts  two f u r t h e r  
t ypes  of var ia t ion ,  which can be cons ide red  
s e p a r a t e l y  from one a no the r .  The  f i r s t  is the 
var ia t ion in the core with the d i f f e ren t  rows;  this  
dimension c o r r e s p o n d s ,  for  example,  to the 
t radi t ional  s t u d y  of ve rb  con juga t ions  (see <2>). 

419 



T h e  o t h e r  t y p e  of v a r i a t i o n  is t h a t  in the 
d i s t r i b u t i o n  of t h e  Matrix of  ones  a n d  zeros, which 
is essentially a variation in the co-occurrence of 
object pronouns (for transitive verbs) and 
possessive pronouns (for nouns). This variation is 
reflected at level 4 of the taxonomy. In the 
following sections 3.1 and 3.2, we will discuss the 
study of these co-occurrence patterns in more detail 
for verbs and nouns separately. 

3.1 CO-OCCURRENCE PATTERNS FOR VERBS 

On examination of the Landau <i> high frequency 
w o r d l i s t ,  the following features seemed to 
distinguish classes of verbs apart: 

i- Whether the subject is human or non-human (for 
both transitive and intransitive verbs). 

2- Whether the object is human or non-human (for 
transitive verbs only). 

3- The number of the subject (for intransitive 
verbs o n l y ) .  

in A r a b i c ,  t h e r e  is a s e t  of  ob jec t  p r o n o u n s  w h i c h  
r e f e r s  to a n o n - h u m a n  ob jec t :  (L,~, t*,~)  a n d  t h i s  
will be  d e n o t e d  b y  -H.  T h i s  Js a s u b s e t  of  t he  
comple te  s e t  of  p r o n o u n s  +H, wh i ch  d e n o t e s  h u m a n  
a n d  n o n - h u m a n .  Below, we will d i s c u s s  the  f e a t u r e s  
for  t r a n s i t i v e  a n d  i n t r a n s i t i v e  v e r b s  s e p a r a t e l y :  

(a) Transitive Verbs: 

As shown in the table below, there can o n l y  be 4 
combinations of the features +H and -H. Each of the 
feature sets in the table has been designated a 
class code. Only verbs with features corresponding 
to the feature sets B,C and D have been found in 
the Landau <i> shortlist examined. 

F e a t u r e  Set  code  ~ 
B +H +H 
C +H -H 
D +H -H 
'? -H -H 

(b) I n t r a n s i t i v e  V e r b s :  

It was  f o u n d  ou t  t h a t  t he  s u b j e c t  n u m b e r  is an  
a d d i t i o n a l  d i s t i n g u i s h i n g  f e a t u r e  for  t r a n s i t i v e  
v e r b s .  Moreove r ,  the  s u b j e c t  n u m b e r  is  s i g n i f i c a n t  
o n l y  in the  e a s e  of h u m a n  s u b j e c t s .  For  n o n - h u m a n  
subjects, t.his feature is no t  significant. 

Based upon the above observations, we will define 
the distinguishing features for intransitive verbs to 
be +H(s),+H(dp) and -H, where s denotes singular 
and dp denotes dual/plural. +H(s) and +H(dp) 
denote the sets of singular and dual/plural 
subjects, respectively. By definition 
+H(s) U ÷H(dp) -H, where U denotes the union 
of the two feature sets• The table below shows the 
possible combinations of these features; only 
features designated by A,E and F were found for 
Landau's <i> shortList. 

F e a t u r e  Set Code S. ub.~eet F e a t u r e s  
A +H(s )  U + H ( d p )  
E -H 
F +H(dp )  
? +H(s )  

3.2 CO-OCCURRENCE PATTERNS FOR NOUNS 

T h e  same  s e t  of  ob jec t  p r o n o u n s  for  v e r b s  d e n o t e s  
the  p o s s e s s i v e  p r o n o u n s  fo r  n o u n s ,  w i t h  t he  
e x c e p t i o n  of a s l i g h t  d i f f e r e n c e  in  form of t he  f i r s t  
p e r s o n  s i n g u l a r .  T he  -H s e t  is e x a c t l y  t he  s ame .  
T h r e e  d i s t i n c t  c l a s s e s  of Mat r ix  p a t t e r n s  ( s e e  
level  3 of  F i g ( l ) )  h a v e  been  o b s e r v e d  fo r  n o u n s :  

- 2 - 

(A) No p o s s e s s i v e  p ~ o n o u n s  can  be  a t t a c h e d .  
(B)  All p o s s e s s i v e  p r o n o u n s  can  be  a t t a c h e d .  
(C)  On ly  p o s s e s s i v e  p r o n o u n s  r e l a t e d  

i n a n i m a t e  ( s e t  -H)  can  be  a t t a c h e d .  
to t h e  

An additional study was made to determine what 
Number/Gender (NG) combinations are valid for a 
particular noun stem. These have been found to be 
an important feature of Arabic nouns, as not all NG 
combinations are valid for a stem. Each stem needs 
to be e x a m i n e d  s e p a r a t e l y  a n d  t h i s  i n f o r m a t i o n  is 
p u t  in to  t he  l ex i con  of  s t e m .  T h e  NG c o m b i n a t i o n s  
a r e  r e p r e s e n t e d  a t  leve l  3 of  the  t a x o n o m y ,  for  
n o u n s  ( s ee  F i g ( l ) ) .  

A l t h o u g h  t h e r e  is  no s y s t e m a t i c ,  t h e o r e t i c a l  m e t h o d  
for determining what all the different NG 
combinations are for comprehensive coverage of 
nouns, yet by examining more and more nouns from 
Landau's <i> wordlist, some form of convergence 
occurred• For the 2,500 stem shortlist, there were 
only 17 NG combinations. 

T h i s  curious feature of Arabic nouns can be mainly 
attributed to the presence of words of foreign 
origin and to the pragmatics of the noun in 
Question. 

4. APPLICATIONS DEVELOPED 

As a first application, an Arabic stem-based 
morphological analyser has been developed on an 
IBM PS/2 microcomputer. Morphological features of 
the  word  a n a l y s e d  are c o m p u t e d .  

As a b y - p r o d u c t  of  t he  a n a l y s e r ,  a n  A r a b i c  s p e l l i n g  
verifier has been developed, by including 
unification of the morphological and co-occurrence 
features of the morphemes. 

The system is currently being developed for use in 
the interaction with an Arabic syntactic parser. 
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F I G ( I ) :  T r ~  S l r , t t e l u r e  C l ~ l f l ~ , t i o ~  o f  t l ~  A n ~ b l c  l * m ~ . ~ a  

Lai l t  L~ t  t e ~  G l o t t a l l z e d  

LEVEL 1 

LF, V E L  

I ( p e a t u m s a  C )  ( S p e c i a l  F e a t u r o l  (Speciel P e a t u r @ s )  ----_ 
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T A B L E  (1) 

KEY T O  COLUMNS O N  M A T R I X  P A R A D I G I M L S  

. . . . . .  i . . . . . . .  ', . . . . . . . . . . . . . . .  f KEY DESCRIPTION 
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1 MODE for Verbs: 

I n d i c a t i v e  ( I ) :  , . a :  

S u b j u n c t i v e  ( S ) :  . o ~  

J u s s i v e  ( J ) :  ~ . ~  

CASE f o r  N o u n s :  

Nominative (N): ~2 

Accusative ( A ) :  

Genitive ( G ) : 
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P e r s o n - N u m b e r - G e n d e r  ( V e r b s  o n l y )  

P r e f i x  

C o r e  

S u b j e c t  P r o n o u n  ( f o r  v e r b s )  

C a s e  E n d i n g  ( f o r  n o u n s )  

O b j e c t  Pronoun ( f o r  v e r b s )  

Possessive P r o n o u n  (for nouns) 

Number and Gender (Nouns only): 

Masculine Singular 
Masculine Dual 
Masculine Plural (Sound) 
Feminine Singular 
F e m i n i n e  D u a l  

Feminine Plural (Sound) 

Definite/Indefinite (Nouns only) : 

Definite: ~0"-, 
Indefinite: ~-~ 
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