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ABSTRACT

This study was based on a major assumption that the
lexical structure of Arabic textual words involves
semantic content that could be used to determine the
class of a given word and its functional features within
a given text. Hence, the purpose of the study was to
explore the extent at which we can rely on word
structure to determine word class without the need for
using language glossaries and word lists or using the
textual context. The vresults indicate that the
morphological structure of Arabic textual word was
helpful in achieving a rate of success approaching 79%
of the total number of words in the sample used in the
study. In certain cases, the approach adopted in the
investigation was not adequate for class tagging due to
two major reasons, the first of which was the absence of
prefixes and suffixes and the second was the
incapability of distinguishing affixes from original
letters. It was concluded that the approach adopted in
this study should be supplemented by using other
techniques adopted in other studies, particularly the
textual context.

Keywords Arabic Language Processing, Word Class
Tagging, Part-Of-Speech Tagging, Morphological
Analysis.

1. INTRODUCTION

Arabic differs from other languages, like English, in its
morphological and semantic structures. It is a derivative
language in which the basis of word formation is a root
(usually trilateral or quadrilateral). Lexical and textual
words are formed by applying a set of grammatical and
morphological rules. The language is characterized by
certain features that attract the attention of researchers
in the field of natural language processing. But, while
these features provide a formal basis for devising sound
computational techniques and algorithms, they impose
serious limitations in certain aspects of computation.

This study is intended to determine word classes in a
non-vocalized Arabic text on the basis of morphological
analysis of textual words. Computer-based processing
of Arabic involves four major levels of computation:
lexical analysis, morphological analysis, syntax
analysis, and semantic analysis. Word class tagging is

basically related to the first two levels of computation
which focus on the structure of words as opposed to the
last two levels which emphasize the structure and
meaning of sentences in the language.

The major assumption underlying this study is that the
lexical structure of Arabic textual words involves
semantic content that can be used to determine the class
of a given word and its functional features within a
given text. Hence, the purpose of the study is to explore
the extent at which we can rely on word structure to
determine word class without the need for using
language glossaries and word lists or using the textual
context. Consequently, the study addresses the
following three basic research questions:

1.To what extent we can rely on each type of word
affixes (be it grammatical or semantic) to determine
word class and word linguistic features?

2.When do we need to refer to the standard
morphological forms (known as awzan) and the
associated morphological affixes to determine word
class and word linguistic features, and to what extent
we can rely on that?

3. When does the word class tagger fails to determine
word class based on word affixes, and what kind of
problems are encountered?

Given these questions, the study attempts to build a
model of morphological analysis, and wuse it for
identifying Arabic word classes within non-vocalized
text in accordance with the taxonomy used for
classifying Arabic textual words. At the upper level of
this taxonomy lies the classical classification of Arabic
words into three major classes; namely: verbs, nouns,
and particles.

Each class is further subdivided into a number of
subclasses. A verb must belong to one three categories:
past, present, or imperative. Nouns, on the other hand,
are handled, in this study, under the following
categories: infinitive nouns, epithetic infinitive, active
participle, passive participle, assimilated adjective,
superlative nouns, relative nouns, nouns of place, nouns
of instrument, generic nouns, and proper nouns.

2. RELATED WORK
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Many research studies have addressed the issue of
automatic part-of-speech tagging in many languages,
especially English. Some of these studies date back to
the early days of computer application in the field of
computational linguistics.

For instance, Klein and Simons [10] conducted an
experiment to classify English words in a large text.
When an unknown word was found, its immediate
context was tested by applying a set of contextual rules.
They reported a success of 90% of words in the
analyzed text. Likewise, Baxendale and Clarke [3]
adopted a similar approach. Words which were
unknown to the algorithm or not found in special-word
dictionaries, were classified as verbs or nouns by
relying on contextual information such as number
agreement.

These early studies laid the foundation for many other
research works that came later, most notably those
reported by Eklund [5]. The strategy adopted in
Eklund’s study relied on storing words and their
associated features in a special dictionary. Searching in
the dictionary for a given word takes place using the full
word. If this fails, a stripping technique is applied. The
leftmost letter (left stripping) or rightmost letter (right
stripping) would be removed and searching is repeated
for the remaining. The results indicated that this
approach was successful in tagging 94% of the words
used in the study.

Automatic Arabic part-of-speech tagging has not
received considerable attention in the literature of
natural language processing. The earliest attempts in
this regard seem to have come in the context of syntax
analysis such as the study conducted by Ibrahim [8]. In
his study, the author outlined the rules of word tagging
that was needed for syntax analysis. He showed that the
semantics of grammatical affixes provide a good basis
for assigning words to class categories. He also
recognized the importance of standard morphological
rules in this regard.

A number of studies have recently been reported in the
literature. Some of which came in the context of
automatic lexicon generation, such as the investigation
reported by Abuleil and Evens [2], who used three
techniques: finding phrases, affix analysis, and word
pattern analysis, and the investigation reported by
Farghali and Sennelart [6].

Other studies reported the results of developing Arabic
word taggers. The investigators of these studies
attempted various strategies, including: lexical database
lookup [7][11], lexicon lookup combined with
contextual analysis [13], word affix and pattern analysis
combined with user feedback and contextual
information based on some keywords [1], finite-state
machines [12][4], and combined statistical and rule-

based techniques [9]. Unlike other studies, Talmon &
Winter [12] developed a computational system for
morphological tagging of the Holy Quraan only.

Not all authors have reported the level of accuracy
achieved in their investigations, but various approaches
have demonstrated different levels of success in word
tagging. Based on the available figures, the reported
levels of accuracy ranged between 90% and 97%. It is
beyond the scope of this paper to go into more details
about all these studies, but it informative to review a
few of them.

Khoja [9] developed a tagger using a combination of
statistical and rule-based techniques. Using a corpus of
50,000 words, she derived a lexicon to be used in the
initial step of tagging. If a word is not found in the
lexicon, it is stemmed. Affixes and patterns were used
to help determine the tag of the word. A statistical
tagger, based on lexical and contextual probabilities,
was used for ambiguous words. Tests showed that this
technique achieved an accuracy of 97% using a
dictionary of 4,748 roots.

Abuleil, Alsamra & Evens [1] developed a learning
system that can identify Arabic nouns and produce their
morphological information and their paradigms with
respect to gender and number depending on suffix
analysis, word pattern analysis, and user feedback. They
also used certain keywords in the context to make
judgments about the classes of words in the text. The
system was able to make 90.2% correct judgments, of
which only about 36% as a result of using
morphological analysis.

Von Mol & Paulussen [13] adopted a two-step word
tagging procedure. For the first step, they built a lexicon
of all morphological standard patterns and their
variations with respect to morphological and
grammatical prefixes and suffixes. A given textual word
is first matched with the entries stored in the lexicon in
order to retrieve the tags and other lexical features. If
this step fails, the tagger uses the available contextual
information depending on the location of the word in a
given textual context.

3. AFFIX STRUCTURE

As stated earlier, the major assumption underlying this
study is that the affix structure of Arabic textual words
involves substantial semantic content that can strongly
guide our judgment in determining the class of a given
word and its functional features within a given text. As
Figure 1 shows, Arabic words are composed of three
morphological levels: root, lexical word, and textual
word.

Textual Word

Lexical Word
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Figure 1: Morphological Levels of Arabic Words

The root represents the basic level from which words of
the lexicon are formed according to a set of
morphological standard patterns. As Figure 2 shows, a
lexical word is composed of a root plus zero or one
lexical prefix, zero or one lexical suffix, and zero to two
lexical infixes. A textual word is composed a lexical
word plus zero to three grammatical or contextual
prefixes along with zero to four grammatical or
contextual suffixes.

Textual Word

l ,, l

Grammatical Lexical Word Grammatical
Prefixes”? Suffixes™’
l v l
: [Root .
Lexical 07 Lexical
Prefix"! Infixes Suffix"!

Figure 2: The Morphological Structure of Arabic Textual
Words

Given this morphological structure of Arabic textual
words, the researchers also recognized the fact that
grammatical prefixes and suffixes are combined in
different ways where more than one single prefix or
suffix is added to a lexical word. As an example, we
show in Table 1 and Table 2 how two-part grammatical
prefixes and suffixes are formed. The same trend was
noticed in respect to the relationships between
grammatical prefixes and suffixes. A given grammatical
prefix occurs with only a small set of grammatical
suffixes.

Table 1: Double Occurrences of Grammatical Prefixes

Prefix | | | |«|a|ws|a]|d]d s |ds
j X x| x| x|x|x|x|x]|x]|x
"E X
[ad}

o X X X X
[ X x| x|x x| x| x|[x|x|x
d X X
d X X X x| x
4] X
K) X x| x| x|x|x|x|x x| x
é
J
's

Table 2: Double Occurrences of Grammatical Suffixes'

Suffix | | [&|d] o] ]3] ]| ||| |walo|a S o8
) X[x[x[x X|x|x X|x|[x|x|x|x
< X |x X X X |x
&

O X X X X|X|[x[x

[

3

K] X X[x|x X X|x|x
¢ X[x|x X X

<) X X|x|[x|x|x|x
A |x X

u x| x X x|x|x|[x]|x
u X X X|x|x|x]|x
8X] X X|[x|x|[x

"] X X[x[x|x

Having established these intra- and inter-relationships,
the next step was identifying the contribution of these
prefixes and suffixes in word tagging. Some of these
affixes rarely occur in the formation of textual words
and, hence, might not contribute much to the tagging
process.

A number of grammatical affixes provide strong
indications for certain classes of words, while some
others can only be taken as providing weak clues for the
word tagger. Table 3 presents an example of the role
played by grammatical affixes in identifying verbs and
nouns.

Based on this analysis, the authors believed that the
information provided by grammatical affixes would be
useful but not sufficient to determine the exact part-of-
speech label within the two major categories: nouns and
verbs. Similar analysis had to be performed on lexical
affixes, as determined by the Arabic standard patterns.

' Note that some grammatical suffixes are omitted from
the table rows, because they are not followed by any
other grammatical suffixes
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Certain lexical prefixes or suffixes come with certain
classes of words. The lexical prefix "must" ("<—e"), for
instance, comes only with nouns. When combined with
a given infix, a lexical prefix can help determine the
word tag with high certainty.

Table 3: The Role of Grammatical Prefixes and Suffixes in
Identifying Verbs and Nouns

Prefixes Suffixes

High Low High Low
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However, as Table 4 indicates, the analysis of lexical
affixes showed that none of the lexical prefixes or
suffixes can be a determining factor in the tagging
process. Therefore, we had to further examine the
relationships between grammatical prefixes and lexical
prefixes and how they can contribute to the word
tagging process. Likewise, we examined the
corresponding relationship between the lexical suffixes
and grammatical suffixes. Furthermore, we explored the
kind of information that can be provided by the
presence of combinations of prefixes and suffixes.

Table 4: The Role of Lexical Prefixes in Identifying Word
Classes

High High
Class Class Certainty | Certainty
. ed\ o el ‘f:'
Verb J=d - -
Infinitive -
e - u\ el
noun
Epithetic Dhae ) e
infinitive selia ©
Passive i ) P PRICIVENCINGY
participle s
Active Jeli o ) ‘ale (Cia (e
participle PR
As'51m{lated IR ) e d
adjective
Superlative i ) i
noun
Relative O ensia ol ) i
noun m e
Noun of Ol )
place O £
Noun of -
adl .l -
instrument e ¢
Generic
(PS{IA)] -
noun e e £

4. THE TAGGING PROCEDURE

The research approach adopted in this study is based on
four basic steps of analysis that makeup the framework
of the processing heuristic (see Figure 3).

Given a textual word W for which the class tag is to be
determined, the analysis process starts by checking if W
is one of the particles listed in the list of articles,
pronouns, and similar words that have no
morphological basis in Arabic. If W is not a particle, its
grammatical prefixes and suffixes as defined by
grammarians (such as connected conjunctions,
prepositions, and the definite article) are identified and
used in the analysis.

If this type of affix analysis fails to provide a
satisfactory result, W is exposed to further affix analysis
based on the lexical structure entailed by the standard
Arabic morphological forms, a structure which involves
prefixes, infixes, and suffixes. In certain cases, the
length of W is needed to determine its standard form.

The approach described above is supported by a number
of data tables that are essential for identifying the class
of a given word and its semantic features. The tables
included a list of prefixes, a list of suffixes, a list of
standard forms, a list of relations between prefixes and
suffixes, and a list of particles. All lists are represented
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in such a way that can lead to efficient access (namely,
binary search).

The information given under each affix entry includes:
affix letters, affix type, length, possibility of conflict
with original letters, word class, gender, number, state,
and relationships with other affixes.

Extract Sample
Word < Text

Search for Word in|4— |

List of Particles

List of
Particles

Grammar.

Y
Examine Suffixes
Grammatical &
Prefixes & Suffixes Prefixes

Y
Examine Lexical
Affixes

l

Examine
Relationship b/w Gr.
and Lexical affixes

!

Examine Word

Lexical [Standard
< Prefixes &Morpho.

Length

Pl
<«

A 4 A 4

Successful Process Failed
Tagging

Figure 3: The word tagging procedure used in the study

5. RESULTS AND DISCUSSION

To test the assumptions underlying this study, the class
tagging approach outlined above was translated into a
program written in C++. Two samples of Arabic text
were selected for analysis and testing, the first
comprised 2000 words, while the other sample
comprised 1,500 words. To verify the results of the
program, the two samples were analyzed by hand. Table
5 and Table 6 show the results of this manual analysis.

Table 5: Classes of words in the sample as determined by
manual analysis

'Word Class Number %
Past Verb too YY.0
Present Verb You Ve
Imperative Verb : <0
Infinitive e AR
Generic Noun vy AR
Proper Noun ARAY Y
Relative Noun Yay AEA
Assimilated Adj. A Y AA
Active Participle VYA oA
Passive Participle AA Y.e)
Superlative Noun YA <0
Noun of Place YA VooA
Epithetic Infinitive £ CAR
Noun of Instrument 0 0.0
Particles avy vy
TOTAL Yo A

Table 6: Classifying words in the sample with respect to the
presence of affixes

'Word Category Num %
Words Starting with
\Grammatical Prefixes

\Words Ending with
\Grammatical Suffixes
'Words with no Grammatical

Y104 £V .

Yyto Y YA

v V4.0
Affixes
'Words Starting with Lexical v.q Y. 10
IPrefixes
'Words Ending with Lexical 5o \ oy
Suffixes )
'Words with no Prefixes and iy VY £

Suffixes

The results of the program showed that the word class
tagging approach used in this study succeeded in
categorizing the majority of words into the three
classical categories: verbs, nouns, and particles. As
Table 7 shows, it was able to recognize 88.46% of the
nouns contained in the text and 84.11% of the verbs.
Since particles were recognized on the basis of a lookup
table, the automatic tagging procedure reported
complete success in handling this class of words.

But, when further analysis was carried out to determine
the exact word class within these categories, the
program was able to achieve a rate of success
approaching 79% of the total number of words in the
sample. Table 8 shows the results of the automatic
tagging procedure developed in this study in
comparison with results determined by the manual
analysis. It was able, for instance, to achieve a rate of
success in identifying infinitives of about 78%, of
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which about 57% with high level of accuracy and about
21% with low level of accuracy.

Table 7: Results of the tagging procedure in recognizing the
major word classes

Ma““?‘ Automatic Analysis

Analysis
Class

Number | Number Accuracy

Rate

Nouns YAVY Yio AN £
\Verbs Y.o oqy ALY,
'Verbs/Nouns - 4A Y.A0%
Particles vy avy Yo%

Table 8: Performance of the tagging procedure in determining
noun categories with high certainty or low certainty

Automatic Automatic
Manual | ;. . .
. | High Certainty | Low Certainty Total
|Analysis
Nouns n
|Accuracy) ceuracyl
Num | Num Num 0 Num
% % %
Infinitive £1¢ At oV Y'Y v Yo qu ¥y YA XYY
Generic evy | ag | vyve | vae | ge v | YAR | t1Ad
Noun
Relative Yav | oeq | YaA [ YAy | vy | ovey | Ay
Noun
Assimilated) oo | oy | vys | gy | vove | ay | avoas
|Adj.
Active VYA Y YAY [ VY | tevy | M | vtAe
IParticiple
Passive AA §¢ o ¥y | vvoe vy | Av.eg
IParticiple
Superlative| . . ve | yvvy | ove | vvvy
Noun
Noun of YA YY | ov.Ad . . YY | ov.Ad
IPlace
Proper WO ¥ | e | . | VTeA
Noun
Epltl!e.tlc ¢ . . ¢ Yoo H Vv 00
Infinitive
Total VAVY | eve | Foun | SAY | ¥REA [ VYoV | tV.ve

As we examine the errors made by the tagging
procedure, the results indicate that the morphological
structure of Arabic textual word is not adequate for
class tagging in certain cases. This can be attributed to a
number of reasons. The first is the ambiguity resulting

from having certain prefixes or suffixes that are
identical to original letters in some textual words.

Errors in this category constituted 7.75% of the total
number of erroneous results. The second category of
errors (which constituted about 11.4% of the number
words in the sample) resulted from the absence of
grammatical and morphological affixes to be used in
determining word classes. The third reason is that some
prefixes and suffixes are applicable to both nouns and
verbs, which reduces the possibility of making the right
judgment.

6. CONCLUSION

If a human is given an Arabic text and asked to find out
the part of speech for each word in the text, s/he will
use a number of sources of information to do so. The
most important of these sources is the cognitive lexicon.
Other sources evolve around the information provided
by the lexical structure of words, the syntactic structure
and the textual context. Previous research studies have
attempted to use all these sources for word tagging. In
this study, an attempt was made to see how far we can
rely on the affix structure of Arabic words in automatic
part-of-speech tagging.

Maintaining a huge lexicon of lexical and semantic
information involves a high cost. On the other hand, the
information embedded in the text itself could be treated
as a major source of information in word tagging.
Starting from this assumption, the investigation was
carried out using a procedure devised by the authors
based on the well established taxonomy of Arabic
words.

Given the size and type of sample used and the program
implementation of the algorithm, we may conclude that
the morphological analysis of word affix structure can
be used successfully for determining a high percentage
of word classes.

However, in certain cases, the approach adopted in this
investigation was not adequate for class tagging due to
two major reasons, the first of which was the absence of
prefixes and suffixes and the second was the
incapability of distinguishing affixes from original
letters. The results suggest that we should supplement
this approach by using other techniques adopted in
other studies, particularly the textual context.
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