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Abstract

Algorithms for Arabic stemming available in two main types which are root-
based approach and stem-based approach. Both types have problems which have
been solved in the proposed stemmer which combined rules of both main types and
based on Arabic patterns (Tafealat") to find the added letters. The proposed stemmer
achieved root exploration ratio (99.08) and fault ratio (0.9).
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Introduction

Arabic stemming is an approach which goes after finding the origin (root) of words in natural
Arabic language by getting rid of any additions (affixes) in words, because Arabic words may have
more complicated forms than any other language with such additions. Changes in the forms of words
morphology have the same significance like changes in the meaning of words and they can be
considered equivalent to what is intended in retrieving information systems.

Arabic stemming algorithms can be classified, according to the desirable level of analysis: root-
based approach [1] and stem-based approach [2]. Root-Based approach uses morphological analysis to
find the root of a given Arabic word. Many algorithms have been proposed for this approach [3-5].
The aim of the Stem-Based approach is to eliminate the most frequent prefixes and suffixes [6-9].
Most of the endeavours in this area were a number of rules to attain the least number of additions
before or after the words (prefixes, suffixes), also there is no certain list of strippable of these
additions (affixes) [10].A Light stemming is one of the most superior in morphological analysis, it
passed the other algorithms in terms of performance (precision and recall) [11].

Many stemming researches were introduced to reduce words to its original root, like Khoja’s
stemmer [1], Buckwalter’s morphological analyzer [12] and the Tri-literal root extraction algorithm
[13]. The Khoja stemmer gets the highest accuracy, next is the tri-literal (triple) root extraction
algorithm and the last one is the meaning analyzer Buckwalter. In [14] a light and heavy Arabic
stemmer was introduced. Results showed that accuracy of the stemmer is slightly better than the
accuracy vielded by each one of those two well-known Arabic stemmers used for evaluation and
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1 “Arabic patterns” and “Tafealat” are used interchangeably in this research.
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comparison ((i.e. Khoja and Garside (1999), Ghwanmeh et al. (2009)). Evaluation tests on our novel
stemmer yield 75.03% accuracy, while the other two Arabic stemmers yield slightly lower accuracy.
In [15] the algorithm first preprocessed the document to be stemmed, then it matched the resulted
words against Arabic patterns to get the stems of the words. In this research, the proposed light
stemming algorithm for Arabic Languages showed better results.
Arabic Language Characteristics

Arabic language is the mother language for over than 300 million people in comparison to the
English language, the Arabic language has its own special characteristics that are diversified
[16].Arabic is a very rich and complex language. Arabic has 28 characters and is written from right to
left. Arabic language differs from English and European languages and the morphological
representation of Arabic is rather complex because of the morphological variation and the
agglutination phenomenon [17]. Arabic language is described as algebraic language which makes its
morphological analysis process very difficult and hard.
Arabic Roots and Patterns

Arabic language is based on set of roots [18]. A root is the base form of a word which cannot be
further analyzed without the loss of the word's identity, or it is that part of the word left when all the
affixes are removed. An Arabic root is an ordered sequence of three (J28) or four letters (Ji=3) from
alphabet [21]. The root has a general, basic meaning which forms the basis of many related meanings
[22]. All nouns and verbs are generated from a set of roots which is about 11,347 root distributed as
follow [18]:
e 115: Two character roots (and these roots have no derivations from them).
7198: Three character roots.
3739: Four character roots.
295: Five character roots.
These roots join with various vowel patterns to form simple nouns and verbs to which affixes can
be attached for more complicated derivations [19]. Arabic patterns are part of the Arabic grammar.
They are formed based on the Arabic root [20]. Patterns play an important role in Arabic lexicography
and morphology [19]. They are generated from the process of vocalization and affixation [23]. Each
root can canonically combine with orthographically distinct patterns to form another words, for
example, the root"—=1"is consisting of three characters root, the root "<=!" corresponds to the pattern
"J="and the pattern preserves “<”, “¢” “J” in the same order, where other letters can be added to
form another pattern. For example, several patterns are derived from the base pattern “J=& of the
morpheme “—=1", The pattern “J=&” form the word “<«=l” by adding the letter "»" to the morpheme
“2” [19]. Table-1 shows a sample of the Arabic Patterns (Three-Consonant root).

Table 1- Arabic patterns sample (Trilgtera}l roots)

Arabic Patterns
fa'ala ¥ i mustafa‘ael Judioes mafa'ael Jeldis | tafa'alon Oslads fea'altan Clcliad
marfal Jais | mustafa'aelat | <iais.. afa'al ad tafa'aln LT fa'ala ollad
mafa‘aloon | oskis | mustafaalon | Jseiies | afa'aela sadl | fafa'aelat | <lads fa'ala i
mafa'aleen | Jdeds | muiafa'ael Jeliza ifti'a:l Jazhi Fa:'il Jed fea'ali ol
mafa'alan | JMads | mutafa'alat | <ol eftea'al Jazbl | faa'aelan | (el fa'aol Jaad
mafa‘aool | Jsds mufa‘ael Jelia tafa'aul Jelis fa'ael Jilad yafa'al Jads
mafala dlaia mufa'aeloon | Sslelis | tafa'aulan | GHel fira:al Jlad yafa'alan Colady
mefa'aal Jads mufa'aelat oelda | tafa'alen Cplads fea'ala idlad yafa'alon | Osld

Variations of the root and patterns determine the actual meaning of the word. For example, the root
(ktb —5) with the addition of the letters (i ,a) gives the word (kita:b <US), which means book, | The
combination (a'a) represents the letter ' &' of the Arabic alphabet.

While the root pattern combination of (ka:tib <\S) means "one who writes™ or “clerk". There are
also some prefixes and suffixes which determine whether a word is a subject marker, pronoun,
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preposition, or a definite article. Table-2 illustrates set of derivatives patterns, its corresponding
English word, the position in the language and its Arabic patterns from the Arabic trilateral verbal root
‘ktb’ [24].

Table 2- Derivatives of the Arabic trilateral root ‘k t b’Arabic English POS Pattern Arabic English POS Pattern

Arabic English POS Pattern Arabic English POS Pattern
Kitb Write A% Fa'ala | Maktab Office N Maf al
Kita'b Book N Fi'al | Maktabah Library N Maf ala
Kita'bah Writing N Fi’a:lah | Muka:tabah Correspondence N Mufa: alah
Ka:tib Writer N Fa’il | Lktitab Subscription N Ifti"a:l
Ka:taba correspond v Fa’ala | Kita:b1 Clerical Ad Fi'ah

Arabic Language Affixes

Arabic language, unlike English, both prefixes and suffixes are removed for efficient result, but
Arabic provides the additional difficulty of infixes [26]. The difficulty arises because Arabic has two
genders, feminine and masculine; three numbers, singular, dual, and plural; and three grammatical
cases, nominative, genitive, and accusative. A noun has the nominative case when it is a subject;
accusative when it is the object of a verb; and genitive when it is the object of a preposition. The form
of an Arabic noun is determined by its gender, number, and grammatical case [25].

Stemming

Stemming is a very essential technique for processing strong morphological languages such as
Arabic [16]. Word stemming in Arabic is the process of removing all of a word's prefixes and suffixes
to produce the stem or root. Simply, it is a conversion of plurals to singulars, or derivation of a verb
from the gerund form. There are also other possibilities such as deriving the root from the pattern
words.

The importance of the stemming process is in the classification and index builders/searchers
because it makes the operations less dependent on particular forms of words and reduces the potential
size of vocabularies, which might otherwise have to contain all possible forms.

Since Arabic is complexly morphological language, so it requires a further effort of morphological
analysis, where absolutely morphological techniques are required that eliminate suffixes from words
according to their internal structure [24].

Root Extraction Stemmer

Arabic words are formed from abstract forms named roots, the root is the basic form of word from
which many derivations can be obtained by attaching certain affixes so we produce many nouns and
verbs and adjectives from the same root. A root based stemmer main goal is to extract the basic form
for any given word by performing morphological analysis for the word, Table-3 shows an example
root “—= and a set (not all) derivations can be obtained from this root [27]:

Table 3- Some derivations of the root <=l

—als —als - - gala Al

*

Play Playground Player Played Game

Khoja [1] stemmer basically attempts to find roots for Arabic words which are far more abstract
than stems. It first removes prefixes and suffixes, then attempts to find the root for the stripped form
[28].So ending up with the fact that root extraction stemmers increase word ambiguities and that
inflected and derived words can have a vigorous impact on the retrieval effectiveness of any
information retrieval system and a good stemmer should recognize the different forms of a word [29].
Arabic Light Stemmers

There are several stemming approaches that are applied for Arabic language; one of them is light
stemmer algorithm. It is not an aggressive practice as the root-based algorithm. The aim of this
approach is not to produce the linguistic root of a given Arabic surface form; rather, it is to remove the
most frequent suffixes and prefixes. In Arabic, unlike English, both prefixes and suffixes are removed
for efficient results, but Arabic provides the additional difficulty of infixes [24].
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The Proposed Arabic Stemmer
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Figure 1- Stages of the Proposed Arabic Stemmer

This research proposed an Arabic stemmer that combined the rules of root-based stemmer and
light-based stemmer to overcome the mistakes, which they are: affix removing before matching with a
Tafeala and not dealing with word of three letters length, resulted from these two stemmers as shown
in Figure-1 as follows:

Checking word's length due to number of its letters to examine three cases:

* First case: the word composed of three letters, it will be matched against tri_rootDB (this is not
done by the previous stemmers). If a match found with one of these roots the matching is stopped and
return that root, else if no match is found:-

-in situation of the word length is three letters stop matching because its roots is not found.

- Other situation the word is three letters length and it is not the original word (i.e. modified word)
resulted from either Tafeala or removing a letter from beginning or end, then a check on New Word
Database will be done as it happens in next steps and follow the same procedures.

*Second case: word’s length is more than three letters, it first will be match with Tafealat (which are
quad, penta and hexaletters) shown in Table-1. This is not done by the previous stemmers.

! The term “word” may refer either to “original word” or “modified word”
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- if a match with one Tafela is found, matching is stopped and the word’s letters correspond to “Fa Aa
La” will be extracted to be match with tri_rootDB, and if the root found the matching is stopped , else
if no match is found then repeat steps of the first case when do not matching any roots .
-If no match exists with any Tafela , one letter will be removed :-
a) Once from word’s beginning if it match one of these prefixes ('J, '<', ‘<, &', ‘¢, ‘o, '@, ', 'S, ")
and append the modified word to New Word Database.
b) and another from word’s end if it match one of these suffixes (%', ‘&', ', '), ‘<’ ') ‘&' '+',)'s') and
append the modified word to New Word Database.
If New Word Database is empty so this mean that word’s root not found and the matching is stopped,
else pull a word from database and repeat steps that have been done on the original word.
*Third case: word’s length is less than three letters, it will be discarded and repeat the previous step.
Experimental Results

The proposed stemmer has been tested on 1634 words with these Tafealat ( (Sleii (Sady (pladi J2di Jady
Jsmde (Dleld Jeli aglad Lelad alad (lady (o 5lads (y5l=s)) and the number of correctly stemmed words is 1619
words with percentage of correctness equal to 99.08 % and error ratio equal to 0.9 %. In Table-4 a
sample of words stemmed with the proposed Arabic stemmer.

Table 4- Sample of words stemmed with the proposed Arabic stemmer

Word Stemmed root | Correct root Word Stemmed root Correct root
psh o s osSle oSe oSe
Fan 56 e Csihe &b &b
Ol ai o okl ah ogah
G i z A c A gl b Gk
alac Gas Gas gTan =& 56
Conclusion

These conclusions reached from the execution of the proposed stemmer and the obtained results.
¢ Matching a word against Tafealat before removing any affixes to avoid deleting a genuine letter of
a word unlike other stemmer researches.

The proposed stemmer has been solved the situation of three letters words while most of stemming
researches like [1, 15] did not treat it. Table-5 illustrates a comparison with the stemming results
of these two stemmers.

Proposed stemmer has been tested with the same words that used for testing stemmers in [1,15].
Stemming results of [1,15] have been obtained from their papers.

It was reached experimentally that dealing with affixes of one letter length is best than that of two
or three letters as it is obvious from the obtained exploration results.

Reducing Tafealat number to as little as possible in order to include Tafealat without suffixes.

Table 5- Stemmers’ Results Comparison

Stemmer Stemming Result
Proposed Stemmer 99.8 %
Khoja Stemmer 85.7 %
[15] Stemmer 85 %
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