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Abstract— This paper proposes a new stemming algorithm for
rooting Arabic words and attempts to solve the polymorphism
problem of the word itself by returning it to its root.

The proposed algorithm will be based on introducing new rules
of patterns that increase the efficiency of word identification.
Also, this algorithm will contribute to enhancing the efficiency
and speed of information retrieval in search engines. Using these
rules, he can determine whether a sequence of suffixes is part of
the real word or not and remove it.

In this research, a new tool was also developed that allows the
user to use any dataset written in Arabic and implement the
derivation on it to check the new stem.

To ensure the effectiveness of the proposed algorithm by
derivation accuracy test was tested by applying the proposed
algorithm to various texts, and then it was compared with
Khoja's and a previous algorithms, which were applied on the
same data. The results of this research indicated a good
improvement in the accuracy of stemming.

I. INTRODUCTION
There is very little research in the area of Arabic computing,
and the problem is that non-Arabic researchers do most of the
research. Those researchers lack extensive knowledge of the
Arabic language itself. These research leads to dead ends or
very low and unsatisfactory success rates. One of the most
important areas that require intensive research in the
specialization of the Arabic language is the field of
information retrieval systems.
Information Retrieval (IR) is the art and science of searching
for information in documents, for documents themselves or
for information describing documents, or searching databases,
etc., according to user's need. The main purpose is to retrieve
what is useful and to exclude what is not [1].
Stemming techniques are used to increase the effectiveness of
information retrieval. Stemmers are essential elements of
query systems, Search Engines, classification, and information
retrieval systems. Stemming in retrieval systems removes
additions from the word to extract its basic formula. The
resulting basic formula may not be the lexical root itself, but
may be the maximum number of common characters between
words [2].
Stemming has two basic types: Root stemming, where the
word comes back to its origin by removing all additives, and
light stemming which removes fewer additions [2].
The importance of stemming in information retrieval systems
has been pointed out by Lennon et al., Which summarizes its
usefulness in two points: first, stemming reduces the total

Dr. Shkelgim Hajrulla
Dept. Computer Engineering
Epoka University Albania

number of unique terms and thus reduces the size of the
resulting index, as well as that common and similar words in
general have a similar meaning. Therefore, retrieval becomes
more effective by combining these terms and making them a
single term that expresses the common meaning [3].

In practice, the stemming benefit is that the extracted roots are
used in text compression, text search, spell checking,
dictionary search and text analysis. On the other hand, the
removed additions are used to determine the grammatical
structure and this is very important for linguists [4].

The impact of stemming on the effectiveness of information
Retrieval systems has been the focus of many researches, Of
these studies [5] [6] [7].

Il. RESEARCH OBJECTIVE

The importance of effective stemming techniques has
increased with the huge growth of Arabic content. Many
techniques and stemmers have been developed for the Arabic
language, but they still suffer from weaknesses and many
problems that need to be solved to develop the information
retrieval process. There are many challenges that need deep
analysis.

Many retrieval applications use the stemmed word to make the
search scope wider and larger in meaning, thus ensuring the
largest number of relevant and close matches are included in
the search results.

When the retrieval system deals with the word without
stemming, the word itself will have many different images
(morphological variants) and this uses a considerable storage
and processing time. Stemming can develop the process of
retrieving linked documents, reduce the size of the index, and
make query terms more focused on the meaning of the term
and its related terms and less focused on the matching of
characters.

I11. ABOUT ARABIC LANGUAGE

Arabic is one of the most difficult languages - written and
spoken. On the other hand, it is one of the most widely spoken
languages in the world with more than 400 million speakers as
a first language and more than 250 million as a second
language. The Arabic language differs from other languages
syntactically, morphologically and semantically. The Arabic
language belongs to the Semitic languages family, where most
of its words are built from the roots by following fixed
measurements or known patterns, which makes Arabic
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different from other languages - being derivative - while most

other languages are concatenative, such as English. That is,

parts of the word are interrelated sequentially [3] [4].

Arabic language challenges in the field of information

retrieval systems can be resumed in the following points [2]:

e Morphological change: is a change in the form of the word
itself by adding suffixes or prefixes or any additional
letters.

e The phenomenon of stacking, which changes the shape of
the letters according to their position in the sentence.

e The abnormal plural of nouns takes a morphological form
different from the singular form of the word.

e There is no separation between the word and its prefixes
nor its suffixes e.g. the phrase "You asked me" in Arabic is
n‘ﬂf‘ﬂi_un-

e The word takes more than one meaning in different
contexts although it has the same pronunciation and
writing, for example: "' may come in the sense of
yellow metal (gold) in the case of a name, and may come
in the sense of (go) in the case of a verb.

e Many words refer to the same meaning, e.g. " « ob ¢« b
524" which mean "Appear".

e The meanings of words vary depending on their
grammatical status, such as being genitive or subject.

e The Arabic language lacks a sufficient comprehensive
source as a kind of database (corpora) for all Arabic
vocabularies, such as the English WordNet database.

Stemming Techniques

Light stemmers are based on the process of removing
prefixes and suffixes, depending on tables of prefixes and
other tables of suffixes that vary from one algorithm to
another. This results in correct or incorrect roots, according to
the depth of the study and the order of removal of these
additions. These algorithms do not look at infixes, or try to
match them with patterns. The aim of these algorithms is to
reach the stem that is closer to the meaning of the word itself,
without trying to find the linguistic root. These algorithms
increase the size of the index significantly as a result of the
repeated occurrence of the word itself in several close forms
[8].

Root-based Technique depends on the patterns of the
Arabic language and morphological analysis of the word. It
removes all additions related to the word (prefixes, suffixes,
infixes), and matches it with the Arabic patterns to produce
linguistic root. This process combines largest similar number
of words in a single entry in the index, so humber of index
entries are reduced and that may increase the response speed,
but on the other hand it strips the word of its contextual
meaning [9].

IV. RELATED WORK

The researchers (Khoja and Garside, 1999) in the study [9]
designed a morphological analyzer; based on the rules of
morphology and Arabic patterns. It follows this procedure:
Remove diacritics representing vowelization.
Remove stopwords, punctuation, and numbers.
Remove definite article "J\".
Remove inseparable conjunction ™"
Remove suffixes.

SR A

6. Remove prefixes.

7. Match the extracted root against a list of patterns. If a
match is found, then extract the characters in the pattern
representing the root.

8. Match the extracted root against a list of known "valid"
roots.

9. Replace weak letters "¢ ¢\ with "'

10. Replace all occurrences of hamza ' J‘LS‘¢" with "

The researchers in the study [11] in 2005 created a stemmer
called ISRI that extracts the roots but without using the root
dictionary.

The study of [12] in 2014 used a hybrid method in an attempt
to overcome the obstacles found in current stemmers. This
hybrid method includes two models: light stemming and look
in tables.

However, the researcher of [14] in 2016 has proposed an
Arabic stemmer that combined the rules of root-based
stemmer and light-based stemmer. This research achieved
good results, but it applied the rooting algorithm to single
words and not to an integrated text.

In a previous research [15] 2022 the researchers proposed
new algorithm to improve root-based stemmer and they
achieved an important progress. Nevertheless, the study did
not take into account the abnormal rules in the Arabic
language, such as cracked plurals.

V. THE PROPOSED STEMMER

In this research, a modified algorithm will be proposed
to solve the problem of some words that may cause confusion
in the rooting process like cracked plurals. The index will be
expanded. Where words that may cause a stemming error will
be added. Those words will be named special words. So that,
the rules of root-based stemmer and light-based stemmer will
be combined.

The working mechanism of this research is divided

into two phases: The first phase includes preparing the text to
be entered into the second phase for applying the stemming
algorithm.
The first phase algorithm is shown in the figure (2). In the
first time, the text sentences will be divided into words. Then
the text will be unified, common and special words will be
excluded and the last process before applying stemming
algorithm is excluding strange words.

The process of text unification achieve the following :

e Remove stress and diacritics.

e Remove punctuation.

e Remove characters that are not Arabic letters such as
numbers.

o Replacing several forms of the letter with one image
in general, such as replacing the letter “P with its
forms “I”, “/, “P” with “/” and replacing the “s” with
“s” at the end of words.

The common words that will be excluded are the separate
nominative and accusative pronouns), Imperfect Verbs, Sign
names, Conjunctions, Adverbs, etc. Approximately, 210
common words have been listed in this research. Regarding
special words, we searched for all cracked plurals in Arabic
and found 420 words. We also found about 20 words that
represent the plural noun, that is, a word that has a plural
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origin and cannot be converted into a single word of the same
pronunciation.

However, strange words are like months, days, country’s
names, etc. About 300 strange words have been collected.
The second phase is dedicated to apply the stemming
algorithm. In order to get the best results, we have taken into
consideration the Khoja algorithm’s steps and some ideas that
discussed in other algorithms as a basis for this work [15] [17]
[18] [19]. In the previous related studies, we observed that
removing affixes before performing morphological or
grammatical analysis can caused removal of original letters
from the word and thus deviates stemming process from its
primary purpose. In the previous study [15] grammatical
checks prior were performed in the goal to improve stemming
results. The stemming algorithm of the previous research was
as shown in figure (1)

Word pattern
matches any
of the

We take letters of the Arabic
mizan J¢ < from the word

Repeat

Word is not recognized

Remove suffixes and
prefixes in length 3/2/1

Fig. 1. The stemming algorithm of the previous research

However, that study has faced several problems: the
first problem was getting the correct singular for cracked
plurals, so we created an index containing these words and the
second problem was dealing with words containing three
letters. Finally, the problem of processing time, as it was
remarkably long when applying the algorithm before
modification.

The proposed algorithm for this paper are shown in the figure

(2):

Wiord couldn't be
stemmed

Fig. 2. The proposed algorithm for this paper

The steps of the second phase can be explained as
follows:

1. Testing if the word has three letters, if yes, we have
now the test if it is a verb or a noun. When the word is in the
first of the sentence then the word will be considered as a
verb otherwise the word will be considered as a noun. If the
word in the first of the sentence and start with “<3” or “(¢” it
will be consider as a verb in present that derived from a past
verb with a vowel in the middle, which is the letter “_¢’, for
example "
We know that the method adopted in this research will not
produce 100% correct results, but it will improve the results
of the previous search, which completely excluded working
with three-letter words.

2. Testing if the word is matched with one of the patterns,
and if it does not match any pattern in the patterns’ group
shown in Table 1, the process of removing affixes will start.

iy et g” oMb g ecgy” ¢ Meua g cond' etc.

Length Patterns
4 Und- lad Jund-J g2d-Jria-Jlad Jadi Jrd- Jadl-Jold
“Jlaie-J gaie-Jaite Jriie Jaiie-Jelia Jladl-Jrii- Je i il Jai)
5 ~Jladl- s Jilad—J go - Jaidi Jadiy- Je Bl-Jeo | e Dad-(Slad
Jlrd_ e
6 -de gadl-JadiunJae i Jaitue Je lta- Sl Jlatil- Jladil- Jaiio)
7 Jlaind)

Groups of Arabic Patterns used in Algorithm
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3. Removing prefixes and suffixes in length of three then
two then one as shown in Table 2 starts respectively.

4. Retest matching with patterns.

5. Restart with new word until finishing all words in the
taxt.

Affixes
l—g-—C—g—s—p——w-d

prefixes P1

P2 | @s—ds—dB-Jd-J

P3 | Jé—db—ds—dis-dis

suffixes S1 | g-loa—dos—s—3

S2 | —b bbb S G- - s
Bl oS

S3 | JS— i b Jw— d

b Groups of Arabic Affixes used in Algorithm

VI. RESULTS
In the goal of realizing the algorithm, Java
programming language was used on several Arabic

paragraphs. In order to diversify the tested words, several
topics have been selected such as topics that talk about
economics, sports, education and several more.

Those paragraph have been chosen from data sample
called OSAC (Open Source Arabic Corpora) [14], which is a
database containing articles in Arabic in various scientific,
political, sports and economic fields for the purpose of this
research three paragraph were chosen containing 1558 words.
To clarify the results presented by this research regarding the
validity of the rooting process, we will present the example
shown in Table 5. We used a list of terms as a sample, which
is the same sample used in [9,13], then the derivation process
was tested using the derivation algorithm (Khoja), the
previous and the algorithm proposed in this research.

The results after applying the proposed algorithm
were compared with Khoja and previous algorithms results.
The following table shows some examples of those results.
We can consider that the word stemming using proposed
algorithm lead to better results than Khoja algorithm and the
previous algorithm (fault stemming words are red and
underlined)

gsis s oSS Osis
o <& oo s
z8’] T8 $x 89
Gsaaliia ped o3 pe
L == R= o=
dusd lea lea ea
caly sl sl sy
) e e S

¢ A comparison between stemmers

Other results that we obtained are shown in the following
table:

criterion Khoia Previous Proposed
) algorithm algorithm
Total number of words 1558 1558 1558
Number of stop-words 354 480 480
Number_of stop-words 410 536 536
with s, s
Number of strange ) 79 79
words
Number of special
- - 23
words
Number of both stop-
words, special and 410 615 638
strange words
Number of stemmed 1148 043 920
words
Deduction percentage -26.3% -39.5% -40.9%
Stemming time 42 sec 35 sec 23 sec
Number of correctly 640 709 867
stemmed words
Stemming accuracy 56% 75% 94%

d A comparison between previous algorithm, Khoja and proposed algorithm.

The results show that Khoja could not always arrive
to extract the correct root of the word. In many cases, it
produces an entirely new word, often wrong and does not exist
in Arabic language. The previous stemmer algorithm succeeds
to extract the right root of the word and effectively removes
all affixes and do not remove any original characters from the
word but it does not treat the three letters words correctly.
While the proposed stemming algorithm deal more efficiently

The word khoja Previous Proposed with the three letters words and exclude special words from
Alaaioats Aaaiclh Jac Jae text. . -
- In order to analyze the results we obtained, we will
clbisall ] < < start with the percentage of word reduction that the first stage
T 3= 3= i< will lead to for gach of the algorithms. So that the deduction
percentage equation can be used:
e sia s g g5
g dda dda 2da . sw—-w
" Percentage of deduction = [ ] *100% 1)
Gkl Gt 52 G
@ G G G .
SW: number of words after removing stop-words and
dad ds ds ds common, special and strange words
S gen gen gen W: total number of words
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0.00%
Algorithm name

mKhcja mPrevious m Proposed

Fig. 3. deduction percentage.

35
30
25
20
15
10

5

o

Algorithm name

Time (sec)

mKhoja mPrevious m Propcsed
Fig. 4. Processing time.

The greater the deduction percentage in absolute terms, the
better it is reflected in the information retrieval system, as the
volume of processed information decreases, and thus leads to
an increase in the speed of obtaining the required results. As
Figure 3,4 shows that the proposed algorithm gives better
results in deduction percentage and processing time.

In order to evaluate the performance of the proposed
stemmer. Accuracy of stemming is defined as:

correctly stemmed words

A =
ceuracy total stemmed words  (2)

We got a total of 867 correctly stemmed words out of 920
words that entered the stemming process according to the
proposed algorithm. While using previous algorithm we got
about 709 correctly stemmed words out of 943 when applied
to same data set. However, Khoja gave back about 640
correctly stemmed words out of 1148 when applied to same
data set. As consequence, the different accuracies are
displayed in figure (5).

100%
90%
80%
70%
60%
50%
40%

Accuracy

20%

10%

Algorithm name

m Khoja M Previous mProposed

Fig. 5. the accuracies of the three algorithms.

Corrected stemmed words factor (CSWF): It is the
percentage of correctly stemmed words relative to the number
of words stemmed by the stemming algorithm. The higher the
ratio, the higher the accuracy of the stemmer. We obtained
this ratio by applying the stemmer to a data sample: OSAC
(Open Source Arabic Corpora) [14], a database containing
articles in Arabic in various scientific, political, sports and
economic fields, the result was 94%, which is higher than the
percentage obtained by Khoja algorithm which is 56% [16],
and in previous algorithm which was 75% [15].
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language based on morphological rules. New algorithm based
on Arabic grammar and patterns was been developed, this
algorithm improved average stemming accuracy and thus
increased the efficiency of word identification. The purpose
was achieved by checking Arabic word’s pattern before
removing affixes is very important criteria to a successful
stemming. Then removing strange and stop-words reduces
time and size of storage required by the processed data and
finally using these rules, we can determine whether the
sequence of affixes is part of the original word or not and thus
solve the problem of ambiguity.

Our study can help in development of many systems such as
automatic dictionaries, document classification, automatic
translation as well as information retrieval systems.
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