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Abstract. Stemmer is an automated process, which produces a base string in an attempt to represent
related words, which is the main step that is used to process data in many types of applications such as
text mining, information retrieval, and natural language processing. The stemmer task is to reduce
words to their base. The more systems are used to analyse and understand the syntax and semantic of
the documents the more accurate is the result. Arabic stemmer is not an easy task due to the
morphological variants of certain words which are not always semantically related. This paper
introduces an Arabic stemmer system based on Arabic rules to extract trilateral (three radicals),
quadrilateral (four radicals), sometimes quintuple (five radicals) and hexagonal (six radicals) if
available. In addition, it compares the Arabic stemmer with other stemmer systems, and evaluates it by
four Arabic native speakers specialists where it has achieved 96.8% ratio of accuracy.

Keywords: Arabic stemmer, trilateral, quadrilateral, quintuple, hexagonal, Arabic
Morphology.

1. Introduction

Arabic language is one of the most widely spoken languages in the world. Arabic is written from right
to left and has 28 characters where each character has many forms and shapes. For instance, "<" “BAA”
has different forms which belong to the same letter "=", "«", "2" . In addition to that diacritic used in
Arabic language to recognize the pronunciation of the letter like the constant "< " / “TAA”, diacritic fatha
“FATHA” is pronounced “TA” / "'<", diacritic damma "< "is pronounced “ TO”, diacritic “KASRA” "<"is
pronounced “TE”. Also, there is what is called “TANWEEN” which means two of identical diacritic like " "<
is pronounced “TAN”, "“"is pronounced “TON”, "< "is pronounced “ TEN “ So, building an effective
stemming algorithm for Arabic language has been always an important research topic in many fields of
natural language processing like information retrievals systems, web search engines, question answering

systems, textual classifiers, etc (Nwesri, 2008).

"

1.1 Arabic Morphology

Arabic language, unlike English, has a more complicated structure and morphology. The form of nouns
is determined by several criteria like gender, numbers, and grammatical cases. Moreover, Arabic nouns
have a large number of variants, and some of the variants can be complex because of the prefixes, suffixes,
and infixes (Chen & Gey, 2002).

To find the root of a word in Arabic language we must remove some prefixes, infixes, and affixes from
it. Stem is a base form of the word. For example, the word " 058" (they are writing) is pronounced
“YAKTOBOON?”. Its stem is "<i" (write) “KATABA”. We remove one prefix “YA”/"s", from the beginning
of the word, and two suffixes “WAW,NOON”/"s""c”, from the end of the word. The word s
(information) is pronounced “MAALOMAH” and has one prefix “MEEM/x", one infix “WAQ/ 5" , and one
suffix “TAA/A" at the end of the word. After removing them from the word, the stem “a” (inform) is
pronounced “alema”.

1.2 Stemmer

Stemmer is an automated process that produces a base string in an attempt to represent related words
(software used to produce the stem from the inflected form of words. Stemmer used as preprocessing
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techniques to reduce the number of tokens in textual document (AL-OMARI & AbuAta, 2014). It is used to
find semantically identical terms, which are derived from the same stem/root.

Light stemming is restricted to the removal of limited number of Arabic prefixes and suffixes to output
a stem. Heavy stemming is also known as root-based stemming which includes implicitly the removal of
Arabic prefixes and suffixes besides extracting the appropriate root.

All nouns and verbs are generated from a set of roots, which is about 11,347, root distributed as
follows (Mohammed, 2016):

115: Two character roots (and these roots have no derivations from them).
7198: Three character roots.

3739: Four character roots.

295: Five character roots.

The importance of stemming is to increase the effectiveness of information retrieval, but as we said
before, Arabic Language needs more efforts because of the complexity of its morphological structure.

In this paper, we have developed a new technique of stemmer system to improve Arabic text retrieval.
First, the current technique will perform preprocessing operations, and then matches the word with the
suitable rule based on the number of characters per word to find and return all the roots of the word. If
the word contains many roots, like those that have more than three letters, may return trilateral,
quadrilateral compared with many researchers stemmer systems that just focus on returning the
trilateral of the word, regardless of the fact that the word has three, four, five or six radicals. This addition
improves the level of efficiency and accuracy of our system. In our system, we return the words to
trilateral, quadrilateral, quintuple, hexagonal, as will be described and shown in the methodology and
results.

2. Related Work

AL-OMARI and AbuAta (2014), designed and implemented a new Arabic light stemmer (ARS) which is
not based on Arabic root patterns. Instead, it depends on well-defined mathematical rules and several
relations between letters. ARS had shown few wrong stems when applied on a set of 6,225 so classified to
5733 as correct roots, 347 as wrong roots, and 145 as no roots. These wrong stems are grouped into
three types over-stemming (stemming two words with different stem to the same root), mis-stemming
(taking off what looks like an ending, but is really part of the stem) and under-stemming (the opposite).
ARS also tested and compared with two similar stemmers Al-Kabi and Ghwanmeh'’s.

Khalid et al. (2016) presented Arabic stemming techniques depending on the root of the Arabic word.
The paper presents the usage of Arabic stemming increases and accelerates the search engines output,
where Google Chrome outperforms Internet Explorer and Mozilla Fire fox in terms of total number of
searched pages.

Kannan et al. (2008) introduced a new method for stemming to solve many of the ambiguity problems
related to light stemming. The method depends on a set of possible affixes in which they only have a
prefix and suffix. In their prefixes, they combined all possible antefixes and prefixes to generate one
complete list and in the suffixes, they combined all possible suffixes and postfixes.

In their rule-based light stemmer, they used a set of rules to determine if a certain sequence of
characters is part of the original word or not and this helped them solve some ambiguity problems. In
addition, they introduced a way for handling the majority of broken plural forms and reducing them to
their singular forms. This helped grouping words of the same meaning in a common form.

Mohammed (2016) proposed an Arabic stemmer that combined the rules of root-based stemmer and
light-based stemmer to overcome the mistakes. The stemmer deals with situations that have not been
previously tackled by other researchers. This has solved the situation of three letters words and matching
a word against Tafealat before removing any affixes to avoid deleting a genuine letter of a word.

Sembok and AbuAta (2013) developed an algorithm for Arabic stemming to increase the correctness of
the stemming system compared with other systems that they mentioned in their paper. Their stemming
algorithm follows several steps starting with checking the entered word with dictionary, if the word is not
found then the system removes the suffixes and prefixes, and the candidates roots were generated by
their system. After that, their system checked the correctness by matching the roots with Arabic template
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sets that sorted in a dictionary. Then they reconstructed the word from the candidate root by adding
some letters to increase the correctness results and to check if the candidate root is the right output or
not. Finally, their system returns the root for the word after modifies it by adding or replacing some
letters to reach the correct root. If their stemming system did not find the correct stem, then the word
returns without any modifications. Their system reached better results than Al-Omari system, which they
mentioned in their paper from different disciplines: average recall and precisions, numbers and type of
errors.

Larkey et al. (2007) developed a light stemmer for Arabic Language to try to avoid computational
morphology problems because morphological analyzers make many mistakes when retrieving the
information due to several factors names, many errors Tokenization, information which is got from
infrared documents and inquiries may not be able to be used. For monochrome retrieval, they have
shown improvements of about 100% in the average accuracy caused by the stem and related processes,
and the greater impact on the dictionary-based retrieval across languages but all of the stemmer
developer consistent that the output should be particularly effective for languages with more complex
morphology. They found that the light stemmer is powerful in removing the specific articles, stop words,
prefixes and few suffixes.

They compared the effect of their stemmer with other stemming studies and assessed their
effectiveness for information retrieval. They find that stemmer for monolingual retrieval increases in
average precision from the light10 stemmer and they find that the light stemmer is powerful due to many
reasons such as being good and sufficient for information retrieval. It did not need complete sentences
and they do not try to deal with each individual case. It is enough to retrieve information where many of
the most common forms of a word are mixed. At the end of their paper, they suggested that using
morphological analysis to mix words works better than light stemmer because they do not seek to
represent the Arabic words with their roots, and equalize all words derived from the same root.
Therefore, they recommended future work to further utilize intelligent use of morphological analysis of
information retrieval.

3. Methodology

In this paper, we built an Arabic stemmer system based on rules of root, which can handle most of
Arabic morphological issues. The system process is shown in Figurel.
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Figure 1. Stages of the Proposed Arabic Stemmer System

3.1 The process of the system: conducting Pre-processing steps before stemming:
1. Remove the diacritics as “AL-TANWEEN” / “_, "%, “AL-HRAKAT”/ “ , ., ", % but the “AL-
SHADDA” /“ ¥ we use it in the rules because it expresses duplicating the letter.

2. Remove punctuationas “:, ., ¢« ,*” and others.

Remove the stopping word like separated pronouns, prepositions and the letters of the
monument and assertion. Removing the stop words is very useful because these words do not
have roots, separated pronouns such as “we/u~", “you/<)”, the prepositions such as “from/c+”,

» o«

“on/<k”, letters of the monument and assertion such as “will not/c", “even/3".

4. Removing the” J” (All it means the), “du“(Bel it means with),” & “(lel it means for). For example,
take the word” ¢l “(for teachers) it could be “ s x“after removing the prefixes from the
word “JdV.

5. Check the words (4) “4Mall kil/ ALLAH”, return it as it is without any process.
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3.2 Removing Suffixes, Prefixes, and Infixes from the word:

We built a system containing a huge amount of Arabic rules that are collected and extracted from
(Almojaz in Arabic language grammar) “ &xoall 22l ael 8 8 s sdll”, and "dnoall 3 3 Jal3) 7 (Alshamel in
Arabic language), which simulate and translate the human mind.

Checking words length due to number of their letters and then go to the suitable cases:

Case 1: If the word contains three letters, then the system returns it., but if the word contains a letter
that has” 324 “(Shada <) then the stemmer returns the root of the word by duplicating that letter. For

)

example, take the word “>&, it will return as " 25",

Case 2: If the word contains four letters, then the word goes through the loop to find the root of the
word depending on the trilateral rules, which was extracted before. For example, take the word” «_ &
“(drink), our system matches it with the suitable rule, then finds the root for the word by returning the
base form "dJ2", that's mean there is one prefix “s” must be removed from the word to return the
trilateral of the word and it cloud be “-<_&". In our system, we almost covered the words that have
trilateral as is shown in Table 1.

Entering Word Number of Letters Rule match | Base Rule form | Stem of the word
Jaen 4 b Jab Je
sl 4 Jsad Jad o
b i 4 alad =i JRO
g 4 Jad J=d SN
Jagn 4 Jud Jab Je

Table 1. Words Containing four Letters Having Trilateral.

Case 3: If the word contains five letters, then our system matches the word with the suitable trilateral
and quadrilateral rules, and it goes into many loops until it reaches the base root of the word. For
example; take the word” 4e!, “it means “planting”. After matching with the suitable rules, the base root is
“¢ )" by removing the”) ” as infix letter and “4-" as suffix letter. However, if the word is “x»¥ so the root of

this word is “x»»" by removing “=” and” ¥ as prefix and suffix letters. Table 2 shows some examples
about five letters that have trilateral or quadrilateral.

Entering Word Number of Letters Rule match | Base Ruleform | Stem of the word
Qe 5 Jsrde Jad O
Oldidae 5 ODlad Jad jilac
s 5 Jadi J=d pd

Table 2. Words Containing Five Letters Having Trilateral or Quadrilateral

Case 4: If the word contains six letters like “zllay”, it matches the suitable rule then removes the
prefixes letters as “3", the root of the word is “zl=", but in this case our system continues to find other
trilateral or quadrilateral of the word if that is applicable. If the root matches another rules, which means
our system returns another root for the same word as “zl=". Table 3 shows some examples about six

letters that have trilateral and / or quadrilateral.
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Entering | Number Rule Base Rule Stem1 of the Rule match Base Stem2
Word of match form word Rule of the
Letters form word
e 3 6 deliy deld ! dels J=d sl
alilae 6 alelaa Jeld Ji8 Jdeld Jad J8
"yl 6 “Ulad) Jled el - } }
a3l 6 adlled b 3 - - -

Table 1. Words Containing Six Letters Having Trilateral and /or Quadrilateral.

Case 5: If the word contains more than six letters, our system matches all the rules to extract the
trilateral, quadrilateral, quintuple and hexagonal.

Case 6: If the entered word does not match with any rule then the system returns the exact word, so it
may be an anomalous word.

In our system, we try to include most of the anomalous words as rules, such as the word “sUsc!” the
system returns the roots “he ,kel”, Table 4 shows examples about anomalous words that are handled
by our system.

Entering Word Number of Rule match Base Rule Stem of the word
Letters form
EStS 4 b J=d zA
aloa 4 Jlad J=d psaa
BN 6 Jlais) Jadil N
blda 6 OOl ld Jad dlcld lla s

Table 4. Anomalous Words

4. Experimental Results

We test the efficiency of the stemming system by comparing the results of our system with other
stemmer systems, and evaluating it by four Arabic native speakers’ specialists.

4.1 Comparison with other Stemmer Systems
We depend on the following equation to find the Percentage of Evolution for our system testing results:

The percentage of evolution = (no. true tested word / no. words document) * 100 (1)

From the comparison results, it is clear that each word returns the root/roots, as shown above. The
system returns all the roots of the entered word not just the trilateral, like"s 1Y, the roots returned ( i
¢%) are compared with other systems (Khalid et al., 2016). The accuracy percentage of our system is =
95.3%, and in the other systems = 92.6%. Table 5 shows the comparison.
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No. Entered word/words Our Stemmer Results Arabic Stemmer Percentage of Percentage of
Results Evolution for | Evolution for our
their System system
1 Ll el poe iul ity | AE ple e Gla gl Glh e il ol jeae Giuals 0928571 0928571429
Ol e A8 dalal 5 ) 53 odl @la e Hsh pae i g das Gaw peae Gl G
sehuY dlee AL ) paal) Kagupal dee G :
oSl

2 A pall Asleadll 8 aedl) ) 5 s e dledlanale Hh | du o fau e dhale sk 1 1

YD alall s A aa agmad) | Dl Jay 08 0B dam ol ale

el o
3 e a5 A i) JSLie | s Gl ABe U 0SS Jdsagle dSa 1 1
Al Gl dialas e b gl das das e ol daa il
4 @b Cladaly QIR Bath 3o | g daals b Bla G)b s e b el 3ok 0.833333 0.833333333
Kapal syl Sl byl Sl
=
6 Ol dada e aigen 1 1
Average Results 0.926984 0.953488

Table 5. Comparing Our System Results with Other Stemmer Systems Results

4.2 Comparison from Arabic Specialists

At this stage, our system is evaluated by four Arabic academic specialists, where they entered many
different texts from different resources (like articles, Hadiths, poetry, etc. ...) on the system to extract and
return the roots of the words. After that, they evaluated the accuracy of our system and its ability to
extract the correct roots. The number of words used in the evaluation equals 921, the number of
corrected roots equals 892, and the number of error words that our system cannot find their roots or
return the correct root equals 29. Therefore, the accuracy ratio of our system is 96.8%, which is an
excellent ratio compared with other systems.

Text Our system Result Arabic academic specialists Result
¢ 93 g slandl jaac 4l | ol Jaalle b e 2 jaadl) o) dea Julas 2w yradd) ooy dea
Jul i alie &l Qs ) af 0l JB | e dle 1) 2l il abie dl Qb (om0 0 J 58
alae Y1 dl by s ) e anill cal sy Lo din ye yle 71 ol
Liall Zim gy cpdall =1 fisa, D 4 b Lea Jal Jlal e le 4 aea Gl S Jumd e 4y b Les Jal lic Gl d aaa
U 4 il Laa Liglaf s Ulile (o3 4 2aal Gla K b
ATlA (e IS e Ul

Table 6. Example about Four Arabic Academic Specialists Evaluation

5. Conclusion

Arabic language has a rich and complex morphology. This paper developed Arabic stemmer system
that can handle the words containing trilateral, quadrilateral, quintuple and hexagonal. The improvement
of our system returns all the roots of the word not just the trilateral, and try to include most of the
anomalous words as suitable rules. Arabic stemmer is also compared with and tested against other
stemmer and evaluated by four Arabic specialists. The results were encouraging, showing the
effectiveness of our stemmer system.

Our stemmer system needs to be enhanced and improve its functionality to increase the percentage of
the correctly-extracted Arabic roots from Arabic words by handling the bilateral, some anomalous words,
the connected prepositions with words like “4L", related pronouns “....idwa", and the related
conjunctions like “calad’,
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