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Abstract

Stemming is a pre-processing step in Text mining applications as well as it is
very important in most of the Information Retrieval systems. The goal of stemming
is to reduce different grammatical forms of a word and sometimes derivationally
related forms of a word to a common base (root or stem) form like reducing noun,
adjective, verb, adverb etc. to its base form. The stem needs not to be identical to
the morphological root of the word; it is usually sufficient that related words map to
the same stem, even if this stem is not in itself a valid root. As in other languages;
there is a need for an effective stemming algorithm for the indexing and retrieval of
Arabic documents while the Arabic stemming algorithms are not widely available.
The current algorithm will perform preprocessing operations then matches the result
word to Arabic patterns to get the stem of the word. This paper proposed a modified
light stemming algorithm for Arabic Languages. As shown from the results, the
proposed algorithm is an efficient algorithm.
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1. Introduction
Word stemming is an important feature supported by present day indexing and search systems.
Indexing and searching are in turn part of Text Mining applications, Natural Language Processing
(NLP) systems and Information Retrieval (IR) systems [1]. Stemming is defined as the conflation of
all variations of specific words to a single form called the root or stem [2]. Stemming is usually done
by removing any attached suffixes and prefixes (affixes) from indexed terms before the actual

assignment of the term to the index. Text clustering, categorization and summarization also require
this conversion as part of the pre-processing before actually applying any related algorithm [1].
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Many Stemming algorithms have been developed for a wide range of languages including English,
Malay, Latin, Indonesian, Swedish, Dutch, German and Italian, French, Slovene, and Turkish, Bangla,
Chinese. For Arabic Language there are three different Stemming approaches: the root-based
approach, the light stemmer approach, and the statistical stemmer approach yet no a complete stemmer
for this language is available [3].

Building an effective stemming algorithm for Arabic language has been always a hot research topic
in the IR field since Arabic language has a very different and difficult structure than other languages,
the official language of 23 countries, and one of the official languages of the United Nations. Arabic is
the most widely spoken language after Chinese.

Classical Arabic “>=ill” is also formally called Modern Standard Arabic (MSA) is the formal
language in the Arabic world for reading and writing, and is viewed as the only true version of the
language by all Arabs, MSA is used to write all books, newspapers, magazines, and media text [4].

2. Previous Researches

The strengths of stemming algorithms are varied and stemming errors are produced for every
stemmer [5].There is little number of algorithms for Arabic language stemming. Some of the papers
related to the produced algorithm are:

1. “A Rule-Based Arabic Stemming Algorithm” [2], this research proposed algorithms reported are
either general in nature, or lack in the morphological aspect of getting to the correct Arabic stems.

2. “Effective Retrieval Techniques for Arabic Text” [4], the approaches described in this thesis
represent an important step towards realizing highly effective retrieval of Arabic text.

3. “GENESTEM: A novel approach for an Arabic stemmer using genetic algorithms” [6], study
exhibits a novel Arabic stemming algorithm which uses genetic algorithms and verbs pattern
matching. This algorithm is based mainly on machine learning system and Arabic morphological
rules or patterns. They produced an Arabic morphological analyzer capable to generate the Arabic
root for any stream of Arabic words.

4. “Arabic Light Stemmer (Ars)” [7], paper proposed an Arabic stemmer dedicated to different
Arabic dialects. They describe in their study new rule-based algorithm to extract stems from
textual Arabic Gulf dialect.

5. “A new and efficient stemming technique for Arabic Text Categorization” [8], Light stemming
refers to removing some defined prefixes and suffixes from the word without trying to deal with
infixes instead of extracting the original root or recognizing patterns, it is not dictionary driven, so
it is not required to have an Arabic word after removing suffixes.

3. Stemming

Stems are roots combined with derivational morphemes (generally using patterns) that attach to a
word at the beginning (prefix), the middle (infix), or the end (suffix).Stems are the basic form of a
surface word that can be inflected using other morphemes. Surface forms of Arabic words comprise
two or more morphemes: a root with a semantic meaning, and a pattern with syntactic information. For
example, the word "_=52" is a stem comprises the root “u+ 3 and the infix “s” [4].

Stemming alone is less applicable to process strong morphological language such as Arabic but it is
a very essential technique for processing such language, which requires a further effort of
morphological analysis. Morphological (Morphology means the internal structure of words) is
relatively weak in English language in compare with other languages like Arabic language where the
morphology of Arabic language is very strong, complex, and sophisticated (for example, many
variants maybe given for a word). Arabic language needs robust stemming techniques in order to
process its complex morphological structure, absolutely morphological techniques are required to
eliminate affixes (suffixes and prefixes) from words according to their internal structure [5], while we
need more techniques that will be explained in this algorithm.

In stemming the ‘stem’ is obtaining after applying a set of rules but without bothering about the
part of speech (POS) or the context of the word occurrence.

In stemming, conversion of morphological forms of a word to its stem is done assuming each one is
semantically related. All word variants should map to same form (stem), after the stemming has been
completed there are two points to be considered:

e Morphological forms of a word are assumed to have the same base meaning and hence should be
mapped to the same stem.

e \Words that do not have the same meaning should be kept separate.
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These two rules are good enough as long as the resultant stems are useful for our text mining or
language processing applications [1].

4. Stemming Advantages and Stemming Errors

Stemming simplifies the searchers’ job by making the IR system satisfy their information need.
Stemming reduces the size of index terms and thus reduces the size of the index (inverted file), too.

As the size of index terms is reduced, the storage space and processing time are reduced as well.

By the use of stemmers, Words in the collection must be organized into groups, multiple errors are
produced and may be used to compare and evaluate stemmers.

There are two measurements of errors in stemming algorithms called understemming error (If two
words belong to the same class of development in meaning been changed to different origins, (i.e.
more than possible expressions or terms removed)), and overstemming error (If two words belong to
the same class of development in meaning changed to the same origin then the stemmer went on
correct, (i.e. not much of the expressions or terms are removed)) [5].

5. Normalization

This process is usually conducted as a pre-processing step before stemming. The following three
replacements steps affect the spelling ambiguity. Normalization which functions as follows:
« Replace | </ I with .

* Replace s with ¢.
* Replace 3 with . [5].

The normalization process preserves the word sense intact. Similarly for words that
contain”hamza-under-alif” such as (0dl), which means “human” in English, can be written as (o).
Similarly, the letter “ta-marbotah” (¢) that occurs at the end of the Arabic word which indicates mostly
the feminine noun is, in most cases, written as “ha” (°) which makes the word ambiguous. To resolve
the ambiguity, we replace any occurrences of (¢) in the end of the word with (). For example, the word
(42as) alternately appears as (448s) or (4&8s) in Arabic text, and the sequence of “alif-maksoura” () in
L1 and “hamza” (¢) in L, (= ) will be replaced to ( &) “alif-maksoura-mahmozah”. Similarly, (s )
replace the sequence of “ya” () in Ln.; and () in L, to (&) [9].

6. Stop Words

Stop word lists drawn up for Arabic contain well-known pronouns, prepositions and function
words. These lists differ substantially, and no single widely accepted list exists. Critically, most lists
include a single version of each word, despite the fact that Arabic words have different forms. Despite
this disagreement on the appropriate stopword list size and content, there is an agreement that
removing them from Arabic text improves retrieval precision [4].

Stopwords have to be chosen carefully as they affect retrieval. In English for example, some
queries might contain only stopwords, for instance, “to be or not to be". In Arabic, some function
words can be spelt identically to proper nouns. The absence of diacritics makes it difficult to
distinguish between such words unless we consider the context. For example, the word “=” could be
(/alaa/(bove)) could be (/ali/ noun), and so on.

To use Arabic patterns, we modified the Khoja stemmer to check whether there is a match between
a word and a list of patterns after stemming without further checking against the root dictionary [4].

7. Arabic Language Light Stemming Algorithm

Light stemmers remove a pre-prepared list of prefixes and suffixes, by comparing initial and
ending letters of Arabic words with list of prefixes and suffixes and remove matching sequences that
pass possible additional criteria, such as that the remaining string should contain at least three
characters.

Characters are added at the beginning, the middle, or end of the root will be removed, but the base
characters that match the pattern remain unchanged. After every prefix or suffix removal, the
algorithm compares the remaining stem with the patterns [4].

8. The Proposed Approach Algorithms (Modified Light Stemming Algorithm for Arabic
Languages)

This algorithm performs a match operation for a word against (68) patterns and returns three-letter
root. These patterns are classified according to their length (4, 5, 6, 7, 8, or 9). It also uses a list of
prefixes and suffixes that range in length from 1 to 3 characters.

1. The first process of this algorithm is checking the word if it is Arabic word (hasn’t digits, hasn’t
foreign letter(s), the number of characters in word less than three characters), if one of these
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conditions satisfy then ignore the word, unless all of these conditions doesn't satisfy then
continue.

2. Normalizing the different forms of hamza “3 «s ¢<+”, as well as normalizes the different forms of
alef (<)) to alef ().

3. Check a word against (132) stopwords in (Table-1), if it is a stopword ignore word.

4. If the word is not a stopword the algorithm will check the word against list of prefixes, in (table-
2) if it is matched remove prefix and return the word for further matches.

5. Compare the word against list of suffixes (Table-2) and remove them according to their relevant
order (if there is more than one suffix).

6. At last the resulted word (word after processing) is to be matched with (68) patterns (table-3),
word with three letters root match to the pattern “J=8”. For example: the root “<i€” can be
represented by the pattern“d=¥’ by mapping “<” to “<”“3” to “= and “<” to “J”. a four letter
word is compared with four character patterns; a fifth letter word is compared with fifth character
patterns (and so on) to return three letters as stem (root) of the word. If no root is found, the
original word is returned untouched.

For languages such as Arabic, it will be risk to make algorithm does not use dictionary to check the
correctness of the resulted stem. Although, a lot of stemming algorithm use dictionary for comparing
the output of stemming algorithm with correct Arabic word stored in database, this algorithm was
depend on the output of the stemming algorithm only.

Table 1- Lists of Stopwords

No. Stop Words No. StopWords No. StopWords
1 ] 46 Jss 91 JETRY
2 s 47 Cus 92 Jad
3 < 48 O 93 sl
4 N 49 B 94 N
5 [N 50 O 95 3Ll
6 A 51 12 96 o
7 5 52 < 97 4
8 =S 53 <l 98 S
9 1) 54 B 99 Gl
10 Y) 55 82 100 o
11 oY 56 =) 101 L
12 ] 57 o 102 laill
13 @ 58 Jba 103 b
14 cpll 59 oo 104 13l
15 ol 60 Jba 105 Jk
16 il 61 (s> 106 (8l
17 ol 62 A 107 J nle
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Continue to Table 1- list of stopword...

No. Stop Words No. StopWords No. StopWords
e el 63 e 108 =
19 Al 64 Jb 109 elisa
20 sl 65 de 110 (s
21 Ll 66 TS 111 o
22 alal 67 e 112 Lea
23 Ul 68 die 113 Y
2k J 69 o 114 S
25 S 70 B 115 =~
26 Js 71 ] 116 &
27 O 72 Laéd 117 PV
28 ! 73 & 118 Jaa
29 <@ 74 Lo 119 XYY
30 < 75 Ja 120 Ja
31 ob 76 B 121 oA
32 e 77 i 122 Lia
33 Ju 78 oS 123 A
34 A=y 79 EIlkN 124 o
35 Uan 80 B 125 Laa
36 s 81 < 126 -
37 G 82 Oss 127 ROV
38 O 83 = 128 O
39 N 84 “as 129 A
40 oS 85 J 130 OSa
41 &l 86 Y 131 p
42 ol 87 JY
43 las 88 Laas
44 ALEN 89 s
45 RN 90 Joy
Table 2- List of Prefixes and Suffixes Table 3- List of Arabic Patterns
o | Proposed | Proposed ™o. | Patterns | Mo, | Patterns | No. | Patterns
| soffixes | Prefixes 1 P 4 | == E T -
1 e B Z | = 25 | == 48 | o=
= = 4 3 | = 6 | o= 15 | =
3 = o= El 0= TT | oeme 50 | ==
4 = i 5 ArE] ZE | Js=Re F1 | i
: = = & o= e 57 =
ﬁ il it T | o= 30 | o 53 | i
. l - § | o= 3T [ o= 53 | =
R — = T E i p—n 55 [ =
10 : 10 | 4=l 33 [ e 56 | iiie
11 o 11 il g iieie 57 PETE]
12 o 12 | 3= 35 [ 43 S8 | o=l
13 [ 13 | === 36 [ I=2 50 | el
g E I+ [ 3T | == 60 | ==
15 = 15 | i== 38 | il BL | =
1s o= 16 | === 39 [ o= B2 |
17 - 17 | &= 40 | o= 3 | o=
1= [ 18 | 2= 1 | = [ G [
e & 19 | o= 32 | T 63 | ===
Z0 - 0 | =R E R e 66 | o
=t bl IT | o= I3 | === =]
IZ | o= 45 | =3 BE | e
Z3 | 2= 46 | =
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9. The Block Diagram for the Proposed Approach

Get Word

Mot Arabic

Mo Yes
‘ Normalize ‘ | Stop |
Mot Stoyérd Stop Word
| Remove Prefixes ‘ ‘ Stop |

¥

Remove Suffixes 1to 4

T

Stop Wy/d Mot Stop Word

Match Word against 67
Arabic Patterns

‘ Return Root (or Stem) ‘

-
*

L

End

10. Experimental Result
The words will be used for testing process are (10) different words, the resulted true stemmed word

are (9), so the percentage for algorithm evaluation is:

Result = wr x 100
S wc

While,

WT: is the number of True tested word.

WC: is the number of tested word [10].

The percentage of correctness for the proposed algorithm for (14) words will be as follow:
Result = —= x 100,

Where the number 12 refers to true tested words and 14 refers to total number of tested words.
Result = 85 %
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Table 4- Examples for Stemming using proposed approach

No. Word Actual Word Resulting Root Result Checking
1 A A Be) True (overstemming)
2 Llasy = J=a True (overstemming)
3 B sl $ud $ud True (overstemming)
4 A D) A0 Unchanged
5 O slaxsud Jae Jae True (overstemming)
6 sl — ) ) True (overstemming)
7 LY laxia Jac Jac True (overstemming)
8 pale) S ) Same spelling
9 Jiilas Jia Jia True (overstemming)
10 cpll StopWord cpll Unchanged
11 Al Jal Jan False (understemming)
12 (pe s g Al g A False (understemming)
13 skl e b Same spelling
14 J s Ja JA Same spelling

11. Conclusion

This approach is mainly dependent on the understanding of the Arabic morphology. Stemming
approaches for European Languages such as English and French are not fully appropriate for the
development of Arabic stemmers due to differences in the morphological structures peculiar to each of
the languages as well as their semantic differences. This algorithm (Modified light stemming
algorithm for Arabic Languages) is efficient and accurate for stemming the words that have different
length and different affixes according to the experimental results but falsely stems proper names and
foreign words.
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