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1. INTRODUCTION

Stemming is the process of removing prefixes, infixes, and suffixes from a word that has undergone
derivation or inflection, resulting in its stem form [1]. Stemming tools can be classified as either root-based
or stem-based, depending on the type of the resulting form [2]. For example, when the word “4ssdl” js
stemmed using a root-based stemmer, it results in the root “—<i<”, whereas a stem-based stemmer produces the
stem “43%.”, These tools typically rely on one or more of the five main stemming approaches. Firstly, clitic
stripping involves removing some clitics from words without any additional processing [3]. Pattern detection
relies on linguistic rules to explain the derivation or inflection of Arabic words [4]. Lexicon-based methods
use manually constructed lexicons as lookup tables to store stems or roots [2]. Statistical approaches identify
word features through a training phase, using the trained model to determine the stems of new words [3].
Lastly, heavy stemming utilizes morphological analysis to extract stems or roots from input words, offering a
more thorough analysis [5]-[7].

A survey of Arabic light stemming exhibits various tools, each with advantages and drawbacks.
Larkey et al.'s Light10 stemmer [8], [9], which utilizes affix stripping, is widely used despite issues with
erroneous, single, and ambiguous outcomes. Saad and Ashour [10] introduced a novel affix-removal
algorithm incorporated into WEKA and RapidMiner, though it also faced problems with ambiguous single
output and erroneous stemming. ARLStem [11] focuses on eliminating prefixes, suffixes, and infixes.
FARASA [12] employs a support vector machine to rank potential stems but lacks diacritic marks, resulting
in ambiguous output. CondLight [13] enhances Light10 with rules for definite articles and plural suffixes,
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showing a 5% retrieval improvement but still struggling with erroneous stemming. Tashaphyne 0.4 [14] uses
a Finite-State Automaton, producing single, ambiguous stems. Assem Arabic light stemming algorithm [15],
part of the Snowball stemmer, performs clitic stripping followed by pattern matching but is prone to incorrect
stemming. Morphological analyzers [5]-[7], [16]-[19] provide comprehensive diacritized forms and various
features, leading to increased ambiguity by presenting all possible solutions for each word.

Despite advancements in Arabic stemming, existing stemmers encounter the challenges of erroneous
stemming, ambiguous output, single outcome, and the linguistic specificities of Arabic that hinder their
effectiveness. The first issue is erroneous stemming, where substrings within words are incorrectly identified
as affixes or parts of stems. For instance, the word “Llu s (OWSAT) can be inaccurately stemmed as ‘a5
(Midsts), “Liss+ (Is WASAT), or “bis+3 (Did he flagellate?). Another significant challenge is the
ambiguity in output due to non-diacritized stems. This leads to multiple interpretations of a single stem. For
example, the stem of the word “leles 5 (WjmlhA) is “3ex” (jml) with the prefix “s” (w) and the suffix “”
(hA). However, the non- -diacritized stem “Jax” can refer to various meanings, mcluding “Jdad” (Camel),
“Jax” (Be comely), “Jda>” (Make it pretty), or “J=2” (Sentences). Furthermore, many stemmers produce only
a single outcome, dlsregardlng the linguistic reallty that words can possess multiple stems. For instance, the
word “3¥ ” (OwlAd) can be stemmed as the plural «“3¥ 31 (Children), the noun “2¥ s+ (Was he born from?),
or the verb “>¥+3” (And did he quarrel with him?). Lastly, the unique characteristics of the Arabic language,
including the lack of capitalization for proper nouns and the absence of clear rules for broken plurals, further
diminish the effectiveness of current stemming algorithms.

Our research aims to create a novel, precise, and error-free Arabic light stemmer that addresses the
limitations of existing stemming algorithms. Previous approaches often struggle with ambiguous outputs and
tend to provide a single-stem outcome, which does not reflect the linguistic richness of the Arabic language.
Our proposed stemming approach leverages a deep morphological understanding of Arabic words to
overcome these challenges. This method generates all potential stems for a given word, allowing for a more
comprehensive analysis. Following this, a comprehensive stems lexicon verifies the suggested stems, and a
statistical algorithm evaluates the context to determine the most likely stem, ensuring that the output is
accurate and contextually relevant.

The implementation of our proposed stemming approach has demonstrated significant
improvements. Our developed stemmer effectively identifies all possible diacritized stems, with the first stem
being the most probable based on the context. This advancement directly addresses the shortcomings of
existing stemmers by minimizing ambiguous outputs and providing multiple stem options, thereby enhancing
the overall accuracy and reliability of Arabic stemming.

2. PROPOSED APPROACH

Our Arabic light stemmer (ALStemmer) is structured into three distinct stages, as illustrated in
Figure 1. The stemming process begins with a preprocessing including tokenization, normalization, and
vocabulary generation. In the initial stage, potential clitics are eliminated from words based on a predefined
clitic rules lexicon, giving rise to the candidate stems. The list of candidate stems is then validated in the
second stage using a large stems lexicon. The final stage focuses on resolving the ambiguity of the valid
stems by employing a statistical algorithm to determine the most probable one within the given context.

2.1. Phase 1: rules-based phase

In this phase, our primary goal is to leverage grammatical rules to extract all possible stems for each
word. By considering multiple potential stems, we effectively address the limitation of singular outcomes
observed in other stemming methods. This approach aligns with the linguistic reality that Arabic words can
have multiple valid stems. Furthermore, we employ a clitic stripping technique to enhance the efficiency of
the stemming process. Unlike other stemming algorithms, this approach significantly reduces processing
time, making the process more effective and practical for real-world applications.

Arabic concatenative morphology is defined by the formation of words through the agglutination of
a sequence that includes a proclitic, a stem, and an enclitic. In this structure, the proclitic attaches before the
stem, while the enclitic is positioned after the stem. Both proclitics and enclitics can exist in atomic forms or
as combinations. When two or more atomic proclitics (or enclitics) are combined, they create a single
combined proclitic (or enclitic). For instance, the combined proclitic “oil (do - will) is formed from the
atomic proclitics “i” (do) and “c” (will).

In this phase, the stemmer first tokenizes and normalizes the input text. For each vocabulary entry,
the stemmer exploits the “clitics lexicon” to identify all potential combinations of clitics attached to the word.
This lexicon provides a set of candidate stems based on the identified clitics. The lexicon of clitic rules
includes 12 atomic proclitics modeled using 9 grammatical rules, along with 14 atomic enclitics defined by 6
corresponding rules. The application of these clitic rules results in a total of 94 proclitics and 73 enclitics,
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encompassing both atomic and combined forms. Table 1 provides examples of the generated atomic and
combined proclitics and enclitics and their usage, composition, and features.

To illustrate this process, let's consider the input word “aaP (Ojlh). By applying the clitic
identification rules, the stemmer generates four potential segmentations (s+da+! «+dal «lati calal), From
these segmentations, the stemmer identifies the potential clitics “I- and “-=” and extracts the probable stem
“Ja” (jl) based on the segmentation “s+da+i = alal”,

Input text
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Tokenization + Normalization For every sentence

List

o For every map entry
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Figure 1. Proposed architecture for ALStemmer
Table 1. Samples of atomic and combined clitics
Clitic Type Example Composition Features
o Proclitic Ol &b o BN PEN AN
With I cut with the knife With Preposition Puts the word in the genitive case
W& Enclitic s Sl W Cubladl jaa el o iiall ciigally JS2l
Your Carry your two bqgs Your Addressees pronoun feminine, masculine, dual, 2nd person
e Enclitic [EREPS R g Py N & Sl LA ) ) 50 Sl jdall (uigall 5 S
itto me The cupsyou gaveitto  tome Prevention nwn and speaker feminine, masculine, singular, 1st
me yA® person
& Al e el e el ecuigall
it Absent pronoun feminine, singular, 3rd person

2.2. Phase 2: Lexicon-based phase

The second phase of our stemmer is crucial in ensuring the validity of the candidate stems identified
in the previous phase. We effectively address erroneous and ambiguous stemming concerns using a
comprehensive lexicon of valid and diacritized stems. To achieve this, we rely on comprehensive Arabic
LEMmas (CALEM) [20], our large lexicon of Arabic stems and their corresponding lemmas. The initial set
of candidate stems produced in the preceding phase is used to authenticate the stems by checking their
presence in the “CALEM lexicon”. If a candidate stem is found in CALEM, it is considered valid.
Conversely, if a candidate stem is absent in CALEM, it indicates that the segmentation resulting in this stem
is invalid. For instance, by checking the probable stem “J~” (jl) in CALEM, we obtain two valid and
diacritized stems: « 34 «J2” (Be majestic, most of).

CALEM was constructed using a database comprising the most commonly used Arabic verbs,
consisting of 24,171 verbs generated from Arabic roots. After conjugating these verbs, derived nouns were
obtained by applying the derivation process to all verbal categories. The lexicon was further enriched with
Arabic particles and non-derived nouns, such as proper nouns and broken plurals, to encompass all Arabic
language specificities. As a result, CALEM incorporates 166,963 lemmas depicted by 7,133,106 stems in
their diacritized form. This comprehensive approach helps prevent language specificity and ambiguous
output shortcomings during the stemming process.
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2.3. Phase 3: statistical phase

In the statistical stemming phase, we resolve ambiguities by selecting the most appropriate stem
from a list of valid stems based on the sentence's context. This process employs a supervised learning method
to identify the best stem for each input word, considering its surrounding words. To accomplish this task, we
can use a generative model, such as the “hidden Markov model (HMM)” or “long short-term memory
(LSTM)” networks. Recent research [21] has indicated that HMMs are simpler and more transparent
compared to LSTMs, making them effective for approximating the performance of LSTMs. This simplicity
allows for more efficient training and can improve overall performance. Therefore, we implement an HMM
for our statistical stemming process.

In our HMM maodel, “observed states” correspond to the words in the input sentence, while “hidden
states” represent the potential stems identified during the second phase of the stemming process. For
example, as shown in Figure 2, if the observed state is “ " (sr), the hidden states could include “ =" (walk),
“s” (umbilical cord), “>«” (be happy), “>«” (delight), and “J«" (secret). In a more formal way, to find for
the sentence Ph = (w1, Wa, ..., Wy) the most probable sequence of stems (si",s2", ..., sn"), the HMM model
A= (S, A, B, n) admits the following parameters: S = {S1, S, ..., sm} the set of stems in the Arabic language,
a(i,j) the probability for a stem s; to be followed by the stem s;, bi(t) the probability for the word w to give the
stem s;, and =; the probability for Ph to start with the stem s;. The elements of matrices A, B, and & are
defined by equations (1), (2), and (3) as follows:

a(i,j)=nn—?with1SiSN,1stN 1)
bi(t)zmn—‘itwithlsiSNJStSn (2)
T[i:":wﬂ (3)

where the model parameters are estimated using a training corpus C composed of N words and M sentences,
n;j; is the occurrence number in C of the stem s; followed by the stem s;, n; is the occurrence number in C of
the stem s;, m;; is the occurrence number in C of the word w; associated with the stem s;, and nj, is the
occurrence number in C of sentences starting with the stem s;.

To refine our model, we apply the “absolute discounting smoothing technique”, which helps adjust
the elements of the matrices that may have been estimated as zero. Finally, we utilize the “Viterbi algorithm”
to find the best sequence of hidden states (stems) that correspond to the observed states (words) in the input
sentence. This algorithm efficiently determines the most likely sequence of stems, ensuring a contextually
appropriate and accurate output.
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Figure 2. The disambiguation phase of the stemmer
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3. EXPERIMENTS AND RESULTS

This section presents two experiments. The first experiment compares ALStemmer and other
state-of-the-art stemmers to evaluate their efficiency. The second experiment showcases that utilizing
ALStemmer is the optimal option for retrieval tasks.

3.1. Efficiency experiment

To validate the effectiveness of ALStemmer, we conducted a series of experiments in which we
meticulously compared its performance. We aim to demonstrate its efficiency and superiority over existing
stemmers. To ensure a comprehensive analysis, we utilize the most reliable data sets among the available
ones.

— The normalized Arabic fragments for inestimable stemming (NAFIS) [22] is a corpus used to evaluate the
effectiveness of Arabic stemmers. It encompasses a comprehensive collection of Arabic clitics covering
all possible combinations. Each word in the corpus is manually annotated with multiple potential stems
and roots, with the initial annotation indicating the correct solution within the sentence’s context.

— The Al-Mushaf-corpus (AMC) [23] i is a compilation of the Quranic text enriched with morphological
tags. It contains 77,883 words manually annotated with the stem tag.

We note the availability of another corpus called “The golden Arabic corpus” [24] for assessing
Arabic stemmers. However, its manual verification demonstrates its limitations such as ¢ ¢4l su «z1,Ak ¢ Jidiul
aellikal 5 cagin <, (He was asked for a fatwa, he brought out, at his gate, so he studied, with their house,
and their children) were stemmed as “Jléb ¢ ¢ cl su ozl A il (Astf, XrAj, bbwAb, then he studied,
in the house, TfAI) which is inaccurate.

Therefore, our stemmer's performance is evaluated by comparing it to the most available Arabic
light stemmers like ARLStem, Assem, CondLight, FARASA, Light10, Saad, and Tashaphyne. Camelira
analyzer [7] and ChatGPT are added to the evaluation. Camelira analyzer is incorporated into the evaluation
because it provides multiple diacritized solutions, with the most probable one determined by the sentence
context, unlike light stemmers that offer a single solution without diacritics. Furthermore, in alignment with
the growing trend of utilizing LLMs, a preliminary assessment was conducted to evaluate various LLMs
(such as LLaMA 3 and Mixtral 8x7B) for stemming purposes. The findings revealed that ChatGPT yielded
the most favorable outcomes.

To conduct the evaluation, each word in the two datasets underwent stemming using all of these
stemmers and is then classified as true positive, false positive, true negative, or false negative. The evaluation
metrics employed in the experiments are Accuracy and F1 score. The evaluation results using the two
corpora are illustrated in Figures 3 and 4. The ALStemmer demonstrates superior performance, achieving
F1 scores of 0.8660, and 0.9282, along with Accuracy values of 0.8256, and 0.8659 when utilizing NAFIS,
and AMC, respectively.
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Figure 3. The F1 score and accuracy of the stemmers evaluated using the NAFIS corpus

3.2. Information retrieval experiment
Previous studies have suggested that lemmatization [25], [26] and root-based stemming [27]-[29] are
better suited for retrieval tasks due to their ability to significantly reduce vocabulary size in comparison to light
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stemming. Nevertheless, these methods may group words with distinct semantic meanings together, resulting in
decreased precision. Consequently, our experiment aims to demonstrate that stemming, especially our light
stemmer, is more effective for an information retrieval task. To achieve this, we compiled and retrieved five
variations of a set of Arabic documents to assess their impact on precision and recall measures. Each variation
employs different indexing terms. The initial variation of the corpus uses surface forms (words), followed by
two stem variations using ALStemmer and FARASA, then lemmas, and roots variations.
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Figure 4. The F1 score and accuracy of stemmers evaluated using the Quranic Corpus

Thus, the “Arabic news articles from Aljazeera.net” dataset obtained from Kaggle is utilized,
consisting of 5,870 news articles written in the Arabic language sourced from Aljazeera.net website. To
generate five distinct variations of the dataset, in addition to the initial corpus composed of words, the
documents are processed using ALStemmer, FARASA stemmer, Safar lemmatizer [20], and Khoja stemmer
[30] to obtain variations with stems, lemmas, and roots respectively. The five corpus variations are indexed
in the Elasticsearch engine, utilizing the inverted indexing method. This approach associates each token in
the corpus (a word, stem, lemma, or root) with the relevant documents containing it. Subsequently, the
effectiveness of the five retrieval systems is measured by analyzing their precision and recall metrics.
Figure 5 demonstrates a notable enhancement in root-based retrieval compared to the word's surface form.
Conversely, stem-based retrieval using ALStemmer surpasses lemma-based retrieval and exhibits a
significant advantage over root-based retrieval.
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Figure 5. Precision and recall fluctuation
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Additionally, it is worth noting that in the region with higher precision, the lemma-based retrieval
slightly outperforms the stem-based one with FARASA. This inconsistency can be attributed to the diacritics'
lack in the output produced by the FARASA stemmer. This region with higher precision and lower recall in
our figure holds greater significance, as users in a Web-like medium are unlikely to read numerous retrieved
documents thoroughly. Also, the performance degradation observed when using the Arabic surface form can
be attributed to the numerous inflected variants of a word in the Arabic language. This abundance of variants
reduces the likelihood of finding a match between the query and the documents. For example, the terms
“iS5” (And he writes), “ciSs” (And she writes), “<=<&” (And he writes), “43S5” (And he writes it), “leiSy”
(And he writes it) represent variations of the word “—=i<” (To write), yet classified as distinct words.

4. CONCLUSION

The discussion on Arabic stemming encompasses an exploration of Arabic morphology, various
stemming approaches, and the introduction of a novel light stemming algorithm. The basis for our stemming
technique is defined by the templatic and concatenative features that characterize the structured nature of
Arabic morphology. The proposed light stemming algorithm presents a three-stage process: clitic removal,
stem validation, and statistical disambiguation. Experiments conducted to evaluate Arabic stemmers
demonstrate that ALStemmer effectively identifies stems based on context, addressing limitations observed
in existing stemmers. The stemmer consistently achieves higher accuracy and F1 scores through rigorous
analysis across different datasets, affirming its efficiency and effectiveness in Arabic stemming tasks.

In the future, we aim to enhance our stemmer in two primary ways: expanding the stem/lemma
lexicon to include missing lemmas like named entities, and improving context detection to reduce
deficiencies in the stemmer. These improvements will not only enhance the accuracy of our system but also
contribute to a deeper understanding of language nuances, ultimately leading to better outcomes in various
natural language processing (NLP) applications.
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