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ABSTRACT: In the past few years, researchers have started paying attention to the Arabic language. In this paper we review
information extraction systems that were developed for the Arabic to extract predefined entities. A comparisons are conducted
between these systems in terms of their performance in extracting the common entities, the approach used whether rule-based
or machine learning and type of corpus.
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1. Introduction
According to Fan et al. [1], the basic process in analysing textual data is information extraction, and it is particularly useful when
dealing with vast volumes of text. The beginning for extracting specific types of information from particular domains was in the
late 1980s; the Defence Advance Research Project Agency (DARPA) initiated a series of Message Understanding Conferences
(MUC). In MUC-6 [2], [3], Named Entity Recognition (NER) was introduced. NER falls under the information extraction domain,
and its mission is to identify entities from a text and to classify them into predefined categories, which include: personal names,
locations, organizational names, dates, times, money and percentages [2]. So, the NER task can be divided into two sub-tasks:
entity detection and entity classification [4]. Recently, two other disciplines related to NER have emerged: Automatic Content
Extraction (ACE) and the Conference on Natural Language Learning (CoNLL). The former focuses on entity types, including
person, organization, location, facility, weapon, vehicle and geopolitical entities, whereas, the latter concentrates on only four
entity types: person, organization, location, and miscellaneous entities [5].
In this paper, information extraction approaches are described in section II. The Arabic information extraction systems use rulebased approach are examined in Section III. Section IV presents the Arabic information extraction systems based on machine
learning approach. Finally, the conclusion is provided in section V.
2. Information Extraction Approaches
Several approaches have been proposed for performing information extraction tasks, they can be divided into three categories,
as follows:
2.1 Hand-crafted rules, known as linguistic approaches.
This approach is usually used for extracting information from specific domains. It is simple to build because its goal is only to
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fill out templates, i.e. it is not document understanding. Moreover, it can be trained on annotated or unannotated corpora [6].
Although it can achieve reasonable levels of success, there are some disadvantages [7], [8]. For instance, it is time consuming
because it is slow to build, and it is difficult to scale to new domains [8].
Toral [7] explained that this approach is applied using rules and gazetteers. The Gate system was developed at Sheffield
University, and is a type of software that follows this approach. The task of this system is to extract named entities [9].
2.2 Machine learning approaches
Because of difficulties that faced researchers when building hand crafted rules, a need for automatically leaning extraction rules
emerged [10]. There are three types of machine learning approach: supervised, semi-supervised and unsupervised. According
to Nadeau [2], most developed systems have been designed based on handcrafted rule based systems or supervised learning
based systems.In both approaches, a corpus must be studied and analysed by hand to gain sufficient knowledge to build the
rules or to feed the machine learning algorithms. However, the supervised learning techniques, which include Hidden Markov
Models (HMM), Maximum Entropy (ME), Support Vector Machines (SVM) and Conditional Random Fields (CRF) need a large
annotated corpus for designing the systems. As a result, this disadvantage of supervised machine learning led to the emergence
of semi-supervised and unsupervised machine learning [2]. The semi-supervised (weakly supervised) is implemented with little
supervision. The idea of this type of machine learning is to use a set of seeds to provide a system with a little external support
to start learning how to extract. For example, finding names of the diseases to extract can be done by providing the system with
seeds, such as five disease names. First, the system seeks out the sentences that contain these seeds in order to understand
the contexts in which they appear. Then, the system tries to find other disease names that exist in the same context [11]. Nadeau
[2], developed a semi-supervised NER technique that learned to recognize 100 entity types with little supervision. With regards
to unsupervised machine learning, clustering is considered the most typical approach where, for example, named entities can be
gathered based on the similarity of context from clustered groups [2], [11].
2.3 Hybrid approach
This approach combines the hand crafted recognition and machine learning methods.
3. Arabic Named Entity Recognition Systems Using Rule-Based
Named Entity Recognition has had an influential role in developing various types of Natural Language Processing (NLP)
systems, such as text clustering, Information Retrieval (IR), Question Answering (QA), Machine Translation (MT) and text
summarisation, and has served to improve their performance [12]–[15]. Although most research has been devoted to the English
language, in the past few years, researchers have started paying attention to the Arabic language. Arabic textual data in
electronic form has rapidly increased with more than 20,000 Arabic websites on the Internet and more than 300 million users [16].
Hence, there is a need for tools to deal with this type data, i.e. extracting useful information from Arabic text.
Most of the systems developed for Arabic in the literature focus on NER [12], [17]. The majority of systems developed for Arabic
in this field rely on predefined proper name gazetteers. Maloney and Niv [13] developed a system called TAGARAB in order to
recognize information relating to names, dates, times, and numerics within Arabic text. A combination of a pattern matching
engine and morphological analysis as well as a words list is used to achieve the recognition task. The morphological analysis is
used to assist the system in recognizing the various morphological word-shapes and to provide part of speech information for
each token before entering the data into the pattern matching engine, i.e. a high precision morphological analysis is employed.
The performance achieved for the aforementioned entities is presented in Table 1. Good results were achieved but it is an
expensive process as each token is examined. Also, Mesfar [16] developed a system for the Arabic language to recognise proper
names (person, location, organization names), dates and numerics through a combination of morphological analysis, syntactic
grammar and rules. The role of the morphological analyser is to strip off affixes from inflected words to assist in the matching
process. Also, this system relies on gazetteers that contain the names of persons, locations and organizations, together with
trigger words that indicate entities of interest, such as person’s title. As in the TAGARAB system, this is an expensive process
because the whole text must enter the morphological analyser. Furthermore, huge knowledge resources are used in this system,
which include many predefined gazetteers, such as a personal names list that contains 12,400 Arabic first names and a locations
list that consists of 5,038 entries, as well as a list of keywords that has 872 trigger words for indicating to these entities. The
evaluation results of this system are listed in Table 1. Likewise, Shaalan and Raza [18] developed a system called Name Entity
Recognition for Arabic (NERA) to extract 10 named entities from Arabic text; person name, location, company, date, time, price,
measurement, phone number, ISBN and file name. They use a rule-based approach that relies on various fixed predefined
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dictionaries, such as for personal names (263,598 complete names, 175,502 first names and last names with 33,517 names),
locations (4,900 names) and organizations (273,491 names of companies). Also, there is a dictionary containing trigger words
(indicator words) for helping to identify entities, such as using job titles to indicate persons’ names. Moreover, a dictionary
called Blacklist is used to reject unwanted entities in order to filter the result. It is noticeable that gazetteers are extensively used
but building them is time consuming because Arabic resources (corpora, gazetteers) are generally not free and can be hard to
access; they are also relatively few in number. Table 1 presents the performance results achieved for this system in terms of
precision, recall, and f-measure.
Moreover, Al-Shalabi et al. [19] presented an algorithm for extracting proper nouns from Arabic texts. They use a set of keywords
and special verbs together with some specific rules. Firstly, they use predefined keywords to mark phrases that may contain
proper nouns. Secondly, the proposed rules are applied to extract the proper nouns that directly follow the keywords and then
the extracted words are classified into one of these categories, based on the type of the keyword: people, locations, organizations,
events and products. However, it should be noted that the system is not able to extract proper nouns that do not appear directly
after the keywords or the special verbs. Although they reported that they could extract 86.1% of proper nouns in a text, they
evaluated their developed system using only 20 documents, which is a very small set of data and is perhaps insufficient for
determining the effectiveness of the system. Nevertheless, the performance evaluation is presented in Table 1.
Elsebai et al. [20] adopted a rules-based approach that makes use of the outputs generated by the Buckwalter Arabic Morphological
Analyser (BAMA) for developing the Persons Names Arabic Extraction System (PNAES). Their system uses a set of keywords
(introductory verbs and words) to indicate the phrases that might contain person names, i.e. there is no predefined person
names gazetteer. However, lists containing Arabic person names that start with the definite article ”al / the”, organisations and
location names are used. The reason for using organization and location names lists is to match the extracted word with words
in the lists, and once the matching occurs, the word is discarded, otherwise it is classified as a person name, i.e. it is similar to the
Blacklist used in [18] to perform filtering. Although this system is able to deal with names that appear not necessarily next to a
keyword, unlike the above system developed by Al-Shalabi et al. [19], quite complicated rules are created to cover all the
probabilities of a person’s name occurring in a text. Finally, the performance achieved for the persons names recognition task
was good but it was tested only on one resource, and therefore, the efficiency of this system was not rigorously examined. Table
1 presents the performance results.
Abulei and Evens [21] developed an events extraction and classification system for Arabic information retrieval systems. Their
developed system is based on a predefined keyword lists and a parser to extract the events, the dates and related proper nouns.
The lists include event words (such as assassinated), valid dates and proper nouns (people, organisations, locations). The
system relies on ’direct look-up’ to recognise the type of an event, i.e. if an event type is not in the list, it will not be identified.
Additionally, Abueil [22] proposed an algorithm for scanning and understanding events (natural disasters, bombings and
deaths) in Arabic text in order to extract information related to them, such as event locations, event types and dates. The system
uses different lists that are described as event elements. For example, in order for an event to be marked in the text, special words
(keywords), including nouns (e.g. earthquakes, hurricanes and massacres) and verbs, are used. A proper name list, consisting
of person, location and organization names, is used to extract entities from the text. Moreover, some particles and nouns are used
as link tools when they occur in the text next to proper nouns and noun phrases, linking the event and its location. Also, some
particles and nouns are used as relationship tools between more than one event in the text when they occur before the keyword
of the second event. The evaluation results of the system were good, as in Table 1, however, the system was only tested on a
corpus compiled from one source. Furthermore, the above lists were manually built, based on reading the texts, which is a key
disadvantage of this system. In order to confirm this drawback, the system was tested twice; the first experiment showed that
some keywords were missing, and some particles and nouns had to be added to the lists. It was reported that after updating the
lists, in the second experiment, the system was not able to extract 28 events due to 9 missing keywords. This problem is caused
by a lack of any deep contextual analysis, which must be done on huge Arabic texts (within the data collection phase). Also, the
authors mentioned that once all the elements (keywords, noun phrases, special nouns and particles, and proper nouns) were
evident appear in the description of the event, the system worked well, but this means that the system fails to detect and
understand the event if one of element missing.
Piskorski et al. [23] developed a multilingual news event extraction system at the Joint Research Centre of the European
Commission. The system was able to extract violent and natural disaster events from online news. They use pattern matching
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engine and a set of lexicons, which means that a rulebased approach is adopted. The event extraction grammar was originally
designed to be applied on the English language but the technique has been extended to work on other languages, such as
French, Italian and Arabic. With regards to the Arabic language, the Arabic news articles were translated into English using
translation systems, and then they implemented the event extraction grammar. The evaluation results were not reported for this
system.

Table 1. Precision, Recall and F-Measure of Above Systems
Clearly, all the above systems use the rule-based approach. Also, common entities (person names, locations, organizations,
dates and numbers) have been investigated by these systems except the two systems developed by Abulei and Evens [21] and
by Abueil [22]; they tried to recognise events in texts. Additionally, the described systems did not mention the data sparseness
problem in the Arabic language, except [18]. Furthermore, it seems that most dictionaries (gazetteers), especially the keywords
lists in the aforementioned systems, were built based on authors’ observations or knowledge. In other words, there is no
objective explanation or analysis phase carried out on the data being studied for identifying the keywords. However, this phase
(data analysis phase) was discussed by Traboulsi [24] in order to identify patterns of person names in Arabic texts. Three types
of analysis (frequency, collocation and concordance) were conducted on huge corpora to identify the most important keywords,
to discover the most frequent words collocating with keywords, and to obtain the concordance of the keywords. Consequently,
the most frequent named entity structures were discovered, which led to the construction of a local grammar for recognising
person names, i.e. the other structures that may contain person names are discarded or neglected. As a result, the system might
not be able identify of some named entities. Also, no performance evaluation was conducted for this system.
4. Arabic Named Entity Recognition Systems using Machine Learning
On the other hand, machine learning approaches have also been adopted in Arabic NER research. Benajiba et al. [25] designed
the Arabic Named Entity Recognition System (ANERsys) based on Maximum Entropy (ME). Annotated corpora were used in
this work as well as external resources such as dictionaries. Three different gazetteers were manually built: a location gazetteer
consisting of 1,950 names of continents, countries, cities, rivers and mountains, a person gazetteer containing 2,309 names and
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an organization gazetteer consisting of a list of 262 names of companies, football teams and other organizations. As mentioned
earlier, it is time consuming to build gazetteers. Also, in order for the system to be tested, several experiments must be first
performed to train it and to derive a set of features for assisting in the recognition process. Moreover, Benajiba and Rosso [26],
changed the probabilistic model by using Conditional Random Fields (CRF) instated of ME. Although, they achieved promising
results through their improvement of ANERsys, their system still relies on an annotated corpus and the same predefined
manually built gazetteers that were used with ME. Preprocessing, such as stemming as well as a part of speech feature is used.
Also, they use a nationality feature for marking nationalities in the input text because nationalities are utilised in detecting the
named entities; they are used as precursors to recognizing them. This feature relies on a dictionary of 334 different nationalities,
which was manually built. Table 2 shows the evaluation results for ANERsys using ME and CRF. Also, Benajiba et al. [14]
compared three machine learning approaches: Support Vector Machines (SVM), ME and CRF. The latter was the best and it
yielded an overall f-measure of 83.
AbdelRahman et al. [27] integrated two machine learning techniques (bootstrapping semi-supervised pattern recognition and
Conditional Random Fields (CRF)) for identifying 10 named entities: person, location, organization, job, device, car, cell phone,
currency , date, and time classes. However, thedeveloped system, as with the above systems, relies on prede- fined gazetteers
(person (3,228), location (2,183), organization (403), job (70), device (253), car (223) and cell phone (184) to assist in recognising
the entities. Also, 16 different features are employed for implementing CRF as well as 232 different seeds. Table II lists the
performance results of this system. Abdul-Hamid and Darwish [17], created a system that is able to recognise named entities
(person, location and organisation names) for the Arabic language, based on a set of features without using morphological or
syntactic analysis or gazetteers. For implementing this work, Conditional Random Fields (CRF) was used. This technique was
trained on a large set of surface features in order to avoid using Arabic morphological and syntactic features. Table II presents
the evaluation results. It is noticeable that the above machine learning approaches need an annotated corpus for them to be
implemented. According to Ku [28], they also need large training data sets. Moreover, they often rely on different predefined
gazetteers.

Table 2. Precision, Recall and F-Measure for Machine Learning Systems
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Table 3 presents a comparison of all the above systems in terms of method, type of corpus and whether or not they use
gazetteers, POS and/or stemming.

Table 3. A Comparison Between the System Applied to Applied to Arabic Text
5. Conclusion
In this paper, we have presented named entity recognition systems that were developed for the Arabic language. These systems
are divided into two groups based on the approach (rule-based or machine learning) used. The goals, components, performance,
strength and weakness of each system are discussed. Also, comparisons are conducted between the above mentioned systems.
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