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Abstract

· Arabic language poses many challenges to Natural Language Processing . The present paper  briefly describes some of  those characteristics of Arabic language  adding extra complexities and challenges to  NLP  compared to  its English counterpart . Among others, the omission of diacritics in written text , the relatively free word-order, the presence of  elliptic  personal pronouns and the rich morphology, represent the main language features making Arabic NLP  an even more sophisticated  task.

1. Introduction 

· Arabic language is formally written using characters and diacritics. By analogy with  Latin languages, characters in Arabic represent Latin consonants, while diacritics represent vowels. There are 3 basic diacritics in Arabic, namely, fatha (a), kasra (i) and damma (ou). In addition to these basic diacritics, there is a shadda , which is used in combination with any of them to produce three new “geminated” vowels. Moreover, each of the three basic vowels, could be doubled to produce a “nunated” vowel. While the basic three vowels and their corresponding geminated ones have direct impact on the linguistic interpretation of  Arabic words, “nunated” vowels have a musical rather than linguistic role, and  are involved more with the sound accompanying Arabic text.

2. Lack of Diacritics

· Although Arabic should be written with full diacritics to avoid misinterpretations , or with mandatory diacritics to minimise ambiguities, most of  written Arabic text, except for religious domain, lack diacritics fully. A “human” person reading Arabic text is performing contextual analysis in permanence, and sometimes even backtracking in order to reach the correct interpretation of each word and hence the right diacritics to be applied to the word prior to pronouncing it. Therefore, in reading Arabic text, the application of “reading” rules is the easiest part, and unlike Latin languages, must be preceded by analysis, disambiguation and interpretation.

· Just to feel the task, read the following English sentence :  “ jst t fl th tsk, rd th fllwng nglsh sntnc”

· which is the non-vowelized version of the sentence before, and in which

· “fl”, could represent (file/foil/fool/feel/fly/flee/…..)  “rd” could represent (rod/road/read/red/raid/ride…) Therefore, computational processing of Arabic language is considered one order of magnitude more complex than its Latin counterpart, assuming only the absence of diacritics problem, which increases significantly the amount of morphological and lexical ambiguities , hence  resulting in a combinatorial chain of syntactic ambiguities.

3. Rich Morphology

· Arabic language has a very rich morphology. Words in Arabic are constructed out of prefixes, stem, infixes and suffixes. The stem itself is composed of two basic elements : the root and the morphological pattern (or diacritical pattern). The root could be a “tri root”, consisting of three characters, or a “quad root” composed of four characters. The application of a morphological pattern to a root generates a stem, which is the basic form of an Arabic word token. Arabic language consists of about 6 000 roots and 700 morphological patterns. Not all patterns could be applied to a given root. The actual valid root-pattern combinations in Arabic generate around      150,000 stems. Two thirds  such stems are considered classical Arabic and only the remaining 50 000 stems are those actually used in daily life.

· Arabic stems allow attachment of a multitude of prefixes and suffixes, hence constructing final form word tokens. Just to name some, prefixes in Arabic could be:

· Prepositions 
 ل    (   to / for 
ب   (  with 

 ك   (  as 
· Conjunctions 
و     ( and
                                          ف   (  then 
· Adverbs 
 ف   ( so 
· Auxiliary verb 
 س   (  will
· Interrogative 
   أ    (  did-have 
· On the other side of the word, suffixes have a much wider range of values, such as:

· Case ending suffixes ( nominative/ accusative/ genitive )

· Number suffixes ( dual/ proper plural )

· Gender suffixes ( masculine/ feminine )

· Personal pronouns

· Object pronouns

· Genetive pronouns

· Possessive pronouns

By catenating prefixes and suffixes to a stem, a whole English sentence could be represented in one single Arabic word.

Ex. 

Arabic  :                   فسأقابلكما 

English :      Then I will meet both of you

The rich morphological nature of Arabic words represents an additional major obstacle for computational processing, especially on the morphological level:

Ex.
 فضل    (             (فَضْل)

       

            (فضَّلَ)     

    


 (فَ + ضَلَّ)
                                           .

                                           .

                                           .

In the above example, among the seven possible morphological interpretations for the input non-diacritized word (فضل), two will consider the first character an adverbial prefix, assuming a root totally different from the other five alternatives.

While the highly inflectional nature of Arabic poses many complexities in morphological analysis and disambiguation, it does however, in combination with the syntactic constraints of verb-subject and noun-adjective agreement, provide on the syntactic level, many useful clues serving structural analysis and disambiguation.

4. Free Word-Order

Arabic has a relatively free word-order syntax. Tokens constituting an Arabic sentence could be freely moved, without affecting the syntactic validity or the semantic interpretation of the sentence.

Ex. 
Ate the man the apple         أكل الرجل التفاحة 

Ate the apple the man         أكل التفاحة الرجل  

The man ate the apple
  الرجل أكل التفاحة
One major problem arising from such flexible word-order, is the ability to swap subjects and objects, which would enable interpretations such as (the apple ate the man) that are syntactically  valid but semantically wrong. Therefore, processing Arabic sentences requires syntactic analysis to permanently work in a “hand-shake” mode with semantic analysis. Any attempt to attach a noun phrase to a verb as a subject, object, complement or even adverb, has to consult the semantic analyser prior to attachment.

Many years of intensive work were needed in order to build the selection restrictions data used in Sakhr’s proprietary Arabic semantic analyser.  In recent years, the increasing availability of Arabic text in electronic form enabled the construction of very large Arabic text corpora, which in turn, opened new horizons for Arabic Natural Language Processing by combining statistical methods      with rule-based techniques.

Arabic free word-order requires also a much more complex formal grammar, compared with its Latin counterpart, in order to reach a comprehensive coverage of valid Arabic structures. A PS-grammar has been written in Sakhr to drive its  single-stack multi-level parser which runs simultaneously with the semantic analyser, and form together the core engine for Arabic sentence processing.

5. Elliptic Personal Pronoun

(a) One main characteristic of Arabic Language is the presence of an elliptical personal pronoun, which is always single but may be masculine or feminine. In combination with the omitted diacritics, elliptical pronouns create one of the most complex problems to Arabic computational processing. Consider the word "أكل" , without diacritics, this word could be one of eight possible words. Two such possibilities are 

(b) أََكَلَ  (eat), 

(c)  أَكََّلَ (feed).
Although both word forms have a common root (ء ك ل), making them belonging to the same semantic cluster, different morphological patterns have resulted in totally different meanings and lexico-syntactic features. One such feature, relevant to our context, is  “transitivity”. While (أَكَلَ) could be intransitive or transitive; (أكَّلَ) can be transitive or ditransitive. Based on the above, the sentence:

أكل الولد تفاحة  Could have the following two interpretations :
     (i) the boy ate an apple

أكَلَ الوَلدُ تفاحةً

    (ii) (He) fed the boy an apple
أَكَّلَ الولدَ تفاحة
Where (i) has assumed the transitive alternative for the verb (أكل) and (ii) the ditransitive one. Resolving this issue necessitates robust and intelligent syntactic analyser, supported by a mandatory pronominal reference resolver.

6. Conclusion

Challenges imposed by Arabic language nature push NLP to the extreme, motivating creativity and exhaustive exploitation of every single bit of already available techniques and linguistic resources. The recent emergence of Arabic electronic texts (newspapers, magazines, books, Web sites,…etc) is paving the road to the implementation and integration of new statistical-based modules within the originally rule-based system resulting in a more powerful and accurate hybrid system.

Sakhr has been involved in Arabic NLP since 1985 and has released the first Arabic morphological analyser two years later. It has since, pursued and intensified its Research and Development efforts in this line, building  a solid infrastructure for Arabic NLP , including the Arabic Lexicon , Grammar, Parser ,Selection Restrictions, Corpus, Automatic diacritizer …etc, and is now proceeding in the development of its bidirectional Arabic<>English Machine Translation engine powering Sakhr’s free on-line translation Web site at http://www.tarjim.com.

