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. We show that rule-based and statistical methods can reduce the transcription errors by 77.73% over this baseline on an unseen test set.

Introduction

Arabic dialects or vernaculars are the mother tongues of Arabic speakers. They are the daily languages used in interviews and informal conversations. With the emergence of the Internet and social media, Tunisian Arabic (TA) and other Arabic dialects have become the language of informal online communication such as emails, blogs, discussion forums, SMS, etc. Most Arabic natural language processing tools and resources were developed specially to treat Modern Standard Arabic (MSA).

Corresponding tools processing TA are not as matured and sophisticated as those developed for the MSA. This is due to the recent involvement of works on TA and the limited quantity of corpora necessary for the efficient development of TA processing applications.

In fact, as there is no Automatic Speech Recognition (ASR) system, TA suffers from the lack of written corpus causing a bottleneck mainly for systems based on statistical learning technique.

In this study, we investigate how to remedy this situation and how easy it is to convert automatically spontaneous orthography written with Arabic script into CODA-TA orthography [START_REF] Zribi | A Conventional Orthography for Tunisian Arabic[END_REF]. Our proposed approach is close to the approach proposed by [START_REF] Eskander | Processing Spontaneous Orthography[END_REF]. We built an automatic normalization system of spelled TA using a hybrid method that combines rule-based methods and statistical methods.

This paper is structured as follows. After reviewing relevant linguistic facts for TA in section 2, we review related works in section 3. We present, in section 4, the conventionalized CODA-TA orthography [START_REF] Zribi | A Conventional Orthography for Tunisian Arabic[END_REF] that we use in this paper. We expose, in section 5, the main orthographic errors that often occur in TA. We detail the different steps of our approach in section 6. In section 7, we report our experiments and evaluation. We conclude with a discussion of future work

Linguistic Facts of Tunisian Arabic

Tunisian Arabic is a dialect of the Arabic language spoken in Tunisia. It is an underresourced language. It has neither a standard orthography nor large collections of written texts and dictionaries. Actually, there is no strict separation between MSA (the official language of the government and the education) and TA, which begins to seep progressively and deeply in the Tunisian media and different social networks.

The two languages exist on a continuum dominated by a mixed form. This leads to several word categories in the TA. Indeed, the use of the TA lexicon in conjunction with the MSA lexicon causes several orthographic ambiguities. This duality affects strongly the agglutination phenomenon, which is a characteristic of the Arabic language. As a consequence, new type of words appears to involve ambiguities in their writing. For example, the word 'these pictures' in TA may be written in three different manners: هتصاور htSAwr, التصاور ه h AltSAwr or هالتصاور hAltSAwr. The variations of the orthographic forms are the result of the agglutination of the particle /هh ('this' or 'these') to a noun. We note that the three orthographic forms have the same pronunciation.

Furthermore, TA marks the appearance of the multiple pronunciation phenomenon. Some consonants in a same word may be pronounced differently from a native speaker to another which leads to two different forms. For instance, the word 'there is' has two pronunciations /fama/ or /θama/. So, it can be written as ثمة θamaħ or فمة famaħ.

On the other hand, the Tunisian lexicon is rich with words through lexical borrowing. The intermingling of many civilizations throughout centuries made traces of their languages in the TA. Therefore, one of the most notable differences between the TA and the MSA is the presence of borrowed words from several other languages such as Italian, French, Spanish, Berber and Turkish. Given the absence of orthographic rules and dictionaries, TA borrowed words have multiple variations in their writing. For example, the word 'boat' /ba:bu:r/ in TA may be written in two different ways بابور bAbuwr and ببور babuwr.

Related Works

Several Arabic dialects have been the focus for developing orthographic rules for dialectal Arabic. Indeed, Zawaydeh et al. [START_REF] Zawaydeh | Guidelines for Transcribing Arabic Dialects[END_REF] and Maamouri et al. [START_REF] Maamouri | Dialectal Arabic Telephone Speech Corpus : Principles, Tool design, and Transcription Conventions[END_REF] developed a set of rules for orthographic transcription and annotation of Levantine dialects in order to create a Levantine Arabic corpus. Similarly, Habash et al. [START_REF] Habash | Conventional Orthography for Dialectal Arabic[END_REF] have proposed the convention CODA for transcribing Arabic dialects. This convention has been also proposed to some dialects such as Egyptian Arabic [START_REF] Habash | Conventional Orthography for Dialectal Arabic[END_REF], Tunisian Arabic [START_REF] Zribi | A Conventional Orthography for Tunisian Arabic[END_REF], Palestinian Levantine Arabic [START_REF] Jarrar | Building a Corpus for Palestinian Arabic : a Preliminary Study[END_REF], and Algerian Arabic [START_REF] Saadane | A Conventional Orthography for Algerian Arabic[END_REF].

Another efforts on modernizing TA orthography was proposed by Zribi et al. [START_REF] Zribi | Orthographic Transcription for Spoken Tunisian Arabic[END_REF] in which the authors presented OTTA: the Orthographic Transcription for Tunisian Arabic convention. This convention proposed the use of some rules based on MSA conventions and defined another set of rules, which preserved the phonetic particularities of TUN.

Contrariwise, research in automatic normalization of Arabic dialects has been recently raised. For TA, Masmoudi et al. [START_REF] Masmoudi | Arabic Transliteration of Romanized Tunisian Dialect Text: A Preliminary Investigation[END_REF] presented an effort to create a transliteration tool for the spontaneous Romanization of Tunisian dialect (Tunisian Arabizi) following the CODA-TA convention introduced by [START_REF] Zribi | A Conventional Orthography for Tunisian Arabic[END_REF]. Likewise, Eskander et al. [START_REF] Eskander | Processing Spontaneous Orthography[END_REF] benefited from the CODA convention [START_REF] Habash | Conventional Orthography for Dialectal Arabic[END_REF] to define an automatic normalization system for Egyptian dialect. Thus, given the presence of CODA-TA, we got the idea to create a similar system for TA.

CODA-TA: practical considerations

CODA is a conventionalized orthography for Dialectal Arabic [START_REF] Habash | Conventional Orthography for Dialectal Arabic[END_REF]. It was designed as a unified framework for writing all Arabic dialects. It aims to find an optimal balance between maintaining a level of dialectical unity and establish agreements based on MSA-DA similarities thus leading to the improvement of computational approaches.

In this paper, we only discuss the instantiation of CODA for defining normalization rules to TA ambiguous words. We list in the following some features of CODA-TA relevant to this paper. Arabic script. CODA uses only the characters of the Arabic language, including diacritics used for writing MSA. CODA allows writing without diacritics as the MSA.

Morphology. There are many morphological differences between Arabic dialects and MSA. CODA preserves in general the TA morphology except word having cognate in standard Arabic.

Phonetic. CODA generally keeps the phonological form of TA words given the phonological rules and the limits of the Arabic script. The dialectal words are generally written as they are pronounced except in some cases where we mark multiple pronunciations for the same word. In this case, CODA proposes the use of the MSA cognate rules if an MSA cognate exists. For example, long vowels, which are shortened in certain cases (such as when they attached to clitics), are written in its long form as in MSA. In addition, CODA requires Arabic letters to transcribe foreign phonemes. For example, the foreign letter ڤ G in the dialectal word 'garage' ڤراج garage is transcribed using the Arabic letter ق q.

Tunisian Orthographic Errors

The main idea of this work consists on projecting CODA-TA rules on TA orthographic errors that often occur in texts. We considered a sample of one hour of transcriptions in TA carried out by three native speakers. From transcriptions made by these transcribers, we highlighted the orthographic errors according to the CODA-TA convention.

Indeed, we distinguished two categories of errors. The first relates to grammatical errors that occur when transcribing MSA words such as the transformation of the final ي y to ى ý. The second concerns the errors associated with the lack of orthographic rules for the TA. We found multiple orthographic forms for the same word.

MSA Spelling Errors

Alif maqsura ى ý vs. Final Ya' ي y. The letter ى ý is often used in Tunisian spontaneous orthography to write word-final ي y and vice versa. In CODA-TA, all rules for using Alif maqsura ى ý and the final ي y are the same as in MSA. For example, the word 'Tunisian' in TA spontaneous orthography can be written as تونسى tuwnsý or تونسي tuwnsy. However, the last orthographic form is the correct form in CODA-TA. Likewise, the word 'candy' has two spontaneous orthographic forms حلوى Hlwý (the correct form according to CODA-TA) and حلو ي Hlwy.

Simple Alif ا A vs. Alif maqsura ى ý. The letter ى ý is often incorrectly used in TA (and in MSA) to write word-final Alif and vice versa. In CODA-TA, all rules for using Alif maqsura are the same as in MSA. For instance, TA spontaneous orthographic form of the verb 'he eat' is كلى klý, but in CODA-TA, it should be written as كال klA.

Ta-Marbuta ة ħ vs. hāʾ ه h vs. Simple Alif ا A. As in MSA, the TA-Marbuta ة ħ is incorrectly transformed into ه h or into simple Alif ا A. The transcription error is caused by the non-pronunciation of the Ta-Marbuta ة ħ in TA and often in MSA. For example, the noun 'four', pronounced as /arbςa/, has two spontaneous orthographic forms اربعه Arbςh and اربعا ArbςA. According to CODA-TA, this noun should be finished by Ta-Marbuta ة ħ .Therefore, the correct form is اربعة Arbςħ.

Space Absence. The error according to the addition of the space between the coordination conjunction و w and the following word is frequently made in TA spontaneous orthography. CODA-TA requires the deletion of the space after the coordination conjunction و w.

5.2

Specific Spelling errors in TA.

Question particle اش Aš. The question particle اش Aš 'what' is generally attached to the following word in TA spontaneous orthography. In CODA-TA, the question particle is written as a separate word. For example, the phrase 'what did he say?' قال اش Aš qAl in the correct form. It can be written as اشقال AšqAl in spontaneous orthography.

Negation particle ما mA. CODA-TA requires the separation between the negation particle ما mA and the verb that is agglutinated to the TA negative particle ش š. In spontaneous TA, the negation particle is, sometimes, attached to the verb.

Future particle باش bAš. CODA-TA requires separation between the future particle باش bAš and the following verb. For example, 'he will leave' باش يمشي bAš ymšy is the correct form. It can be written as بش يمشي bšymšy in spontaneous orthography.

The vocative particle.

In spontaneous spelling, the space between the vocative particle يا yA and a proper noun is deleted.

The third person singular pronoun. The third person singular pronoun ه h is pronounced as /w/ when it is attached to a consonant. In this case, TA spontaneous orthography uses the و w letter for marking the third person pronoun. As an example, the noun 'his government' is generally written as حكومتو Hkwmtw. Although, the correct form according CODA-TA is حكومته Hkwmth.

Indirect object enclitic.

The indirect object enclitic in TA is generally attached to the verb preceding the enclitic while the CODA-TA convention requires the separation between the verb and the enclitic. For example, 'he told them' لهم قال qAl lhm is the correct form of the TA spontaneous spelling قاللهم qAllhm.

Waw of Plurality.

The silent Alif at the end of the third person plural affix is often neglected in spontaneous spelling. The letter و w is often used in TA to write the third person plural affix وا wA, e.g. 'they went out' خرجو xrjw is the wrong form of خرجوا xrjwA.

Attached Clitics. TA defines some attached clitics. The non-conventionalized transcription writes them as separated clitics.

Etymologically Spelled Consonants. TA has many consonants with multiple pronunciations such as س s, ص S, ث θ, ف f and ج j. For example, the consonant س s is pronounced /s/ or /S/. So, the word 'prophet' رسول rswl can be written as رصول rSwl in spontaneous orthography. Likewise, the consonant ق q has two possible pronuncia-tions /q/ and /G/. The CODA-TA convention proposes to write the word as it is defined in MSA.

The Hamza letter. Many words in TA whose MSA cognates had the Hamza phoneme (glottal stop, ء ') lost that phoneme. In many cases, the glottal stop becomes a long vowel or disappears altogether.

N of Number Construct. The phoneme ن n that is added after some numerals in construct cases is generally omitted in some non-conventional transcription.

CODA-TA word list. CODA-TA guidelines include a word list specifying ad hoc spellings of TA words that may be inconsistent with the default mapping outlined above. As an example, we find as both مش mš موش and mwš. The CODA-TA spelling is موش mwš.

Tunisian Arabic Normalization Process

Our challenge consists on the manner of projecting the normalization rules defined in CODA-TA on the errors presented in the previous section. Therefore, by studying different kind of errors, we defined the number of spelling variation of a word as a criterion for classifying them. So words having more than one variation will be normalized using a statistical model, otherwise, they will be normalized with a specific lexicon lookup.

Statistical Models

Data collection. In this work, we have artificially built a training corpus based on lexicon collection, to overcome the problem of a lack of corpus. So, we used 1,030 nouns from a manually annotated TA corpus [START_REF] Boujelbane | Traitements linguistiques pour la reconnaissance automatique de la parole appliquée à la langue arabe : de l'arabe standard vers l'arabe dialectal[END_REF], 5,674 verbs extracted from the TA lexicon developed by [START_REF] Boujelbane | Mapping Rules for Building a Tunisian Dialect Lexicon and Generating Corpora[END_REF] and 111 tool words from various sources (internet, transcriptions and from the dialect form of the Tunisian constitution).

Data preparation. We proposed to each correct form (CODA form) of the lexicon the different variations that a word can have in a non-normalized corpus. For example, the word 'This health' هالصحة hAlSHħ (CODA form) can take these nonconventionalized orthographic forms: الصحة ها hA AlSHħ or الصحة ه h AlSHħ or هل الصحة hl AlSHħ or الصحة هالhAl AlSHħ or صحة هل hl SHħ or هلصحة hlSHħ or صحة هال hAl SHħ. These errors are due to the TA particle ه h that has no spelling rules and which can be attached to any noun. Thus, we assigned such forms to each word of the TA lexicon and we defined a class for each nominal form. Table 1 shows defined classes for the ه h particle. The same principle have been used for the ع ς, م m and ك k particles. Training the classifiers. For each attached TA particle, we train a separate classifier.

The classifiers are trained on our training corpus using the k-nearest neighbor algorithm (k-NN) [START_REF] Wang | Solving Multiple-Instance Problem: A Lazy Learning Approach[END_REF] included in the WEKA machine learning tool [START_REF] Hall | The WEKA Data Mining Software: An Update[END_REF], which is a method for classifying objects based on the closest training examples in the feature space [START_REF] Eskander | Processing Spontaneous Orthography[END_REF]. In the training process, a set of ten static features is applied. We exploited the same features proposed by [START_REF] Eskander | Processing Spontaneous Orthography[END_REF] for the automatic normalization of spontaneous Egyptian spelling. The features are the character that is queried for the transformation with its two preceding and three following characters along with the first two and the last two characters in the underlying word. In this model, each data point is a character, where a classifier determines, depending on the class predicted, whether a character should receive a substitution, deletion, or addition of another character.

Linguistics techniques

Lexicon lookup.

For each error form, we built a specific lexicon. If a corresponding error is detected, it we will be substituted from the corresponding lexicon by the correct form, based on the criteria of orthographic similarity. For example, we have extracted from the lexicon described in the previous section a sub-lexicon containing 2,808 words ending with ي y dedicated to the correction of the MSA spelling error "Alif maqsura ى ý vs. Final Ya' ي y". Thus, the wrong form of the word 'Tunisian' تونسى tuwnsý will be replaced by the CODA form تونسي tuwnsy. Spelling errors go beyond words to detect phrases. Indeed, several nominal and verbal phrases were affected by agglutination thus requiring specific patterns for the separation. For example, the word 'He did not tell him' ماقاللوش mAqAllwš should be replaced by the phrase لوش قال ما mA qAl lwš.

So, we defined patterns for each agglutinative forms and we projected them on the corresponding non-CODA word. For example, we defined the pattern [Negation particle ما mA+stem+verb] to correct the agglutinative form: Negation particle ما mA+verbal stem. We detect the verbal stem form by referring to the TA lexicon.

Table 3 lists the different agglutinative forms and the corresponding pattern of normalization. 

Evaluation

The Tunisian Arabic Normalization Process gave rise to an automatic normalisation system for Tunisian Arabic that we baptized COTA orthography (COnventionalized Tunisian Arabic orthography). It has been tested against a part from the nonconventionalized version of the STAC corpus [START_REF] Zribi | Spoken Tunisian Arabic Corpus "STAC ": Transcription and Annotation[END_REF]. It contains 10,236 words and we detected manually 2,640 non-coda words.

The evaluation metric that we use is a word accuracy metric, i.e., we evaluate how well we can correctly predict the CODA-TA form of the input spontaneous orthography. Results show that a "do nothing" baseline achieves a normalization performance of 74.2%, and our normalization process achieves a performance of 86.6%, an error reduction of 77.73% over this baseline on an unseen test set. Table 4 lists the accuracy of each rule on the test set. This is to show the potential of the method lexicon based method and by consequent lexical coverage. 

Conclusion

In order to enhance the quality of TA resources, we presented in this paper an effort for transforming spontaneous orthography of the Tunisian Arabic dialect into a conventionalized form, CODA-TA. Our normalization process relies on a hybrid technique based on a TA lexicon and a KNN statistical model. The resulting system achieves satisfactory results. In future work, we plan to extend our approach to handle TA content in social media, which contain more orthographic errors than transcriptions. Since the lexical coverage can never be complete, we will also study a statistical method that can replace the used Lexicon lookup method.

Table 1 .

 1 Defined classes for ه h particle

	Word forms	Class
	hA + space+Al+noun	DeleteAlif_DeleteSpace
	h + space +Al+noun	DeleteSpace
	hl +space+Al+noun	DeleteLam_DeleteSpace
	hl+noun	AddAlif
	hAl+space+Al+noun	DeleteSpace_DeleteAlif_DeleteLam
	hAl+space+noun	DeleteSpace
	hl+space+noun	DeleteSpace_AddAlif

Table 2 .

 2 The sub lexicon size for each spelling errors corrected by lexicon lookup step.

	Spelling errors	Lexicon size
	Alif maqsura ى ý vs. Final Ya' ي y	2,808
	Etymologically Spelled Consonants	1,632
	Ta-Marbuta ة ħ vs. hāʾ ه h vs. Simple Alif ا A	3,255
	CODA-TA word list	111
	The third person singular pronoun	1,066
	Waw of Plurality	5,674
	Pre-defined Patterns for normalization.	

Table 3 .

 3 List of CODA-TA normalization patterns.

	Spelling errors forms	CODA normalization pattern
	Question particle اش Aš/ش š+verbal	Question particle اش Aš+space+verbal stem
	stem	
	Negation particle ما mA+verb	Negation particle ما mA+space+verb
	Verbal stem+Indirect object enclitic.	Verbal stem+Space+ Indirect object enclitic
	Future particle باش bAš/بش bš + verb	Future particle باش bAš +space+ verb
	Vocative particle+proper noun	Vocative particle+space+proper noun
	Number+space+n+space+noun	Number+n+space+noun

Table 4 .

 4 The accurancy of each spelling errors. Marbuta ة ħ vs. hāʾ ه h vs. Simple Alif ا A.

	Orthographic errors	Frequency	Accuracy
	Alif maqsura ى ý vs. Final Ya' ي y.	173	98,2%
	Simple Alif ا A vs. Alif maqsura ى ý	2	100%
	Etymologically Spelled Consonants.	25	48%
	Ta-78	97,4%
	Question particle اش Aš.	23	60.8%
	Negation particle ما mA.	97	80.4%
	Indirect object enclitic.	50	60%
	The third person singular pronoun.	95	81.1%
	Waw of Plurality.	356	90.7%
	Future particle باش bAš.	6	100%
	Space Absence	338	100%
	Attached Clitics.	110	51.8%
	The hamza letter.	657	100%
	The vocative particle.	2	100%
	N of Number Construct.	118	95.7%
	CODA-TA word list	694	96.4%
	Total	2,640	86.6%