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Abstract. In the field of natural language processing, the effectiveness of a semantic similarity
task is significantly influenced by the presence of an extensive corpus. While numerous
monolingual corpora exist, predominantly in English, the availability of multilingual resources
remains quite restricted. In this study, we present a semi- automated framework designed for
generating a multilingual phonetic English- Arabic corpus, specifically tailored for application in
multilingual phonetically and semantic similarity tasks. The proposed model consists of four
phases: data gathering, preprocessing and translation, extraction IPA representation, and manual
correction. Four datasets were used one of them was constructed from many sources. A manual
correction was used at all the levels of the system to produce a golden standard dataset. The final
dataset was in the form (English Word, English Phonetic, equivalent Arabic Word, and Arabic
Phonetic). Also, a deep learning approach was used for extracting International Phonetic Alphabet
(IPA) phonetic representation where the results for 13400 samples show that the Phonetic Error
Rate (PER) and accuracy were 11.96% and 88.04 % respectively which are good results for
producing IPA representation for unknown English and Arabic names.

1 Introduction

Phonetic transcription is a form generated by the conversion of grapheme sequence (spelling of
the word) into phoneme sequence (phonetic form), for example, the word “Computer” is
phonetically transcribed as /kompjutor/. Phonetic transcriptionis an important element in speech
recognition, text-to-speech applications, end-to- end speech translation systems, and the development
of speech databases [1]. Extracting the phonetic representation of words is a difficult task for many
complex languages. These difficulties are increased when we try to map a phonetic

presentation of a word in one language into a phonetic representation in another language such as
proper-name transliteration that can be used in many applications and tasks.

Many class types in natural language such as names, verbs, adjectives, etc. are increasing daily result
of the rapid growth of technologies and inventions. These new words should pronounced accurately
in other languages and hence they should be transcribed phonetically in these languages [2].

Most of the methods that map from phonetic representation in one language to phonetic
representation in another language use rules-based, machine learning, or deep learning approaches,
and these techniques require datasets for learning, testing, or evaluation. This dataset should have a
specific structure as a source phonetic representation and target phonetic representation. Many
languages suffer from missing such a dataset or existing a very small dataset that is not sufficient for
machine learning algorithms, for example, the English-Arabic phonetic dataset does not exist
according to our knowledge [11].

Therefore, we are trying to construct a bilingual phonetic dataset for English and Arabic languages to
be used as a standard dataset for many applications and tasks.
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The remainder of the paper is structured as follows. Section 2 reviews similar kinds of work for
different world languages. The proposed model is presented in Section 3. The experiment of our

model and the discussion of the result of the dataset bilingual are shown in Section 4, while the
conclusion is shown in Section 5.

2 Related works

Most of the available datasets are represented as monolingual-phonetic works that used private and
public phonetics, in this section a survey for the related works will be presented
Alshuwaier and Areshey [3] used a private 100 samples dataset based on Google and Bing translation, for
testing a translation of English names to Arabic based on manual rules. It has very little and hence cannot be
used for learning any ML model. They get 18.5% and 82.1% for Google and Bing respectively. Toma at. el [4]
introduces a phonetic dictionary for Romanian, It contains over 70,000 words, and their manually performed
phonetic transcription. And building a grapheme-to-phoneme converter based on decision trees. Beata [5]
evaluated four different sequence-to-sequence deep neural network architectures aimed to jointly solve the tasks
of phonetic transcription, lexical stress assignment, and syllabification, and he used two datasets MaRePhor and
CMUdict.
Lee at.el [6] introduced WikiPron, a tool for extracting pronunciation data from Wiktionary, a collaborative
multilingual online dictionary. This tool did not provide multilingual for the same word. Yolchuyeva at. El [9]
introduced convolutional neural networks (CNNs) for the conversion of graphemes to phonemes in the context
of grapheme-to-phoneme (G2P) conversion. The paper outlines five distinct models designed for the G2P task
and compares their outcomes with previously documented state-of-the-art research. Their model is constructed
based on the seq2seq architecture, and in the fourth and fifth models, they incorporate CNNs with residual
connections. However, this research did not address the handling of bilinguals.

Loots and Niesler [8] used data-driven to conversion grapheme to phoneme and analysis pronunciations. This
research delved into the characteristics and relationships among three distinct English accents (American,
British, and South African) as represented by many pronunciation dictionaries such as (CMU-DICT). The
internal consistency of these dictionaries was assessed through G2P algorithms. Additionally, the G2P
algorithm underwent modification to facilitate the conversion of pronunciations from one accent to another.
Engelhart at. El in [13] They presents a transfer learning method for cross-dialect learning in English, utilizing a
neural G2P model with a Transformer architecture. The approach achieves impressive accuracy, particularly for
dialects with limited available data. However, the study does not explore the application of addressing
multilingual challenges.

Our work emphasizes on construction of a dataset for proper names and loanwords between English and Arabic
languages with doul-phonetic transcription for the same word.

3 Proposed model

According to our goal for the construction of an English-Arabic phonetic transcripted dataset, an
international phonetic representation should be selected. For this task International Phonetic Alphabet (IPA) can
be used which is the most famous standard phonetic alphabet. The proposed model of dataset constriction
consists of four phases: data gathering, preprocessing and translation, extraction IPA representation, and manual
correction.

The output will be a bilingual English—Arabic phonetic representation in the form (English Word, English
Phonetic, equivalent Arabic Word, and Arabic Phonetic). Figure (1) the main diagram of the proposed model.
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Fig.1. shows the main diagram of the proposed model
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4 The used Datasets

Four types of datasets were used which are the CMU Pronouncing Dictionary, Database Hub, Hamari
Web, and loanword. These datasets are different in the used languages, phonetic representation, number of
words, and scripts. The first three datasets were publically available for the researchers in different sites while
the Loanword dataset was constructed from different sources by the authors. Table (1) show the statistics of

different resources.
Table (1) the statistics of different resources.
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1 CMU dictionary CMU No Yes 132k Yes No
2 Database Hub EngName No Yes 250k No No
3 Hamari Web ArbName Yes Yes 23k No No
4 Loanwords LonW Yes Yes 0.5k No No

CMU (The pronouncing dictionary) is an open source, from Carnegie Melon University, that contains over
134000 English words and their pronunciations. The used phonetic representation is ARAbet representation and
hence all the phonetic representation should be transformed into IPA. EngName is a list of English names only
without any translation or phonetic representation that available on the database hub. ArbName is list of Arabic
names without phonetic representation that are available on Hamari web. LonW, as was mentioned previously,
was constructed from different sources in the format Arabic-English or English-Arabic without phonetic

representation. Table () shows information about the collected data.

5 Preprocessing and translation

At this stage, a set of steps were taken, such as deleting of the duplicated names and words, removing
special letters, removing diacritics, Normalize Arabic characters to a standardized form and letters unification.
EngName has monolingual representation as English scripts only therefore, it should be translated into Arabic
language scripts. Google translation is used for this task because it is freely available and gives an acceptable
result. All the translated names are corrected manually, for example the English word “Ray” is translated
wrongly into “Axil”-“ray”.

6 Extraction IPA representation

The used datasets contains English and/or Arabic words with/without phonetic representation. Therefore
three separate steps can be applied

®  Extracting phonetic representation for Arabic scripts that has no phonetic
representation.

®  Extracting phonetic representation for English scripts that has no phonetic
representation.

®  Unification of phonetic representation for English and Arabic scripts.
For this task International Phonetic Alphabet (IPA) can be used which is the most famous standard phonetic
alphabets.
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Extracting phonetic representation, for Arabic scripts that has no phonetic representation, can be done using
Epitran library which is used to find the phonetic representation of many languages, including Arabic. For all
the Arabic scripts, a phonetic representation will be extracted therefor there is not any out of vocabulary (OOV)
case. The output will be in IPA representation. For English

Extracting phonetic representation, for English scripts that has no phonetic representation, can be done using
eng_to_ipa library which is used to find the phonetic representation of English only. It is used, in this research,
because it is more focused choice and more straightforward and specific for English. Some of English scripts
may have no phonetic representation because eng_to_ipa library depend on CMU dictionary and any script that
out of this vocabulary will not has IPA representation. In this case, a learned model should be used for this task
as will explained in next sections. For this task, a deep learning model RNN based on LSTM that constructed by
[6], is used to find the phonetic representation (IPA) of a script. Our model was learned from CMU dataset.
Figure (2) shows LSTM phonetic representation extraction model.

P = 9 s <E0S>
Encoder Decoder
——»| LSTM H LSTM H LSTM H LSTM H LSTM } Context I LSTM LSTM LSTM LSTM LSTM
P A T H S <505> p = 8 5

Fig.2. LSTM model for phonetic representation extraction.

Unification of phonetic representation, for English and Arabic scripts, is done by selecting IPA representation
and transforming the none IPA into IPA. CMU dataset in the form of ARBAbet representation therefore it
should be transformed into IPA. A direct mapping between ARBAbet representation symbols and TPA
representation symbols was used.

7 Manual correction

Manual correction was adopted in more than one stage of creating the dataset, from the data gathering
stage, which required manual intervention in collecting loanwords, as well as in the translation and pre-
processing stage, where knowledge of the true translation of the name was required. At this stage, manual
modification was relied upon because the outcomes of deep learning, depend on finding the correct
pronunciation of words written in English, but most Arabic nouns are written in English differently from one
person to another, so it requires manual intervention to choose the pronunciation closest to the Arabic
pronunciation, and this was done based on the opinion of experts.

8 Experiment results and Evaluation

All tests were conducted using the Python language on a computer with 8 GB RAM Intel Core i7 processor
using many libraries. Four types of datasets were used one of them (LonW) was constructed by us from many
sources. Figures (3), (4), (5) and (6) show samples of CMU, Database Hub, Hamari Web, and lonW datasets.
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Table (2) samples of CMU.

English Word ARAPbet
dena DIY N AH
denapoli DIHNAAPAHLIY
denard DIHNAARD
denardo DIHNAARDOW
denarii DIHNAERIY
denarius DIHNAERIY AHS
denaro DIHN AAROW
denatale DIHNAATAALIY
denationalization DIYNAESHAHNAHLIHZEY SHAHN
denationalizations DIYNAESHAHNAHLIHZEY SHAHNZ
denationalize DIHNAESHAHNAHLAY Z
denationalized DIHNAESHAHNAHLAY ZD
denationalizing DIHNAE SHAHNAHL AY ZIHNG
denature DIHNEY CH ER

List of Names Dataset / Complete_List_Names

Complete dataset with more than 250k male and female names.

m Schema

Name Gender
will male
James male
Samuel male
John male

Fig. 3 samples of Database Hub.
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Abrar Virtuous, Pious, Great Man syl
Muslim Submitting Oneself To Allah oo
Hasan Beautiful, Gentle, Handsome Man, Grandson Of Prophet Cy>
Sameer Jovial, Beneficial, Entertaining Companion, Good Friend uad
Aman Safety, Protection, Peace olal
Umair Life, Long-Lived, Intelligent Man J4ac
Ahmad Praiseworthy, Commendable, Noble, Admirable Ve
Shoaib Who Shows The Right Path, A Guide, Name Of Prophet (UL 5}

Fig.4 a samples of Hamari Web.

figure (7) shows the LonW dataset after the manual corrections. Figure (8) show the Google translation of

Table 3 a samples of lonW datasets.

English word Original
apricot LB 5 d—' J)
arsenal acluall )\A

artichoke & }w U )\
assassin cs UQ\UQCJ\
jar LN

English names for Database Hub with/without manual correction.

Table 4. the LonW dataset after the manual corrections.

Manual
English word Original Corrections
apricot (39 i 0350
arsenal dcliall )‘.ﬁ a.cl_b.a)\.l
artichoke Sl }-“ U J\ g Ju:“du" J\
assassin s U:"U:‘CJ\ cs U:“‘U:‘C
Jar IS [JPES
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Table 5 the Google translation of English names for Database Hub with/without manual

correction.

English Google Manual
Name Translation Corrections
John s> O
William ?‘ﬁ‘b ?\Lﬁ‘b
James &l BINES
Charles BYbe DU
George Tos Tos>
Frank Y ERJY
o S s
Thomes e e
Henry y e
Robert Yy S
Edward ) 5] )59
Harry o B
Walter <l <l
Arthur B3| B3|

For Extraction of IPA phonetic representation step, figure (9) show Arabic IPA phonetic representation, figure
(10) show English IPA phonetic representation, and figure (11) show mapping between ARBAbet and English

IPA phonetic representation.

Table 6. Arabic IPA phonetic representation

Arabic Word Arabic Phonetic
)J)C_“JJE /Sbda:lSziiz/
dasa /mfimd/
ERISTN /firb/
SN /fisn/
(,_w,u /ha:fm/
O‘Ué /qrbain/
g._u'-_\‘) /ra:yb/
J‘é-'i /ndza:r/
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Table (7) English IPA phonetic representation

English
Word English Phonetic
Gust /gast/
Vainest /vinsint/
Silvestre /silvestor/
Fredrik /fredrik/
Francisco /frensiskouv/
Erick /erik/
Goldin /gouvldan/

Table (8) mapping between ARBAbet and IPA.

English Word ARAPbet IPA
dena DIYNAH dins
denapoli DIHNAAPAHLIY dinapali
denard DIHNAARD dinard
denardo DIHN AARD OW dinardoo
denarii DIHNAERIY dinari
denarius DIHNAERIY AHS dinzrias
denaro DIHN AAR OW dinaroo
denatale DIHNAATAALIY dinatali
denationalization DIYNAESHAHNAHLIHZEY SHAHN dinefonoslizerfon
denationalizations DIYNAESHAHNAHLIHZEY SHAHN Z din®fonaslizerfonz
denationalize DIHNAESHAHNAHLAYZ dinafondslarz
denationalized DIHNAESHAHNAHLAYZD dinzfonslarzd
denationalizing DIHNAE SHAHNAHL AY ZIH NG dinafonoslarziy
denature DIHNEY CHER dinertfor

For evaluation of deep learning model for extracting the IPA to OOV names, the CMU dictionary was used. It
was split into 85% for the training set, 5% for validation, and 10% test set, and our model was evaluated by
computing PER and accuracy. PER is defined as the number of insertions, deletions, and substitutions divided
by the number of true phonemes. For 13400 samples, the PER and accuracy were 11.96% and 88.04 %
respectively which is good results for producing IPA representation for unknown English Names.
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The final step, the core of our research, is constructing the final Bilingual English- Arabic dataset with dual IPA

phonetic representation. Figure (12) shows a sample of the final dataset. Table (2) shows the statistics of the
final dataset.

Table 9. the statistics of the final dataset.

Script Script English Phonetic Arabic Phonetic
No Data Arabic English Size representation representation
1 English names No Yes 3857 Yes Yes
2 Arabic names Yes Yes 2408 Yes Yes
3 Loanwords Yes Yes 235 Yes Yes
SUM - - - 6500 Yes Yes
Table 10. sample of the final dataset.
English Word English Phonetic Arabic Phonetic Arabic Word
Gust /gast/ /yust/ o g
Vainest /vinsint/ /fnsnt/ San
Silvestre /silvestor/ /sitlfstr/ bl
Kohl /koul/ /kfil/ dasS
Lemon /lemon/ /1i:mu:n/ s
magazine /magozin/ /mxa:zn/ BB
Makkah /meka/ /mkh/ i
Safari /safarl/ /sfr/ B
Saffron /sefron/ /z¢fran/ Olse)
Spinach /spinaf/ /sbanx/ )
Saltant /soalton/ /slttan/ Malis
Syrup /sirop/ /fra:b/ <l
Talisman teelismon/ /t1sm/ andla
Abdulaziz /ebdulozlz/ /€bda:lSziz/ eoal ae
Mohammad /moahamad/ /mfimd/ ana
Harb /harb/ /firb/ Qo
Hasan /hasan/ /fisn/ G
Hashim /hefim/ /ha:fm/ adla

10
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When using the proposed model to find the phonetic representation of Arabic words that translated to English
and it is OOV, we observed that the results were limited or unsatisfactory compared to the original English that
OOV.

Also, one of the challenges facing researchers and individuals interested in the Arabic language is that Arabic
names, when transliterated into English, are written in various forms depending on the individual's
pronunciation. This poses a problem, as highlighted in some studies such as [7, 12]. For example, the

Arabic name "(pedn (Tahseen) is noted to have multiple transliterations such as “Tahseen” and “Tahsin”.

9 Conclusion

In this paper, we presented a bilingual dictionary that can used in phonetic mapping between the two languages
(English and Arabic). As mentioned previously, the proposed model consists of four phases: data gathering,
preprocessing and translation, extraction IPA representation, and manual correction. Four datasets were used
one of them was constructed from many sources. Manual correction was used at all levels of the system to
produce a golden standard dataset. The final dataset was in the form (English Word, English Phonetic,
equivalent Arabic Word, and Arabic Phonetic).

According to the results, producing IPA for unknown words is a difficult task for English and Arabic words or
names but it can be achieved using a good learned model. The absence of standard translation for the names
causes problems in learning and extracting IPA phonetic representation. Also using epitran and eng_to_ipa
libraries for producing IPA phonetic representation has many errors for unknown words (OOV). The deep
learning model was a good choice for extracting IPA IPA phonetic representation for both the Arabic and
English languages.

In future works, we suggest extending the constructed dataset with another language such as Persian or any
other language. Also, other deep learning techniques can be used to compare the results of producing IPA
phonetic representation.
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