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Abstract

This paper discusses various transcoding systems that convert non-Latin texts into Latin script.
Particularly significant is the Romanization of Slavic languages. The Latinization systems
generally fall into two classes: those based on the transliteration approach and those based on
practical transcription. During transliteration, the main attention is paid to simple
correspondence (mutual unambiguity) between original and converted characters that allows
for text reversibility, i. e. the ability to restore the original text after re-transliteration. During
practical transcription, the primary concern is the sound of words. In the last scenario, it is not
always possible to restore the original text. The significance of transliteration extends to
historical texts written in non-Latin scripts as well. Latinization systems are broadly utilized in
multilingual Natural Language Processing tasks, resulting in their wider use and enhanced
need.

Keywords: transliteration, practical transcription, alphabet, proper name, Cyrillic,
orthography, standardization, simple correspondence, historical texts, Natural Language
Processing.

1. Introduction

The idea of creating a universal transliteration system into the Latin alphabet was put forward
centuries ago by the British linguist Richard Lepsius (1863). Over time, the countries whose
languages are based on non-Latin alphabets have developed Romanization systems that are
used in their international communication. As the necessity to render a word or text in another
alphabetic system arises whenever languages with different alphabetic systems come into
contact, the transliteration questions play an important role today. Such contacts are becoming
more and more intense, so the issue of transliteration is urgent.

This paper aims to collect and summarize information about transliteration principles and how
they are used in Slavic and other languages. To do this, we will consider the transliteration
standards of different countries, as well as other Latinization systems and approaches.
Particular attention will be given to the principles of transliteration, especially the requirement
for simple correspondence (isomorphism) between the original and transliterated texts, which
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ensures the possibility of recovering the original text after reverse conversion (re-
transliteration). The analysis and comparison of diverse transliteration solutions takes into
account etymological, phonetic, legal, and practical considerations.

2. Basic Definitions and General Considerations

Among various definitions of transliteration, the most precise and informative appears as the
one describing transliteration as the “action, process, or result of converting one set of signs to
another, usually involving at least one set of alphabetic letters” (McArthur 2018; see also ISO
3602:1989; ALA-LC Japanese 2022: 1).

This type of script conversion, known also as scholarly or scientific transliteration, is based on
the principle of mutual unambiguity between the original graphemes and transliterated
characters (Maslov 1987: 284). Mutual unambiguity is crucial for preserving the information
contained in the text after re-transliteration (reverse transliteration). This relationship is
exemplified by the vukovica (Cyrillic alphabet) and gajica (Latin alphabet) used in the
languages of the former Jugoslavija, where words can be written interchangeably depending
on the needs. This characteristic is fundamental for transliteration standards.

The core idea of transliteration is the conversion of written characters, with minimal
consideration for their readout in other languages (Reformatskij 1960: 96; see also
Superanskaja 2018: 29). Scholarly transliteration does not aim for the “most convenient” or
“easiest” reading of the converted text in another language. This approach is common in
applied linguistics.

In machine learning, however, “transliteration” often refers to “the process of converting terms
written in one language into their approximate spelling or phonetic equivalents in another
language” (Kirschenbaum and Wintner 2009: 433). This process is more accurately described
as Latinization or Romanization, which includes both transliteration and practical
transcription (see 1ISO 3602:1989). The practical transcription is a method of rendering words
from one language using the conventional orthography of another language for practical
purposes (see Superanskaja 2018: 3). When this process involves converting graphemes to
phonemes, it is called phonemization, and when the graphemes are converted into notations of
speech sounds (phones), it is nothing but phonetization.

The goal of transliteration is to represent the graphemes of the original text using the characters
of the target script. It is essential for rendering proper names (especially toponyms and
anthroponyms) and exoticisms from one language into another, as these often carry cultural
and historical nuances that can be lost in translation. Typically, transliterated words enter the
recipient language baser on of orthographic transplantation (see Superanskaja 2018: 29)
which does not involve any grammatical post-adaptation. This post-adaptation may (but must
not) happen at a later stage, when and if the recipient language adapts the loanword to its norms.

3. Transliteration of Cyrillic Texts in the Slavic and Related Languages

The Greek Latinization standard (1SO 843:1997) contains two tables. One of them provides
transliteration and is recommended for bibliographic records, information technology use,
directory and communication services, and other areas where the original text needs to be
reconstructed. The second one provides practical transcription envisioned for passports, road
signs, maps, and other cases where the correct pronunciation takes precedence over the
reconstitution of the original form. However, this transcription is not oriented to any other
language and meets the requirement of reversibility.
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The transliteration standard 1SO 9:1995 (ISO 9:1995) establishes, on the principle of one-to-
one conversion, transliteration rules for Slavic and non-Slavic languages that use the Cyrillic
alphabet. This standard offers two systems: System A, which uses Latin letters with diacritical
marks, and System B, which employs combinations of basic Latin letters within the ASCII
range of 0 — 127. For example, the Russian name Cepee is transliterated as Sergej, reflecting
the Slavic written tradition.

This standard is widespread in Europe, and some countries have developed associated national
standards. In particular, the Slavic names are rendered in German in accordance with the NF
Z46-001:1995-06-01 standard (NF Z46-001) which is linked to 1ISO 9:1995. In Czech, a similar
standard is employed for the transliteration of Cyrillic characters (CSN ISO 9 2002), which
introduces the norms of 1SO 9:1995 as a National Czech standard.

However, some involved countries still use the non-isomorphic Latinization rules tailored to
the English language. In Bulgaria, for instance, the “Transliteration Law” mandates practical
transcription into English (Transliteratsiyata 2009), despite a strong Slavistic Romanization
tradition in the country (Tilkov 1982: 238; Gesev 2016). These rules do not provide the
bijective (isomorphic) transcoding, leading to difficulties in recovering the original text. For
example, names like Kanues and Kwvnues are both Romanized as Kanchev, making them
indistinguishable (Gesev 2016).

In Ukraine, the ISO 9:1995 regulations are not common due to their limited accessibility.
Instead, Resolution No. 55 of the Cabinet of Ministers of Ukraine establishes Ukrainian-
English practical transcription as the Latinization norm (Kabinet Ministriv Ukrajiny 2010).
This Romanization system, geared towards English, has typical drawbacks of such
transcriptional approaches: it violates the requirement of bijectivity between the original and
transliterated texts for letters <c>, <i>, <i>, <ii>, <y>, iotated letters, and the softening sign
<> (resulting from its ignorance); it neglects the Slavic Latin writing tradition; and it uses
<h> both as a modifier and a separate letter which is not allowed in transliteration standards.
These issues lead to systematic distortion and misidentification of names, such as Bosianos —
Boszsanos (Vozianov), Jiniana — Jlinaua (Liliana), J/Iuiwko — Jlianxo (Lialko), Mapian — Map 'sin
(Marian), mediana — meosna (mediana), I7ii — ITiu (Pii), Jlap 'in — Jlapin (Larin), Invin — Inin
(llin), Yopnobai — Yoprnobau (Chornobai), fOp’iska — IOpiexa (Yurivka), Bopouvko —
Boponxo (Voronko), lanvuenxo — [anuenxo (Halchenko), [llawwxiscoxka — Ilankiscoka
(Pankivska), ITorvosa — ITonosa (Polova), Jlesumcokuit — Jlesuyvkuti (Levytskyi). As a result,
the original form cannot be restored after reverse transliteration.

The correspondence <r> - <h> does not have a proper historical and phonetic basis. Since at
least 1334, the Ukrainian letter <> has predominantly been Romanized as the Latin <h>
(Shevelov 1979: 451). However, this practice should not be considered as a scholarly approach
to creating a comprehensive Ukrainian transliteration system that provides an equivalent Latin
representation of the original text. At that time, the Ukrainian language did not even have an
established Cyrillic alphabet. These were rather attempts to write Ukrainian names in a way
that native speakers of Polish, German, Hungarian, and other target languages could be read
them with sounds more or less approximating the original. The variation in rendering the
Ukrainian <z> noted by Shevelov can be attributed to the fact that neither <g> nor <h>
provided an accurate representation of its sound.

The letter <r>was inherited from Old (Church) Slavic, which in turn adopted it from the Greek
alphabet. The Greek letter gamma <y> is Romanized as <g> (ISO 843:1997), and is rendered
as <g> in languages using Latin script: geology (English), grafolog (Czech), etc. Therefore,
the absence of the element “g” in the transliteration of the Cyrillic <e> manifests a lack of
historical awareness and sustainability. Furthermore, according to the International Phonetic
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Alphabet characteristics, the sound [h] is much closer to the pronunciation of the Ukrainian
<x> than to the readout of the Ukrainian <z> (Vakulenko 2022c).

The letter <> was pronounced as a plosive sound [g] in all territorial variants of Old Slavic
until at least the 12th century (Sobolevskij 1907: 43; Shevelov 1979: 451). The spirantization
of the corresponding phoneme in Ancient Ukrainian, Ancient Czech, and Ancient Slovak
occurred between 1157 and 1215 when the voiced pharyngeal fricative sound replaced the
previous velar stop consonant [g] (Shevelov 1979: 450-454). The Ukrainian phonetic studies
inform that this pharyngeal consonant persists in modern Ukrainian (Zovtobrjux and Kulyk
1965: 122; Bilodid 1969: 176). This sound is denoted in the International Phonetic Alphabet
(IPA 2018) by the symbol “¢” (derived from the modified letter <G>). These phonetic facts
support the conclusion that the element “g” should be retained in the transliteration of the
Ukrainian <> in subsequent historical periods.

Experimental phonetic data indicate that the palatalized variant of the contemporary Ukrainian
phoneme /1/ is realized by the velar fricative consonant [yi] (Tocjka 1981: 83, 90). Given that
palatalization, velarization, and pharyngealization are mutually exclusive (Chomsky and Halle
1968: 307), it is unlikely that glottal and pharyngeal allophones [fi] and [§]] will appear
regularly. A similar situation exists in the Lithuanian language, where the phoneme /y/ is
sometimes realized as a glottal [A]. Additionally, the corresponding letter was denoted by “h”
in the Lithuanian Cyrillic alphabet used in 1864-1904 (Lithuanian Cyrillic 2023). However,
since the palatalized variant of this phoneme is always velar, [y] has an advantage over a [f]
(Pakerys 1995). Therefore, considering the softened allophones of the Ukrainian phoneme /r/

¢ 9

also supports using the element “g” in the transliteration of the corresponding Ukrainian letter.

In Ukrainian, a parallel alternation of voiced and voiceless phonemes occurs: /y/ - I3/ - 1Zil
(0opoza ‘road’ — dopiscka ‘path’ — na doposi “on the road”) and /x/ - /Il - /si/ (pyx ‘movement’
— pywamu ‘set off’ — y pyci ‘in motion’). This indicates the phonemic nature of the
corresponding allophone (Vakulenko 2019: 44), further supporting the idea of retaining the
graphical element “g” when Romanizing the Ukrainian <z>.

The title of the Resolution No. 55 implies that its scope is limited to the Ukrainian alphabet,
i. e. the ordered sequence of letters: <a>, <6>, ..., <io>, <a>. As illustrated by the examples
above, improper extension of its application to Ukrainian texts, particularly proper names, leads
to significant issues in information transfer.

With the 2019 enactment of the Law of Ukraine “On Ensuring the Functioning of the Ukrainian
Language as a State Language” (Ukrainian Language 2019), the application of this resolution
also becomes legally problematic. This law mandates that the Latinization of Ukrainian proper
names ensures their Ukrainian sound. However, the non-isomorphism of the conversion table
underlying Resolution No. 55, causes considerable distortions in the pronunciation of
Ukrainian words. For example, the representation of the Ukrainian Cyrillic letters <i>, <i>,
and <u> by the same Latin letter <i> contradicts the phonetic principle of the Ukrainian
language, according to which these letters are always read out distinctly. Even the word
Vkpaina transcoded using this table is rendered with a Russian spelling and reading: Ukraina.
This issue extends to other related names, such as Hoeoykpaiuka, and Jlecs Yxpainxa
becoming Novoukrainka and Lesia Ukrainka, respectively. Additionally, representing iotated
sounds with combinations like “ya” (as in Yakiv), “yu” (as in Yukhym), and <ye> (as in
Yevpatoriia) aligns with English, not Ukrainian, pronunciation.

On April 1, 2022, the national Ukrainian transliteration standard (DSTU 9112:2021) came into
force. This standard implements the decision of the Transliteration Commission from
November 16, 2000 (see Vakulenko 2015a: 234-254, 338-358; Vakulenko 2015b: 48),
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provides transliteration for various periods of Ukrainian script while adhering to the Slavic
written tradition. It ensures full reversibility of transliterated texts and is aligned with ISO
9:1995. The standard includes the complete letter register and bases its transliteration rules on
a detailed analysis of the phonetic and phonological characteristics of the speech sounds in
New Ukrainian, Old Ukrainian, Ancient Ukrainian, and Old Slavic (Vakulenko 20223).

The system A (with diacritical marks) is recommended to be used in printed materials (maps,
monographs, reference books, etc.), in the content of sites; on vehicles and other objects under
the jurisdiction of Ukraine, in international information systems, in organization’s sheets, for
official documents (agreements, letters, protocols, acts, etc.), in postal stamps, in postal
addresses, and on historical monuments.

The system B (without diacritical marks) may be used in telecommunication networks, in
international information databases and multilingual text corpora, in address lines of sites and
web pages, in code scripts, in the bibliography, in scientometric systems, in identification
documents of a physical or a legal person, on signs and road boards (to indicate the names of
streets, organizations, institutions, settlements, and other entities), for flight destinations in
airports.

For example, the contemporary name of the Ukrainian capital Kuis is transliterated by DSTU
9112:2021 as Kyiv (System A) and Kyjiv (System B).

4. Transliteration System for Slavic Linguistics

Similar transliteration regulations for both modern and ancient Slavic languages using the
Cyrillic script (Church Slavonic, Old Russian, Russian, Belorussian, Ukrainian / Rusyn,
Bulgarian, Macedonian, and Serbian / Montenegrin) are organized under the common
authoritative transliteration system for Slavic linguistics (ESLL 2020). This system considers
the Slavic written tradition more comprehensively than ISO 9:1995, particularly in its approach
to transcoding iotated letters using “j”. Another significant advantage is its high degree of
reversibility, which allows the original text to be restored in most cases.

However, the name “Old Russian” which stems from Russian empire times, provides an
allusion to the Russian language that is not correct both historically and linguistically. This
term should be critically and prudently rethought based on historical facts, accounting for its
etymology and inner form, and also for the necessity to provide similar periodization for all
relevant languages. Another matter of contention arises concerning the emergence of the name
“Rusyn” next and actually equated with “Ukrainian” (language). The authoritative linguists
from Ukraine and other countries point to the unjustifiability of the Canadian historian
Magocsi’s attempts to single out the Rusyn language, as well as the political engagement and
dubious character of the corresponding term itself (Cucka 2004). In fact, Rusyn is a dialect of
Ukrainian, not a separate language.

Phonetic considerations should also be taken into account. The correspondence <e> - <h>
suggested for the Belorussian and Ukrainian / Rusyn languages has, similarly to what has been
explained above, little historical and phonetic motivation. Another phonetic and grammatical
inconsistency is the transliteration of the softening sign <> by the acute accent (’) that is
conventionally used to emphasize the vowel sounds. Additionally, this choice prevents the
distinction between lowercase and uppercase letters.

The register of Church Slavic letters in the transliteration system for Slavic linguistics is not
complete, missing characters <e>, <z>, <i>, <r>, <i>, <N>, <§>, <@>, <>, and <¢> (cf.
Istrina 1915: 22; Cejtlin, Vecerka, and Blagova 1994: 56-57). Another inconsistency that
results in the loss of reversibility is the identical Latinization of letters that denote the same
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sound in different historical periods but have different appearances, such as <> and <e>,
<m> and <s>. The specific form of these letters can provide important information about the
period, place, and author of the document. Within the adopted approach, this information would
be lost after Latinization.

Another concern is the presence of diacritical marks, which restricts the usability of this system.
The widespread communicative bibliographic formats MARC 21 (Fritz and Fritz 2003) and
UNIMARC (Hopkinson 2008), as well as their derivatives, imply machine reading of
bibliographic records that makes it necessary the use of basic Latin letters.

5. Transliteration in Chinese, Japanese, and Korean

Transliteration is extremely important in Asian languages. In China, for example, there are
several systems for transliterating Chinese characters into the Latin alphabet, including the
Wade-Giles system, the Yale Romanization system, and the Hanyu pinyin system. The last was
adopted as the official Romanization system (Xing and Feng 2016: 100) and is now the most
widely used system for transliterating Chinese characters (see also Wipperman 2023; HPRS
2023: 1; ISO 7098:2015). In 1982, the International Organization for Standardization adopted
this system as an International standard ISO 7098 (Xing and Feng 2016: 101; 1ISO 7098:2015).
Though it is stated that Hanyu pinyin is a phonetic transcription system, rather than a Chinese
writing system (Xing and Feng 2016: 105), the phonetic bearings of correspondingly
transliterated signs — in particular, <b>, <p>, <d>, <t>, <g>, <k>, <h>, <c>, <ch>, <sh>,
<r>, <>, <>, <x>, <e>, <er> — are, in general, different from those in any other language
that manifests a scholarly transliteration approach. Among the shortcomings of this system are
the use of diacritical marks in the letter <> (which is often replaced by the digraph <yu>)
and in tone notations, and exceedingly specific pronunciation of some letters, such as <b>,
<d>, <g>, <j>, <q>, <x> (Xing and Feng 2016: 109-110).

The two main Latinization systems of Japanese are the Hepburn and Kunrei (Kent, Lancour,
and Daily 1977: 155; Mair 2022). The first was invented by an American physician and
missionary James Curtis Hepburn as a practical transcription into English where some
syllables are Latinized in a way to render their actual pronunciation using English grammar. In
particular, the syllable tsu when preceding the letters <k>, <s>, <p>, <t>, is omitted, while
the following consonant is doubled (Hepburn 1872: xiv). The use of macron in the letters <6>
and <0> also restricts the applicability of this system.

The Kunrei system is not geared to any foreign language and represents the Japanese phonetic
structure (Kent, Lancour, and Daily 1977: 155) that indicates a pure transliteration approach.
This system dates back to 1885 when, aiming to replace the Hepburn system, the physicist
Aikitsu Tanakadate developed the Nihon (Nippon) system which was approved by the Japanese
Cabinet as the official Romanization system on September 21, 1937. Among the Latinization
schemes for Japanese, it is the most regular one and the closest to providing scholarly
transliteration. Later it was slightly corrected to better reflect the modern Japanese
pronunciation, and this modified version is known as the Kunrei system. For example, while
the Nihon scheme renders the characters - as <du> and ¥ as <zu>, respectively, the Kunrei
system uses the same notation <zu> for both (Mair 2022). So, the advantage of the Kunrei
system over the Nihon one is a better consideration of modern pronunciation, but the price for
this gain is the loss of reversibility which is the basic requirement for transliteration. A certain
inconsistency between Nihon and Kunrei is the use of diacritical marks in the letters <6> and
<{0> that restricts their applicability. The Kunrei system was standardized by the International
Organization for Standardization as I1SO 3602 (ISO 3602:1989; see also Romanizing Japanese
2009: 1).
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Though it is recommended to use the Hepburn scheme, especially in International
communication (Romanizing Japanese 2009), the Kunrei system also receives today much
attention, and in some cases, it even prevails (Mair 2022).

In Korea, there are over twenty different Latinization systems, where the most popular are the
McCune-Reischauer Latinization system, the Yale system, and the Revised Romanization of
Korean (Song 2005: 63-64). The first is an example of practical transcription, as it renders
Korean characters differently depending on their sound. Besides, its application is restricted
because it uses diacritics (the breve and the apostrophe). The second is oriented to render the
writing and, hence, tends to be used in linguistic publications. The Revised Romanization
system is characterized as an attempt to abandon diacritics and to move the McCune—
Reischauer scheme closer to the Yale system to achieve more simplicity and consistency (Song
2005: 64). It was adopted as the official Romanization system by the South Korean government
in 2000 and is now the most widely used system for transliterating Korean characters.

6. Rendering Exonyms

The transliteration rules apply to texts written in a source language, which may include
endonyms (native variants of proper names) and exoticisms. However, exonyms (foreign
variants of proper names) belong to the target language and follow its grammar, so they are not
subject to transliteration. An exonym emerges when a name is commonly used in another
language, adapting to a grammatical form that suits this other language. For example, the
authentic geographical name hwreapus has an English exonym, Bulgaria, which is used as an
exception to Bulgarian Romanization rules (Transliteratsiyata 2009). In general, different
languages give rise to different exonyms for the same endonym. For example, the name
Vkpaina appears as Ukraine in English, French, and German texts, Ucrania in Spanish and
Italian texts, Ukrajina in Czech and Croatian texts, and Ovxpavia in Greek texts. It is important
that the transliterated form of an endonym may serve as a written basis to create various
exonyms.

The diversity of exonyms may result also from the variance of names in the source language.
For example, in 949, Constantine VIl Porphyrogennitos transcribed the names of the modern
capital of Ukraine, Kuis, into Hellenic script as Kiofo (Kiavo), Kiodfo (Kioava), Kiofo
(Kiova) (Shevelov 1979). Various forms of this name and their derivatives have been
documented in Old Ukrainian manuscripts, such as Kruodsia (Kiyovia), Kicsckia (Kiévskia)
(Bérynda 1627: 3). These forms resulted in customary exonyms like Kijow (Polish), Kiew
(German), Kiev (English, Spanish, French, Italian), and Kigfo (Greek).

The two United Nations resolutions, IV/20 (1982) “Reduction of exonyms” and V/13 (1987)
“Precedence of national official forms of geographical names”, aim to promote the wider use
of endonyms and their transliterated forms, such as Beijing (Chinese) and Kyjiv (Ukrainian).

It is important to understand that the Romanized names obtained according to
Resolution No. 55 of the Cabinet of Ministers of Ukraine (Kabinet Ministriv Ukrajiny 2010)
are neither endonyms nor exonyms. For example, the form “Kyiv” cannot be considered as an
endonym because it is specially adapted to the conventions of English writing, disregarding the
Ukrainian letter “i”. At the same time, the English exonym remains “Kiev”.

7. Latinization for Linguistic Technologies

The use of Latin script has significantly expanded beyond the traditional linguistic task of
rendering individual proper names and exoticisms. In machine learning, machine transliteration
is regarded as a crucial component of information retrieval (Naji and Allan 2016).
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Romanization enhances the similarity of non-Latin scientific texts to those of other languages
written in Latin script because many international terms are of Latin or Greek origin and appear
similarly in their Latinized forms across different languages. Additionally, a significant amount
of terms are eponyms or include proper names that sound similar in different languages. Such
similarity is essential for incorporating these languages into multilingual term and information
retrieval tasks.

More broadly, many multilingual natural language processing scenarios — such as information
search, machine translation, question answering, and entity recognition — strongly require the
availability of Romanization for languages that use non-Latin scripts. Latinization has been
extensively explored in the context of automatic transliteration tools for both ancient and
modern languages. Notable examples include Arabic (Bogacz, Klingmann and Mara 2017),
Sanskrit (Cai and Wang 2018), Javanese (Razak et al. 2018; Widiarti and Pulungan 2020),
Punjabi (Abbas and Asif 2020), and Ukrainian (Vakulenko 2023).

8. Conclusion

An overview of transcoding systems for converting non-Latin texts into Latin script has been
presented. The primary focus has been on Romanization approaches for Slavic and some Asian
languages, where the specific characteristics of various Latinization systems have been
scrutinized. In general, Romanization systems fall into two classes: the ones based on the
transliteration and the ones based on the practical transcription. During transliteration, the main
attention is paid to simple correspondence (mutual unambiguity) between original and
converted characters, which allows for text reversibility, i.e. the ability to restore the original
text after re-transliteration. During practical transcription, the primary focus is on pronouncing
words. In this case, the original text cannot always be restored. The transliterated texts are used
in various fields, such as printed materials, official documents, postal addresses,
telecommunication networks, information databases and multilingual text corpora,
multilingual natural language processing scenarios, address lines of websites and web pages,
code scripts, bibliographic references, identification documents, signs and road boards, flight
destinations in airports, and so on.
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