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Abstract: Transliteration has been a challenging problem in natural language processing specially in cross-
lingual information access sub-domain. Transliteration from English as a source language becomes more tough
due to non-phonetic property of English language. Different techniques are used to perform the task of efficient
and correct transliteration. But till now rarely any achieve the goal .These techniques include the all four model
based on source grapheme, source phoneme, target grapheme and target phoneme knowledge. Different
approaches used for machine learning are maximum entropy model, decision-tree learning, memory-based
learning, Genetic algorithm learning. Aim of the paper is to develop a tool that can be used as a sub-system of
cross-lingual information access system. It takes a word or group of word as input and can generate the
transliterated form of world so that output can used for information access .This tool is platform independent,
multi-pair transliteration system . It is something different from editor tools which also transliterate words but
they can rarely gives correct transliterated word as their first probable output. Editor tools only help in typing a
document in our desired script and this process of editing generally done by transliteration process because we
have only one input medium which is English

Keywords: Transliteration; GIST; Xlit; Google tool; Syllable Structure; Maximum Entropy Model

l. Introduction

Translation of proper names is generally recognized as a significant problem in many multi-lingual text and
speech processing applications. Even when hand-crafted translation lexicons used for machine translation (MT)
and cross-lingual information retrieval (CLIR) provide significant coverage of the words encountered in the text,
a significant portion of the tokens not covered by the lexicon are proper names and domain-specific
terminology. This lack of translations adversely affects performance. For CLIR applications in particular, proper
names and technical terms are especially important, as they carry the most distinctive information in a query as
corroborated by their relatively low document frequency. Finally, in interactive IR systems where users provide
very short queries (e.g. 2-5 words), their importance grows even further.

Unlike specialized terminology, however, proper names are amenable to a speech-inspired translation approach.
One tries, when writing foreign names in one’s own language, to preserve the way it sounds. i.e. one uses an
orthographic representation which, when “read aloud” by a speaker of one’s language sounds as much like it
would when spoken by a speaker of the foreign language — a process referred to as transliteration. Therefore, if
a mechanism were available to render, say, an English namein its phonemic form, and another mechanism were
available to convert this phonemic string into the orthography of, say, Hindi, then one would have a mechanism
for transliterating English names using Hindi characters. The first step has been addressed extensively, for other
obvious reasons, in the automatic speech synthesis literature.

The problem of transliteration of word aims to conserve the sound in target language as the sound of source
language and transcript the word in target language. This process involves four steps:-[1]

1. Conversion of an English name into a phonemic representation
2. Translation of the English phoneme sequence into a sequence of generalized initials and finals or GIFs
3. Transformation of the GIF sequence into a sequence of hindi sounds unit

4. Translation of the hindi sound sequence to a character sequence.

1. Problem faced in transliteration from English to hindi

Since Hindi uses a phonetic script (Devnagri), i.e., every character has one and only one pronunciation,
transliterating from English to Hindi is essentially a process of determining the pronunciation of English words
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and approximating them using the Devnagri script. Transliterating would have been an easy task if there were
simple one-to-one rules for mapping sequences of characters in one language to another. But this is rarely the
case. Many common sequences in English have different mappings based on the surrounding characters or the
part-of-speech in which the word is used. In some cases, the differences are not even attributable to factors in
the text, but are due to the etymology of the word or the arbitrary nature of pronunciation in English.

For example, c is pronounced differently in calendar, circus, and cheese; ea is pronounced differently in eat,
threat, and heart; and many English multi-letter combinations are realized as a single sound in pronunciation (f,
ff, ph, gh can be mapped to f).

The context usually plays a vital role in determining the pronunciation. The context can be the position, or the
neighbourhood of the character sequence in terms of syllables, other sound units or characters.

With respect to position, if a word ends with ¢, then mostly it is pronounced as k (mosaic,disc, cardiac etc.).
Similarly, if a word ends with e, then in most cases it remains silent without producing any sound (rise, promise,
Jane, rose etc.). But context information is not adequate for disambiguating g in goat and ginger.

If we take a fixed number of characters as context, then the letter ¢ followed by |, r or t is always pronounced as
k. Also the phoneme ough is pronounced as af if its previous character is one of {c, d, n, r, t}. But, th is
pronounced differently in though and thought even though it is followed by ough both cases.[2] Given these
complexities a simple way of transliterating may be via lookup in a pronunciation dictionary. But, this will not
work for new words and proper norms. Also, any pronunciation dictionary would be correct only for the dialect
it is created for. For example, an American English pronunciation dictionary would give awkward results for
people who are used to the British accent .Thus, what we need is a system that can use a pronunciation
dictionary or a corpus of transliterated examples and induce from this a set of rules. This can then be easily
adapted for different dialects and accents provided we are able to find a sufficient number of training examples.

1. Test analysis of Different Transliterational Editor

We have tested four tool available for editing in hindi which uses the concept of transliteration for the purpose
of editing in hindi. These are available as a web-based service . These four tools are:-

1. Xlit of CDAC-Mumbai

2. GIST of CDAC-Pune

3. Google Transliteration

4.  Microsoft tool for hindi writing

Our test data are selected from different domain likes human names, building name, English name,city
name,English words etc .

Test Results :- English words
, G Rl
Roman script Xlit GIST Google Microsoft
Abandon 37§er R crecra 37§er 3§er
Abbreviate oA IhRTe B E o] e
Shrink SR TR BCo FIED
Volcano mr— Attt e m—
Zooparasite FORETST ST S SO
Initial Seltclier SIS SGIGEC] sfaeger
Injustice gorafeH Seofreed W—H gﬁm
Quotient T FAreree 33faTeda RIS
Honour GRS ki g gl
Knight Fellse Hideee EGIx] A1sT
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Hindi Human names
Roman script &gy fafy
Xlit GIST Google Microsoft
John ST G St ST
Atul kumar 3 FAR 3T FAR 3T FAR 3 FAR
Raman \m;r }m;r ‘TFI'GT U‘Trr ]
Rajan TSt STl ot Tt
Rajat &ie ToTd Tald Jold
manu saxena AT AT Hel TFAT Tl TFQT Hef GFAAT
prashant TRITT Tl ERIGKCEU ERIGREEY ERIGREGER
megha jain T T T AT S HET ST
anil agrawal 31faer 3rraTer 3ifae 3rrarar 3ifae 3erarer 3ifae 3T
amitabh bachchan | 31fyqrer seamer 37T sTueT 37T STaeT 37TATTST sTaeT
jaya bhaduri T e ERIEICR ST SgIedY ST 1T
kamal shrivastva FAT BT Farer Aareda FH Aareda AT Adrdcd
ravi rituraj IR HR GG NEREGUE NEENSUE]
Hans bhardwaj &1 sSarer £ HRedrst g9 IRears &9 HRedrst
Shashi  goswami IR meareT NIREIREIE) NIREIREIE)] IREIREIE)]
Roshan seth AAF TS AT TS AT TS AAF TS
Lata mangeshakar T FAART ST HANRATHT STdT HIAUR T FIRE
Mohammad rafi AgFEAe TH HigF#e ThH HIgFHAG TH HlgFEHAE IH
Sachin tendulakar iR deee] TR deerht SIEGREGERY TR dgere
Mahela Aol SITaTsSeY HEolT STadcal Heoll STadTeA Heoll STIaics
Ram igbal TH STl TH SehalTel TH Sehallel TH SehdlTel
Azizul haque 3 T BRI GEED ST ghT SISl gleh
Vasistha narayan |  gefream araor aiffTaraRer | affaeERIeT AT ARTIOT
Tenzin SIEGRER A RGIEGRERICI RGIEGRERCHI &St Preeft
amartya sen AT AT A T I T HAA A
Gautam Buddha T g3ar ax Tg ad Tg MNaaag
Aryabhata 3T 3TN 3ATSTAT 3RTATaT
Asvaghosa 3rEqrarEr ETaE 3rEqarEr 3rEareEr
Devakinandan CCIE GIERRCRE CEIBLGECE]] gaehleeeT @AY CEIEGGCGRCIE
Bhartendu g g RS gRedg HRdG gRedg HRdeq gRTs
English names
_ aarr ol
Roman script Xlit GIST Google Microsoft
Christopher fohaT Heftar [EQSERTY eI Afeter [EXSALTe
William [CIGRE] faferas fafes ATt faferas
Barack obama NN | ST 3T N AT EREEEIICIE
John MacCain SR ST AT SiTeT FheT SleT AhehssT
Adam smith eH Ay | 3w Ay 3gH Ay usH [&AY
John rawl EIGEEES EIGKER] EIGRICE] SieT gl
Karl Marx T AT FTeT AT FToT ATFY el AT
Immanuel Kant SAGIUA e | SFHATS hid SFATUA Fled SFATIUA
Antonio Gramsci s T AT IEEhT K AIGE
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William [CIGRE] faferas fafee eraheart faferza
Isaac newton SHTh =gdl | 3891 =gcd g Aedl T ¢l
Stephen hawking | geog gaferer Tt dt T gicshar T gafeher
Building names
_ aaarert fafy
Roman script Xlit GIST Google Microsoft
Redfort EHE T EHE EHE
Qutub minar Fad HAR Hdd HAR Fdd HaR Fdd AR
taz mahal arsT #gTeT dst Heol drs #gel drel Agel
rashtrapati Tseafa 99 | Useufd e | Useufd aa | Useufd g
Parliament RicHe 813 grferarde gfel3rdie g139 grferardie
Madhur bhavan R Ha=T TR FaA TR FaA TR FaA
Buland ¥z exas Tole gaotr ol eXdTal Joig TSl
Golghar IMeTeR IMeTeR IMeTeER INeTER
Sanchi stupa T Jqu Er T e 9 ard &9
Lotus temple dled dFTd dled U Sl <Fel dley ¢Fqe
City names
_ daeerd) fafdy
Roman script Xlit GIST |  Google Microsoft
Varanasi oTHY ERAGEsI) IRTUTEY IRTOTHY
Ara kicy 3T kicy 3T
Gwalior AT AR IGIeRR IGITeRR TaTferR
New delhi = R =3 feeelt = ST =g feeelt
Banglore SITAT FIAR AR IR
Chandigarh TEPRE TS CEICI RIS
Allahabad Ioolgde ERIREIR Hedlgldle Sellgldia
Lucknow Shella A3 qGAS qGAS
Tiruchirappalli e Tea | TasTcuieoo | fQsRcueel | fasRT9Yealr
thiruvananthapuram | fasamiceia | R%aa-a e | REdaearR®e | Rsaaaaws
IV. Test Analysis
—»Type of Word | English Word | Hindi Human English name Building Name City name
Transliterator C I C | C I C | C |
Xlit System 1 10 2 5 0
GIST system 8 23 3 6 6
Google System 0 10 23 30 4 10 8 10 5 10
Microsoft 1 21 6 10 7
C - No of Correct output I - Noof Input

V. Comment on different System

Xlit:- This system is based on learning by Genetic Algorithm. So in process of pure learning it gives result
based on rules derived by its system . it does not use the corpus directly to transliterated available word means
It does not correctly transliterated the words from which this system learn as the dictionary word result by this
system is poor which is about (1/10).

GIST:- This system gives good result for dictionary word. Perhaps it uses the learning corpus directly for
transliterating dictionary words. It is also good for city names it means it has also a good parallel corpus of
well-known named entities.
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Google tool:- This system is based on pattern recongnition from a large corpus of document available
worldwide on internet . so its trained is good for all category of words except the English human name . it
means there is less information is available on WWW by which it can learn to transliterate this type of words.

Microsoft tool:- Very less is known about this system but it gives good result. Dictionary words result of this
system is poor. It is good in hindi names English names result is also poor . So it may be possible that it
directly uses the fixed rules by which any hindi words is represented in English .

VI. Techniques which Can be explored

Syllabification Approach
Syllable Structure
1. Count of no. of syllables in a word is roughly/intuitively the no. of vocalic segments in a words.

2. Presence of a vowel is an obligatory element in the structure of a syllable. This vowel is called
“nucleus”.

3. Basic Configuration:

. C)
4. Part of syllable prece(§| g&Vﬁ MEIQJS 9B50fed the onset.
5. Elements coming aftept heRll\lw]eEpNar ﬁH%qléhe coda.

6. Nucleus and codatoge hera re'ferre to as the rhyme.[3]

Co=Coda

§=Syllable, 0= Onset
R=Rhyme, N = Nucleus
\CD Co= Coda

C
22— —wn

Ex- word sprint may
. S
A L
0 R "
I \ ["Iq\}fu ﬁ/lll
N Co |
AR
w A rd spr 1 nt m el < No Coda.

Maximum Entropy Model

In Bayesian probability, the principle of maximum entropy is a postulate which states that, subject to known
constraints (called testable information), the probability distribution which best represents the current state of
knowledge is the one with largest entropy.[4]

The principle was first expounded by E.T. Jaynes in two papers in 1957° where he emphasized a natural
correspondence between statistical mechanics and information theory. In particular, Jaynes offered a new and
very general rationale why the Gibbsian method of statistical mechanics works. He argued that the entropy of
statistical mechanics, and theinformation entropy of information theory, are principally the same thing.
Consequently, statistical mechanics should be seen just as a particular application of a general tool of logical
inference and information theory.

In most practical cases, the testable information is given by a set of conserved quantities (average values of
some moment functions), associated with the probability distribution in question. This is the way the maximum
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entropy principle is most often used in statistical thermodynamics. Another possibility is to prescribe
some symmetries of the probability distribution. An equivalence between the conserved quantities and
corresponding symmetry groups implies the same level of equivalence for both these two ways of specifying the
testable information in the maximum entropy method.

The maximum entropy principle is also needed to guarantee the uniqueness and consistency of probability
assignments obtained by different methods, statistical mechanics and logical inference in particular. Strictly
speaking, the trial distributions, which do not maximize the entropy, are actually not probability distributions.

The maximum entropy principle makes explicit our freedom in using different forms of prior information. As a
special case, a uniform prior probability density (Laplace's principle of indifference) may be adopted. Thus, the
maximum entropy principle is not just an alternative to the methods of inference of classical statistics, but it is
an important conceptual generalization of those methods.

VII. Conclusion

Overall the task of transliteration is a tough task which require a learning process, then apply those learned
concept to determine the new word’s transliteration. It can give better result when we have a good learning
technique. All the available tools are basically editor, they are not transliterator. They only help in writing
contents in one’s own language script only if he knows the manual transliteration of his content in English. No
one can use these tools if he does not know English.

Here two approach discussed syllabification and maximum entropy model deals with the two aspect of
transliteration process. Former deals with to reduce the context window of the letter i.e. in general if we consider
context window size=3 then it means it consider the 7 letters for the context of a letter whether they all are in
one syllable or not. If a letter in this context belong to other syllable of the word then it has no impact on the
current considered letter’s phoneme. Later is a learning method base on Bayesian probability
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