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Transliteration Backround
Synopsis

Transliteration Examples from the Web

« &= mdd Guru rypy g @% oo T

« FtH| 2} kamepy kamepbl Kamep Camera Kamepa #1 4=

« Menusa Melia MeAia Menva 8genos Menua dfer

« XoTanb xoTen Xoten Xoyten Hotel otens

+ Poma pomn O~ Roma Pwpa POMH

. Bgngaagg:i 1%a1 Bannnm Vanilla BaHunus
N7

« KapMa #J)L~ Karma Zt20F KapMol

« E2}2 Brown BPAYH BpaliaH bpayH

« (ondo X /L. Taim TIME

+ CyHun poec® ot Sunil JH
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Transliteration Backround
Synopsis

Basic Issues

e Cooccurrence - e.g. temporal correlation:

o In parallel/comparable corpora we expect related
concepts/terms to have similar distributions over space and
time

o Edit distance:

e Phonetic similarity
o Graphical similarity

@ Our goal: techniques for extracting plausible transliteration
candidates for comparable corpora in n-tuples of languages
that use different scripts.
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Transliteration Backround
Synopsis

Previous Work

@ Transliteration: Knight & Graehl 1998; Meng et al. 2001; Gao
et al. 2004; inter alia.

o Comparable corpora: Fung, 1995; Rapp 1995; Tanaka and
Iwasaki, 1996; Franz et al.,1998:; Ballesteros and Croft, 1998;
Masuichi et al., 2000; Sadat et al., 2003; Tao and Zhai, 2005.

@ Mining transliterations from multilingual web pages: Zhang &
Vines, 2004
@ Sproat, Tao & Zhai, ACL 2006:

e Trained phonetic distance, similarity in temporal distribution
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Transliteration Backround
Synopsis

Previous Work

@ Klementiev and Roth:
e Discriminative model using letter n-gram features, and
temporal distribution
@ Tao et al, EMNLP 2006:

e Untrained phonetic model and temporal distribution

@ Yoon, Kim and Sproat, ACL 2007:
o Untrained vs. discriminatively trained phonetic models

e Unitran: Provides pronunciations for scripts in Basic
Multilingual Plane

o Hand-built phonetic model uses phonetic features as well as
“pseudofeatures” derived from second-language learner errors

@ Recent NEWS 2009 workshop (colocated with ACL in
Singapore) highlighted a number of approaches to
transliteration
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Transliteration Backround
Synopsis

Web Transliterations using Unitran/Handbuilt Distance

Model

Find patterns of form x;xj+1Xi4+2 - .. (ViVi+1Vit+2..-) Where at
least some of y;yj11yit+2 are in a script different from
XiXi+1Xi42

Use Unitran to guess pronunciations for most strings:

Festival for “English”
Special tables for:

o Chinese (Mandarin)
o Kanji (kunyomi)
o Extended Latin-1

Rank by (untrained) phonetic edit distance
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Transliteration Backround
Synopsis

Web Transliterations using Unitran/Handbuilt Distance

Fle Edit View History Bookmarks Tools Help

@ - -@ (&% [0 htepiycatarina ai.viuc.e dutranslits/translitL himl <[> =Y
Mxoba.com mail & The New York Times ... 4 Champaign, llinois (... E3Latest BBC Headlines

1 1.50 2mibk 2nibko 2pidk 2pidks 1 2 | 5 6 =
2 1.50 Adishi 2@080b A:dISi: AdiSis 1 23 | 5 6
3 1.50 Ardon AprnoHe A:rd>n Ard>n_ 1 3 | 5 6

4 1.50 Arquette ApreTT A:TKEL Arkiett 1 3 | 5 6

5 1.50 Baby A belbi: beibi_ 1 33 | 5 6

6 1.50 Bendz Beunse bEndz biendz_ 1 3 | 5 6

7 1.50 Brixlegg BpuKcrerr brikslEg briksliegg 1 3 | 8 9

8 1.50 Cartel KapTenb kA:TtEL kArtiel _ 1 3 | 6 7

9 1.50 Casey A - kelsi: keisi_ 1 33 | 5 6

10 1.50 Chepil Yernmne tSEpII tSiiepil_ 1 3 | 5 6

11 1.50 Christie KpuctHe kristi: kristis 1 3 | 6 7

12 1.50 Chubar Yybape tSubA:r tSubAr_ 1 3 | 5 6

13 1.50 Crouzille Kpysuns kruzll kruzil_ 1 3 | 6 7

14 1.50 DIPOL piizigiel)ic) dipol dip>1_ 1 3 | 5 6

15  1.50 Divigel TuBKrens divigel divigiel_ 1 3 |7 8

16 1.50 Effiel Sppusns effiel EffiEl_ 1 3 | 6 7

17 1.50 Elugel Emorens elugel ielugiel _ 1 3 | 6 7

18 1.50 Endel SHOENb endel Endiel_ 1 3 | 5 6

19 1.50 Filip dununn flllp filipp 1 3 | 5 6

20 1.50 Filipp dununn flllp filipp 1 3 | 5 6

21 1.50 Fitil DUTHIIE fIti:l fitil_ 1 3 | 5 6

22 1.50 Football dyT60omL fUtb>1 futb>1_ 1 3 | 6 7

23 1.50 Fridrih D pUIpHR fri:drl fridrix 1 3 | 8 7

24 1.50 Gizelle T'uzens glzEl giziel _ 1 3 | 5 6

25 1.50 Goygol Téfréns gojgol giojgiol _ 1 3 | 8 7

26 1.50 Isperih Wenepux IspErl ispierix 1 3 | 6 7

27 1.50 Kamen Kamenn kA:mEn kAmien _ 1 3 | 5 6

28 1.50 Kamin Kaminb kA:mi:n kAmin_ 1 3 | 5 6

29 1.50 Kamin KaMiHb kA:mi:n kAmin_ 1 3 | 5 6 =
bone " ' ' ) - o ]
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Transliteration Backround
Synopsis

Web Transliterations using Unitran/Handbuilt Distance

Model

Fle Edit View History Bookmarks Tools Help

@ - -@ (&} [0 httpijcatarina.ai.viuc.e duftranslitshan.html <[> =Y
Mxoba.com mail & The New York Times ... 4 Champaign, llinois (... E3Latest BBC Headlines

1 150 9755 uzumAki 32 |7 5
2 1.65 #Heh}e kwanthanamo 24 | 10 = |
3 1.69 uxg mintSutalN 24 | 8

4 1.94 Setomaru WP setomaru setomAru 1 35 | 8 8

5 1.94 Toriimae toriimae toriimAe 1 35 | 8 8

6 2.00 NUMANOI 7 numanoi numAnoi 1 35 | 7 7

7 2.00 Takashimaya HEE tAKA:STmA: )& tAkAsimAja 1 35 | 10 10
8 2.00 Yaneura BRE janeura janeurA 1 35 | 7 7

9 2.00 #HExR koNtshrantaN 35 | 9

10 2.00 387 phijoNtSa 24 | 7

11 2.06 Mikazuki mlkA:zuki: mikAtsuki 1 35 | 8 8
12 211 wenyanwen wEnj@nwé&n w&njanwé&n 1 s |9 9
13 2.12 Osezaki oUsEzA:ki: oosesAki 1 35 | 8 8
14 2.12 Renminbi rEnminbi: r&nminpi 1 35 | 8 8
15 2.12 Renminbi rEnminbi: r&nminpi 1 35 | 8 8
16 2.12 renminbi rEnminbi: r&nminpi 1 35 | 8 8
17 2.12 renminbi rEnminbi: r&nminpi 1 35 | 8 8
18 2.20 ITALY Tt&li: itall 1 35 | 5 5
19 2.20 Italy Tt&li: itali 1 35 | 5 5
20 2.21 TayiTu taijitu thaicCithu 1 35 | 7 7
21 2.21 Tulufan tuluf@en thuluphan 1 35 | 7 7
22 2.21 FA4 toNtSisha 24 | 7

23 2.31 mikazuki =ZHA mikazuki mikAtsuki 1 35 | 8 8
24 233 Yaotouwan A, jaotouwan jauth&uwan 1 35 | 9 9

25  2.33 EEEE pacCisithan 35 | e

26 2.38 Mikadzuki ZHRA mlk@duki: mikAtsuki 1 35 | 8 8
27 2.42 "I'A kh &khain 35 | 6

28 2.43 BISHAMON B bIS&m&n phisramé&n 1 33 | 7 7
29 2.43 Bishamon B bIS&mé&n phisramé&n 1 35 | 7 7 I+

Done
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Transliteration Backround
Synopsis

Web Transliterations using Unitran/Handbuilt Distance

Model

66  2.80 TFritz e frits frjts 1 6 | 5 5
67  2.80 MRirt Cigye mrirt mrjrt 1 6 | 5 5
68 2.80 by Wilms wjlmz wIllmz 6 1 | 5 5
69 2.80 <wuk Clint kljnt klInt 6 1 | B3 5
70 281 ol zilatuun DIIEtwUn zilatuun 6 1 | 8 8
71 2.88 bird ENY b&rd bord 1 6 | 4 4
2 2.88 black blak bl&k 1 6 | 4 4
73 2.88 mustt e m~st mEst 1 6 | 4 4
74 288 zx Merge mlrdz m&r dZ 6 1 | 4 4
75 2.90 shogol iy S>g&l SUGa~1 1 6 | 5 5
76 2.90 oeli Muslimiyna mUslImIjnE m/zIlImIIné& 6 1 | 10 10
77  2.92 TFRIENDS i g frEndz frjndz 1 6 | 6 6
78 2.92 Friends AR frEndz frjndz 1 6 | 6 6
79 2.92 Surendar S srEndr srjndr 1 6 | 6 6
80 292 jawma Friends frjndz frEndz 6 1 | 6 6
81 294 Se=l valimaki vhljmhkj V_lim_ki 6 1 | 8 3
2 3.00 Gil Js G_1 g1 1 6 | 3 3

Qian, Hollingshead, Yoo



Model

1 225 ¥rb gilisi kilisi gilisi 26 1 | 6 6
2 233 RAS yonega jonek A jonega 26 1 | 6 6
3 256 TWFDZ Iraliano ithAliAno ItAliANnoU 26 1 | 8 9
4 267  Kituwah ¥S5G kItSuwé& Eituwh 1 26 | 6 6
5 283 WHF thAmili 26 | 6

6 293 SP@I dulisdi tulisti dul&sdi 26 1 | 7 7
7 308 raH Suomi suomi suolUmi 26 1 | 5 6
& 333 Kamuga a5 k@nug& khanuk A 1 26 | 6 6
9 375 Keetoowah ¥sG kitu& kituwa 1 26 | 5 8
10 388 adatasti DLWART @d&t@sti AtAathAsthi 1 26 | 8 8
11 404 dideloquasdi IS@TRI did&loUkw@zdititelokwAsti 1 26 | 13 11
12 404 IS0T&I dideloquasdititelokwhAsti did&loUkwe@zdi 26 1 | 11 13
13 408 limon ¢h I1Imé&n lemAni 1 26 | 5 6
14 419 0awa unulahi unulAhi &njulAhi 26 1 | 7 8
15 428 1841 diyohidi tijohiti dlal&hidi 26 1 | 8 9
16 436 ugista ORGW udzZlst& utsits AthA 1 26 | 5} 7
17 442 Cherokee CWY t8Er&ki tsAlAkI 1 26 | 6 6
18 442 oww Catala khAthATA Catal_ 26 1 | 6 6
19 442 GWY Cherokee  tsAlAki tSEr&ki 26 1 | 6 6
20 444 4LST rudadequa nutAtekwa n&dadlikw& 26 1 | 8 9

Transliteration

Qian, Hollingshead, Yoo
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Synopsis

Web Transliterations using Unitran/Handbuilt Distance




Transliteration Backround
Synopsis

Web Transliterations using Unitran/Handbuilt Distance

Model

27 275 amaruq ALpse AmAruq L 27 | 6
28 275 nuliag oc<s nuliAq L 27 | 6
29 275 pualuuk >t puAl&k puAluwk L 27 | 6
30 2.86 imiqtuq AT D ImIkt k imiqtuq L 27 | 7
31 2.9 Susan Al suz&n swsAD 1 27 | 5
2 2.94 Oupanuaq <o kupanuak qupAnuAq L 27 | 8
33 294 Sanirajak LoGbt s&nlrArdZ&k SADIrAjAk 1 27 | 9
34 294 gikturiaq SPeDAASe KIktSUTr k gikturiaAq L 27 | 9
35 3.00 Igluligaarjuk AtScLs IglrligArdZ&kiGluliGArjuk 1 27 | 12
36 3.00 Inuktitut Aob1D€ In"kt&tArt inuktitut 1 27 | 9
37 3.00 arnaq <Asa st ArnAq L 27 | 5
38 3.00 inuktitut Aob1D€ At inuktitut 1 27 | 9
39 3.00 panik <ot pAniq 1 27 | 5
40  3.00 qaniq Sho st qAniq L 27 | 5
41 3.00 sukak Abse sukAq 1 27 | 5

gshead, Yoon, Kim



Transliteration Backround
Synopsis

Temporal correlation: Nunavut Hansards

Nunavut a2t
Aglukkaq gL 5bpw

——  Nunavut (Inuktitut)
Nunavut (English)
——  Aglukkag (English)
Aglukkag (Inukiitut)

normalized frequency




Transliteration Backround
Synopsis

Synopsis

@ Given comparable corpora, such as newswire text, in a pair of
languages that use different scripts:

e ScriptTranscriber provides an easy way to mine
transliterations from comparable texts.
e Particularly useful for underresourced languages

@ ScriptTranscriber is an open source package that allows
for ready incorporation of more sophisticated modules

© Available as part of the nltk_contrib source tree at
http://code.google.com/p/nltk/

Qian, Hollingshead, Yoon, Kim, Sproat Toolkit for Universal Transliteration
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Transliteration Toolkit

Overview

@ Approx. 7,500 lines of object-oriented Python

@ Requires PySNoW
o Modules:
e Document structure and XML representation.
o Extractor: extracts terms from text. Specializations:
o Capitalization-based extractor
@ Chinese foreign name extractor
o Chinese personal name extractor
e Thai extractor
e Morph analyzer
e Pronouncer. Specializations:
e Unitran — UTF-8 pronouncer
o English pronouncer
e Hanzi (Chinese character) pronouncer
o Comparator. Specializations:
@ Hand-built phonetic comparator
e Time correlation comparator
@ Perceptron-based comparator

Qian, Hollingshead, Yoon, Kim, Sproat ScriptTranscriber



Transliteration Toolkit

XML Fragment

BRGATBERITE, SR S0 A R L E E
28 B2 BER R WK TAHATE IR L.

EHE

Egyptian President Hosni Mubarak, Syrian president Hafez al-Assad and
king Fahd of Saudi Arabia held a meeting in the northern Egyptian port
cily of Alexandria jusl before Lhe end of lasl year.

<?uml version="1.0" encoding="UTE-8"2>
<doclist™
<docx
<lang id="=zh">»

<Loken counl—"1" morphs-""
prons="sr a th camp; a 1 a p o :
S unADUMgumALKkudaku buM SRR token>
<token count="1" morphs=""
prons="f a x famp; t samp; ; no r i Ak A i o s i e">EiE< token>
<token count="1" morphs=""
prong="m u p a 1 a kh &amp; ;
jawArAgudomoekudakugAts u BB token>
<token count="1" morphs="" prons="a s a t samp;
; kumADUM o s i e">FflfEf#</token>

</lang>
<lang id="an">
<token count="1" morphs="" @1 camp; g z @ndr i: gamp;">Alexandria</token>
“<token r e Ib i: samp:">arabia</token>
<token s &: d">Assad</token>
<token I d2 I p 3 €amp; n">Egyptiand/token>
<token morphs="" prons="f A: d">Fahd</token>
<token count="1" merphs="" prons="m u b A: r I k">Mubarak</token>
<token count="1" morphs="" prens="s &gt; d i:">saudi</token>
</lang>
</doc>
</declist>

Qian, Hollingshead, Yoon ScriptTranscriber



Transliteration Toolkit

Sample Program

#!/bin/env python
# —%- coding: utf-8 -*-

"""Sample transcription extractor based on the LCTL Thai parallel

data. Also tests Thai prons and alignment.
win

__author__ = """

rus@uiuc.edu (Richard Sproat)
wn

import sys

import os

import documents

import tokens

import token_comp

import extractor

import thai_extractor
import pronouncer

from __init__ import BASE_

## A sample of 10,000 from each:

ENGLISH_ = ’Jss/testdata/thai_test_eng.txt’ % BASE_
THAI_ = ’%s/testdata/thai_test_thai.txt’ % BASE_
XML_FILE_ = ’%s/testdata/thai_test.xml’ % BASE_
MATCH_FILE_ = ’%s/testdata/thai_test.matches’ ¥ BASE_

Hollingshead, Yool proat ScriptTranscriber



Transliteration Toolkit

Sample Program

BAD_COST_ =6.0

def LoadData():
t_extr = thai_extractor.ThaiExtractor ()
e_extr = extractor.NameExtractor()
doclist = documents.Doclist()
doc = documents.Doc()
doclist.AddDoc (doc)
#### Thai
lang = tokens.Lang()
lang.SetId(’th’)
doc.AddLang(lang)
t_extr.FileExtract (THAI )
lang.SetTokens (t_extr.Tokens())
lang.CompactTokens ()
for t in lang.Tokens():
pronouncer_ = pronouncer.UnitranPronouncer (t)
pronouncer_.Pronounce ()
#### English
lang = tokens.Lang()
lang.SetId(’en’)
doc.AddLang(lang)
e_extr.FileExtract (ENGLISH_)
lang.SetTokens (e_extr.Tokens())
lang.CompactTokens ()
for t in lang.Tokens():
pronouncer_ = pronouncer.EnglishPronouncer (t)

Qian, Hollingshead, Yoon, K ScriptTranscriber



Transliteration Toolkit

Sample Program

pronouncer_.Pronounce ()
return doclist

def ComputePhoneMatches(doclist):
matches = {}
for doc in doclist.Docs():
langl = doc.Langs() [0]
lang2 = doc.Langs() [1]
for t1 in langl.Tokens():
hashl = t1.EncodeForHash()
for t2 in lang2.Tokens():
hash2 = t2.EncodeForHash()
try: result = matches[(hashl, hash2)] ## don’t re-calc
except KeyError:
comparator = token_comp.0ldPhoneticDistanceComparator(tl, t2)
comparator.ComputeDistance ()
result = comparator.ComparisonResult ()
matches[(hashl, hash2)] = result
values = matches.values()
values.sort(lambda x, y: cmp(x.Cost(), y.Cost()))
p = open(MATCH_FILE_, ’w’) ## zero out the file
p.close()
for v in values:
if v.Cost() > BAD_COST_: break
v.Print (MATCH_FILE_, ’a’)

Qian, Hollingshead, Yoo proat ScriptTranscriber



Transliteration Toolkit

Sample Program

if __name__ == ’__main__’:
doclist = LoadData()
doclist.XmlDump (XML_FILE_, utf8 = True)
ComputePhoneMatches (doclist)

Qian, Hollingshead, Yoon, K ScriptTranscriber



Transliteration Toolkit

Interactive Use

>>> import pronouncer

>=>> import tokens

=== tl = tokens.Token("WwiD")

>>> t2 = tokens.Token(' D]

>>> p = pronouncer.UnitranPronouncer(tl)

>>> p.Pronounce()

»>> {1

FWWIDI[]["TATAKUA] >

>>> p = pronouncer.HanziPronouncer(t2)

>>> p.Pronounce()

>>> t2

#< 1[][Malakwa', 'kudAkukudAkuuril=
>>> import token_comp

=>> ¢ = token_comp.OldPheneticDistanceComparator(tl, t2)
>>> c.ComputeDistance()

>>> c.ComparisonResult()

#<comparator: WWJID <-> , 3.2857,"TAlAkuA<->lalakwa">
>>> c.ComparisonResult().Cost()

3.2857142857142856

Qian, Hollingshead, Yoon, Kim, Sproat ScriptTranscriber 20/ 22



Transliteration Toolkit

Summary

@ ScriptTranscriber is a toolkit for extracting transliteration
pairs from comparable corpora.

o Works with any script in the Unicode Basic Multilingual Plane
o Easy to extend the modules

@ Available from the nltk_contrib source tree at
http://code.google.com/p/nltk/.
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