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Reflecting the rapid growth of science, technology, and economies, new technical terms and product
names have progressively been created. These new words have also been imported into different
languages. There are two fundamental methods for importing foreign words into a language. In the first
method-translation-the meaning of the source word in question is represented by an existing or new word
in the target language. In the second method-transliteration-the pronunciation of the source word is
represented by using the phonetic alphabet of the target language. Technical terms and proper nouns are
often transliterated. In recent years, the research which applies the automatic translation method to
transliteration is active. The representative international conference is Named Entities Workshop (NEWS).
In this paper, we investigated the studies that suggested in NEWS 2009, and summarized the machine
transliteration method that proposed in each paper.
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1. L&

PEEBAITRREFT ORI, BT L A fde et
FIEED R % IfES s, 7. TS DHREIZA ~
& —Fv Mok THApIcRES NS, 22T, 4t
EDXX b2 Y A 7oz, SHEREDFRE % dusic
RHERENEA T 208 D55 £ > T 5,

NEREZBAT 2 73 =MD 5, i ERD=US
SR (translation) ; TH %, EHRRIIHSFED %%F%E%H
FEDFFETRILT 2 7ETH 5, HlAIFX, HEFED

@Mm$1i5$§®rﬁﬁjkﬁﬁéh% :%E

3 THF (transhteratlon) 1 TH5, WFEIIEEED

H 2RO S B T 2 HRR TR Y 2 57k
Thsb, HIZIL, raddreSSJ WFHAZED T7 LA
I NG, [EAAFCHMARRHIRTFI NS 2 L
D%\, R EEOEFICT 2, Ll 2Ok
BINRETEICE LT, FHEHEOEKRLIEZ sk
L. AT,

HIRRTIR, NREEOHD S FHIFNRISWIET %
BEFOHGELEIRT 2, H5 0, HEFNROEK%E
T E 28 L\ Wiz E2 083D 5, ZOMFEEIR L
THH N LD 5, HIEL T, WIFOT1ED
FHLfEHICTE S,

HEROBIFHIEI IR SEEOFE G & RS FEDOE R
F & ORIGHAIZ AFTR L TIT9 ., L, Tt
Tld, 2 v Ea— ORI EL, K
B2 SR a — 2% X D RIS FICANS 2 &
12k > C, Yahoo!lER, =¥ ¥4 FEIER. Google @
HHARBERE 72 & TR L T 2 #7ia HBSIEIRR Tk 2
LIS T 2L Tnw 5,

Bz, 2009 £E o B R — )L Tf btz [EER S The
4th International Joint Conference on Natural
Language Processing (IJCNLP 2009) 'lz&wC, H
FETIC T 57 —2 3y 7 Named Entities
Workshop - Shared Task on Transliteration (NEWS
2009)230)D ThfE S 11, Mok TR, L
2L, 2010 4ELUE, 77— 3 v ZOHuDdSuEliTHIC
B0, Sl 2009 £ONEZ T #2HH L,

— . 4 1% 2005 £E0 SEIFICEI T 2019 % Lo,

—ERRS @O 228F 7, L L, BiFo B
B 2839 Cldzeys, 22 ¢, NEWS 2009 ©
RESINHETFEEZHE L. B2 OWFFRICHD Ao
NDDE I DITOWTHEET 2081 H -7,

IR, 2. T NEWS 2009 OISR TR s £ %48
T 5, 3. TRESINFIFET 258 FEZHS
129 %, 4. TRIFOBIRE ¥ Lo, FERADELEEZ IR
3,
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2.  NEWS 2009

21 =

NEWS 2009 Ti&, 5E Iz S5abs ORI g
ZIHOBEE HE L, S8k L g ch 5
EART7a—FTHHAL T, REEDSIERICR$
DHR TS A T L 2T L. 2 ORISR E B "

1 SN T 3K S5 T—&o):ﬂjw;—r
— ¥ P A AR LTS, TRTORFRIRIIAL L
W ThH5, 2 LT, EHETT 200K FEND
FL—= v P LR T PHBEIN TR S, ik,
BHFHETIC oW TIE, NEWS 2009 235 L 7237
— & Uo7 o aoftS (Standard) & b A
Az sSEER2AMAHALZEA6OKR
(Non-standard) Dfi/iH%E8& 5415,

NEWS 2009 TiZ, 31 F—2235hL 7=, EHITH
B, TAVNIZ F—LT—FHE S, AV FIE8 F
—LD 2 H{KHE ST, HREPED G IZZNZEN 4 F
— LS 7, Y IFEE, 68, =7 TAL
SYRAFTEX T VI DENEFN] F— L 5T,
ZLC, 27T KOs s iz, i3 XCoi
XEPFHENRE L, oz iTo7,

22 FHfiRE

NEWS 2009 Tlx. S 13 1 59 Standard; &
K4 -5® "Non-standard; OfiEzHHTE 2",

1 DOFERIZ 7 v * v 7 Eid: 10 OBl eHiD Y
A NTH D, LT, 6 DDOFHMREE TR TR 2 S
5,

BT NRISEHOIEL Wl (IEWR) 23H 500 L
N BT, §RTOBERBUIFHMNI B\ TSI
bis, 2Fh, INSDERFEDO ENTHIEME T
%, ¥, HROENITH2 Y FLT0ETRTD
il ZE L WS ERD 5,

FaHliREDFHRCRIH§ 2 HalZGld R o X 9 12
oT\ 5,

e N:T7RAMey FMORFERNSE

e n:7AMey MOIFHBITENSROIERE (I,

=1)

o 1,7 ARMey MO I BHETHRD ] EHEHO

1A

e ¢ TAMey o i BHEITSRICNT S

Bz A7 03 L7e k & H ORI
(I1=k=10)
o K:iEHBTNRIONT 287 AT 2050
L 7Bl esfioo
6 DDOFHIIREEIX Z 11241 Word accuracy in Top-1

2 28 ADHSHNHHI NN, FHAR L 12013 27 £TH B,
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(ACC). Fuzziness in Top-1 (Mean F-score), Mean
reciprocal rank (MRR), MAP,. MAP, & MAP T
b5, HHTPEOLDS X )T, BHED 3 DIFUREH
DOREET, REMNR MAP, 20 %2FHL, ERhD 2>
13BN 5, DU CRaHli RIS D v CREBIC i §

Word accuracy in Top-1 (ACC)

CHUIHGER DKL H U, BT AT LIk > TE
DI N A MCBIT 25 1 MoBTEGHo T
25, X (1) 1> TEET 2,

N
% ACC = lz {1 ifan; :n; = ci_l} o
N L 0 otherwise
#1 Source and target language for the share task on transliteration in NEWS 2009
Data Size(No. source names)

Source Language Target Language Data Source Training Development  Testing
English Hindi Microsoft Research India 9,975 974 1,000
English Tamil Microsoft Research India 7,974 987 1,000
English Kannada Microsoft Research India 7,990 968 1,000
English Russian Microsoft Research India 5,977 943 1,000
English Chinese Institute for Infocomm Research | 31,961 2,896 2,896
English Korean Hangul CJK Institute 4,785 987 989
English Japanese Katakana | CJK Institute 23,225 1,492 1,489
Japanese name (in English) Japanese Kanji CJK Institute 6,785 1,500 1,500

Fuzziness in Top-1 (Mean F-score)

Mean F-score 1355 1 fOBITHzA & AR & OFE

CCELR)L - 2= a—FOCE, £, FRF L5
DXANIERE L 22\0) 25, B & EEd 4 <
[H LU DA, Fscore 231 &7 0 1 Db @A TDS
X0 LB,
i HHOBHTHRD F-score #3E 51213 2) @
X 91z, Precision (P) & Recall R) ZF|HT 3,

P, X R,
Fi=2p71R, @

ZLC, P& ROFHEICIE, BT & IERORMO
EELER S 0K & LCS (Longest common
subsequence) ZFIHT %, X (3) & LCS DFlHA
BBl TWw 5,

LCS(c,r) = %(Icl + |r| — ED(c, 1)) 3

c & ridZnziubii e fir izl 5, x|
1Ix DRI TH 5, ED I3fENdEEch %, HlziE, X
FFl|“abed” & “afcde” MDRREIGEH 511 “acd” T
HhH. X Q) - TGHT 2 LRIII3 TH S,

F7, RT3 2856 TiE. X @) ok
I SHHTAREA & DFREEITEED R & 72 2 IR A T
RT3,

Tim = arg rrz,in(ED(cill,ri_j)) 4

I, N (B) & 6) IhE>T, P & RZEHRT 2,

o LCS(Ci,eri,m) (5)
l |cial
LCS(c;¢,1;
= (Cl,l rz,m) (6)
|ri,m|

Mean reciprocal rank (MRR)

s 2T LD3ED S OIEIR L —30T 28Tl
TR L 7 % 7 1B 7Z: MRR 27z,
X (7) TEET 2, 11k Difv MRR (&, 1EfEOKR
o7 nbest YA LD by 7OV BRI N &
=V SER

N
1
MRR = N; RR; @)
RR DFHEIZ (8) #FHT 3,

1.
min; 7 if Arj,cipt Ty = Ciks

RR; = 8

0 otherwise

MAP

iU i BHOBHFENRIZEIT 3 nbest ) A+ OFf
TR IR E TN BEZH 5, TR
EREND E, MAP (X 11245, X (9) TIHET
60
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n;

N
1 1
MAP,,; = NZ v (; num(i, k)) 9

num(i,k) (% k-best {7 ) A b opicE
i FHOBITRROIEMBDOETH 5,

AR R EEIC B T, F-score 1 fth Ziff
REEE DREMED R bR, ZDFKE LT,
F-score o ¥ £ 1d HLGE M o L (word
similarity) (2 \WTWL B IR LT, o HiER
FEIZFEDIEMES (word accuracy) (ZHeD»CEE
HINTWE26TH S,

3. NEWS 2009 TRZEINEMFF
*

22 3K X CTRESI NI TFFEZ R L T
%, 717 A TTransliteration Method 3%
DRRE L W7 FEZ R L Tw 5, 25T 8 s
T®H %, 572 "Number of Paper; (X[ UfTo
WP FEZREL 72m L DBTH 5,

BB EREER E F U, A (10) TRl
7= Noisy channel model®%#A & LT3,

é=arg meaxP(eIf) (10)

fEeldZnZHEHELHWSHEZELTV5,
772 L. MBI B\ T, 2 RZIUE
L HIWSREDHEE TR I LT 2 3UTR LT,
BT oL G Tld, ZNZNEEEE HIVEEE
DEGIF (grapheme) & %\ 13X (character)
THRIN TV HEETH 2,
DUN 5l T3k 2 B 2w 2 F v TR
5,
5% 2 Proposed Method
Transliteration Method Number of Paper
PBSMT 11
CRFs
Hybrid 7
Direc TL
HMM
WEST
Joint Source-Channel
Model
Perceptron Model 1

DD DWW

31 PBSMT (Phrase-based statistical
machine transliteration)

I EH AR B ER 12 v 72 Phrase-based
statistical machine translation "% BlF It
MAL7TTh 5, il (10) 23X (11) &
L THiF 2179,
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é= argmeaxP(fle)P(e) 1

A (11) ERITFS AT LORKT, Ta—%

(decoder) TH 3B, 7. KD P( | e)lZFHF
EFNLT, PE)IEFEEET I EMRIN TS,

P(e) i3 HIVE GE D HEE 2 XA IcEl L.
n-gram €7V CHWNEHEDO T —% ZHIH L TH

P(f | e) i35 53h & HINE RED SCFHIRNEON OFY
FHERZRIHL TRDZ 2 ENTE B, ZDERIC,
IHEEE L HWSEO S OR)E a (alighment)
zHBmEDHH . X (11) 13X (12) Dk Hic
BT 5,

P(fle) = ) P(f.ale)

= ZP(ﬂe, a)P(ela) (12)

1 I3 SEET & HIVSEE e O3CFF1E L Ot
Jba DREERL T, 2, K1 OTHTH
Jtha ZFHLT, Pl e, @Dl E LR LTW
%, 20, X (12) FD P e, a)ixz (13)
D& IHIZEHETE %, Ple | a)lx Reordering €5
LEEEN, X (14) ZHWGHETE %,

Pﬂa@=Pﬂaﬂsz]Mﬂad (13)
i=1

m
Pefa) = | [Peale,ai™
i=1
m
~ np(ai|éai'ai—1) (14)
i=1

A&z, P(fl e, a) & Ple)zX (12) ITfRAT
2Lk, P(f| e)DilEDTE S,

FZBE. PBSMT FiEZ R L TR 35X DT,
MG A X B> o 72" D I HEREIER L [ U
GIZA++Y —NV"Z AL T, Mk a 27> T
72 2L T, Fa—%"1% MOSES™ % L T
77,
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&
ezém;3=E

P(fle, 2) 5 P(cl )P (lin)H)P(ton i)

1 The Relationship about f, e and a.

3.2 CRFs (Conditional random fields)
2 CaL7-X9Hiz. CRFs T2, Bz phe
FfEtTo POS-lattice & gk, —FED 7 XY > 7
ERZELTwS, 2L, HASEOELEMET
AT A (BlZ1E, MeCab®) <RI L 730
7)1 CRFs % BIFI#IE L - P2 RE LY,

(i) POS-lattice “BE = HRIZ {4 (1 live in Metropolis of Tokyo)

R (Kyoto)
[Nawun]

T(capital)
[Noun)

| Wleast) |
[Noun]

| [={resemble) |
[Verb]

(i) Transliteration-lattice “aminoacyl”

mino

. & I.
7]

2 Part-of-Speech Lattice and
Transliteration Lattice.

ZL T, #1757 —% Taminoacyl; & 73/
7Ny ZHOT, K3 L —=v 7 a—s32
HOXERT =R T 2T RY T DA A=Y
ZRLTWS

Alignment | /\ [\l /

STEP1 Input| g INoa|c V[
STEP1 Label | B B Bl BIB|I|I

L L Ll s U Le Lo

,

sTEP2input| @ [Mi|no a | cyl

STEPZ Label| 77 | = /7T

T1 T2 Tz T4 Ts
3 Conversion from Training set to Gold

3 http://mecab.sourceforge.net/

B 2 I T TR B Y 5 T

Standard Labels.

X 3TnL7XHic, £9., laminoacyl; & 77
27N AL T GIZA++ 21> T, % a
%79, # LT, aminoacyl Z 3CFIy#E L. At
Jiia DFEFE (727 7oL EDRIG) I2Xk>T B

(i) ) d 5 T Gt o—ik) ) © I X
NEMT B, BlZIEE, K3 ohTid T, & Tmig
EMIBLTW2DT, 'my 7Lk By L
DT, DILIE ) &7 %, 51, Taminoacyl

DTSR & LCA SN 8A1%, STEP1 Off
RH 6. Tamino a cyly kﬁ%ﬂéﬁm zrnzFn
WHIET5 7 2 72 7 2y Lw)au%E
ft5.31, BFofRE LTHEns, FEE,
7 )L %EFHIT 51213V —)L CRF++" %ffioT
W5,

3.3 Hybrid #

Hybrid 1 & > 9 D1, > D2 DT T 1% H)
MLTRIT 2T 2 2BLTWRE"™ M)

il z12, Lulod CRFs & [FEk, #IFExE 7Y~
JREE B L, WG a ofEHIcx LT, CRFs,
MIRA (margin infused relaxed algorithm) &
MEM (maximum entropy model) O Z N Z %
FIH L CHMAE 92", 20T, mfkic, &%
HET V2L @l 2 e U, Bl
D7 X %,

¥ 71%, CRFs & #% 12 &FBH T 25 WEFST

(weighted finite-state transducer) %z 3 %",
Bl FE (16) 1R Lk 9T, iy ofT
iz s a L, B2y 7179,

P(fle) = APcrr (fle) + (1 — A)Pypsr (fle)  (15)

3.4 DirecTL

DirecTL & i 5 & & HW 5 8 M o
many-to-many alignment % f|f L 7z#&31€ 7
Ths",

Many-to-many alignment 13 3 —/8 212 % %}
A7 —F IR LT, left to right & right to left
DWFFH 6 EM 7L 3 RLZFMALTTH, 2
LT, K4RLE7La) Xaz2RH LT, ik
METNZIEL T2

4 http://crfpp.sourceforge.net/
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Input: Data {(x1,¥1), (x2,¥2)...., (Xm,¥m)}.
number of iterations k. size of n-best list n
Output: Learned weights 1

1 =0

2 for k iterations do

3 forj=1...mdo

4 )\"j = {¥j1,....¥jn} = argmaxy[¢ - P(x;,y)]
5 update ¢ according to }_, and y;

6 return 1

4 Algorithm: Online Discriminative Training.

X4 DAL, FEHEx LHWSEHE Yy OMIG a
DFERTH S (x,v) DHTHE, O y)IEx &
y DR b LR L TS, FHEICHHL 7%
REEIZX 5 IR LT3,

HOD Y IZFFREEOEARZ ML TH S, il
HWOHMNIZK 4D 4THTRLEL S I, RAD
Y, o Ns kI EIML TS, £, 5
fTHY DEFIZEY, Ly OL—_Lsadfy
BHEfE (Levenshtein distance) Z#ll3 2 &ick -
TiIrbintTw 3,

A, BTz T B dificilRoniy &
KR 7 L O, y)Z2H-T, 4f7HDOAZFIH
95,

T

context Ti_e Ui

.l';‘_}_.«. IH'!'
Ti—eTiet1s Yi

LTite—1Lites Yi

transition | yi_1. y;
linear Ti_es Yio1s Ui
chain

Tite. Yi—1- Yi
Ti_eli—et1s Yi—1- Wi

Tipe—1Tites Yio1. Ui

Time oo Liges Yi=1, Yi

5 Feature Template.

3.5 HMM (Hidden markov model)
ZoFETIR, A (10) 2EALLT A (16)
D b OHERDMG S BBl A2 o 5 &
ITETIMLL T3,
arg max P(elf)

= argmaxP(eje; - e, |fify - f,)  (16)
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fLleld3ZNZNHEELEHNEHETH S, ¢ & f
ke & fERMIBMT LR TH S,

Z LT 3 (16) £ OMER 23R 2 712,
n-gram €7 NVEHMMH L7, 7272 L. 1 DTld% <,
uni-gram. bi-gram, ---N-gram ¥ (N iZhL
— =V 73— S ATHEEATRE RN e ) SR
%, . ML 72 TXTO n-gram €7IVICE
AT THIER AT 5,

21, uni-gram OBEIEFR (17) IKHE->T
RHET 2,

P(eje; - eqlfyfy - £y)
= P(e1[f1)P(ez|fz) - P(enlfy) (17)

772 L.

# of times f; translates to e; in corpus

(eilf)) # of times f; appears in corpus

%Z LT, bi-gram &30 (18) k> Thl
HY 5,
P(eje; ey lfify - )

= P(e11f)P(e;|fz, €1) - P(enlfn, en1) (18)

772 L.
P(elf;)

# of times f; translates to e; in corpus

# of times f; appears in corpus

P(eilfi, ei—1)
_ #of times fj translates to e; givenf;_; - e;_;
a # of times f,_; translatesto e;_;

3.6 WFST (Weighted finite state
transducer)

WEST (34— b= bro—fEThHbh., AHHS
VAN EEARA 2T 2T GRS NG
HETILTH DY,

61 WEST DA X =Y %R/ LT3, Mabcy
ZHFEE, xyzy ZHWSELEZ % L, WEST
BHRlFHO T A=t k5, Kho ax 2 by &
EDMER E BRI IN L —=v 7T
— I hoBois,
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b:y/
3“:;/‘G\ CU{
(0)

a:e =/ b:v/

(AA:H A/ )

abc=|ER|=>xy 2/

6 The Image of WFST.

3.7 Joint source-channel model

Joint source-channel model IXF M EFE AT,
HEEDOH RO HHEETFICERMT H I EFE~v v v
VI ETRT oA TH LY, ftoT, EicH
oI ELDh TN EY, &K (19) THEE B
& HPERE C OFFFMEEPE, O 2 HEET 5 Z LI &
S>THTEITY,
P(E, C)
= P(e1,€2,*, €k, C1,C2, ", C)
=P(<e,c>,<ec>, - <ec>g)

K

= HP(< e,c >y | <e,c >]1‘_1) (19)

k=1
<e, C>IFWFED T e L HPEFEDET: ¢ DRIE
Havlch s, <e, c>OHBHERII L —=v
77— TOHBBRE 2> GIHRI NS,

3.8 Perceptron Model

Perceptron Model (¥4 v 74 VH#EFIETH
%, Mt Enzrr—=v757—=2{1", ")
ZAIHL T, b e 227D DEARY
FIL W' % 8—+1 7" b u 2Bl 29,

R e LC, ARF =2 olliffans e 7Lz
LT 2, X713 E7 L) AL%ER LTV,
O, e)idf L e DRI FLTH D,

AT7 ' '
el {(fD,e™)} G =120 &
WT =(0,0,-,0) /| BB NALEYIHUE

LOOP i~random(1,n)
e* = arg max, WX (fV,e)
IF e* = e THEN
W= W+ -
END IF
END LOOP

6 Algorithm: Perceptron Model.

4. EBbbhHIZ

NEWS 2009 TIRESI N EFEEIH L T,
BEPRIRR & [RIRR 722 7575 ORI > A 7 L 2 i
TEIENTEDL Do, THUIRITRNR%E
HIEDW I E DAL E L, BB O
P 7L—XEELC LI IO 2 & TES
7-TH 5,

Z LT, RS &Fikohkc, Hybrid #1"
@ Standard OB —Fr L o7, ZDORIZ
DirecTL"C®H %, 772 L, HEHE TR TS
Tl¥, PBSMT OFEY 3R b BV iHliki Ho3k &
ni-,

—J7. BEWEN T ORI IZII T — & Ik E T B
ZEBH IR T,

Bk OFFE @ DI P EFE~OBIFEZ DR E L
T3, PEEEFETZM S, 2 LT, BEFEEER
BXFETh L0, BIFT 283, FFLAHC
T 2EEFHERL 2T Ui 5 20,

Lo L., SRERAE L 2 BWEIT o Ccldss:
DEERZZE L . FEDPREINT0R Y, T
13 NEWS 2009 THELE L 723l & 7 2 + F— & 23
NG EHH L DI EEBEL T3 0b Lt
5\, NP LT 5 & RSEA PR
7 ED & 9 RlEE AN EREARIT T BB D
- LT ORKE EHT 2083 H 5, LD
e Tlx, AL, AN
ELWRELTWE, ZL T, MFOEKELEIE
TR ERERE T ARSI N TV S,

72720, A DZETHEREL TO A HEET IV
(S BDIEEEMR 2 D X 9 BT % 4R
T2) EFEETIV (B L BT o T ERE
5LEEMODTH D) ITOWTUIE, BEHHRIF
LR, BiEa— 3205 PR HHIZEE LT
%, BIFHEZA LS 5720, NEWS 2009 T
REINLEFHELWRT 20803 %5, 2 L T,
RWRHIfSE R 2R L 2 FEZ2ID ANLERETH
%,
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