uﬁamﬁf-mnn:Luminam'ﬁnuﬂﬂummﬁﬂmﬁ”ml Fafiiuidounrulun sWamn s suun 1 e AN s
-
M
witfpuugyresnsli@osenmmdangqudce - Ae suuiiianasipailugafiainnse
' o - 1 1 d’ o ﬂ'l - I3 <l 4‘ - e dld" ey wr o \1"
dedaainmmndanguasninlédos Tatadlunddasimindnuiandss Will FAdeialsmaass

ahalugadwiuhadasinmndinqueuunddeineidine il eldvasominly 2
W AsusnAeliAifudanmanans Lenzo (1998)  uardERancAenslianiengasuned
Bosch and Daelemans (1993} Lenzo (1998) 15 unapImgnsiataanisiisdeanimdanu ot
mrlEAEIIT 95% lussdumitaeaues 79% Lszdudl Wit Pdulivassediiuria
WL Lenzo 1AEMARBafMusAIAMAe Ut U sinAuIaT 3456 was 7 Ty wasld Carnegie
Mellon Pronouncing Dictionary version 0.6 ihuayefinaey  @AEMsuLUANTINNAEAER Bosch
and Daelemans (1993) Wlunsiadsamedange (Wesuelluilwide 22.2) farmeauan
ondieat 95% luszdumunaden Witamnaedlng idaystinaouuaznageuyaieiuililuns
wasoudisun?  Tagasnaaoumsldmangina 3 viumdnemn, 4 Wiumdroen, 5 wundienn,
uas 6 Wunihem (WiiiasWdunihernded 01, 141, 1-2,2-2,2-3,3-3,3-4,4-4, 4-5,5-5 56
WAL 6-6 doumsAmanas Mg 0-0, 1-1, 2-2, 3-3 URT 4-4)
mrinesadunaaugniamsimsiodssmndaingeludiliegludoystinasy

Wisudisnsswinansiatiwinsssuaadn 4.7 fu sazmrlimmangiiiunioennne 36
dindioms narnanmsliRtTundssiuRvonuliazerirandou 5 Tululasfinrudnmza 7 Az
WinakivansinsanszAuauan 6 winlain mﬁﬁ'ﬁmﬂi’mﬂengﬁu WeRasuniumnniy wai
azdinnin weuBtuFuusswineaeds Mg liuaiandimslimneng winsinduiiisia
ATMHTANNTUTY 'Lufiﬁémﬂuﬂ”mﬁawmmmqnmnl’ﬂ.ﬂ'l'h'f'wﬁmﬂmnmnamﬁ'nm‘mmé’anqmﬂu
g Faaztiiauasiely

FEAUA TTALSNYIT
Fduvi | qn | fa [ %gn | gQn A | %Qn | ssonine | Awunudnues | %lndiAus
AIMAN=4 | 5591 | 5448 | 50.6% | 72556 | 9094 | 88.9% | 8873 81650 89.1%
ATINAN=5 | 6163 | 4876 | 55.8% | 73757 | 7893 | 90.3% | 7712 81650 90.6%
AYNAN=6 | 6289 | 4750 | 57.0% | 74040 | 7610 | 90.7% | 7439 81650 90.9%
ANNRN=T | 6287 | 4752 | 57.0% | 74035 | 7615 | 90.7% | 7443 81650 90.9%
mung | Qn [ Be | %gn | Qn fp | %Qn | sTesung | Swaudnes | %indiAus
UIuM=3 | 5960 | 5079 | 54.0% | 73548 | 8102 | 90.1% | 7915 81650 90.3%
Lun=4 6170 | 4869 | 55.9% | 73842 | 7808 | 90.4% | 7623 81650 90.7%
uFuM=5 6233 | 4806 | 56.5% | 73906 | 7744 | 90.5% | 7550 81650 90.8%
UTuM=6 | 6262 | 4777 | 56.7% | 73932 | 7718 | 90.5% | 7521 81650 90.8%

A3 10: eamauFsuisutigaim@oammdanaeruusiieg
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3.2.8 sruuiildmnsnngeasdindnusuatidosdy

d‘ o - * - d‘ 1 » 1 - : el h
nnuReaierndAyreduidtulumsnesdnueildnatuiuds Twanddot 3l
. - -~ - [ A . . - - v .
sruulude 3.2.1 pmigrndndnine iayamadiidouwandodursin vl iansunfauiu
Tumsnaagnuntunmiviass  waliliwaunesnuudussuuuiudssinanaraiiss (pipeline) fone
Anesanuiddssguiswsrulaatiuidnysive  suunfldiulaeidlily wwonnaluaidl
adumsRa st dsuwas@aauiinaiulundainoulynianiu WeliwsziRdainimniteg
asmAdgatuAnHuENIRNUiTaIPIiudssanueInndt saslidsiunniinisliznana
" ¥ . . Sy X Louwy o
wuABieq dasnnuanmsthadgandanqurainiuganaiinuiulildgniasanysalusiegh
Uy 57% lwszAud kar 91% lwszdumioder  windsmnansuuusadssnnpaneniy
-l - i -~ ~ f‘i. el k7 li' - ar ed - = dl +
dgandainqensuazoaaudnwsing uadnsRldiuunihifasiaiwnRansauenisduaiions

pann  MsRATIpluaridasiitisanatinananulianaiafionsaiatuld  Fai aosangh

Wawmnsneanssutiunivisnn  TnengildaciifoyavegUdnysuandusn vy -y > 1
winuds @adnes | fieendns Al azoeadu 1 wanilesnind@nsswannsoailagiinsldme
nuten1s AR funuiindinudn Wiilmaseuszuuioresdnuns  Ae naseutlsunsy
neadmessanguiulnewmsangiiasangiuasdassuilianmslismeanniniundionm,

6 fumia  uarusumFNngiRasunplussidadildannsldddduniniacudn 7 waraanns

nagoulUsunsuna 2 uuuuamlusissdinagad

FEAUAT TTAUSNYTY
Qn fa | %gn | an fim | %Qn | stezun | dwnusnes | %IndlAss
'ﬂﬁ‘}{ 1 1061 575 | 64.9% | 10246 982 91.3% | 1325 11228 88.2%
o0 2 1090 | 546 | 66.6% | 10321 | 947 | 916% | 1260 11268 88 A%
_‘!]%Irfi 1040 596 | 63.6% | 10355 1008 | 91.1% | 1353 11363 88.1%
'Qﬂ\-fi 4 1076 560 | 65.8% | 10208 965 91.4% | 1308 11173 88.3%
'l]ﬂ'?l; 5 1074 563 | 65.6% | 10346 924 91.8% | 1255 11270 88.9%
Lﬂgﬂ 1068.2 | 568 | 65.3% | 10295.2 | 965.2 | 91.4% | 1300.2 11260.4 88.5%
MunNYA | 8153 28 | 99.7% | 56268 34 99.9% | 48 56302 99.9%

AN 11 uasnszuusnsengiilicnidauuandadniildannslinimang
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T SEAUAT szAUAnYTY
gn fa | %gn an [ 8a | %gn Tszuzine | dnnudnes | wlnddos
R | 1074 | 562 | 656% | 10251 | 977 | 91.3% | 1312 | 11228 88.3% |
iz | 1073 | 563 | 656% | 10327 041 | 916% (1200 | 11268 88.5% |
903 | 1057 | 579 |646% | 10365 | 998 | 91.2% | 1342 | 11363 88.2%
qafia | 1065 | 571 05.1% | 10195 o78 | 912% | 1326 | 11173 88.1%
@5 | 1065 | 572 |65.1% | 10327 | 943 | 91.6% | 1276 | 11270 88.7%
iy 1066.8 | 560.4 | 65.2% | 10293 | 967.4 | 91.4% | 1311 | 112604 | 88.4%
smMnYA | 8148 | 33 | 99.6% | 56262 | 40 | 99.9% | 55 56302 99.9%

RPN 12 wanszuumrngi infsuwas@oewitldannislEaddums -

uaflanszuisrouiulnd@nsiy  Tnesruuflddsssnannemangas Wanng
gnifesisluszauAuazssaudnassAndssuilidnenanaifuridnies  lssuiliidnnu
MMEINQEAINANTINaTINI00easnEIANT biAeiulFanfae 65.3% Tustiud uaz 91.4% lu
FEALBNITE Tmﬂﬁmwgnﬁmtﬂmﬁuuﬁuﬁmﬂmmﬂﬁ 885% dnluiiendiuudacooadnusle
Qndes 99.7% sz waz 99.9% urzdudnes: TnedanArulndAusiudinvmed 99.9%

uenanti Hdefilinassvieudnsunrsingsishduiudesmslng @aaman
o mradsudssnnsanqmiulng euissilifiasumieufugldnsenundngulunisaihe
mrangmsoeadnes  nenasssfussuuiliBmsummSinquildanmseng  aanmasey
msusadudsemmlnoiay sz ebivandeannsdssunmsrsinquainiadn Ty

Wiranugnaasdi 65.3% lussdum waz 91.4% TussAusgnunduiu

TEAUAT RGN EE
Qn fim | %gn | Qn fm | %gn | fzosvine | A audnys | %lnAd
'Qﬁ\ﬁT 1060 576 64.8% | 10244 984 91.2% | 1334 11228 88.1%
a2 | 1080 | 547 |666% | 10320 | 948 | 91.6% | 1267 | 11268 88.8%
'qm'?; 3 1042 594 | 63.7% | 10359 1004 | 91.2% | 1353 11363 88.1%
‘I]ﬂ‘rll 4 1080 556 | 66.0% | 10206 67 91.3% | 1319 11173 88.2%
'qﬁﬁ? 1073 564 65.5% | 10347 923 91.8% | 1252 11270 88.9%
Lﬂﬁlﬂ— 1068.8 | 567.4 | 65.3% | 102952 | 965.2 | 91.4% | 1305 112604 88 4%
BM\QH'QG\ 8152 29 99.6% | 56267 35 99.9% | 50 56302 99.9%

AN 13: nesgusuuliindauwandmsunldannnsidmranguintaaduing

kY
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3.2.9 sruupldagduriiesplinusuande gy

manaaaddiutl WumnihrruuoaednsldREnsueeddtunT lude 2 2.3 mufudislnadia

Ao lumsfiansnainamdiund  Sadognliamsnaeldaandimaldanmanguienslng
-t -l dl 3 v » : = 4 ' 174 et dd‘ L]

dunsannaaiuds  Auiy Awmmassatusesdin  InsdusnidunsaiaagfuvEnlipluas
. o =iy v . A o ad L e Y sie s aieny

@osgummdannuitdaniugaindoauuidiunt  wsrdndasadunsai @i lipluay

@uedwnmmdainguitldainiugatodsauumiing - wanmassuuaasbiviuluaiiead

TTHUAN TTALBNTIT
an | Ha [ %gQn | gn fm | %Qn | srusde Fuuines | %lndde
gafi1 | 1054 | 582 | 64.4% | 10261 | 967 | 91.4% | 1362 | 11228 87.9%
‘QﬁZ 1069 | 567 65.3% | 10310 958 91.5% | 1312 11268 88.4%
‘Qﬂ‘ﬁﬁfi 1048 | 588 64.1% [ 10373 990 91.3% | 1376 11363 [ 87.9%
'Qﬂ'?; 4 10565 } 681 64.5% | 10187 986 91.2% | 1343 11173 88.0%
‘qmﬁ: 5 1039 | 598 63.5% | 10280 950 91.2% | 1374 11270 87.8%
L’ﬂéﬁi 1053 | 583.2 | 64.4% | 102822 | 978.2 | 91.3% 7 1353.4 11260.4 88.0%
TuaNNa | 7979 | 202 97.5% | 56053 248 99.6% | 314 56302 99.4%

-l ;‘ W oar - . lﬂl o Sroad e ar b
AT 14; varausTuLATR TR Windsuuandusmiidsinmaliatdunt

AU  sxdudnas
qn fim | %gn | Qn tin %Qn | FTuT¥ng | Aunuanys [ wln&iAns
1afi 1 1056 | 580 |64.5% | 8895 | 2351 | 79.1% | 1335 11228 88.1%
-qm"i 2 1009 627 61.7% | 8901 | 2477 78.2% | 1524 11268 86.5%
‘l}ﬂ'ﬁ 3 1052 584 64.3% | 8753 | 2392 78.5% | 1436 11363 87.4%
qafa | 1024 | 612 | 626% | 5989 | 2336 | 79.4% | 1435 | 11173 87.2%
0% 5 1011 | 626 |61.8% | 8892 | 2316 | 79.3% | 1377 11270 87.8%
1Ay 1030.4 | 605.8 | 63.0% | 8886 | 2374.4 | 78.9% | 1421.4 | 11260.4 87.4%
MunNYgm | 7968 213 97.4% | 48606 | 7696 86.3% | 345 56302 99.4%

A9 15: NeAsLIELLATIWE iR dnuuesdoes il sannslimmeng
IINNANTNARDY wudﬂa‘:uuﬁ"l.ﬂuQan"mLﬁmmmﬁqnquunuﬁ’n'ﬁuwﬂﬁuaﬁnd'uﬁ"a
tuanWniussuuudiseg - dwivasilivedantiou Bianugniesh 64.4% luszéud uaz
91.3% luszdudngs Taefimulndisadvined 88%  dwiuAfwodiunuds azldanm
qQnéias 97.5% luszsudn uaz 99.6% luszAussnes Taslnddeaudihvmn 99.4%  uandlaneasy
uuditund  elilugadedesmmmdanquuuuadfuiuiniudaniu@enmlng - (@eees
Tdw)  uadsingdn mﬂfnuqnﬁmq\nﬁmﬁnﬁamﬂu 64.8% TLAUA 91.4% trAuMSnET AN

IndiAgathminsegn 88.1% lumibivoiy  doudAWeodiuniude  Irmugnaedlussdusah
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97 5% luseAudnessd 99.5% Avmrnnlnddsathuune® 99.4%  winaRlAnAsE NG sTuLi g
d' (] T - [ lﬂl -3 1 !ﬂl i 9 - »
msnnginanudainaewz lunsdensdinadiuiiney (g 3.2.8) szuuiilesangdmiudie

@eanmdanquuasnaadnesdanguiluinedavsnzandwviivautinnanssuuilEagdud

TEAUM syiuansy
on ta | %gn | gn fin %EN | STuind | Anuaudnys | %inddus
-qm'r'; 1 1065 571 | 65.1% | 10268 360 91.4% | 1345 11228 88.0%
107 2 1060 | 576 | 64.8% | 10298 | 970 | 91.4% | 1347 11268 88.0%
4o 3 1055 | 581 | 64.5% | 10388 | 975 | 914% ! 1358 11363 88 0%
‘QW?; 4 1071 565 | 65.5% | 10217 956 91.4% | 1303 11173 88.3%
‘1}@‘-{!; 5 1050 587 | 64.1% | 10308 962 91.5% | 1328 1127¢ 7 88.2%
Lﬂ’ﬂ"ﬂ 1060.2 | 576 | 64.8% | 102958 | 964.6 | 91.4% | 1336.2 11260.4 .88.1%
F’Junnm 7975 | 206 | 97.5% | 56037 265 99.5% | 318 56302 99.4%

- -i-‘ T -] g -: |73 Lol e & -y ) 3
R139 16; NARBLIZLUATTUY Iindsutasifessuildainns1idTtuvsudutaathadaslng

-
”

3.2.10 szunilddayamisanimniandaea s uaanuniunguiou (chunk-based)
mmesaadull  Wuniniheuulude 326 inWriusdelasifuuusssmieatialudny e
BN ussnieaedesildanlugadedeinmsingqulszneumsiasandny (GdulilA

nAaediussuL 3.2.4 uar 3.25 diasnidussuuludnsosadoiuiu 3.2.6 wdliincarugniiadisng
PAATUNIMARDY)  wuUATRSINATAN [ TTudail

argmax P(T | £) = arg maxm—) =argmax P(T, E)
T T T

P(E)
= argmax P(t,¢,.1,,e, phe,ph,..e, ph.)
T

= arg max P(< Itl .u’el,uphl.‘a >’< tm-l.ﬁ’euﬂ_bphun, ] Fan < rnHI. n ’em+l nphmﬂ K >)
T

=argmax P(< ct,,ce,cph, >, < cl,,ce,cph, >,...<ct,,ce cph, >)

= l_[ P(<ct,,cecph ><ct,_,,ce,_,cph _, ><ct,_,,ce,_cph,_, >)

=i

(ct, and ce, cph, are achunck of Thai and English characters withits corresponding sounds)

ol t, ¢, .1, AsanudntszresAng@ld e ph, eph, ... e ph Aearsinszmudangueuiumion

Beanldainmstnades e, ph,, AengueesagsnissingfidnAnunguessangaszSangusay
fumindn  anugnIssngudnessihiuldsusinilamdnessonguliautianeaiad  Tuhials
nRAIRBLL  wuuusnlimbadsinnmdingeidield  wwureslinbnfufuizuioudulng

KA HANIINAADULARI TLANTINTIIAN
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. STALAT sTAUENUTE N
an B | %gn | stosun | Auaudnus | %indde

407 1 1105 | 531 | 67.5% | 1295 11228 88.5%
gafi2 | 1116 | 520 | 68.2% | 1264 | 11268 88 8%
a3 | 1100 | 527 | 67.8% | 1338 11363 88.2%
qana | 1113 | 523 | 68.0% | 1242 | 11173 88.9%
A5 | 1125 | 512 | 68.7% | 1214 11270 89.2%
\0RY 11136 | 5226 | 68.1% | 12706 | 11260.4 88.7%

| sTamnga | 8167 |14 ] 998% | 30 56302 99.9%

m19713 17 : uaansruuiAudsny ndunduuas @ s wnmdanoy

STAUAY sTALENIE
qn Bm | %gn | srezung | Anwouwdnes | %IndiAn
@1 1106 | 53C 676% | 1301 | 11228 88.4%
R2 [ 1114 | 522 | 68.1% | 1264 | 11268 88.8%
PR3 | 1108 | 528 | 67.7% [ 1324 | 11363 88.3%
R4 | 1119 | 517 | 68.4% | 1228 | 11173 89.0%
A5 | 1129 | 508 | 69.0% | 1214 | 11270 89.2%
WAy | 11152 521 682% | 12662 | 112604 | 88.8%
FMnYA | 8166 | 15 | 99.8% | 32 56302 99.9%

o e

vAgnendunguuaridaeednnaning

AT 18 © LA NSEUT

INNANITNAADE wu'iﬁ'lui':uu‘r'in'aaQﬁnmmmﬁqnquuaﬂwameﬂunfg'ufi WA R
gmnnnglinafianindntes  Asludihiveriundeu dai@sauladlidiniunmnen
Avisnndnnaz Winafignifes 68.2% lurzdud laufimanalndiAnsiudihvne? 88.7%  wazilo
Ansdnunmndanquanissnnasiinafignies 68.1% luszduds TefidramlndiRnsiudwned
88.6% Feamliiifoingeian ganiimmwummengmdnsnyruandesu (653%)  aonelsh

A sruutidednialudesainisiinivensuazinanlumsUsomanarinniniinsien
3.2.10 mavawnisunsuoaasnsdanqilulnsuuulingiaiaes

AnuaRldanmMmaresTuLing Falinailigeetanisaints (>97%) fuilonmaaauAny
napdnethigndies wudiismauniisfinsasannudbidluniyt 1u diabase - 1o, dialysis -
lundds, santiago - WA in  Twngoesdneiosaey  witheialinsennuree
Pmiufreanunnliems  witadiafuaiiesindnediininaduil  Aafindioindn wan
- -‘ } 74 - - - : 173 - - £ 3 e
waunduszuuiiingnsnsadnerideuiueslagbilingiirsasairaiuanndayatinasu NAYZ

v e o X aw, PR - - o - - -
lLﬂnﬂ'Nﬂu“?ﬂﬁ'ﬂ'U“?ﬂ‘hl Iu'ﬂugl']qwi:ﬂﬁﬂﬁ‘aﬂ\lwmu‘\?zuunﬂﬂﬂnﬂ?ﬂn?:uunﬂ'\ﬁ’ﬂnﬂn']?ﬂﬂﬂﬂnl‘i?
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d‘ 14 x e - L - - = o L P d‘ﬁ :’a -
NAT NI TﬁlEliﬂF1£IFI']?’NWI'EJUE]ﬂ‘l!’:‘?lﬂsl‘i"]'ﬂl_lm'ﬂmtlﬂﬂ"lulﬂuﬂ”iﬂﬂ_.’l Tmﬁ'l'nngwwmim’lmgﬂﬂnmua:

Bengwiududn e fusdnzazazmnaonadon s e aiufreannm
FptinareangRai vty Wy Y > @, aal-> T, choki > B, iu-fiial > Ca, e -> La§. eo-fiial ->
o dludu uananazliiiedne 314 Aananenpraseindnean Al Uil
Antlsrano 300 ﬁ']mwmﬂﬂmﬁﬁqmmqnﬁm'ﬂmng winfliarauaguiasUiuws u‘%"au.ﬁmﬁnngn"n
Wan  vuifluSes aundaclinaduiinels wanifleanin@udiidangaiades
mundanquenalinanaiesfuiduisnessinlumnnadvield@oaflbigndes  npidauduung
npdsemguian wismdudwissuunndeamshinendnusidigndes  fetnady disinadnedy
i1 manx \AnaRidRe /m-aa-kh-kn/ Fadu RelHooadnusinifld Aefasiing ran > 5 wiedin
cullan Tsnaadesld kn-a--a-n/ Rednaiing ialr > s
ma‘a?ﬁqngn.aa'li’ufiﬂuiﬂasqunua:ﬁnmmumnéms’umsmqqmuLLr‘ﬂ'uuamnﬁmmsﬁﬂ:
AMAZA mﬂzmﬂ:ﬁ'ungﬁa’[ﬁmmzéw‘?uﬁ’lwﬁﬁ eadinaliingasnesAauTinuasiaeLIN
rouliuafitalun@nld Jmugunalildgdasedwifonisuin  aammassLsvLLRai et
ﬁ’iamungf:’aéu 266 ) WUIN STuLARNTONERTNHTIAQNARNALY 27.41% TustAuAY Fati

W RMIRRLANE e ERLilamaRenfisaans
3.3 msdszdiunallsunsuoaranwsdaingmilulng

ANUANINARBUTTULANT]  wudr  nisilugadis@aannnsangudszneunsnandmgg
merdangedulneg wliBnasiluynssuuiinasey Tauszuuiliuaanan Ao sLUATug s
vaasammmioniudasuuuniunguion 68.2%) sesssllfie ssuufilimmanguarldmenang
raepluanBustn (65.3%) ussdlsion  defaanussAnininaesmsoeagnssdfibiaoi
wiiaw  AugnéiaslussAvAAdiliimela Ae @q%umﬁm 68.2% WAY 65.3% AWRIAU  UAY
qnéfas 91.4% luszAuddnee maduindeuadosuiifuisunsmiuuiann iduansinni
Aty witdsbidomedufifoans  Sudufenimnn s fniannduin  dudssendoms
Aanzielananfiiniud S lavaiiniilsunsubisnsnsooeadnesldgniasmnnmet
1BIFVBUUARLADTY
3.3.1 ATIHNANNNANLIBINTRBNALY

Hyywmilafdananwuds  Foaresmuusnuanalunissamiog Fan  (2548) 146
k 2 3 - -y - - ) ] » . i - e -« L4
Tadunadn Avdeamusnanestnendulneliatsuny i A9y leonard wudnEnasiudwiidua
naldwatuuy 1un wundn wulifa Goownda Geenasuiileasnnsfidiudwiasnidueiai
v - - d‘ ] o L) 3 1 ‘I > - . - - - dlll « N
Aadulisafunnsdraiy  winluzwinnmusnieyafeainadsdwivdmd  Aivudwiuansne
MutiazgndmrissAndmlrefidodanmfiviuvimsemnuitssnniudsuaounnign uA

1 '

AuAnAwilasvieuliiuinlumaiuAwiata  divAwiaaiudnwidhoduliediuansinaiy - daya
AdvLAWN LTI R At siuAm A ulissunnsafumuanduegresdidoun wasn

AINUAINUABTBINTREMAR] Aadanalinauiomeshiannsnaiungmanondnusldesng
W
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» L7 . ]
wananil  Anndanguenty Alnnwdsuwlaanaea IntsiuAmainandudin
-5 o i 1 l - « 3 -l ':r ' ﬂl - -5 . 1r lﬂ‘ [ -
Fianmdniusssudigdsuendemubisdimeds  fedesuiwiniissiuuangniseam@sa
mdanquiaivisiasasnianeehafedliane  fegiatu A perce - A wat
. - g =l 0 d‘p P S ' - = » LA A . -‘ »
peirse - Rtfa  AgUAwiAarfaiunnadMiiesiuamns ¢ uss s wAuAwifndeassRuAnsng
Mty 198 WAS B8 AMNAIAU, A9 yardley - BNTAERE WAT key - AT HAMUNETIMIEUTUAD ey Uk
-~ ' d’ I - [ = o - L
Audwisou@eaiuanmiatudy @ uar 3 muatdy sy
nsdififivarenaden amnanusainuaneil TsunsuoaadnusuuuAtTRgiacRanTn
- = . E v . . . . &~ aw
ABEaNANLRANNIN Tardwaimasudsulvaninazonsismsmindensiiny - udfiacinali

< o

Amsuuadaubignassdebinniudeyanll  Awinlilidedawaneiaudan@nbild  Avonniieun

As Allsunsuoendnesudslinsaiudioyaiing Aundufondumsoeasnusitanaaviell Awmay
Ao lianell wszlsunsusnaianosasnus iR linsssugUéimu hulesa uifiavaidiuguins
fnanfldigniissmunurs s aiudinssoldiiuiy  Medatu Wsunsueaneadnis
trumpet il niumn urteysildaiaiie nhada nsdill sunsuneadnues p i w aemAnmsy
winyousldgndes Fosusdfiumirudminnieuiasld U, Fanmduissaousmualing
YA Witumnusudadimeing ussinnglumeuynm avurniufranuuds Wikely
AN nsUszifiusanisinuseslsunasdasiesiasarmnreiidualinseiudeyadn
Wumsneagnesiivaniulfaunuilildduiiiruiminiosielis
3.3.2 AnugeandavradtiayasmiuAWTILINYINTsTLAW1aIs I AREA DY

uanaINFaAIR I BTsIMIsen@awdn  fonideasdein Tuayafisumunie
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A Unified Model of Thai Remanization and Word Segmentation

Wirote ARODONMANAKUN Waanchai RIVEPIBOON
Dept. of Linguistics Dept. of Computer Engineering
Chulalongkorn University Chulalongkom University
Bangkok 10330, Thailand Bangkok 10330, Thaitand
Wirote.A@chula.ac.th Wanchai.R@chula.ac.th
Abstract

Thai romanization is the way to write Thai language using roman alphabets. It could be
performed on the basis of orthographic form (transliteration) or pronunciation {transcription) ot
both. As a result, many systems of romanization are in use. The Royal Institute has established
the standard by proposing the principle of romanization on the basis of transcription. To ensure
the standard, a fully automatic Thai romanization system should be publicly made available. In
this paper, we discuss the problems of Thai Romanization. We argue that automatic Thai
romanization is difficult because the ambiguities of pronuncigtion are caused not only by the
ambiguities of syllable segmentation, but also by the ambiguities of word segmentation. A
model of automatic romanization then is designed and implemented on this ground. The problem
of romanization and word segmentation are handled simultaneously. A syllable-segmented
corpus and a corpus of word-pronunciation are used for training the system. The accuracy of the
system is 94.44% for unseen names and 99.58% for general texts. When the training corpus
includes some proper names, the accuracy of romanizing unseen names was increased from
94.44% to 97%. Our system performs well because it is designed to better suit the problem.

1 Introduction

The attempt to create a system of Romanization for Thai texts began since the 17th century by French
missionaries (Griswold, 1960). However, the work was left unnoticed by other foreigners, who tend to
romanize Thai words using their own languages notations. Issuves of standardizing Thai romanization
have been concerned again in the early 20™ century (Frankfurt (1906), Petithuguenin (1912),Vajiravudh
(1912,1931), Frankfurt ct al. (1931)). Some systems of romanization are done on the basis of
orthographic form, e.g. the system proposed by the ISO (ISO 11940 : 1998). Some systems are based on
the pronunciation, such as the Royal Institute's system, Thiengburanathum's system (in his Thai-English
dictionaries). Some are not totally based on orthographic form or pronunciation, e.g. the system
preposed by King Rama VIL.! This could explain why there are many ways to romanize a Thai word. For
example, a common name like “infosdod” can be romanized as “Kriangsak”, “Kriengsakdi”, “Kriengsak”,

or “Kreangsak™. To lessen this problem, the Royal Institute has established the principle of romanization
for Thai.2 The principle has been endorsed by the United Nation (UN 2002) and slightly modified by the
American Library Association and Library of Congress (ALA-LC 1997) for romanizing Thai scripts.
Though the standard has been established, it is still not easy for general users to do romanization by
hand. People tend to romanize Thai words on their own, rather than adhering to the principle. To help
promoting the principle, Thatsanee et al. (1999) proposed an idea to develop an automatic romanization
system. We agree with Thatsanee et al. that an automatic Thai romanization system is necessary for
ensuring the standard. Such system was first developed in 1975 as a rule-based system {Londe et al.
1975). The accuracy was reported as greater than 95% when testing on Thai words. Unfortunately, the

I The system is known as a "graphic system” because it does not romanize words as pronounced in Thai. Words
derived from Pali and Sanskrit words will be romanized to reflect the original words.

2 The first version was proposed in 1939. The latest one is announced in 1999.
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system runs on a mainframe and it is not available to the public. In addition, to be useful for the task, the
automatic romanization system must be highly accurate, or near perfect. An accuracy of 70-90% on
running text reported in many Thai text-to-speech systems is not adequate for this task. Therefore, we
aim to develop a romanization system that is highly accurate, at least 99%.

2 Why Automatic Thai Romanization is Difficult?

Systems of Thai romanization that are totally based on the orthographic form like the transliteration
systemn of ISO 1194 : 1998 is easy to be implemented because there is a one-to-one mapping from Thai
to roman characters. But the system that is based on the pronunciation is more difficult because mapping
from letters o sounds is not a one-lo-one mapping. Letter-to-sound or grapheme-to-phoneme
conversion systems are those used in text-to-speech applications. The difficulties on this task vary
according to the characteristics of the language. The difficulties of transcribing Thai words are already
discussed in many research papers, such as Luksaneeyanawin (1989), Meknavin and Kijsirikul. (2000),
Khamya et al. (2000}, Chotimongkol and Black (2000), Tarsaku et al. (2001}, Tesprasit et'al: (2003)..In
sum, Thai is an alphabetical language. There are 44 characters for 21 consonant sounds, 1% characters
(including 3 consonanf characters) for 24 vowel sounds (18 single vowels and 6 diphthongs), and 4
characters for tone markers (5 tones), and a number of characters for special symbols and numbers in
Thai. Most of the following problems of Thai grapheme-to-phoneme conversion have been discussed in
previous research. They are rearranged and clarified as follows:? .

(a) Mapping of characters to sounds depends on the position of that character and its surrounding
contexts. For example, the character “a~ is mapped to /kh/ when it is an initial consonant (e.g.
“m"-khaal/- {remain}?), but it is mapped to /k/ if it is a final consonant (e.g. mn“-/naak2/-{Naga} The
character “v usually maps to /e/, but if it is followed by a consonaant and a vowel form *+, both vowel
forms, “~ and *v, will map to /aw/ (e.g. “mn”-/maw(/-{drunk}).

(b) It is possible that a vowel sound may not be represented by any character at all. For example, the
syllable “na™-/kot1/-{press} consists of only two characters for initial and final consonants. The vowel
sound /o/ in this syllable does not have any corresponding character. In the syllable “a3”-/san4/, even no

vowel character is presented, the syllable is pronounced with a vowel fa/, as /san4/. But in “as~-/s00n4/,
the vowel /00/ is added.

(c) In some cases, it is ambiguous whether vowe! forms belong to one syllable or two syllables. For
example, in “ma”, this string could be one syllable, “ma”-/phlaw(/-{axle}, in which *1..v" represents the
sound /aw/, or two syllables, “m- ov"-/phee(-laa0/- {time}, in which *" and * "represent different vowel
sounds, /ee/ and /aa/ respectively.

(d) Since it is possible for two characters to represent one final consonant, it could be ambiguous
whether the second character is a part of the final consonant, or it is the initial of the next syliable. For

example, in "¥m”, " could be a part of the final consonants, “m”, as in “im-

ww-fcaki+kal-jaan(/- {bicycle} or it could be the initial consonant of the following syllable, as in “Fn-
3"-/cak]-riid/,

(e) Some characters map to different phonemes even they are in the same position (initial or final
consonant). For example, character “«, when used as an initial consonant, could map to either /d/ or /th/,

b

as in “gw-#n"-/ban0-dit1/- {graduate} and “vw-n1"-/mon0-thaal/-{Name of tree}.

(f) In some cases, one character can be both the final and initial consonants of two syllables. For
example, the letter “a” in “dni1"-{rate} represents the final consonant of the first syllable as well as the
initial consonant of the following syllable, /?ati-traa0/.

3 For each syllable, we will show only its orthographic form and its pronunciation. A gloss is not always provided

because a syllable may or may not have a meaning in Thai. (A Thai word may composed of one or more syllables.)
A gloss will be shown in { }.

4 The numbers 0-4 at the end of syllable are used to represent five tones in Thai.
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(g) There could be linking sounds between syllables in some words derived from Pali and Sanskrit.
For example, in a compound word like “§ymani’- {political science} there 1s a linking syllable /thal/
between the two words, “iy"-/rat3/-{state} and “mani”-/saatl/-{science}. This word is pronounced as
/rat3+thal-saatl/, rather than /rat3-saati/.

{h) Even letters-to-sound conversion rules can be constructed, some syllables do not follow those
rules. For example, the syllable “usu”-{precise} should be pronounced by rules with the long vowetl as

/meen2/, but it is actually pronounced with the short vowel as /men2/. Though the vowel form 1"
shou!d map to a diphthong /aj/, but the syllable “1%” can be pronounced either as /haaj2/ (e.g. “fes-
W-/roon3-haaj2/-{cry}) or /haj2/ (e.g. “im-18"-/saw4-haj2/- {Name of rice}).’

(1) In some cases, a cluster of initial consonants can map to different phonemes. For example, “1a™
can map to a cluster sound /pl/, e.g. "Jax"-/plaa0/-{fish}, or map to one leading syllable and an initial
consonant sound /pal-l/, e.z. “Jain” /pal+lat2/. The cluster “n:™ in a syllable can map to one phoneme

fs/, e.g. “waw-fsaap2/- {know}; or map to a cluster sound /thr/, e.g. “n5"-/thraa0/, or map to /tha3-r/,
e.g. “nn"-/tha3-raal/, depending on the word it occurs. '

3 Model of Automatic Romanization

Since the Royal Institute’s standard of romanization is based on'pronunciation, it would be better to
design the system to transcribe Thai texts first. The output from this system then will be useful not only
to the romanization system but also to a Thai text-to-speech system. Besides, transforming the
transcription output into roman characters is quite straightforward.

The process of transcription, or grapheme-to-phoneme conversion is a basic research in any
langnages. Many systems of Thai grapheme-to-phoneme have been proposed. Some are rule-based,
such as Londe et al. (1975), Khamya et al. (2000). Some are dictionary and rule-based, such as
Luksaneeyanawin (1989). Some are statistical based, such as Chotimongkol and Black (2000), Tarsaku
et al. {2001). Some apply a machine learning method, such as Meknavin and Kijsirikul. (2000).
Tesprasit et al. (2003). For other languages, statistical methods are commonly used in transcriptions and
transliteration tasks, such as Bosch and Daelemans (1993), Knight and Graehl. (1997), Al-Onaizan and
Knight (2002).

To design a system of grapheme-to-phoneme for Thai, besides the awareness of difficulties listed
above, we have to choose the level of analysis that is right for the problems. In other words, what will be
probiems and solutions of grapheme-to-phoneme conversion are dircctly related to the design of the
system. For example, for a string “mar”, if the conversion is treated as a one-step process of mapping
from character to sound, there will be a problem of determining whether *” should map to /¢/ or should
it be combined with “+” and mapped to /aw/. But if the conversion is treated as a multi-step process, in
which syllable segmentation is the first step, the problem would be to determine whether the string “inar™
is one syllable or two syllables. Furthermore, when dealing with linking syllables, if the system is
designed to work at the character level, these linking syllables have to be generated from a characterina
specific context. But if the system is designed to work at the syllable level, these linking syllables can be
generated from a specific syllable in a certain context.

In our system®, we prefer not to view grapheme-to-phoneme conversion in Thai as a one-step
mapping from characters to sounds. We think that the process of syllabification is necessary. The input
character strings will be converted to a sequence of syllables. During this process, all possible
pronunciations of each syllable are generated. Then, the correct pronunciation and word boundaries will

3 Although the problem of vowel length does not affect the result of romanization since the Royal Institute’s
romanization system does not differentiate between short and long vowels, we would like to take this problem into
consideration since the system developed here is also used for a Thai text-to-speech system.

6 The system is online and can be downloaded from hitp://www.ans.chula.ac.th/~ling/tts/
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be determined. We share the same view with Meknavin and  Kijsirikal. {2000), and Tesprasit et al.
(2003) that pronunciation disambiguation should be done simultanecusly with word segmentation. We
think that it 15 not always possible to resolve pronunciation ambiguity by doing only syllable
segmentation, as Thatsanee et al. (1999) suggested. For example, if “dnm" is one word, *“#nn™-{a kind of
poem}, there would be a linking syliable generated, /sak1+kal-waa0/. But if these are two words, "dn”
-labout} and “+"”-{unit of measurement}, it would be pronounced without a linking syllable as
/sakl-waa(/. However, we do think that syllabification is generally useful for pronunciation
disambiguation. Unlike Meknavin and Kijsirikul. (2000}, and Tesprasit et al. (2003), who jumped
directly to the word level, we think that many problems can be solved at the syllable level. And it is at
this level that we could deal with problems mentioned in the last section more efficiently.

Problems (a}, (b), {c), and (d) could be disregarded if the correct sequence of syllables is determined.
When we know the syllable boundary, we would know how to map each character to its corresponding
sound (problem (a)); we could add the missing vowel to a syllable that has only consonants” (problem
(b)); and we will not have problems (¢} and {(d) at all.

For problems (¢), (f), (g}, and (h}, we think that it should not be solved at the character level, as did in
previous research. They are specific characteristics of some syllables. In probiem (e), pronunciation
ambiguity of “«” could not be predicted at the character Ievel. Actually, there are only a few syllables
that “«” should be mapped to /d/. Problems (f) and (g) are found on some loan words from Pali and
Sanskrit. They are not a productive process. So, they should be handled as exceptions of some syllables
rather than handled by rules. In (h), these are words that their pronunciations do not comply with
letter-to-sound rules. So, they should also be treated as exceptions of some syllables. As for problem (i),
the ambiguity of pronunciation would not be easily resolved by considering only nearby characters. But
it is easier to predict how these clusters should be pronounced by considering surrounding syilables. For
example, if “wiv” occurs after “w”, as in “#unn"-/can0-thraa0/- {moon}, it will be pronounced /thraa0/;
but if it occurs in between “m” and “m”, as in “Mmnns"-/kan0-tha3+raa0-koon0/-{mountain}, it will be
pronounced /tha3+raa0/. Therefore, we believe that syllabification is a necessary step for
grapheme-to-phoneme conversion.

In our model, unlike Kamya et al. (2000) who use rules for parsing syllables, syllabification is done
on the basis of statistics. However, as stated before, we do not use statistical information at the character
level as Chotimongkol and Black (2000), and Tarsaku et al. {2001) did, we use a trigram model of
syllables to disambiguate syilable segmentations. The most probable syilable sequence is determined
from the input characters. All possible pronunciations of each syllable are generated at this step too.

After that, the right pronunciation of each syllable is chosen based on the result of word segmentation
and the statistical information of pronunciation.

The model of transcription here can be viewed as a probabilistic mode) as below.

argmax P(w,.w, & phw,.phw_ |c .c_)

wk phw
= argmax P(c,..c, | w,.w, & phw,..phw)

wit phw
* P(w,.w, & phw,..phw )/ P(c,.c,)
= argmax P(w,.w, & phw,..phw )

wik phw

= argmax P(w,.w,)* P(phw,..phw,_ | w, .w )

wik phw

=~ argmax P(w,.w_ )* HP(phw, lw,)

wi phw

i=t_n

7 The missing vowel can be added correctly by considering consonants characiers in the syllable,
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P(w,...w, & phw,...phw, | ¢|...cy) is the probability that character strings c,.c, will be
word-segmented as w,..w, and pronounced as phw,..phw,, such that phw; 1s the pronunciation of w;. The
second line is equivalent by Bayes® rules. The third line is derived from the fact that P(c,..c,,) is a
constant and P(c,..c.,| wi..w, & phw,..phw,) is equal to one. Since we assume that the pronunciation of
each word is not affected by other words, the probability of pronunciation of word sequence w..w, is
estimated as the product of the pronunciation of each word. Thus, as seen in the last line, the model of

Thai transcription is viewed as composing of two models: the language model and the pronunciation
model.

3.1 Language Model

In this model, word sequences are produced from the sequence of input characters. Since syllabitication
is very useful for transcription, it will be included as a part of the model. We adopted Aroonmanakun’s
word segmentation model (2002) for this study. lu his model, syilable segmentation is the first process.
An input string is segmented into syllables by comparing to syllable patterns and syllable forms that are
exceptions. For example, \CRThz, 1XTex, CRTY are syllable patterns in which X, C, R, Y, T stands for a
different group of characters. Pronunciations of syllables matched to syllable paticrns are gencrated by
rules. Syllables that do not conformed to the syllable pattems or their pronunciations arc different from
ithose generated by rules, such as “n”-/thaat2/- {elements}, “5§"-/?atl/-{ashes}, etc., are listed as

exceptions. For example, “»q”-/thaat2/ is treated as an exception because it is uncommon to have the
vowel form “.” under the final consonant. There are 220 syllable patterns and 1,935 exceptional

syllables used in our system. The results after applying these syllable patterns and exceptions are usually
ambiguous. For example, “dszlvnssswar”- {simple sentence} could be syllable-segmented in three ways,

namely *“dsz-Ton-s77-um”-/pral-jook1-thanQ-ma3+daal/, “isz-lon-vasw-a1”~/pral-jook 1-thamO+ma3-daaQ/,

“Usz-lon-v1-30-a7"-/pral-jook1-thoon0-romQ-daal/. The most probable syllable segmentation is selected
by the use of a trigram model. In this study, a training corpus of 638,277 syllables from newspapers is
manually segmented. Witten-Belt discounting is used for smoothing (Chen and Goodman, 1998).
Viterbi algorithm is used for determining the best segmentation. The selected sequence of syllables then
will be grouped into words. This process is also non-deterministic. There could be many ways to group
a given syllable sequence into a word sequence. We adopted Aroonmanakun’s maximum collocation
approach to select the best word sequence (Aroonmanakun 2002). Collocation strength of a word
scquence is the sum of all words’ collocation strengths in the sequence (Fw,). Collocation strength of a
word is the sum of collocation strengths between syliables in that word.

k-t

SI:Z r, F, =ZC,'_,'_‘ suchthat w, =s,s,...s, and s, is a syllable
1= i

=

Collocation strength between syllables is the ratio of p(x,¥) to q(x,y), where p(x,y) is the probability
of finding syllables x and y together, and q(x,y) is the probability of finding any syllable in between x

and y (x-ANY -y), or the probability for x and y to be separated by any syllable, The collocation between
syllables x-y then is calculated as below:

tog P2 0 POIROLD) o pO18) - Countlx, )/ Countl) . Count(x,)
4xy)  q(aly1x) 41x)  Coun(x,Any,Y)!Count(x) - Count(x,Any,y)

The output from this model will be the sequence of words, in which each syllable in a word is
attached with all possible pronunciations.
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3.2 Pronunciation Model

in this model, we assume that pronunciation of a syllable could be determined within the word.
Surrounding words do not affect the pronunciation of the target word. [n addition, it is assumed that the

pronunciation of a syllable is affected only by the preceding and the following syllable forms. The
pronunciation then can be estimated as follows:

P(phw, |w,) = P(phs,.phs, |s,.5,)
= nP(phs, I5,.5,5,.)

i=l.k

P(phw; | w;) is the probability that a given word, w;, will be pronounced phw;. if the word is
composed of syllables s)..54, the pronunciation phw; will be phs,..phs,, where phs; is the prenunciation of
syllable s;. P(phs; | s;.15;5;+1) is the probability that syllable s; will be pronounced phs; when the preceding
and following syllables are s;; and sj,. The probability is estimated from a .corpus of
word-pronunciation. It is a kst of 28,620 words manually aligned between syllable and its transcription.
These words are extratted from the Royal Institute dictioncary.

3.3 Romanizing the Transcription

At the final process, the transcription output from the system i$ adjusted to comply with the Royal
Institute’s guideline of romanization. Each phonetic sound is replaced with the corresponding roman
characters, such as /1y/ is changed to “ng”, /e/ is changed to “ae”, etc. Tone and vowel lengths are deleted.
Hyphen is added between two syllables if the final character of the preceding syllable and the initial
character of the following syllable may cause reading ambiguity. For example, “samang” is changed to
“sam-ang’; “saat” is changed to “sa-at”. Space is inserted as word separation, such as “prasop khwam
samret” (meet — Nom. Marker — success). The first character of the word is capitalized when romanizing
proper names, such as “Dekying Umbun Thongmi” (Girl — First Name — Last Name).

4  Experiments

The system was tested on two data sets: general texts and geographical names. A running text of 18,388
words extracted from a newspaper is used for the first test. The purpose of the first test is to test the
accuracy of romanization for general texts. The second test set is the list of 90 Thai geographical names
extracted from the Royal Institute’s books. Since romanization is generally wsed for writing Thai

geographical names, the purpose of the second test is to check the accuracy of the system for romanizing
geographical names. The results are shown in Table }.

General texts Names
Correct 18311 (99.58%) | 935 (94.44%
Incorrect 77 (0.42%) 55 (5.56%
18388 (100%) 990 (100%)

Table I : Result of romanization

From the results, we can see that the system is highly accurate for general texts, but not for
geographical names, For 77 errors found in general texts, 8 errors are caused from abbreviations and 64
errors are caused from English transliterated words, such as “wwuil”-(champ), “maumei™-(trainer). These
words are not supposed to be romanized. They should be processed by a backward transliteration system
to its original form in English. If we exclude these 72 instances of errors, the system can romanize Thai
texts correctly at the level of 99.97% (18311/18316). Therefore, there are only § errors of romanization,

caused from the following words: “ge{u”-/ku3-kruni/-{glowing}, ““emnu”-/pooti-buuamO/-

{puemonia}, “Wmuy”- /phi3-chet2/-{Name}, “Hiaainsi’-/phi3-phat3-phon0/-{Name}, “Sunimi™-/7in0+

auUnI
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tha3-rat3/-{Name}. Errors of the first two words are caused from errors in syllabification. The word "
njw’-{glowing} was incorrectly syllable-segmented as “an-ju”, rather than “g-nju”". The word "des
uw"-{puemonia} was wrongly segmented as ““Je-auw”, rather than “dea-vn”.The last three errors are
caused from Thai person names.

For 55 errors of geographical names, 4 errors are caused by incorrect syllable segmentation. These
four names are segmented as “wu-en”-/khond-?om0/, “dwm-w-$1"-/baan2-kheed-waad/, *fja-ir-d-ou”~/thun2
-seed-lii2-jom0/, and “w-ar-AuFuni”-/kheed-waa0-sind-rin0/, while the correct ones should be “wuen™-
/khal+noomd/, “trwi’-/baan2-khal+waw2/, ‘“‘fusdon’-/thun2-sal+lilam!/, and “‘wa-Fuiumi™-
/khwaw4-sind-rin0/ respectively. Eleven errors are caused by mispronunciation of seven syllables. For

example, “m:”-/sal/ was mis-romanized as “sara” rather than “sa”; “wn"-‘heegd/ is mis-romanized as

“ngae” rather than “haeng”. The rest of errors (40), which are the majority of errors, are caused by
incorrect word recognition. Failure to recognize woid boundary vesults in the lack of linking syllables.
For example, if the name “1wn3”-/raat2+cha3-theeO-wiiQ/ is not recognized as one word, it will be

incorrectly romanized as “rat thewi”. But if it is recognized as one word, it should b¢’ romanized
correctly with a linking sylable as “ratchathewi”. In addition, since many Thai names are composed of
loan words from Pali and Sanskrit, their pronunciations are quite different from those of general words,
which are used for training in the pronunciation model. Adding a linking syllable is quitc common when
pronouncing these names. Thus, it is not surprising why the accuracy is dropped to 94.44% when
romanizing these geographical names. ‘

To verify whether errors were mainly caused from the unsuitable training corpus, 3,000 person
names were added to the training data of the pronunciation model, and these 990 geographical names
were retested again. In addition, to handle the missing linking syllable which is caused from wrong word
recognition, the system was instructed to treat each input name as one word in this test.

Names

Correct | 961 (97.07%)
Incorrect 29 (2.93%)
990 (100%)
Table 2 : Result of romanization

From Table 2, we can see that adding person names in the training data could increase the accuracy
of romanization. However, some errors still remain. Errors from incorrect syllable segmentation (4
errors) and mispronunciation {11 errors) are not solved because the added names in the training corpus
do not have any new information to solve these problems. Many errors caused from the lack of linking
syllables are solved at this test because the system is instructed to view each geographical name as one
word. For example, “smwmi™-/raat2+cha3-thee0-wiiQ/ is correctly romanized with a hnking syllable as
“ratchathewi”. However, by treating each name as one word, the system fails to romanize some names
because some geographical names may compose of more than one word. For example, “wia
finu”-/pha3+nat3-ni3-khom0/ should be romanized without the linking syllable, “phanat nikhom”,
because this name is composed of two words "win”-/pha3+nat3/-{forest} and “fnu"”-/ni3-khom0/
-{settlement}. But the system mis-romanized it with a linking syllable as “phanatsanikhom”.

5 Discussion

The results show that the accuracy can be increased if appropriate training data is added. Since the
current training data are mostly general texts, more training data on proper names should be added to the
system. In addition, from the experiments, our system cannot romanize homographs correctly. For
example, "a3z” can be romanized as either “sa” or “sara” depending on its meaning. Since we assume
that pronunciation of syllables could be determined within the word, the system will not know how to
disambiguate the pronunciations in these cases. Luckily homographs with different sounds are rare in
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Thai. (There are only 8 words.) Most of them are hardly used in general texts. Only two words,
“asz”-{pond ; vowel} and “wmu"-{Name of plant ; be jealous}, need to be solved in the future
development.

The results also show that the recognition of word boundary is very important for romanization.
Incorrect word segmentation can cause an error in romanization. Thus, performance of romanization
system relies heavily on the word segmentation algorithm. Unfortunately, none of Thai word
segmentation algorithms yields perfect results. In addition, to romanize any texts according to the
guideline of the Royal Institute, the system must be able to identify not only new words, but also proper
names and their types. If the system is romanizing a person name, it should analyze that name as one
word rather than composition of words. But if 1t is romanizing a geographical name. it should break
down that name into words and insert a space for word separation. For example, if “unamann™-

/keenl-haan4-meewl/- {rapids-tail-cat} is a person name, it should be romanized as “Kaenghangmaeo™.
But if it is a geographical name, it should be romanized as “Kaeng Hang Maeo™. Therefore,
identification of new words and proper names should also be implemented in the next development. But
at present, to make the system suitable as a public tool for romanization, the system must allow users to
specify whether the input text should be treated as a single word or running texts, and allow users to add
new words in a user dictionary. This would lessen the prollems.

The results also indicate that the statistical model works very well for the transcription task. Our
system which is based on a simple n-gram model trained with a moderate-size corpus can perform quite
well. In our view, the accuracy depends on the system design rather than the statistical method. Our
system is designed to work at the syllable level, which is more suitable to the Thai transcription problem
than systems that work mainly at the character level. Therefore, any NLP systems should be carefully
designed to suit the analysis of the linguistic problems. Statistical models are not by itself a magic box
which can solve any linguistic problems. Linguistic analysis of the problems should be done first to
understand the nature the problems. Moreover, we can see that error analysis is necessary for improving
the system’s performance. By locating where the problems are, we can prepare the training data that are

suitable for the task. We can also see what could be improved and what would be the limitation of the
current design.
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Table of the Royal Institute’s Thai Romanization

( Consenant form

Romanized character

Vowel form Romanized
Initial con. Final con. character
fl k k 2z, ~ (reduced form of 8) a
. 33 (with final consonant), 81
TAN AN kh k 34 {without final consonant) an
a ng ng i am
ANV ch 1 8, B i
%3 {pronounced | s 1 8,8 ue
B AW
W ¥ n 9,3 u
0 {pronounced | d t 192, I~ (reduced form of 182), 12 e
WL
na t t Haz, ue ae
gMMang th t 8, -{reduced form of laz), la 0
L AB7E, 9D
MU n n 1oz, I~ (reduced form of \paz) oe
,\8D
U b p wgug, Wby - ia
1 p 190z, \da uea
HWAN ph p g3z, 8, -7 (reduced formof §7) | ua
U f p 19, 19, on, lav, 2w ai
H m m a1, 817 a0
] y - G| i
3 r n Ti}u, RH] ol
aw [ n 3:11] oel
2 w - (GRl] ueai
na h - 23 uai
) i0
137, 17 €0
Wi, und aeo
\Bu1 iao
1) {pronounced 3), m rue
t) {proncunced 3} n
f] {pronounced t19) roe
N, 1 lue
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A Chunk-based n-gram English to Thai Transliteration

Abstract

In this study, a chunk-based n-gram
model is proposed for English to Thai
transliteration. The model is compared
with three models: table lookup model,
decision tree model, statistical model.
The chunk-based n-gram  model
achieves 68% word accuracy, which is
better than the accuracy of other
models. Performances of all models are
increased when an Erglish grapheme to
phoneme is included in the system.
However, 68-84% accuracy is not
sufficient to be used by the public. An
investigation of the problems and some
suggestions are provided. We believe
that the low accuracy of the system is
caused by the poor performance of the
English grapheme to phoneme module
and the inconsistency of pronunication
in the training data.

1 Introduction

English to Thai transliteration is a way to write
English words in Thai alphabets. While English
has 26 characters for consonant and vowel
sounds, Thai has 44 characters for 21 consonant
sounds, and 19 characters (including 3
consonant characters) for 24 vowel sounds
(including 6 diphthongs), and 4 characters for
tone markers. When transliterating English
words into That words, it is usual to have
different Thai written forms. For example, the
word “internet” can be found written as suwofita,

dumoitila, Bwaniiun, or dwwedua. To minimize the

varieties of transliterated words, the Thai Royal
Institute issued the regulations of English-Thai
transliteration in 1982. Nevertheless, many
people tend to transliterate English words on
their own rather than adhering to the regulation.
It would be more convenient for people to write
transliterated words if an automatic English to
Thai transliteration program that conforms to the

Royal Institute’s guideline is available. In this
study, we aim to develop such a system. A
corpus of transliterated words is created by
collecting English and Thai word pairs from
books published by the Royal Institute. The
number of 8,181 word pairs are used in this
study. In each word pair, Thai characters are
aligned with their English correspondent
characters. Alignments between English and
Thai characters are first assigned by a program
and then manually corrected. It is possible that
more than one character in English or Thai are
aligned, e.g. ‘th’-*w’, ‘1a’-‘Ts’. Examples of
aligned characters between word pairs are
shown below. These data will be used for
training and testing.

I if thf of st of I/ s/
1/ i/ thf va/ n/ ia/

- o
alrw oo it
a n’uiu

i if vl el tf pf ool V/ CORIRTR A IR Y
I/i/ vl i/ ng/s/t/ o/ n/ ef an oA v Lo
IRTAYETRVE alr 4T B e

This paper first reviews previous models of
transliteration systems. Table lookup, decision
tree, and statistical models are briefly discussed.
Then, a new approach of chunk-based n-gram
model is explained in section 3. The results
when using each model are reported and
compared in section 4. Since knowing English
pronunciation  is  usually  useful  for
transliteration, all the models are tested again by
including a module of English grapheme to
phoneme. The new results are reported in
section 5. Though the chunk-based n-gram
model performs better than other models, the
accuracy is not high enough to be used as a tool
for the public. At the end, we will review and
discuss the problems.

2 Previous research

Since transliteration is basically a process of
transforming one writing system into another
writing system, approaches used in any
transliteration systems as well as grapheme to



phoneme systems are relevant. In this study,
three different approaches are reviewed and
implemented, namely table lookup, decision
trees, and noisy channel model.

2.1 Table Lookup Modcl

The model is based on Bosch and Daelemans’
grapheme-to-phoneme  conversion  model
{1993). It is used for transcribe English, French,
and Dutch. Conversion of characters to
phonemes is done by applying conversion rules,
which are extracted from a training corpus. But
in this study, the conversion rules are used for
converting characters from one language to
another. Rules are store in a table lookup as a
mapping from source language characters to
target language characters, with left and right
contexts of the source language as rule
conditions. By using a training corpus
composing of word pairs aligned between
characters of the two languages, if the target
language character can be uniquely determined
from the source language character within its
minimal context, the conversion rule will be
stored in table lookup. But when the same
context does not uniquely determine the target
language character, conversion rules are done by
default mapping by selecting the most occurring
target character in that context. In this study,
table lookup of various context sizes are
implemented: 0-0, 0-1, 1-1, 1-2, 2-2, 2-3, 3-3, 3-
4, 4-4, 4-5, and 5-5. (The two digits indicate the
number of characters on the left and right
contexts) Default mapping of 0-0, 1-1, and 2-2
contexts are used when table lookup is not
applicable.

2.2 Decision Tree Model

Decision tree model converts symbols from one
language to another by applying rules that are in
the form of decision tree. Kang and Choi (2000}
use this model for Korean-English transliteration
system. Decision tree is created by applying a
well-known machine learning technique, 1D3.
This method is often applied to many NLP
systems, such as Thai grapheme to phoneme
(Chotimongkol and Black 2000), word sense
disambiguation (Pedersen 2004). In this study,
Lenzo’s (1998) decision tree model for English
grapheme to phoneme is modified to create
decision trees for English to Thai transliteration.
The maximum depth of trees is set to 7. The

scope of contexts are set to 3 characters for both
left and right contexts.

2.3 Statistical Model

The third model is a statistical model, which is
often used in transliteration research, such as
Japanese-English back-transliteration (Knight
and Graehl 1997), English-Arabic transliteration
(Glover and Knight 1998), English-Korean
transliteration  {(Kang and Kim 2000),
English/Japanese transliteration (Fujii and
Ishikawa 1999,  2001), English-Korean
transliteration (Jung et al. 2000), etc.
Transliteraticn problem is viewed as a
probabilistic model. In this study, English-Thai
transliteration can be viewed in a similar way as
follows: ‘

PTH*P(E|T,)
P(E,)

argmax P(T, | E, }=arg max
n Tw
=argmax (T, }* P(E,|T,)
Tw

P(T,)=P(Tc,,Te,,...Te,) = [ | P(Tc, | Te,_,Tc, )

1=bn

P(E_| T,)asHP(Ec, 1Te,)

=l

Transliteration from English to Thai is
composed of two sub-models: P(T) and P(E|T).
P(T) can be estimated by a trigram model, while
P(E|T) is estimated from alignments between
English and Thai characters in the training
corpus.

In addition, Haizhou et al. (2004) joint
source-channel model, which is used for
English-Chirese  transliteration.  will  be
implemented as another test model in this study.
Unlike other models which capture how source
words can be mapped to target words, this
model uses both source and target words

simultaneously. The model can be formulated as
follows:

P(T,E)
argmax P(T | £) = arg max ——~
gr (T1£) gr P(E

) =argmax P(T,E)
r
=argmax P(11,.4,.¢¢,..€,)
;

=argmax P(<!,¢ >,<t,,e, >.. <[, e, >)
F

L
= arg ;naxn P(<1t,e ><t e ><tl, e >)

1=l
Transliteration is viewed as a probabilistic
model of transliteration pairs between English
and That characters, which then can be
estimated by a trigram model.



§ Chunk-based n-gram Model

lhe model proposed in this study is a chunk-
rased n-gram model. It is based on Kang and
<im’s (2000) view of phoneme chunks and
daizhou et al.’s (2004) joint source-channel
nodel. In this chunk-based model, alignment
setween English and Thai characters can have
various lengths. For example, for the word pair
‘locarno” Tamilu, beside the normal alignments
[-a, o-1, ¢-a, a-, r-%, n-u, o-1, alignments of
larger units, i.e. lo-al, oc-1a, ca-m, ar-1, m-fu,
no-ul, loc-ala, oca-1m, car-mid, arn-vu, rno-ful,
..., and locamo-alaiful are also generated. Like
other statistical models, transliteration here is
viewed as a probabilistic model of transliteration
pairs between Thai and English. But in this
model, the units of transliteration pair can be a
chunk of characters Probability of a sequence of
transliteration pairs is estimated by a trigram
model in this study. The sequence with the
highest probability will be selected as the
solution.

argmax PTIE)= arg:r'nax% = arg max P(T.E)

=argmax P(tt,.1,,e,¢,..2,)
T

=argmax P(<d, 8y, > <l 50y e Sl no @y n 2)
7

= argmax P(< cl,,ce, >, <cl,ce, >,...<ct,,ce, >)

”
= H P(<cl,.ce, >i<ct,,,ce,_, ><et, .00, >}

{ci, and et, are achunck of Thai and Englishcharaciers)

For example, when transliterating ‘unitarian’,
there could be many possible sequences of
transliteration pairs as follows:

<unita,ylin.>,<r,5>>,<ian,ileu>

<unita,giim.>,<r,s>,<i,1.><an,5u>
<unitar,yiin.1>,<jan,ew>

<uni,gul.> <t,p>,<a, ™, <rian,iou>

<unit,yin>,<arian,iou>

Probability of each sequence is calculated
based on trigram statistics of all transliteration
pairs in the training data. Using this model, it is
likely that a sequence with fewer chunks will
have higher probability than a sequence with
longer chunks and chunks with high occurrences

will have higher probability than chunks with
low occurrences.

4  Experiments

The corpus of 8,181 English-Thai pairs 1s
splitted into five data sets. Four of them are used
as the training data, while the other one is used
as the test data. Each system will be tested on
each data set. Then, the results of five tests will
be averaged as the performance of each system
on unseen data. Each system is also tested for
seen data (All data sets are used as training and
testing). Performance is measured in two ways:
word accuracy (W.A.) and character accuracy
(C.A)) (Kang and Kim 2000). W.A. is counted
from the exact match of the generated words and
the correct word. C.A. is calculated on the basis
of edit distance between the two words. C.A. =
(L-{i+d +s))/ L where L is the length of a
word, and i, d, s is the number of insertion,
deletion, and substitution that are needed to
change the result to match the target word.

The results are shown in Table 1. It can be
seen that the chunk-based n-gram performs
better than other systems for both unseen and
seen data. For unseen words, the accuracy at the
word level is 67.4%, and the accuracy at the
chracter level is 88.9% For seen words, word
accuracy of the chunk-based n-gram is 99.8%
and chracter accuracy is 99.9%

Unseen Seen
W.A. | CA. W.A. C.A.
TB 60.6% | 85.8% 97.2% | 99.2%
DT 61.7% | 86.8% 95.7% | 99.0%
N-gram | 37.6% | 77.1% 482% | 82.1%
Joint 50.1% | 84.4% 67.2% | 90.0%
Chunk | 67.4% | 88.9% 99.8% | 99.9%

Table 1: Result of English-to-Thai transliteration
5 Adding E2P module

Krowing how the word is pronounced is usually
useful for transliteration from English to Thai.
In fact, to transliterate an English vowel
correctly, it is necessary to know how it is
pronounced. For example, vowel form ‘i’ can be
transliterated to three Thai vowel forms, = = 1_
depending on the pronunciation of that vowel.
Therefore, the systems are tested again by
adding a module of English grapheme to
phoneme (E2P) as a part of the system. But only
three models, TB, DT, and Chunk-based, are
tested at this time. The systems are implemented




by considering both English characters and
phonemes in this new test. E2P module is
created by applying table lookup, which are
generated from a CMU  pronunciation
dictionary. The accuracy of the E2P is measured
at 56.7% for W.A. and 90.8% C.A. The new
result of the systems when including E2P is
shown in Table 2.

Unseen Seen
WA C.A W.A C.A
TB 65.3% | 88.5% 99.7% | 99.5%
DT 63.0% | 87.4% 97.4% | 99.4%
Chunk | 68.1% | 88.7% 99.8% | 99.9%
Table 2 : Result when E2P is included
—o— WA -E2P —8— WA +E2P. CA.-E2P « CA. +E2P.
95%
9%
85%
BD%
T5%
70%
ot
50%
55%
som |
™ oT Chunk

Figure 1: Results with or without E2P

It can be seen that all systems perform a bit
better when English G2P is included. And the

chunk-based system is still the best model in this
study.

6 Discussions

Although the chunk-based n-gram model
performs better than other models, the accuracy
of the system is stiil not high enough for using
as a transliteration tool for the public. To further
improve the performance, error analysis is
needed to understand why the generated words
do not match the correct words.

Two factors are likely the causes of low
accuracy: accuracy of E2P and varieties of
pronunciation. The accuracy of E2P module
developed in this study is not really high. It
yields only 56.7% for word accuracy and 90.8%
for phoneme accuracy. Creating a good E2P
module is difficult. Black et al. (1998) also
reported the accuracy of their E2P system at

57.80% for word accuracy and 91,99 for
phoneme  accuracy when using CMU
pronunciation dictionary as training and testing
data, while the accuracy when using Oxford
Advanced Learners Dictionary of Contemporary
English is higher (74.56%). Black et al.
explained that the difference lies on the fact that
CMU dictionary include a lot more proper
names. According to Llitjos (2001), systems that
produce high accurate results are those that are
dictionary-based. Transliteration rules are used
only when the input word is not listed in the
dictionary. But in English to Thai transliteration,
many inputs are proper names. It is unlikely to
have all names listed in the dictionary.
Therefore, it is still necessary to create a good
E2P module that is not dictionary-based.
Varieties of pronunciation could also be
another cause of systems’ low accuracy. Since
transliteration is partly based on the
pronunciation of English words and the same
word can be pronounced differently, i.e. British
or American pronunciations, the transliterated
words then could be written differently. For
example, the word “Leonard™ is found
transliterated in the Royal Institute’s books as

wis, wewiife, and deanfn. Although only one

form that we think is most conformed to the
guideline is stored in the corpus in this case, it
does not exclude the possibility of different
accents entailed in different words. This
inconsistency of the data results in inefficiency
of transhiteration rules extracted from the corpus.

In addition, when the generated words do not
exactly match the correct words, it is possible
that the generated word is another form of
acceptable transliterations. For example, the
word “ballast” is transliterated by the chunk-
based system as vnass while the correct word is

uusoad, The difference of vowel form in this

case is resulted from different accents of
pronunciation. In this example, the generated
word is considered an acceptable result.
Therefore, the results are manually checked
whether they are acceptable transliteration.
Using this acceptable criterion, it is found that
the accuracy of the chunk-based model gains up
to 84%.



7 Conclusion

Although the chunk-based model performs
better other systems, 68-84% W.A. is not
satisfying result. To be released as an English to
Thai transliteration tool for the public, the
program should have high accuracy up to 98%.
The system has to be improved by employing a
good E2P. And it might be necessary to
manually clean vp the training data to make
English pronunciation in the transliterated words
consistent with one particular accent. Beside, the
chunk-based model uses more resources than
other models. It is needed to be improved in
terms of processing speed.
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