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Fanwlng | Famwsinge | damenlne | Fammndangm
N3 A korn shu lee noR 0 kriti ya
N30l Avle korn danai noR 0 kritti ya
nead unn korn napar ngjA &N kitti ya
N7 U korra nop AR P kritti ya nee
NTod W wa kom-phimol | NEFA-EA.ARl kritti ya pon
N9 0l NN Korpaniid Nt uwt krippa non
ng ol NNT kofh pifka "1 noA ol Ang krit na pat
ng o g kernni kar-, ! NOA W ANg krit na pat
ng td nng kg Al Kar == naje i krisa nan
N9 TUA kafé nlis j ﬂ'qﬂ 9398 gridsa wan
N9 DA Koranit’ - fﬁtﬁ:f NNA kris kamol
N7 (A kgl nis '— fﬁf]_jif,ﬂﬂi kritsa korn
nT AN kora da ﬁj—:t‘mf krisa korn
NT NI \ korn- tﬁong -' 'ﬂqg }]‘i /| kritsa korn
N7 N9 '_ korn thong no N3 || kitsa korn
NT NI gorn thong neLr mfy@ﬁ kritsa kan
N7 NN karn tip R krisa da
N3 NN kofn tip neji )] kfitsa da
ng Nwel korn tip ne 1 kritsa da
neFin e korfrtip L ER Kritselda
27 ing korn thip neE N kritsa da
N3 Ane korn tip e 1 kitsa da
n3 Ainel korn thip nee 0 kris da
N3 Ane korn thip e 1 krissa da
N9 s31ng kon tanin e 1 gridsa da
N7 UM korra nod no 90 krissa da

48



N7 Wy korn nop o 90 kritsa da
N7 Ui korra nun ne 91 kritsa da
N7 Ui kora nan ne 91 kritsa da
ng U kora nand nee 1 krisa da
N7 1N kora nan nee 1 kridsa da
N7 4 N1 korn ni ka nee 1 kritsa da
nT ‘:m gora nij O‘}L@j kris da
N7 Ua goranij LT kritsa da
ng i A0 Ror nlpa J 1 krissa da
ng 1t _,Mf}ﬂéh L naEg kritsa da
N3 19 N /,Ko/ybong Kot 1 -ﬂqrf IR kritsa da
ng U9 N }Xg;pfhor}g%oi =~ g kritsa da
N7 19 N - ryégf;wg k;j MRS kidsa da
n3 3y A / ty(nj{r_a oha ':’*:_!,ﬂqizr o kritsa da
ng 13 &N ?(or pr;ee:z/jé fjﬂﬂﬁ I krisa da
ng U7 e gr‘én Qrgé.ya -?T_]ly;.g’] krissa da
ng WA korn p_c_)_r_)_g-_- ?Q‘ligj kridsa da
niwa  A<| kom pong o A1 L. | krissa da
NT WITU ;'i. korra pun no 91 :— krisa da
N? WA - | korn pol no 91 - krissa da
ng Ay K6ra pin AL 71 krissa da
ng Nug kara pin nej 97 Kridsa da
N9 WUS kora pin nee ga kridsa da
N7 Wilg kora.pin ORI krids\da
ERTIT kora pin e 1 kritsa da
ERTI kora pin nee 1 kris da
N3 fiug kora pin nee 1 kridsa da
N3 fiug khora pin nee 1 krisa da
N3 Wug kora pin neE 0 gridsa da
ERTIT korra pin nee 91 krisa da
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ERTIT kora pin e 1 krisa da
N7 LW korn petch N 90 krissa da
ng fim korn pak e 1 krisa da
ng fimsg kora pat nee 1 kritsa da
ng fimse kora pat nee 1 kritsa da
ng fimg kora pat nee 1 krisa da
n? NN? korn pat qu krissa da
NIN NINel krom-sub AT kriss da
N3 g Rora mit J RV krisa da
n999 94 ’}aﬁj'c':/hva‘;ros L naEg krisa dar
n737 34 /,Ka/p(sha rose .Ill _ﬂf]‘lff IR krissa da
nesg ol }Xa(;;dha ratana — 'nge kritsa da
N7 NNA - ryéirr';gl )y MRS krissa da
NIT0U 41N / %%_am_ i ':’*:_!nq‘l:r o kritsa da
nased Anel s{ayﬁp ! _=,- fﬂﬂ” I krisa da
n3snl ngad kd’rrma;.gdm. -}Tﬁ@’gﬁ krisa da
naons T kanpg__wg_I::- ?—rq*ligj kritsa da
naz o n3ndA<| kan na porn oM N1 L. | Kitsa da
N33 6l N1 ;'i. kan ni ka e 1 ;"‘— krisa da
nITdn1 | kannika e g1 | krissa da
N3 ol N ki ni ka AL 71 kritsa da
n93 N7 kun ni Ka N 4 krissa da
n3s ol N kan ni ka N 99 kritsa da
N73/tl N kan ni ka QRIS kritsa da
N33 Al M kan ni ka nee 1 kritsa da
nas ol M kan ni ka nee 1 krids da
nas ol M kan ni ka N N krissa da
nas ol M kan ni ka N N kritsa da
n3s ol M kan ni ka N 1 krisa da
n3s ol M kan ni ka nee 1 kritsa da
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n3s ol M kan ni kar e 1 kritsa da

n3s ol M ka ni ka e 1 krissa da

n3s ol M kan ni ka e 1 krisa da

nas ol M kun ni ka N N krissa da

nas ol M kan ni ka nge 91 N9 krisa da korn
nas ol M kun ni ka N 91 N9 krisa da korn
N33 0l N1 kan ni ka i N9 kritsa da korn
n99 04 NN kan'ni ka ﬂqﬁg’fﬂiﬁﬁ kidsa da gon
N33 (U N1 Kan higa : A L) TR krisa dang
N7 QU N1 z}aﬁ/r;}k’a || e kritsa da porn
N33 8 N1 f@ni ke 1 N N2 Nt kridsa da porn
nes ol N ;/é?ﬁi___ka ‘" Pngupansal | kridsa da porn
n93 8 AN - ]4 B m_-qa:rﬁ 99 kritsa rhut

nsg ol n1 / t?é jr(ka L. :’*: ﬂt’]‘]:fﬁ krisa dee

nas ol M »‘Y;:an | ka .~ ;_ﬁq‘i:f 0 kritsa dee

n77 QU N1 kaﬁw ruf.k_ai. : quy;.g kritsa dee

n99 tl N1 kan_r}i__kg_a:-_- Tffrq*liﬁ_ﬂ? krissa dee korn
nssdin (A< kan nika Aoy W A | Krita pat

N33 6l N1 ;4’; kan ni ka e 1 I krisa da

n7s ol N1 | kan ni ka NO®g) QU7 W | christ ya nov
n93 ol Nl Kain ni ka e krissana

n37 tdnnd. kan ni ka gl kitsana

n73 0l N5 kan ni kar ey kitsana

N33/t N5 kan ni ka N Lnug kritsa na“kamon
39 4 N§ gun ni gar ﬂm:mi ne krisa korn

N33 ol N§ kan ni kar naead ng kritsa korn

n3? ad nf kan ni ka Nl fieg krit kong
N33l N3 kan ni kar naeod 4t krit chai

n3s d N1 kun ni ka e 9 krisna chai
n3s d N1 kan ni ka neeod 0lg kritsana nut

51



n77 Al N3 ka ni kar e 1Tt krisana nan
N33  N§ kan ni kar Nl WA krissana pong
N33 4 N§ kan ni ka A WA krissana pong
N33 U N1§ kan ni kar no ol WA kritsana phong
N33 o N§ kan ni kar no+ WA krissana pong
N33 U N1§ kan ni kar naeod W krisa pong
n99 0 N5 kan ni ka m}ym Wt kritsana pong
nee ol Ng kan'ni ka ﬂqﬁm N kitsana pong
n99 1l N5 kan nikar | AR N krishna pol
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n99 1l N5 Kan ni ka A e klis sana

N9 tWN1% kan ni kaf e g krissa na

n99 td NNT kan ni kar IR kritsana
N33/t N5 kun ni ka 61t krissa na

n99 1 NNT kan ni ka e W krisa na
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n99 td NN% kan ni ka e e kritsa na
n99 td NNT kan ni kar e Wy kritsa na
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neeinNg - | kannika ngerole 0 | kiitsana
n99 1l N5 Kan ni ka A e kritsa na
N9 tWN1% kan ni Kaf o UL kritsa na
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1799 AN kan wi pa e W kritsa na
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SR RR N i TR
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n?9 korn wi ka nee AN kridsa da
N7 9 N1 korn wi ka nee AN krissa da
n?9 1 korn wi ka nee AN kris da
n79 NN korn wi ka nee AN chris da
ng d kora wij N AN krissa da
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ng 2] khora wit nee AN krisa da
N7 2] kora wit nee AN krisa da
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Abstract. The lack &
searching activity a

ai proper names makes
icularly important when

searching for pe ; ic representation of
their names using githe gl Tha Iphabets. Romanization based
directly on thesfmesgproa ations pften fails 1o de exact English spell-

ings due to the nog#l-tg#l mapping feem Thai 1o English spelling and personal
preferences. Thi gEes rite i n 4 h where popularity of
usages is taken inlg ed into sequences of
grams, units of s nciation and spelling
constraints in ball Gram lexicon is con-
structed from a cogpus ; | | Statistical models are
trained accordingly basedl on-4he Gram leic e proposed method signifi-
cantly outperformed (e cufpes: E‘ i—i (a2t pprodch. Approximately 46% to
75% of the correct English & Jamie cd when the number of proposed

KE]F“-‘DH]S:L' : i7ation ical T.a o Drécessing, Machine
Translation.

1 Introduction ¢ .

i rone UL AN NS I YADT o e

which someh& is not standardized. The problem is more prominent for Thai proper

names. Personal preferences affect how ones s ames using Efglish alphabets
SR AR AR AN f
while'in y spellings | I over how
they would sound (transliteration). In this work, we propose a Thai Romanization
approach where popularity of Romanization patterns is taken into consideration. A
Romanization approach that is capable of producing a list of probable hypotheses of
Romanized string given a Thai proper name would be beneficial in searching activi-
ties relating to retrieving people-related documents published in either Thai or English
when names are used as the search keywords.

T. Theeramunkong et al. (Eds.): PAKDD 2009, LNAI 5476, pp. 580387, 2009.
i} Springer-Yerlag Berlin Heidelberg 2009
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2 Literature Review

Romanization 1s typically approached in two steps: text segmentation and writing
system translation. The first one segments the original text string into sequences of
method-specific units such as words, syllables, or some other orthographic-based
units. The latter proposes the spelling of the original string in the destination writing

system.
For Thai, there have been . ol s
Poovarawan [1], Somlertla an "‘ _ Tposed dictionary-based. Unregistered

cthed can solve the unregistered
ambiguituies. Aroonmanakun [4]

t. However, the method 1s
ization where resulting Eng-
ition rather than retaining

based on this segmen
not designed to handle
lish strings aim at p

the closest pronunciatj includes “I5@”, originally

pronounced as a sifgle g¥llabla whi - ohe 4 : pular transliteration is a
double-syllable Romani b
Apart from translif€ration SRomantzation. co & done via transcription, where
Thai graphemes are co l0nc
i ke : sequences. Finally, the best se-
quence of English graphemes 5 / *d based on the phonemes. Charoen-
porn et al. [5] and Aroonm S th deployed corpus-based statistical
' it 5}"1'3]2!135 However, the former
; elyving on a set of hand-

wripl defined by the Royal

chose to perform the
written rules basad @
Institute in 1984 tag - ;
Obviously, it 1s di ; ristic approaches to han-
dle the unsystematic-character of T'hal Proper name R-::m tion. Therefore, we pro-

pose a data—dn\f{:n app ch that automatically Iearns the chamx:tcr mapping between

Thai and E led “Gram”. These
units are d ty ciF t that each Gram
contains attri te Ing Sys as—well as t e I'Idll'ﬂcﬂ}’ embedded

pronunciations) of both Ianguages atthe same tlme

E’Lﬁmm;gm’mmaa

44 alphabets are used to represent 21 Thai consonant sounds. All of them can be used
for consonantal phonemes in the syllable-initial position. Three of them can be com-
bined with other consonants to form true consonant clusters. Although, theoretically,
all 44 consonantal alphabets can be used to represent 8 syllable-final consonantal
phonemes, some are more popular than the others. In many occasions, a string of mul-
tiple consonants could represent only one phoneme, and many occurrences are
governed by exceptions rather than precise rules. 34 symbols, some of which are con-

structed from multiple alphabets, together with three of the alphabets used for the
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consonants, are used to represent Thai vowel phonemes including monophthongs as
well as diphthongs. 5 Tone symbols are superimposed to Thai syllabic representation
to govern the tonal aspect of each syllable, which is also affects by the base consonan-
tal alphabets representing the phoneme in the syllable-initial position.

4 Proposed Methods

4.1 Name Decomposition and “k tion
w2

In this work, the spelling of f it 1s the concatenation of a se-
quence of basic units. s uf,’ach m&& units are their alphabet se-
quences in both the cmgm ems, which in this case are Thai
and English respective will constrain the spelling
of the names in both laagn: lan ith meaning are preferable,
it 15 not a requirement fogaini capingful. Therefore, these units are referred to
by using a generic o 3 1 ¢ name Morph adopted in
many linguistic literatuges. frmg B in this paper to refer to a
Gram whose Thai spallingfis A I i . i \‘t B. Figure | shows some
examples of the name dego ' ,

duma s0mpol loana pongphol

mizsom  wa:pol  auisom ﬂuq,.aps% W pong dea:pong wa:phol
s-i'"rj’i'}. b2

gl m’amginn

Items in the G lexicon , the training corpus were
analyzed. Each Gramn‘giust at le e corresponding syllable-
initial phoneme and alphabets for the vowel phoneme. Although single-syllable
Crra.ms are preferable, Multi-syllable Gramsdafe also allowed to ensure that the de-
= mgmmmﬂm
tain a singl later. Such cases

wnuld have aﬂe the dﬂccmpus on g&nerate too  many pusmble h}rpctheses

Bu dmg Gram IEXICGII 1s a tedious task 1f the dECDI‘I‘IpDSltlDl‘I 1s perfnnnad manu-
ally on a large name corpus. Here, we semi-automatically process names in our train-
ing/development set (Details about the name corpus used in this work will be
described later in this paper.) in several batches of a couple thousands names. Grams
obtained from one batch are added to the lexicon which will be used for the automatic
decomposition of the names in the next batch. Manual adjustment is performed on the
result of the automatic decomposition of each batch before new Grams are added to
the lexicon. The process can be illustrated in Figure 2.
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exarrq:u]es | Gram validation
Iexlcun

f

1. Statistical 2. Gram-hasd D“ﬁﬂ“"’:ﬁd
decomposition deco pos -‘ p

At the beginning o : name is decomposed into
a syllable sequences usin }f nd firc Al anakun et al. [4]. Then,
given the accumulated f % \\ ht to-left searching 1s per-
formed in the Englis ‘ \"‘ a. name in order to match
each Thai syllable withgEnglish bets 1 d at the n pe time, each resulting pair
must replicates a G g B \ This search attempt can
lead to three possible result: 1 A‘ﬁc T 2 A single failure, and 3) A
multiple failure. . _

A complete matching i ‘damé’ein be decomposed entirely into a se-
quence of Grams in the a ulafed i lexicon. Mo manuval adjustments are
needed and no new Grams are added inic fan lexicon.

From the result of the nght’ - : . if the name can be partially decom-
posed into a sequence of G ams- . except for the first Thai syllable and
some unmatched English W ning e name. An expert judgment
is required whetheg {6 pair up the sle with the redidining English alphabets

and add a new Grapyinto the Gram [¢ ndiruds adjustment has to be
made on the entire nan i tﬂe

The last case is w more than one syllables cannot berepresented using existing
Grams. In this case, an lil.l habet—mappmg d%mpumtmn is tried. This method of de-
composition f i abets so that each
resulting token 1 | ng ﬁsh vowel, a group
of alphabets @res,entmg syllable-imitial consonants, or a group of alphabets repre-
senting consonants in the coda positibns. A simple algorithm based on.a Thai-English

;‘ﬁﬁmﬂﬁfﬂﬁmﬂﬂﬁﬂm o

An e rt judgment 15 then needed to vernfy the validity of the resulting Gmms
Manual adjustments are sometimes needed before the new Grams are added to the
Gram lexicon.

Although manual adjustments are still required in many cases, such manual bur-
dens are less severe when the Gram lexicon grows larger. Note that in the first batch
when the Gram lexicon is empty, the decomposition of every name will result in the
multiple failure case and will be treated accordingly.
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4.2 Gram-Based Romanization

With the Gram lexicon, A Thai name to be romanized can be decomposed into multi-
ple sequences of Grams constrained by its corresponding Thai spelling. Statistical
language and phase transition models are used to give a popularity score to each pos-
sible Gram sequence. The system picks the sequence with the highest score to be the
hypothesis of choice. Then, Romanization can be completed simply by concatenating
the English alphabets of the Grams i in the corresponding sequence together.

Given a That name R = ror;.. ere cach rpis a Thai alphabet and N is the num-
ber of alphabets in the Thai spell f the : system first converts R to a se-
quence of K Thai alphabet &t each r; is the Thai spelling

(string of Thai alphabets).af a Gl Wam lexicon using a right-to-
left longest matchingW ) \

Then, for the sequence Jsetssponding the.name R, an associated popularity
score 1s computed 4 esis, B = ege;...e; where
each e; 1s the English of a Gram. Note that the
length of a possible o between each term in both
sequences must be one h of tpe; fori=0,1, ..., K

p(TIE)p(E)

We will refer to the term 5.1 C ik score” which can be computed us-

set. However, only
words, when couh

i P———————

e bigram models, two
peliings are the same.

ms in the sentence level,
independency among the

Similar to the p
we view the term p( 4 E) as the translation score. Assumi
terms in T and that r, Dnb' depends on g we

ﬂuEJ.QJﬂ(EJTﬂ.EW Kbl e,
’QW']MTW;NJ,LMEJ’]QEI

I

where N(tie;) 1s the number of the Gram f:e; in the training/development set
and > Nir:e) is the total number of any Grams 7 that their associated English

sl

spelling is e
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5 Experiment Details

5.1 Name Corpus

A corpus of Thai first names and surnames were used for the training of all statistical
models as well as for evaluating the proposed method. The corpus was constructed
from a database of the names of students registered at Chulalongkorn University,
mostly, in the last 10 years. Forei .H | mes jvere excluded from the corpus. The cor-
pus contains Thai spellings nf ' ls i f j / ,, ether with their English counter-
parts. 20% of the names were ¢ ‘4” test data set while the rest 80%

were put in the training/de "Jg_._- set. in were used for the building
of our Gram lexicon, asswell as (o tre ratistical models for the N-gram scores
as well as the translatia ed earlicr FThe names in this set were also
observed in the process o a?/ﬂ/ SIS

6 Results and s

6.1 Construction o

umber of accumulated Grams

Figure 3 compares the'co he
] “i lexicon) with the number of

{(as the percentage of the .,
names analyzed.
As we can observe fro
training/development set, inc U
fatlures, 24,385 Grams cover |
is constrained by both the Tt
among these 24,385 -
Thai alphabet sequ
sand if only Enghi 4
From figure 3, we gan see the f Grams s rather linearly with the
increasing of the numiber of names after some Grams (whiCh, in this case, are around

35% of the total Gramé)gare already in the lexicon. The coverage percentage also

Y EI‘J‘“‘F’FWW T

Wea -

60.00% -
£0.00% -
40.00% -
30.00% +
20.00% <+
10.00% +
0.00%

s the 22 batches of data in the
stments that handle decomposition
e set. Note that each of these Grams
Dur analysis also showed that,
zands unique tokens if only
‘J 15 around twelve thou-

0 50000 100000 150000 # of namesanalyzed

Fig. 3. The tendency of %Coverage and the number of accumulated Grams when more names
are analyzed in batches
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6.2 Romanization Results

Table 1 compares the Romanization accuracies of the baseline and the proposed
methods evaluated on the 35,722 names in the test data set.

Tahle 1. Romanization accuracies evaluated on the test data set

Proposed Method
1* Variation 2™ Variation
Romanization Accuracy 46.13% 43.66%

nization also exposes thc
he closest matching of the
axibility to handle real-life
nce of almost 50% evalu-

However, the highly-we
weakness of the baselig
sounds between the
preferences. The propo

ated on the same datasset. T r

Figure 4 shows the rgfallfraie percents jes' whe 'i‘ hypotheses are used. We
can see from the fig af th wariatio aur propesed method yields higher
recall rates for every valiies of WV tested. Beth vanations show a similar tendency
where the recall rate gro ym the il intable 4 (=44% — 46%) to around
753% to 80% when 15-besthy =.:; d, Although the recall rate keeps in-

g can observe that the curves tend to
ore hypotheses is not likely to push

creasing as the number of | pcﬂg‘;{
saturate. Consequently, we can

| expect th
the recall rate any higher. [t wirth

potheses does not =

1stvariation
2nd variation

a8

12 3 4 5 E 7 8B 9 11]1112131415 # of Hypotheses

k

Fig. 4. Recall rate percentages of the proposed method when N-best hypotheses are used

7 Conclusion

This paper presents a Romanization method whose flexibility is more suitable for the
Romanization of Thai names than a conventional Romanization method. Although it
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might not be surprising that taking into consideration real-life preferences in the
forms of a large number of Romanized name examples yield a better Romanization
performance, practical statistical models have to be formulated in order for an auto-
matic method to hypothesize the most likely results instead of having to rely on the
burden of creating sets of heuristics from such a large name database. In this work,
the proposed Gram-based models yield a satisfactory finding in terms of the Romani-
zation results as well as the framework adopted in the construction of the Gram lexi-

con from examples of more than o ))QAISH.I][] names.
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