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## 4971474421 : MAJOR COMPUTER SCIENCE

KEY WORD: PARALLEL TEXT PROCESSING / WORD ALIGNMENT / SENTENCE

ALIGNMENT / TIME SERIES
SIRINUN SINTUWATIN : SENTENCE ALIGNMENT IN PARALLEL TEXT
CORPORA USING TIME SERIES. THESIS ADVISOR : CHOTIRAT
RATANAMAHATANA, Ph.D., 106 pp.

As applications based on parallel corpora (parallel text) has increasingly
expanded, especially in the areas of cross-language informational retrieval,
machine/human translation, natural language processing, and mullilingual
lexicography, parallel-text processing has become the heart of the development. In this
research, we propose a novel sentence alignment technique. We exploit a notion of
time series representation, recording the position and frequency of word appearance,
without any requirement of any linguistic knowledge, e.g. grammar/syntax, sentence
structure, dictionary lookup, etc. We align word by using similarity measurement and
the result of word alignment will be subsequently used for sentence alignment. Our
intuition lies in the belief that similar words in any multilingual parallel text should
possess similar frequency and the position of word occurrences. However, the
experiment results have revealed several limitations of the method, where its utility and
effectiveness seem to work better with short parallel text about 1 page. The experiment
result on short parallel text by using manhattan distance gives an accuracy of 58

percent.
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(Word Alignment) mnmiﬁﬂ‘mﬁq@ﬂ'wﬂﬁﬁ@mmmmummﬁqﬂqmmzmm%ﬂ WL

v
o

daulvnydenunimingazenandd wazianuauAinuinndderanunisdenge anv

dselopsuaiin (uniimualiniwdangeidusuaiv) nduildlddiudssloaniulandu

v
v A o

wna il WesanniszTarAulaunelssTanldauiies AsiugiduasAndnuuaauang

U

assazminzaniuadidaanIIuI EgIng BuaznE ennnda lesaindngu



[

Adiugiuluisaasnimudafiaonsdulilifunnazdudilsslaanaseiulilng lidas

a

'
= '

NeafiuN1IdUAAINATABUAENIIALIA

a

[

frilefiannuennresdsslun Geemideildne
Usslanfmssiulundedonnuauudataunsaan

g9 lafinnu u@m’m@ﬂﬁm’?ﬁ'mGﬂuiﬂﬁiLLﬂ@@qﬂﬁjﬂﬁ‘zimﬁq@ﬂwLL&’Q fagnngm
ingdsslapsinasnellldluntsulalnansdld Wu nsudauuy Translation Memory waz
Example-based Machine Translation (33aznanaiemeaziaenluiade 2.1.1.2 uag 2.1.1.4

ANNANAL)
1.2 apnilszasArainisiag

dl o I dl o [ o
aanukULNITLIUNI M unsdugustleannsiuluadsdaninuaniunimdann s
wazn s lng Iagldaynsnnan uazinnisdnANAR 8 LLIaYNINIAN WiBNTINNAADL
La¥ALAIITdINIzUAUNNINea NLU LN ANIUNNTaNA uTuNNsdug s Taannday

Weale
1.3 YALLUAURINIGIAE

1. adeterunuildiiznandaedeaunnendnneuaznimng

2. Fadnludennuneinelaeldllsunsy SWATH Geimunlnagudinalulad
flannsaiinduarAauiomesuieTiz [2]

3. zmgﬂthﬁwvﬂummﬁqﬂqwiﬁ@{lugﬂﬁqiﬂﬁmmﬁwﬂmﬂgﬁﬂumm
KTAGGER [3]

4. vmmaaesiuadidenuuRTuauAnseiy

5. Whtnifieunanissudusslansenindan deynsuinaiuazlailddaunsaan

6. duguszlunlnedug 1 Uszlaalunimdanguiu N assaluniming
1.4 AUABUNISIAE

1. WedsieANININIeIN AN AN eitetinan 1 lun1si4e
waaldsunsumdudsslanilunissrandeyanimdsngruazniming
as o <3 ¥ o 1 ¥
aanuuudnlun1sdniudeyas dsslan uazetanti
wistNdayanaun1sAEuNIIaLgAT

Aupdrrnaan1sdugan laafiansounainANd LA AMUMUILIIIN 18R

© o A »w N

WenwnTLsunssivaduA AN

a



7. MARALNNIAUAANAZALATIEHUINANINARDL

a

8. Aupdmaansdualsyiun Insfiansainang A le
9. WanunTdsunsuiiedugilsclan
10. nageunIdudLsvlieALaLAAsTiNaNIIAReL

11. agUuauazFauFaeinentinug
1.5 Usslagunlasy

1. aunmndugauazalseloaluadsdannauuldlaeldoynsunan uazlisias
TfAauinIanmAIans anidunisangtaAnyinisgangm
2. ldguscTandoadnanmin I Idd uiuimuissuunisulanimsoniesasinld

a

wmaRAn1alaaanAafaasing

1.6 TAT9R519RIINLRNUE

1 v 1
¢ o A o =

¥ 1
Wanaesineiinudatiuignuivesnidu 6 un AsiiAe unil 1 iuumty uni 2

|
[ %

| =3 = a dl dl % 1 % A o o/ I8

NANMINNOHYUALNUITENINETR 111 Nsutlan1mleLATes N1TangLAEN uaznns

1 all ] o O o :j/ (= v d‘ 1 =2 o a a o a |
wAnedgreddIundua AUt uAu unh - 3 nantdensaiineudfe Tneeduned
Tunausig o ian1sdugawaznisduglsslon unil 4 aznanaiedeyaidiuaznisdimes
: 4 @ iy . y
dauluunil 5 1{un1InAaeaTa lHAaINN1INAREIAINGANIINARBIFIN | wasTinegn
A dl | a o 2 a o dl | 6 1
Aauny 6 1un1saglnantidsuasdeiauewiz1e9aulfy eenaaziiulselunise

n13deau 7 sellluenian
1.7 HAIUANNNAINIIUIAE

] d‘ a a rd’l Vo aa 6 a . . .
muummmqmmwmuimumamwmwLﬂuwmwmmmmi (Sirinun Sintuwatin
and Chotirat Ratanamahatana. Parallel Text Alignment Using Bursty Sequences. 2"

International Conference on Advances in Information Technology 2007 : pp.163-170.) Tu

NulsrgaTInIsuuTE o Treusuielde NgEMWEMILAT sEUdeduil 1-2 woAANIeu

2550 AUARSLINIAKNLIN A
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N RUATINUIAENLALITRY

aa a @
2.1 N RONLNEAIUNB

2.1.1 maudanenleaTas

szuUNNTUl AN AR LATA unawaniisaesnisAranfaaunanes

(Computational Linguistics) iluaunanlanaaiun1smas idilsunsuaauiamasivadas

a yva

Tunsutladieaanuvzasyaainnaieuiadugnnimuils lueanidasmiuuanislunis

a

wdalduaneuanig laun

2.1.1.1 nsuwdauuuAsan (Word-by-word Translation) [4] tunisuilalmeld

A ! ]

nanynan feredresenisula uiidedefedssdnsnawliiin iesanAndaulundl
IiuanaaanuuNng 'ffiaLﬂuﬂﬁﬁmﬂﬁm@uﬁqLmaﬁ%zlﬁﬂﬂmmumﬂié’gﬂﬁmmﬁuﬁm
Fiaatingidu “My major in the university is computer science.” anaudalaiiu “§1973977
fursulunnIngndupedIneInIzAaNiomes” vrauladn “wnuaesdulunmingnds
AINLIN1TABNNILAR S ?ﬁlﬂﬂa‘zimLL@ﬂLﬂummumaﬁ'gﬂr?”lmmqﬁuu?‘uwmnﬂdﬂ d49u

UszTaanasailugantineanumunanldainTdsunsuulanimninies luilaqiii

2.1.1.2 miagAnadmiunisula (Translation Memory : TM) [5] ilugudeya
o 4 4, e - v e o
wiavikesnuuunietedula Tnagiudeyatiaviivdeausiuaiuiuanumungyes
v Zj/ al d} v ?/ [~] o = =l 1 v o v
dapntuluanntunil Inadaniutiuataaziilua aa dselaavizatiantin n1sudanls
Tngfumdansesnisudaangiudeyawazutanusedieiy denldud  ansunulunis
wlaszeizeng warn1sulaazaanaaeeny Faasnady Uerloasuaiiunmieauiuazudadly
srTapaauuunefsiunaaanaanais 1aidana danudluldfdasiaavizalselaad
U A % % 1 dld £
seansulaaziieniusiedenilugiudeys

2.1.1.3 msutlalpaendAanglaainsal (Rule-based Machine Translation : RBMT)

[6] {lunnsuanisesinisiinssiinssafndsrlaauazannumunny denne a1soinsed
MalassaFauazaunineveslsslenldeteanas  dedaldun  niadeunginseungu

Aannalulilldenn wazng@suanenadaudiai



2.1.1.4 nmautalagandasianating (Example-based Machine Translation : EBMT)

[7] dunsutlalaanisudedamnuiseinisudasenidudiu o uazudlawdazdaulnaendy

o 1 a ] o

faat1enisutazesan fredeiaziiveylugiudeya Falarad1eiuiguiieains

o o aa 1 o o o S Y a9
@WM?UH’]?LL‘U@LLIF]’Jﬁ‘VI‘LL’JEIﬂ’)’]ﬁJ@’W’&’]M?Uﬂ’]?LLﬂ@@Zi&lﬂﬂ’]ﬁ‘uu&‘ﬂ‘ﬂﬂ’mﬂﬂm‘ﬂ\‘m’ﬁfLLﬂ@

adaa o o

| ] v a4A 1 o % = 2 a
aaniudqu 7] A0UNTRAAR BN tIFinaei1aNITULAIRIAY VIWIMﬂW?LLﬂ@NQm.ﬂ’]W@]\‘I ARLAE

¥
o ¥ J

Aun Usz@nsnmlunisudatueyivawinresgiudeys uazavegiudanesnulunisdug

u

2.1.1.5 nsuilalpeienAradis (Statistical Machine Translation : SMT) [8] axinns
axslmansainanagetennuauy Wedaelunisuda desldun mmimtﬁﬁmmﬁ'm
ANINANNINTBAN AW uazduau  lininennsuywedties dadepa  Tiarunsndnnig
fenfuiadlaseatroslonld

2.1.1.6 MaulaluuNANNAWNALRA (Hybrid Machine Translation) [9] wlunn9tin

dl 1 4 Y o
WA | uHaneinanaNudan sz na g saniu
nsuilanimdaaiazasdadiliyunzeslsz@nsninlunisulangunn wagann
Whunneaasnisuilalaeieseashe nsulalilndipssiunisldauulaniniige deiudniu

Faefenn weziaTasldainisouansaanuidniinanlsfmwieuau nldnsudanlslyd

R

o 1

asvaane duiunisulaniwndangu-ne lulaqiudelifoymeguanedsznis (101 1Hun

U

=%

(faatnanisulaanniiulss www.suparsit.com fanmuntasgudinalulatididnnsaiind

LAZARNNIABTLANTNR)
1. madenAudalunsaiuLdum @ “Until recently, the company was in
» 1 « oI/ < d’l a o 1 ” 1 v
the red.” Aagaziiladn “aunseiiada | dussmaegluninzaneyy uwsiulals

“ P R i}
i “aunsziaiieids o) dussmedluuns

[

2. NNTINANLLNYRARNLMLG 11 “He lives quite near here.” Aagulad1 “wan

Ilﬂ vl

aglnaniinimes” wiwlaliidu “anagnimaalndiy”

u
1 '

3. nngiNAviFesai ldeadli Wy “Overall sales exceeded our expectations
due to the improving economy.” A2TAZULA4N “HAAUNENTINNALNUAINN
1 a dd? ” ] ¥ | “ dl zl/ o o a QI
AATHNENTZIATE gAY wiklalFiu “nisrnenvienainduniugs
dl o 1 a dd? o Y,
AN IUE NI ARTBIINIIZINATH TR AT T
4. naneliaedATUngAn | “He is standing still.” Adsazutladn “languiia”

uptla ety “lniie”



2.1.2 mM3angUAIANA (Stemming)

nisangUmAAne iunszuaunislunisangnisdiumn (Inflection) Winduniaglugd
vl (Stem) visaag lugdsndnii (Root) [11]

IINANA A2 mifmLﬁﬂﬁ@mmﬁﬁLL@:ﬁmqwmﬂuﬁqm MU FINANTABIAI
‘destabilized" A 'stabil-*

gﬂﬁqiﬂ A8 INANTTIaNALRE AT AsunTing (Derivational Morphemes) W b
squmneAnlun19EuAN (Inflectional  Elements) 101 gﬂﬁqiﬂmmﬁﬁdﬁ ‘destabilized’ Ag
‘destabilize’ azifiul@dnsenaudassn Asiuasiaa AT e uniniléun ‘de- uay—ize
s ldsasdaeAanlunnstuan Taun —(e)d’

A AEuAT (Derivation) flunnsaiemn s laen SN e AL A UWTNT

FinatiN9NITLLALIUALAAIFIANTINT 2.1

AN9199 2.1 N7AasuAn

iz UAEUNT ALAN A lual AaagNg
ly ANRADUANIT nFeNRLALD] slow —> slowly
-ness ﬁﬁﬁjm it AT slow —> slowness
-ize ANADLANIT naen modern —> modernize
-al ALY ANADIANI nation — national
-fy ATUNN naen glory = glorify
-able n3en ANADUANI drink —> drinkable
_ance ngen AU apply —> appliance

o 6

A3EuAN  (Inflection)  lunnsdnuiasAnlunnsduadnldluadnsiiva i uana

dayanialaannsalldun a1uau (Number) 43 (Person) Nna (Tense) WaZIWA (Gender) 4

o o

uaAdulnenianlaauglununiaiumionsn feetnan1sduaiuansunngei 2.2 uaz2.3



AN9199 2.2 NIFEUALLILILANULL AN

FUAURINTITE NUILANNLANLNBNITHAN A2DENg
HUATNAIUIY -s UAY -es dog —> dogs
NUANNIA -ed UaY ing | work —> I'm working
FUANL gt -S UAY -es | walk —> He walks
~ -
Fuian 1 Faudey
v > -er WAy —est long — longer — longest
dunduazrduge

N3N 2.3 NsduALLLLAsug

TUAURINITHY Aaatensilasugy
HUANNATUIY foot —> feet
HURNNNIA go —> went —> gone
HURTNINA actor — actress
o A = - ] >
Auenisfsauiaudunduazduge bad —> worse —> worst

2.1.3 AugA (Stop Words)

1
o

AmgaLluNguANINArYNNIasRannauaINNNILITNIaNANIHIIINTIR (Natural

a

|
[ I

Language Processing) {Hasanaugagnuediludnynyinusunau (Signal Noise) Al
ANAINII TN sz NNaNaaRaY Aagnti TuldIunsuAUMN (Search Engine) 6110
v :J/ -dl ¥ ¥ o % ¥ Adl v v 1 (%
famuamnanglddendaun ldiinisfumlugiudeya uanldainnisdumazlinseiu
v 1 dl d‘ [ o [ o dl ] A [
AINNARINITWNTIALS HasaInAmgsinazifluA nuteslunnilsylaavzennianans A1
T el 1%y A A ° o ~ o ~ & v
wianit sz Taminas lAumviraiatsoun Amgadnazdanumingludaesivasanias
1 =& 1 dl F VA~ o o o U o/ 1 o
wazlienizianzas asldwmunznagldiuadanylunisdund dretiefingnalu
NEEANAE W e’ of ‘the’ ‘I it ‘you’' Az ‘and’ N13nsesieAveneanazdaslinng
% o dgl 1 754 1% -ai [ dl -dl v v [
Aumdaaunauinglifiasnisfunineniuzesasls uanldainnisdumazasaiuany
% d’f = :I/ o O v o o dd‘ v %
FAINITNINTY BNNEINT A wIRATiN Lt lun1sAuinanasaag [11]
Tundanguiavgaduduaunansfesnn (wanslunianuwan n) Ingluenuise

HazaaFanAmeganguian nguAmgaiall [12] muudazetvensaulanguaimegasingi



| ngNAMRdMFLARITaANIRELADFANSTINS (Reuters-RCVT © Reuters Corpus
Volume 1) § 25 A1 uaznguAvead 14 uniia [13] 8 35 A sy Astiulueuddeiiagld
nguaasAgaunidweifautslunimases Inaaenldnguaivgaaauuy laun
o . o o - o . da aye
nguAugaialiuaznguauganldlugiia daunienlnetasaimidunimndnasldan
Wuleauaznguatnganis lnadauanlininidn [14] (waaslunianuwan n) a9n149n

NIUNA

2.1.4 AMUUN (Function Words) wazA1tiann (Content Words)

1
[

° 9 A A o - o = o ~ < o A~
ﬁqﬁu’]'ﬂﬂ?@ﬂqLLQElqﬂ?MLﬂuﬂqV]Nﬂqqﬂﬂﬂqﬂiu[ﬂqL@\‘]LWHQL@ﬂu@ﬂV?@Nﬂ"JWNV&IWﬂ

o 1 o ai ¥ o/ [ 6 o o dl A | o dl
NN LLlﬂLﬂuﬂ'ﬂ/ﬂ,ﬂLLZQmx‘Iﬁ’]’mZQJJW%ﬁV]’]\ﬂ']ﬂ’]ﬂ‘J‘ﬂAﬂUﬂW@U ] Tudselan vizafluanuans

%

WIAUAR Y1N9N19 UATeTNIIDIEA [15] Faati1aeamnting lFun

fa)))

o o @

®  ANUUUIUIN (Article) : a an the

[

® A14uUs7U (Conjunction) : and or but after both...and either...or

[

o Wm?ﬂfnémmzﬁ (Auxiliary Verb) : is am are was were do does

® AN@IIWUN (Pronoun) : | you we they he she it him her

® ANYWUY (Preposition) : on in at

b Do

¥

1 o [ % [ £% d‘d o dg/ d‘ o ala 1

doupNnsednuAuAInEnNAeAnlenl daduarilaAaunuieanizianyadly

Nnax TUNALIYNINAINITNITANNUNIERNIZaasA e 16 [15] uidmFuamtihlu
=3 nl/ ] o a ;73 uI/ o Zl/

wauynsNazuanivauuNadiallldienizianzasiseazeasunanisldiallaasaniiu

NINNGT 1 A9 “an” Tunauiynaneiunadn “AnnALwINRIusuAandeNass tadilu
o, 1 0 o o A s a ¥ o ¥ dl v 1 al o

wnnal” widusuumilede lennsalazannnsneiunanisidautinnldeteasidan wazAn

g adoulundinaziiluameing
g v G % . .
215 miuﬂmmfaga’lmﬂumswﬂgm (Data Normalization)

! ¥

nsudasteyaliiiuussingrudunisdivaArvesdeyalifzeuinnes ludiadnas
i atflugng -1.0 fa 1.0 side 499 0.0 f 1.0 Wudu Fnaulasdeyaliidunsiagud
Aenldfuetnaunsvaneldun nsudasmuriiga-gean (Min-Max Normalization) nns
LLﬂmmmmmeLuummgm% (Z-Score  Normalization)  wazn19UfUNIAI AN

(Decimal  Scaling) [16] Tua1u3aail 191N 1UAIgIgALAZANEgATDITRLYABYNINIAN



v
o o

= > P v o Y ' o A
aasaenldnisudasdeyaliiiuussing uftsAiazuuunnnsgiud wesainnisulas
doyanedailldlanlunsain linsuagegauazingaaesdays

2.1.5.1 nsulasmsAtAzuuunInsgIud unisudasAndeyalaediunisnszany

1aedayaliilAnafe iy 0 wazANTEUUNIATIIUYINTL 1 NFATUIUNIATIAZILLLY

NIMTFIUTUN IFANgms

X;—Mean
z =t
i D
lnedl  z, D ALIITNAFINTBNEUNTNIOAT X NFUIMUS i

Mean A9 ANQALIATATIFTBNAYNIHNIIAT X

SD AR ANLIENILUNIATIINLDIRUNTHIOAT X

2.1.6 TayaaynsuLIaT (Time Series Data)

2 | ¥ d’ d’ % o [ 1 A e‘d‘
ﬂﬂNﬂ@@L}ﬂﬁ‘&lL'JZQ”IL‘]JM’H@H@‘IJ?%LJTVIMM\‘] 91 7eNAUALAFLUDIATYITD LRRNNTTUN

dl 1 %’/ o ‘dl ] -dl (- A [ A -1 - ! {
iaguidasmiumnan Tmﬂmummmm:mmwmLqmmmﬂum@immﬂuﬂim b ANUBN

1
o = =

patunlasunladll Wusiu dayaeynsuanlagninllldlunanenu wu n1sdnm
Lﬁ'mﬁ“‘uﬂfmuﬁummmmmmﬁ:uium@zfm N1TNARAIANUANENANEAT N1TFNTIN

Cd £ A U o N v v 1 a I's
nnsunne Wudu wlesdeyasynsunataiuisotinn g ldnatadnu iy n1adias e
wid Tzl (Trend Analysis) N39AAMNMARAY (Similarity Measurement) N9l a9Lie
WUt (Pattern Mining) [16]

nsdaANHauiuasdayaeynsnnan arusndnldanilaiduscaziing Tnamn

] 1 dl 1 o o o o 1 d‘ o ' ¥ ] & dl A
i:ﬂzm\‘liwmwmmqlummu Zﬁﬂ‘]_l@JGLWVIﬂ’]ufJMLL@‘JVLﬁN@?QN%@\‘]?ZEZVWQM@HVIQW‘Qzﬂﬂ

Al A o dl 6 o/ 1 ala v 1
dflaumdeuiunnige Hefduscazvinantonldlsun

1. 9v8eUNUNUERFU (Manhattan Distance) gms¥ l4aa
i

1=
Teml D(X,Y) AR 938z AUNUERAUIZNINOUNINIAT X = X, X, X, WAZ Y =YY,.Y.

n
D(X,Y) = X |X{-Y
1

2. svaizinagAALALU (Euclidean Distance) g ldAn

D(X,Y)=

Tnefl D(X,Y) Af 338U ARAEUITUINBUNTNIIAT X = X X, X UWAT Y =YY,.Y,



10

a KR Y o

3. lawrdinlnsaeslils (Dynamic Time Warping) udanesnunldinaanu
IMNAUAUIZMI NABIAIAUNE1AAZHAMNANTW NG MAZAMNE) U dRsady
a dl A [ b b2 a < A 73 [ % dJ o dgj v
sluuunaimunuleuiulduddiauaziaubavzadn Wusiu aenisAurnuuutiazldina
1N Wasanidunimuaniswadn (Dynamic Programming) Rennaadlauniinlngdae sl
waRa b A9 [17]
Tidaya X = X, X,..X, waz Y =YY,.Y  lagazainnsoliennszeznig lauidn
Inefltladuannisnawialdassiallil
DTW(X,Y) =y(n,m)
r(i, J) =D(X;,Yj) +min{y(i-1 j-1),v(i-1 j),v(, j -1}
2
D(Xi,Yj) :(Yi—Xj)
Ty AR TrEENINAzAN
D Ae ANifumIzesn1esendnqnaedan uay

1<i<nuaz 1< j<m

2.1.7 NMTUIAILRALARIRIUVNAURIALTU (Mean Reciprocal Rank)

v
o o o

1 ! o . A 1 dI 1 o o ?:/ Y o
ANRAUNAUAIALTY (Reciprocal Rank) A8 ANLARMAUNAIUATALITLS [11] WA LA Aq

anaria il e i = AnAudu HAnsaust 109 n

1
Reciprocal Rank = —

' a ! o o o o o ' aa o o a o o
ANLRAtLaIdIunaLaALTuLT A A D Ad 1 MTUU sz IiUNNTU sz aNa e i N

[

. { ] oA o [ % 1 | % o % v
HAAN umam‘ﬂmaLLmazmLa?mmmmmummm%mummmmgﬂmm mmmimimﬂm

1%

FTAN

e
=he

n
> (3xNumber of elements in rank; )

Mean Reciprocal Rank = =1

Number of all elements

De

v
o | ] o O o o ]

Auduaadeil Andaunduasuduargnin il lunisliazuuugilsslon  Geas
naNNEaziaaalwinda 3.5.1 douseataasdiunauasutuazldlun1sAu ANy

% o 1 o d‘ | =K a o Y
HNAANABANNITILAAN T9azNANDNTLaziaa Wiada 3.4.2
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2.2 SMUIRLNLNLIUDY

o

Tuflaqiiuieuddenaaiun1suasaugiaauatinInuie H9n19aue luszauAT
94 dszlon uazdentih nsduglagldnainennaestscTaafidudduie by UseTaandud

waltiunazdugiulszlanpanuunandu usu aundsnasdssloandaaudAny du

dszTuausnilaniadeanniazdugiuissTangavinaludananannimuile [1, 18] ng

a

o ! vy a4

Juglszlualaaaidaarnenuazituniaasdscluaidanae Tdandudesandunnnug

nelArafIalazANUNNET89N1ET aenelana1n nsanAaAdnanaaeslszlanlunng

[

ugazmunzdmiunendanuanndiaasiuue ldisngiunisndauaauaneng
UM 71U nedang ez ing daulugidentinnim neazianuauAinannds

1 o o ¥ o [ I
m@mwmmmﬂqm‘wm:mwﬂmm%mnl:uw\lml

'
o A

éj o a as 1= ¥ ' v o ' z
UANAMNUENNNITAURITNITIUABNLULDUY ] VL@LLﬂ N9l AN ITRANE (Cognate)

IneAFNdagntafaazilududaneaizan NasnalndAaaiulugaan1=1ig1 A197

o

o

“langage” lunliaAauas “language” Tun1wndengs [19] nATANAzmNIANY
neneglunsznathaaiu wildimnnziuniganegsiensenaiu iy N1 deng ey

neng nredangeiun1Ean uarn e denneiun e Wusu diesainanly

Y o o

3
ma:mmmm IRNBTAUNSLLLIL

' 1
aa KR a

anasutlen llunnsdugdaninuae n1sldA sz e@aaenii (Anchor  Word) @4

u

o = o o 1y 1y & o 1o
AnszyivdaRaaiuenaazlduiainnisldnauiynau [20] Wieannszuaunsdugan [21]
Tnamatialdlun199ugAnuau Stochastic Inversion Transduction Grammars [22] uazn1g

liafAsaNiuANINNEIAIans [23] s

dd‘o o dl

ANNNNTANHIUIRLNLINNT AT RALIUNIZ AU UN TN A AN T AN D TN

1 1
=

danguan o uazda g lFRuidnazinAia wilidedinpe ldmnnziuAniasnnlunis

o A

dsngiies Twaneinisldnauynsuaz ifitywifaaduFesanu lunisdsng wlidnan

o o

zj/ = &I/ a <3 [ I 3 4 1 v IS4
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1.1 5 3.5 0.27 10 7.5 0.10 8 3 0.22 0.20
1.2 6 2.5 0.27 11 6 0.10 9 3.5 0.25 0.21
1.3 6 2 0.26 11 5 0.09 10 3.5 0.27 0.21
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N19Aaa9N 1 N1aaadduAAtulUdaIuIAfY

a

foyaidn : unil 1 Ugunna (Genesis)

1
o 1 o o

AusuAAwANFiUluN SNy (netiindnnguAvgaiall) : 69 A1

AuuAwANFaiulu Iy (NeinAnnguAIgARAa) - 110 AN

nuauAnwansNiulunE Ing (Mdanguamganim ng) - 126 A1

;13199 5.1 nan1anaaasaugai taelddeiduseazvinauunwnudmsuiu ludssunndi

MAANGNAUE AN ﬁﬁmnzﬁmﬁwﬂmﬁqiﬂ

WD | SUFLT | SUFLR | SUT | %ennn | SusuR | Suduil | Sudui | %eana
VirgleN 1 2 3 Qneied 1 2 3 Qneies
1% 63 14 6 0.65 43 10 3 0.71
5% 75 16 3 0.76 56 6 2 0.86
10% 70 15 6 0.72 49 10 2 0.79
20% 72 12 5 0.72 51 6 3 0.78
30% 66 14 7 0.68 46 9 5 0.76
AnadsANgNiag 0.70 AaREANYNGaY 0.78

;13199 5.2 nan1anaassduga e ldiaiduscazvinauuug pdmauivludasun ndu

NNARNGNAYYANAA ﬁﬁmmjuﬁmamﬁﬂﬂ

WD | SUFLT | SUFLA | SWSUT | %ennn | SusUR | Suduil | Sudui | %eann
ivelzeN 1 2 3 Qnseg 1 2 3 gnFias
1% 32 33 19 0.50 21 20 1" 0.50
5% 71 15 12 0.75 50 7 6 0.80
10% 66 18 7 0.70 47 10 2 0.76
20% 70 10 6 0.70 50 5 2 0.77
30% 64 19 6 0.69 47 10 2 0.76
mm?ﬂ'ﬂmmgﬂﬁm 0.67 mmﬁlﬂmmqﬂﬁm 0.72




54

N19NAa899 2 N1INAaaddUAAIAU LD ATUIANANY

a

aa a

foyadn : un?l 1 289N (Genesis) anew (Exodus) W@aRA (Leviticus) MuA1san

(Numbers) Waznae1itynjm (Deuteronomy)
AuuAuAnsaiulun g (neiindnnguAvgaialyl) | 338 An
AuuANuANAaiUluN B SN (NSRNARRSANGNAYLAYIAR) : 439 AN

o o dl ] o o o { o o
’Q’]‘MQLW’WVILL[?]ﬂ[F]WQﬂMIMﬂ’T]&f’ﬂ‘V]EI (ﬂﬁ@ﬂﬂ@ﬂﬂ’]ﬂﬂqﬂﬂﬁﬁﬂi‘ﬂﬂ) : 660 AN

;13799 5.3 nan1snaaesduganlagldieridussasinauuuunudmsuivludasuianans

NAANGNAIUE AN fdanguAsyaraly

Wres | SUFLT | SUSUT | SuSU | %eman | SuSLR | Susufl | Sudud | %manw

Vil oN 1 2 3 Qneied 1 2 3 Qneies
1% 74 46 36 0.25 59 30 29 0.25
5% 111 51 47 0.35 93 36 31 0.36
10% 102 46 35 0.31 83 33 24 0.32
20% 94 53 39 0.30 75 39 26 0.31
30% 106 38 32 0.31 87 29 24 0.32
AnaAtANgNAE 0.30 ARt ANgnAe 0.31

F1979% 5.4 uannInaaesdugai tae ldieidusrasvinauuugadmauiuludaranans

T
o

NAANGNAUEANINA nannguAmeasialyl

WATRY | SUFLA | SUFLR | SufLR | %Annn | SUALR | Sufui | Susufl | %ennu
VirGIN 1 2 3 Qneied 1 2 3 QNeea
1% 67 25 28 0.20 48 26 18 0.20
5% 96 48 38 0.30 81 36 23 0.32
10% 84 54 37 0.28 68 38 26 0.28
20% 92 55 27 0.29 71 41 18 0.29
30% 94 54 38 0.30 81 39 23 0.32
AadsANgNiag 0.27 AaREANYNEaY 0.28
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MsNAaesi 3 nsnaaesauAAiLlUITaIWALNY

Fagadn - unf 1 e 25 1839131N14 (Genesis)
ﬂ%mfmﬁ’]ﬁLLmﬂﬁmeﬂummﬂ"mqw (ﬂiﬂjﬁﬁmﬂ@;mﬁwﬂmﬁqiﬂ) 771 AN
fo‘iqmuﬁ’rﬁlLLm&iNﬁuslummﬁmqw (NIUANAANGNAMALANIA) : 902 AN

AnuauAnuanseiulunE e (Mdanguamganim ne) @ 1,465 A1

;13199 5.5 nan1anaaasdugan s ldieidussazvinauunuiudnsuiuludssunaag

MAANGNAUE AN ﬁﬁmnzﬁmﬁwﬂmﬁqiﬂ

WD | SUFLT | SUFLR | SUT | %ennn | SusuR | Suduil | Sudui | %eana
VirgleN 1 2 3 Qneied 1 2 3 Qneies
1% 174 68 46 0.25 154 55 41 0.25
5% 210 69 44 0.29 183 64 38 0.30
10% 208 70 45 0.29 193 48 40 0.30
20% 200 72 56 0.28 182 64 46 0.30
30% 143 56 47 0.21 136 45 35 0.22
AnadsANgNiag 0.26 AaREANYNGaY 0.27

;13197 5.6 nan1snaaesdugAn g ldieidussazvinauung pdRewivludasuaeng

NNARNGNAYYANAA ﬁﬁmmjuﬁmamﬁﬂﬂ

WD | SUFLT | SUFLA | SWSUT | %ennn | SusUR | Suduil | Sudui | %eann
ivelzeN 1 2 3 Qnseg 1 2 3 gnFias
1% 131 56 35 0.19 116 47 34 0.20
5% 183 61 44 0.25 165 47 39 0.26
10% 194 66 46 0.27 179 50 37 0.28
20% 209 60 52 0.28 191 52 40 0.30
30% 137 55 38 0.20 125 47 28 0.20
mm?ﬂ'ﬂmmgﬂﬁm 0.24 mmﬁlﬂmmqﬂﬁm 0.25
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o o 1 1

N3NAAEN 4 NsNAABNALAATILFatNAlsz TaANANFUWITIUN AZY
¥ ¥ o 1 1 a o = o 1

dayaidn : faatedlsclapainAnduuns 70 Aaaeins
AusuAwANsaiulun s dange (neiindnnguAvgaialyl) | 302 An
AuuAwANFaiuluN Iy (NetinARNguAIgADAA) | 391 AN

AnuuAnuanEeiulunE e (Mdpnguamganisne) : 452 A

FN3°9% 5.7 uananaaasdugantaeldiaiduscazvinsuununuindunudaetnegilsyion

ANNANTUUNTIUNA AU

NAANGNAIUE AN nannguAmeasialil

WIRTDY | AUALT | SUAUN | AUALN | %A | SuALR | AuALR | SuAUR | %manw
Vil oN 1 2 3 Qneied 1 2 3 Qneies
1% 93 32 10 0.29 70 23 6 0.28
5% 143 42 19 0.44 108 32 13 0.42
10% 144 68 22 0.47 115 50 14 0.48
20% 70 36 37 0.26 48 28 32 0.24
30% 71 31 30 0.25 57 20 24 0.25
AnaAtANgNAE 0.34 ARt ANgnAe 0.33

-dl o 10 ¥ 6o ] a a o o 1 1
1919 5.8 N@ﬂ']?“l’]ﬂ@’ﬂ\i@‘]_l@ﬂqtﬂﬁliﬁﬁ\mﬂ]u?ﬂ:ﬂzﬁ'}\?LL‘]_I‘LIF;IqﬂZ\]Lﬂﬂuﬂum”ﬁﬂﬂ’m@ﬂﬁ:ﬁﬂﬂ

ANNANTUUNTIUNA AU

MEAANGNAMEAYLIA fdnnguAmg el

WTes | SUFLT | SUSLT | SuSLT | %pmnn | SURLA | SusuR | Sudud | %manw
ivelzeN 1 2 3 AlGN 1 2 3 ansies
1% 97 34 14 0.30 79 21 12 0.31
5% 102 57 16 0.35 78 45 9 0.34
10% 126 65 46 0.44 99 49 34 0.45
20% 72 42 38 0.27 52 32 33 0.26
30% 73 34 33 0.25 54 24 28 0.25
AnaAtANgNAE 0.32 ARt AgnAe 0.32




N13NAAEIN 5 NINAABIALAAN

o o 1

LRAIBEINA

1srTepanAnduUUITIUIANATY

dayaidn : Faategilsziunainfnduuns 304 faating

AusuAuANsaiulun s (neiindnnguAvgaialyl) : 912 An

AuuAuANsAaiulun g (neiinAnnguAvgADia) : 1071 A

AnuauAnuaneeiulunm e (Mdanguamganimve) : 1,181 A1
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5113799 5.9 uan1anaaadugantaeldiaiduscazvinsuununuinsuiudaatinegisyion

ANNANTUUITIUNANAN

WNATeY | SWHLT | LR | SR | %mnw | SR | Susuil | Susuil | %manw

Vil oN 1 2 3 Qneied 1 2 3 Qneies
1% 194 87 60 0.24 154 72 55 0.23
5% 199 117 87 0.27 167 103 73 0.27
10% 170 112 90 0.24 149 97 78 0.25
20% 91 42 47 0.12 77 35 49 0.12
30% 37 30 38 0.06 32 25 35 0.06
AnaAtANgNAE 0.19 ARt ANgnAe 0.19

dl o 1o 173 o ] a a v o 1 1
A1TNN 5.10 N@ﬂ’]ﬁ“l/]ﬂ@’ﬂ\‘i@‘i_l@ﬂ’ﬂ@ﬂﬁl‘ﬂﬁﬁﬂﬂjuﬁfzﬂﬁiﬂ’]\?LL‘]_I‘LIEIqﬂﬂmﬂuﬂ‘i_lﬁn@?;l’]\‘i@]ﬂﬁ‘tiﬂﬂ

ANNANTUUNTIUNANAN

AAnnguAmgavialyl

WNATE | SUALT | SUALT | SWALT | %eanw | SWALA | SusLR | Susudl | %eanu

Wping 1 2 3 6N 1 2 3 ansies
1% 157 82 55 0.20 138 66 51 0.21
5% 166 142 102 0.25 147 126 87 0.26
10% 194 104 94 0.26 167 92 81 0.26
20% 84 46 39 0.1 69 43 38 0.1
30% 26 25 42 0.05 21 18 37 0.05
AnaAtANNgNAE 0.17 ARt pNgnAe 0.18
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N1INAAaIN 6 NIMAaeITLAATLdaNgUHNE T AAY

¥ v ¥ ¥

dayaidn : dangunne 50 18

AusuAuANsaiulun s (neiindnnguAveaialyl) | 263 An
AuuAwANFaiuluN Iy (NeinARnguAIYADAa) | 298 AN

AnuuAnuaneiulunE e (Mdpnguamaanisneg) : 317 A

F19799 5.11 uanisnaaesduga tne lieidusrasviquuuuudnsuiudenguunaun

o

A
MAANGNAIUE AN nannguAmeasialil
WIRIRY | SUALN | AUAUN | SUALR | %AoaN | SUAUR | SuALR | duduR | %A
WHEINg 1 2 3 Qneied 1 2 3 Qneies
1% 106 47 22 0.46 92 44 16 0.45
5% 143 52 30 0.60 124 46 27 0.59
10% 140 53 20 0.58 121 44 20 0.57
20% 137 34 27 0.55 120 26 25 0.54
30% 138 51 32 0.58 120 45 29 0.58
AaAtANgNAE 0.55 ARt pNgnAe 0.55

F1979% 5.12 uannsnaassduga e ldleiduszezinauuugpdnauiudenguuisauin

o

A
MAANGNAMEAYLIA fdnnguAmg el
Wpes | SUSLT | SUFLA | ST | %een | SusUR | SwsuR | Sudud | %enna
Wping 1 2 3 6N 1 2 3 ansies
1% 100 31 18 0.41 87 28 10 0.40
5% 132 41 28 0.52 115 35 27 0.54
10% 137 49 23 0.57 118 43 22 0.56
20% 143 32 29 0.57 124 28 29 0.56
30% 130 51 34 0.56 113 45 31 0.55
AnaAtANNgNAE 0.53 ARt pNgnAe 0.52
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N1INAReIN 7 NIMAaedugAiLdanguuneAnans

7 4 ¥ 3

dayaidn : dangunne 102 4a

usuAwANsaiulun s dange (neiindnnguAvgaialyl) | 449 An
AuuAwANFaiuluN Iy (NeinARNguAIYADAA) | 528 AN

AnuuAnuaneeiulunE e (MdanguAmganisne) : 545 A

F19799 5.13 uanianaaesdug tae ldieidusrasviauuuuudnsuiudenguunaun

Na
MAANGNAIUE AN nannguAmeasialil
Wpes | SUAUT | SUFLA | ST | %een | Suduf | Swsud | Sudud | %enna
WHEINg 1 2 3 Qneied 1 2 3 Qneies
1% 173 1 36 0.42 151 51 24 0.41
5% 188 7 49 0.46 175 60 44 0.49
10% 192 73 43 0.46 147 59 33 0.42
20% 193 67 41 0.45 171 54 28 0.46
30% 186 79 54 0.46 170 56 37 0.47
AaAtANgNAE 0.45 ARt pNgnAe 0.45

F1979% 5.14 uanisnaassduga tae ldleidussezinauuugadnauiudenguuisauin

Nay
MAANGNAMEAYLIA fdnnguAmg el
Wpes | SUSLT | SUFLA | ST | %een | SusUR | SwsuR | Sudud | %enna
Wping 1 2 3 6N 1 2 3 ansies
1% 156 72 32 0.38 134 51 30 0.38
5% 183 74 44 0.44 177 42 43 0.47
10% 192 72 43 0.46 149 63 34 0.43
20% 197 83 34 0.47 169 69 32 0.48
30% 189 72 53 0.46 176 48 45 0.48
AnaAtANNgNAE 0.44 ARt pNgnAe 0.45
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3
LU

717 5.1 uamrensnFaL LU Ne RN TN T8RN “dry” WAZATGN “UNY”

au

1
o

wiannimasaandl  Anlugiularldnawansnizadaiufsdaaeinednasuy
ij/ = 1 o -&l o o j
i linniniiasannuane ) Tade sl

1. nsuladapuldlfudanuuaisant uneasadunisudalaasauialsslan Ine
RanldAAniaNANIHNzaNtuLFazssTam 191 A9 birth wdadlunnsnIneldmaen
A widilndangeenateAnaiiisaudaluAdniald danisen 5.15 fialsnen

2BIANG birth UazNIINBIANTN 1A Jgtliesreiussuanslugii 5.2 uaz 5.3

AN9199 5.15 Fnaginailszlaan i lsulanuuaisann

MEDING 1 mmlne

And God said, Let there be light: and Ne2LANRFAqN "aa TR AYNATINS" udaAN

there was light RN TZ
And God said, Let grass come up on WILIAATAIT " T L UAWL N AR WD
the earth

. . o rdldda [l a
And every sort of living and moving U93AARINNTRMunane ldunansaiin

¥
= a

v v
thing with which the waters were full e ATULTY sl iy




717 5.2 naee9A9 “birth”

717 5.3 nanedA1dn “ifin”
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2. nguAn lundangeainisoutannvaneduntisin lunie neld du “And
God said, Let the earth give birth to all sorts of living things, cattle and all things moving

on the earth, and beasts of the earth after their sort and it was so.” utlaledl “wazidn

1
o caaaa a

v
p5a91 agliuduAulaninadndniT I NTinesi 4ndldau dndiaaunan uazdndiln

vuduAulanmusiaresiy fiduaaiy’ azsiulddinguandn “all things moving on the

q

earth” wialluadn “dndiaasanany’ nlrnissuapdluldlfenn

a

3. mendanguiiAatnsnudadungualunieinglsd waznguaudalsiu
¥ o o = o o o ¥ o o | o |
a1aazisznausaimieniuaiulalianniwdingeaiau Wy Adn desk uladn

IReFau A9 class wladn eaFeu A19n study wdadn Bau inlEenwauniniiamAidn

o

study warAdFaulivindu aziaeA9n Baw 1INN90 study WAIATY A9 study A9ELA
Y o o &I dl | %
Iifumaunlignaasuny
4. msldAI AW 1w A0 say amnsoulailuandn nia naevive W Aueg

fudszauluilszlan auiamnldanunlunisiianangn say dannddaeiumaaudlunig

a o J

RAAGIRTa ANdINa1LaTAIGINe TaNL Auandluglil 5.4 D9 5.7 inliAN9 say 4
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NARBILAPNAIRNIFIN 5.30 D4 5.39

N139Aa8d9N 15 n1snaaesdualsyiaawuy 1:N Auludaswindu
fayaid : un¥ 1 Ugunia (Genesis)
AuulselaanEgange : 31 Uselea

ANUINITTANNEN e : 108 299A

i v
;19797 5.30 nan19duAlszTaauun 1N Auludamunedu Insindanguameagiia

eipSusu 1 Ausui 1, 2 ssusui 1, 2, 3

170 4 y 4
L pTL | 29 | @Ae | AsU | 2@ | @Aw | AIU | 219 1A

winping

1% 7 1 0.26 8 2.5 0.34 6 3 0.29
5% 5 4.5 0.31 4 55 0.31 5 55 0.34
10% 4 55 0.31 4 7 0.35 3 8 0.35
20% 4 5.5 0.31 4 7 0.35 3 6.5 0.31
30% 4 4 0.26 4 5 0.29 5 5.5 0.34
Aiade 0.29 Fiade 0.33 Fiade 0.33




;13199 5.31 wanisauAlselaanuuN Auludarundu lnanndnanguaiveaialyl

ASusun eiAdusum 1, 2 epsusum 1, 2, 3

quiauisng | AsU | am | A | Asu | w1m | @A® | Asu | a1 1R
1% 5 1 0.19 5 1.5 0.21 6 2.5 0.27

5% 4 3.5 0.24 4 4 0.26 5 4 0.29
10% 4 4.5 0.27 4 6 0.32 4 6.5 0.34
20% 4 6.5 0.34 4 7 0.35 2 6 0.26
30% 4 4 0.26 4 4.5 0.27 4 4 0.26
AnLaae 0.26 AnLaae 0.28 AnLeae 0.28

nneaad 16 nanasesdugilszlaauuy 1:N Auludanuanans

fayaidn: uni 1 209U§una (Genesis) anew (Exodus) 1ARA

(Numbers) tagwaziinyalm (Deuteronomy)

Muulszlaanidang : 175 szl

AUIUITTANEN NG : 547 299
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(Leviticus) T4AN991)

F1979% 5.32 uannsdugazlaauuy 1:N Auludazuanans lnaindanguanganiia

rAsusd 1 pidnsusu 1, 2 iedsusudi 1, 2, 3

quewtinAng | AsU | 90 | A8 | AU | ana | whe | esu | a1m | le@dd
1% 8 3 0.06 9 3 0.07 11 3.5 0.08

5% 13 4 0.10 13 3.5 0.09 14 4 0.10
10% 13 3.5 0.09 14 2 0.09 17 3 0.1
20% 14 3.5 0.10 14 1.5 0.09 13 2.5 0.09
30% 16 3.5 0.11 16 5 0.12 17 4 0.12
Alede 0.09 Flede 0.09 Alede 0.10

F1979% 5.33 uannsdugszlaauuu N Auludanuianans Iaeindanguameasialy

AR 1 idsusui 1, 2 ednsusudi 1, 2, 3

aneutiisn | Aty | 1 | wAe | At | 11e | @Aw | Aty | 998 | iede
1% 8 11 0.11 7 10 0.10 7 9 0.09

5% 9 15.5 0.14 12 15.5 0.16 10 17.5 | 0.16
10% 11 17 0.16 12 14.5 0.15 12 16 0.16




TdAEudLP 1 1daAduALn 1, 2 IdgAdudun 1, 2, 3

PUIANEIANS | AU | e | @AY | ATU | 11A | we@e | AU | 17A | Ledd

20% (N 13 0.14 12 6 0.10 12 8.5 0.12
30% 13 10.5 0.13 10 12 0.13 1M1 10.5 0.12
ANLRAS 0.14 ANLBAS) 0.13 ANLBAS) 0.13

N3NAafdN 17 Memaaesduglszloauuy 1:N fuludaawiean
dayaidn : un? 1 04 25 2891g1N148 (Genesis)
uaulselean1Engange : 718 Uselen

AUIITTANEN INe 2,306 177A
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s 1 Rnsudud 1, 2 eseusui 1, 2, 3

AU . y y
o ATL | 27A | l@Ae | ATU | 27A | @AY | AU | 1A | la@Ad

I elzN

1% 71 15.5 0.12 85 18 0.14 95 17 0.16
5% 57 72 0.18 82 68.5 0.21 88 74.5 0.23
10% 107 14.5 017 109 19 0.18 101 20.5 0.17
20% 57 50.5 0.15 79 51 0.18 85 55 0.19
30% 65 17.5 0.10 85 14 0.14 86 15.5 0.14
Anlede 0.14 Anlede 0.17 Anlade 0.18

;13199 5.35 Laninaaesdugilsziaauuu N Auludasuines Tnanidnnguaivgn

vilal

s 1 Rnsudud 1, 2 eseusui 1, 2, 3

1A y y y
o ATL | 7@ | @A | AU | 17@ | wAe | AU | 17m | @@d

6N

1% 49 73 0.17 64 62.5 0.18 66 69.5 0.19
5% 59 51 0.15 87 46 0.19 84 50 0.19
10% 71 72.5 0.20 74 68 0.20 75 70 0.20
20% 46 72 0.16 65 63 0.18 74 64 0.19
30% 51 41.5 0.13 74 355 0.15 72 33.5 0.15
AnLaat 0.16 AnLadt 0.18 Anlade 0.18
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nneaad 18 namaaesduglsslaauuy 1:N dudanguniaaunndu
4 v ¥ ¥

dayaLd : Tangunne 50 1a

uulselean1Engange : 50 Usrlen

AUIITTANEN INe 153 197mA
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ipidnsusui 1 psusu 1, 2 iipsusudi 1, 2, 3

AUP 2 y y
.. ATL | 1A | @AY | ATU | 27A | @AY | AU | 11A | e}

P

1% 8 1 0.18 7 0.5 0.15 7 1.5 0.17
5% 12 55 0.35 12 4 0.32 12 5 0.34
10% 7 6.5 0.27 7 7 0.28 10 8.5 0.37
20% 11 7.5 0.37 10 9 0.38 10 7 0.34
30% 10 6 0.32 10 6.5 0.33 9 8 0.34
FLede 0.30 Anlede 0.29 FLede 0.31

;13199 5.37 uanisdualszlaauuu N dudenguunaauindu lnaindanguanganaly

s 1 pdsusui 1, 2 ednsusudi 1, 2, 3

WA . y y
. AT | 27A | @AY | AU | 27m | @AY | ATU | 27A | LeAd

alzN

1% 8 1.5 0.19 7 1 0.16 6 15 0.15
5% 9 5 0.28 12 4 0.32 12 4 0.32
10% 7 7 0.28 7 6.5 0.27 8 8 0.32
20% 12 4.5 0.33 11 55 0.33 8 7 0.30
30% 10 7.5 0.35 10 7 0.34 9 7 0.32
Anlede 0.29 AnLede 0.28 Anlede 0.28
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nInAaad 19 NMemaaesduglsslaauuy 1:N fudanguniaauianans
4 4 ¥ v

dayaLdi : Tangunne 102 4a

nuulselaan1Egange : 102 Uselen

AUWIITANEN INe 387 177A

ai o J k7 o o 1 o a
F1919N 5.38 N@ﬂ%‘@u@ﬂﬁ‘ztﬂﬂuﬂu‘l ‘N 1RNONNLTUIANAN IﬁﬂﬂW@@ﬂ@NﬂqﬂﬂﬂQLﬂ@

pSusui 1 ipidnsusu 1, 2 rssusuii 1, 2,3

AUP y r .
.. ATL | 27 | 1@AE | ATU | U7A | @AY | AU | 11m | e}t

P

1% 15 1 0.16 17 0.5 0.17 14 1.5 0.15
5% 16 9.5 0.25 11 8.5 0.19 12 10.5 0.22
10% 9 13.5 0.22 13 13.5 0.26 12 15.5 0.27
20% 16 0.5 0.16 10 2 0.12 11 2.5 0.13
30% 8 13 0.21 9 14 0.23 9 14.5 0.23
Anlede 0.20 Flede 0.19 Alede 0.20

ai o J o Y o o 1 [
F1919% 5.39 N@ﬂqi'ﬂu@ﬂﬁ‘ztﬁlﬂuﬂu‘l ‘N NUIBNAUNILTUIANA Tm&m@mn@umuqm

iyl

s 1 snsudud 1, 2 eseusui 1, 2, 3

AUP y y y
. ATL | 278 | l@Ae | ATU | 27A | @AY | AU | 11A | e}

I elZeN

1% 17 1 0.18 16 0.5 0.16 15 1 0.16
5% 16 7 0.23 14 8 0.22 13 6.5 0.19
10% 8 115 0.19 10 9 0.19 10 10 0.20
20% 12 15 0.26 12 14 0.25 10 16 0.25
30% 8 14.5 0.22 11 13 0.24 10 15 0.25
Anlede 0.22 Anlede 0.21 FLede 0.21
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nguAuganalil 3 319 M
a anything but
about anyway by
above anywhere call
across are can
after around cannot
afterwards as cant
again at co
against back computer
all be con
almost became could
alone because couldnt
along become cry
already becomes de
also becoming describe
although been detail
always before do
am beforehand done
among behind down
amongst being due
amoungst below during
amount beside each
an besides eg
and between eight
another beyond either
any bill eleven
anyhow both else

anyone bottom elsewhere

empty
enough
etc

even
ever
every
everyone
everything
everywhere
except
few
fifteen
fify

fill

find

fire

first

five

for
former
formerly
forty
found
four

from
front

full

further
get

give

go

had

has
hasnt
have

he
hence
her

here
hereafter
hereby
herein
hereupon
hers
herself
him
himself
his

how
however

hundred
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in

inc
indeed
interest
into

is

it

its

itself
keep
last
latter
latterly
least
less

Itd
made
many
may
me
meanwhile
might
mill
mine
more
moreover
most
mostly
move
much
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upon
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Abstract

As applicarions based on parallel corpora
(parallel  text) has  increasingly  expanded,
especially in  the areas of cross-language
information retvieval, machineTnman translation,
naturgl fanguage processing, and mudtilingval
lextcography, parallel-text processing has become
the heart of the development In this paper, we
propose a novel word alignment technigue that
would he the basis jor semience alignment
procedure. We exploit a notion aof time series
representation,  recording  the  positton  and
freguency of word appearance, without any
reguirement of any  lingwstic knowledge, eg
gramunar syntax,  strvciure,  translation  (from
dictionary lookup, erc. Our mition lies in the
belef thar similar words in any mudilingual
parallel text showld possess similar freguency and
the position of word occurrences. We demonstrate
its willity and effectiveness wsing the bible 1ext in
English and Thai languages.

Kevwords: Parallel Text Processmg, Word
Abhgnment, Sentence alinment, English - Thai
Time Series, Bursly Sequences

1. Introduction

As multlmgualism has evolved dramatically
over the past decade, the need of parallel text
processing has ansen accordingly, where learning
non-mother tongue languages seems to be quite
burdensome to most population.  Though current
machme translation techniques can partly facilitate
the cross-language translation, the accuracy and
quality  of current translation software 5 sull
substandard. Part of the reasons 1s that most of
them translate word by word, with some help of
svntax and language structure, However, smee in
typreal languages, synomym poses some problems
i translation; each word mav  have several
meanings, so it 15 difficult to select the comect or
appropriate one that corresponds (o the context.
Instead, imagine if we could translate sentence by
sentence, the quality of the translation should be
better. This has motivated the emergence of

sentence-based alignment m parallel  corpora
{where compora of texts are accompanied by ther
translation ).

Existing sentence alignment techniques include
sentence length correlation, semantic load base on
POS tagging. word comespondence base on
cognate, and word comespondence based on anchor
word list [1]. In this work, we are proposing an
intuitrve and simple sentence alignment technique
based on anchor word hist comespondence, where
no Imguistic knowledge 15 needed. Instead. we
exploit a basic concept similar to dictionary
lookup; 1f we know exact meanmgs between pams
of words (subject to surroundmg context) i two
languages, the sentence alignment could be
achieved more easily and accurately .

In this paper, we propose a time senes approach
to represent the anchor word list; each word wall be
represented by ome time senes, Specifically, the
word occurrence frequency and its position of each
word withm each shding window are recorded as a
bursty sequence These sequences are ufilized in
the word algnment process, where the similarty
among time senes will be calculated and pattern
matching 15 performed

The rest of the paper 15 organized as follows.
Section 1 explains what parallel text is and its
advantage, as well as our motvation. Secton 2
eives some background and related work Owr
proposed work m Section 3 includes text
preprocessng, time serigs extraction, similariy
measurement  Sections 4 and 5 mclude the
expenment evaluaton results and the discussion,
respectively. And finally, we conclude our work
and discuss some future directions in Section 6,

1.1 Parallel Text

Parallel text 1 a text m one language
accompanied  with  its  translation m another
language [2] such as Harry Potter m English -
That, Bible mn English — Spatush, ete. In reality,
there exist countless sets of parallel corpora, where
we could explont this information m vanous ways
and applications, These melude 1) an alignment
methodology at various levels such as words,
sentences, and paragraphs, where each unit n two



different languages are matched correspondingly;
2) Application of parallel texts m fields such as
lexicography, termmaology, translation, and cross-
language formation retreval, where Parallel text
15 wsed i vanous areas of linguistic research; 3)
Evaluation of alignment method; and 4)
Exploration of available resources [3]

1.2 Motivation

Intutively, in parallel corpora, each word in
one lmguage should have similar frequency and
positions of occurrences with another language.
Since this property can become very useful for the
alignment, we can extract these features from the
parallel corpora. We test our hvpothesis by a
simple experiment. By counting frequency of
ocowrrences of each word within a shdmg window
starting from the beginning of the text and moving
one word at a time until the end, we can record
these values as sequences of numbers, ie tme
series data or a bursty sequence However,
typically, two dfferent language texts will have
different  lengths o total number of words
Therefore, we decided to rescale both sequences to
the szame size to simphfy the comparson.
Thecretically, each word should have umque
comrespondmg time seres, and two tune seres of
the same word m two different languages should
have smilar shape. We use the whole Bible text m
Enghsh and Tha: (each with almost one milhon
words) as a motivating example. Figure 1 and
Figure 2 show the time senies of the word “god™ m
Englizh language and That language (wizdh) from
the Bible using the approach explained above. It is
apparent that both time seres do have very sumilar
shape, However, if we obtain a time series of
ancther word with different meanings, its shape
should be less similar,

Figure 3 illustrates a time series of the word
“fly”, which evidently has different shape. For
word alymment between two languages, we can
simply apply a similanty measurement to compute
the similarity or distance between each word pair to
discover an appropriate mateh.

2. Backeround and Related Work

Several text alignment methods i parallel
corpora have been proposed, where an alignment
can be done m word, phrase, or sentence levels
Using sentence length as a feature 15 one of the
simplest sentence alignment approaches, assuming
that short sentences tend to have short translations,
and wice wversa; The positon of sentence
appearance 15 also crucial as the probability of a
first sentence matching with the last sentence mn the
parallel text is quite low [3, 4].

99

250 .
0ok -
i
S50 1
=
E
gmn 1
SDM M\ .
U 1 i 1 1 i i
0 1 2 3 4 ) B T 3
Wirdowe & P('I'f
Figure 1. Time series of “god”
&0
1&at
140t
- {20
=1
Em:n
5 80
=
2l
40#
o)
o I 2 3 4 5 3 7 ]
Wiindow i x105
Figure 2. Time series of "mizin”
3
25 E
= 4
g
z
ELS 3
B
E o |
05 -
i . i : i
(1] 1 2 3 4 E E T g
WMindo & il

Figure 3, Time series of "fly”

However, the length of the sentence along
generally does not work well m many languages;
for example, a Tha translaton text of English
usually 15 longer due to Tha's expressive nature of
writing. Therefore, some researchers proposed a
cognate-hased alignment method. Cognates  may
be symbols or words with similar spellmg such as



Tlangage” In krench and Tlanguage” m kEnglish
language [53]. This techmigque i suttable  for
languages that are i the same family or root. On
the other hand, 1t would fal in some languages that
are not in this category such as English-Thai,
English-Japanese, English-Chmese, etc., where the
alphabets are different. Another sentence alignment
method is lexical anchoring, where anchor words
may be obtamed from a bibingual dichonary [6, 7]
or from word alignment process [8] Word
alignment techniques include stochastic mversion
transduction grammars [9]. statistic, and linguistic
[10] Howewver, the mam problem . many
languages, such as Thay, 1s that no spacing 1s
needed between words or sentences, making
natural language processing for these language
tvpes much harder when accurate word or sentence
segmentation is desirable [11, 12]  Varous word
segmentation and sentence alhgnment methods have
been proposed [13], some using surface feature of
lancuages and hilmgual dictionary [14][15].

3. Our proposed work

Ow work 15 based on the concept of anchor
word hists since current Thar sentence segmentation
15 still not as accurate as the word segmentation,
hence obtammg correct length of the sentence may
be difficult. Our proposed work can align 1 English
sentence to several Thar phrases, so sentence
segmentation 15 Wnecessary.

Another one of the most important tasks 15 to
obtain the parallel text of any two languages, In
this work, we have chosen Enghsh-Thar parallel
text. where one 15 the translation of another. Then,
some preprocessing is needed since each language
has different structures, for example. Tha language
does not have any inflexion, while English
language does, and therefore needs stemmmg.

3.1 English text preprocessing

Inflexion m English language appears as
vanaton m subject, tense, and number, it has rules
for adding -5, -es, <d, -ed, or to changmng its verb
forms, meludmg the morpheme dervation such as
—ly, -ness, -ize. etc. Before an abgnment could be
made, “stemming” must be performed; we uses
ETAGGER  stemmng  software  [16].  Other
preprocessing  include  removals of  special
characters such as quotations, brackets, etc
otherwise words with and without these symbols
will be treated as two different words, hence
degrade the word ahignment quabty. However,
period and question mark must not be removed
since they indicate the sentence boundary (with
some excephion in cases such as periods in
abbreviation, etc.). English language already has
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5[)&‘:-“1"5 between words 50 1t does not need o do
word segmentation,

3.2 Thai text preprocessing

Smce Thar language has no word boundary,
word segmentation 15 needed, m this work, we
have chosen SWATH [17], word segmentation
software developed by National Electromics and
Computer Technology  Center  (NECTEC),
Thailand. Similarly to Enghsh text preprocessing,
all special characters i Than text are also removed.
However, smce Thai language does not have any
sentence boundary marker other than a space that 1s
occasionally put between phrases, the penod and
question mark characters are both removed at this
stage. Mote that since Thar language does not have
any sentence boundary marker, all spaces are
recorded to help with further sentence alignment
process. Generally,
comparing with tvpical English sentences, Thai
sentence tends to be longer or contains multiple
sentences of phrases. Therefore, in owr sentence
alignment stage, sentence segmentation will not be
necessary, Instead, ouw goal & to align each English
sentence with one or more Thar phrases (or zero if
there s no match).

3.3 Time series extraction

The heart of ow approach is the dea of
representing  words  in the text with  bursty
sequences’time series, where thewr shape similarty
will be measured to achieve the parallel text word
alignment. As briefly described m Section 1.2, each
data pomt m the tme senes smmply 15 the word
frequency withm a current shidmg window, starting
from the beminning until the end of the text, as
illustrated 1n Figure 4. Figures 5 and 6 show some
examples after conversion of text to fime series; x-
was 15 the shding wandow mumber, and v-aas 1s
the selected word frequencies within each shdmg
window,
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Figure 4. Sliding windows

As mentoned above, the text length between
English and Thai text are not equal, therefore
making time series to be of different length as well,
For example, English bible has around 790,000
words while Thar bible has dmost one million



words. To smplify the smmilanty calculation, we
rescale both time series (o have the same length, by
downsamplmg the longer one to the size of the
shorter.

Another imporiant parameter 15 the size of the
shiding window, It 15 apparent from Figures 5 and
6 that smaller window size will result in noisier and
(slightly) longer time series and larger window size
will result m smoother and shorter time series,
which could essentially  affect the smilanty
measurement result Specifically, Figure 5 15 a ime
series of the word “earth”™ from English bible with
the window size of 8000, and Figure 6 15 of the
same data with the wndow swe of 2000,
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Figure 5. Time series of aword "earth’ with the
window size 8000
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Figure 6. Time series of aword "garth’ with the
window size 2000

Mote that sinee we essentially are imerested n
the shapes of the time series, normalzation can
help control the wide range of values m the y-axis.
Therefore, we z-normalize all our time series data
before any further distance caleulation. Z-score
normalization s suitable for this tvpe of data whose
munmmum and maximum values are not known, Z-
score normalization 1s defined as follows:

.Yr.—.-'l:f
O sSp
whereZ‘ s a normalized value of .E'I,M' 15 the

mean value of hme senes X', and S0 5 standard
deviation of time series X"
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3.4 Word Alignment

In this work, we simply use Euchdean distance
e o measure similarly among time serses. As
mentioned earher, all ime senes are rescaled in the
s-axis such that all time serwes of both languages do
have the same length,

3.4.1 Time series reduction. We decrease the
length of alonger e senes down to the length of
a shorter one, simply by finding the length
difference between English and That time series
then removing that many pomts from the longer
one, For example, given an English time series of
length 500 data ponts a Thar tume serwes of length
550 points, 30 data points will be removed from the
Thai time series. The data positions that will be
removed are ones that evenly divide | 5500500, 1e.
all the positions @ that (pmoed 11)=10
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Figure 7. A raw time series of a word "day”
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Figure 8. A resulted time series after a 50 percent
reduction of the time series in Figure 7

To further speed up the overall distance
caleulation, all long tme series (both English and
That) may be resized to shorter ones. Figure 7
shows a raw time series of a word “day” before any
reduction, and Figure & 15 after s 50 percent
reduction in length, where its shape s still similar
to the raw data

3.4.2 Similarity Measnrement. After the time
senes extraction i completed for all the words in
both languages, the Euclidean distance metric 1s
used to measure smilarmies among words



Enghsh-Thai pamng; the Euchdean distance is
defined as:

DIX. V)=

where X and Y are two time series of length n,
with X=X, . .% and ¥=FXY, ¥, . 3-

nearest neighbors are performed to mamtam the
best 3 matches (3 smallest Euclidean distances) as
the high-potential candidates for a comrect word
algnment.

As part of our preliminary experiments, we lest
the result of the alignment using all the words in
the text vs. the result when stop words are excluded
from the calculation. Our result suggests that stop
words should be 1gnored in this problem, where the
alignment accuracy scores lagher. This seems
sensible because stop words are generally viewed
as noise, as they e often found m every sentence
and commonly regarded as 'functonal words'
which do not cary meaning and disrupt the ability
to achieve effective outcome. Some examples of
stop words include °*a’, “an’, “of’, °T", "it’, ‘the’, etc.
To further speed up the calculation, we can also
ignore the pairings that have radical difference in
word frequencees. For example, the frequency of a
particular word in English is 40, but that i Thai is
only 2, as they have such a low chance to be
matched as a corresponding translaton of each
other

n

4. Experiment

The perhaps most prevalent parallel text 1s the
Bible. Therefore, we choose a bible, King James
Version in English and Thai, Our proposed method
15 tested on 3 mzes of the dataset.

# The fust chapter of Genesis, with Bl6&
Enghsh words and 812 Thar words (about |-page
bext )

« The first chapter of 5 books: Genesis,
Exodus, Leviticus, MNumbers, and Deuteronomy,
with 4287 English words (about 5-page text) and
4499 Tha: words (about 3. 5-page text], and

e Twentv-five chapters of Genesis, with
170535 Enghsh words (about 21.5 pages) and 19125
words {about 24 pages).

The experiments are carned out as follows

l. Data preprocessing: word  segmentation,
stemming, and removal of special characters,
numbers, brackets, ete.

2. Generating time series for every word
(excluding stop words) using predefined wmdow
size. We also keep the mformation about each
word's appearances in sentences for evaluation
pupose. For example. the word ‘mormmyg’ appears
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in sentences mumber 5, 10, and 48 and these
numbers are stored ma hash key.

3. Length reduction (if necessary), and

4. Calculating the distance between each
English-Thai word parings. A list of 3-nearest-
neighbor (That words) 1s maintained for each
English word.

To evaluate our results, we count the number of
correct abignment par, It :s important to note that
our ultimate goal 15 to get lists of anchor words for
sentence alignment. Therefore, the alignment that
matches words m Enghsh and Thar that are
contamed within - correct  sentences  will  be
considered correct.

More specifically, we will report  the
correctness by usmg a mean reciprocal rank, which
takes probabibity of conectness mto considerabon
A reciprocal rank of a query's responses is the
multiplicative mnverse of the rank of the correct
answer;, examples are shown in Table 1.

Table 1. Reciprocal rank

MNumber of
Rank Comect word Reciprocal rank
alignment
1 55 |
2 6 12
3 2 13

(iiven total number of words = 69, Mean reciprocal
rank = [{1*533)H 1/2*6)H 1/3*2)] / 69 = 0 85,

Experiment 1

Input: First chapter of Genesis

TextLength = Min( |[EnglishText|, |[ThaText|) = 812
Length of time sertes: 812 — Window size +1
Window zize: 1%, 5%, 10%, 208, 30%, 40%.
50%., 0%, TR0, 80%, 90% of TextLength
Mumber of unsque English words (excluded stop
waords): 69

Table 2. Experiment results on short parallel text

Window | Rank [ Rank | Rank s
size 1 2 3 Reciprocal
Rank
1% 56 5 0 085
5% 57 3 3 088
10%% &0 3 0.91
20% 59 & | 0.90
30% 4l 5 0 0.92
40% 3 3 0 093
% 39 3 3 .89
0% 59 5 i 0.89
T0% 63 3 ] 0.94
B0% 63 a 0 0.94
%% 60 5 1 0.91




Table 2 suggests that short parallel comora of
about 1-page length can give high word alignment
accuracy, The mean reciprocal rank mereases as
the window sz mcereases, and decreases if the
window size gets too large

Experiment 2

Input Fust chapter of 5 books, 1e, Genesis,
Exodus, Leviiicus, Numbers, and Deuteronomy
TextLength = Min(|EnghshText| |[ThaiText]) =
4287

Length of time series: 4287 — Window size +1
Wmdow size @ 1%, 5%, 0%, 20%. 3%, 40%.
504, 60%, T0%, 8P, 90% of TextLength

Number of unique English words (excluded stop
words): 338

Table 3. Expenment results on medium-length
parallel text
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Table 4. Experiment results on medium-length
parallel text with various time seres reduction

Reduction | Rank | Rank | Rank Mean
Ratio 1 2 3, | Westprocal
Rank
0.1 159 32 10 (.53
02 1al 31 9 .53
03 160 30 11 053
0.4 162 33 6 053
0.5 166 31 12 0155
0.6 160 33 10 .53
0.7 159 33 10 0.53
0.8 165 31 10 (.54
0.9 161 32 b (153
1.0 168 28 9 0.55

TextLength

Window | Rank | Rank | Rank M
size 1 2 3 eciprocl

Rank

1% &4 22 18 0.30
5% 135 33 16 0.46
10%4 148 19 24 0.49
20% 168 28 g 0.35
30%4 152 24 20 0.50
4054 150 25 27 0.51
50% 151 30 15 0.51
A% 1 {\Jf\ G 12 0.63
7% 177 27 16 0.58
8% 189 19 10 0.60
e 231 12 ] 0.71

Comparing the results in Table 3 with those in
Table 2, while both demonstrate the same behavior,
abgnment accuracy n short parallel text tends to be
much better than the accumcy i medium-length
parallel corpora. We also found that pgenerally
when window size is larger than 50%, some
English words match with too many Thar words in
each rank (many tes occur). Taking that mto
account, the best window size of this expeniment
appears to be at 20%. In addibon, to observe an
effect of tme senes length o the alignment
accuracy, we did another experiment similar to
Experiment 2, but with different reduction ratio on
time series length, as shown i Experiment 3
below.

Experiment 3

Input: same as Experment 2

TextLength: 4287

Length of ime senes: 4287 - Window size +1
Wmdow size: 20% (from Experiment 2)

Reduction Ratio: 0.1, 0.2, 0.3, 04, 0.5 0.6, 0.7,
08,0910

Number of unique Enghish words: 338

From Table 4. we can see that reduction m the
length of time series generally does not have

detrimental effect on the alignment, suggesting that

we could largely reduce the time serses length

before simularity calculation to significantly speed

up the computation.

Experiment 4

Input: 25 chapters of Genesis
Mm([EnghshTextl. [ThaiText|)
17055

Window size: 2084 (from Experment 2)

Reduction Ratio; 0.1 and 03

Mumber of unique English words {(excluded stop

wards): 771

Table 5. Experiment rasults an lang parallel text

Reduction | Rank | Rank | Rank 'rf"tf.ﬂ.h-‘
R - Reciprocal
ato | 2 3
Rank
U1 288 | 83 | 35 0.45
03 313 73 56 048

Experiment tesults demonstrate that we could

reduce the time series length without hurtng too
much of the aligmment accuracy.  However, as
expected, larger corpus contains ligher word
variety, hence reduce the accuracy, comparing with

the experiments on smaller corpus.
5. Discussion

Our  experment results suggest that our
proposed method works quite well with short
parallel text as it contributes less noise to the time
sertes. On large parallel text, we have shown that

reducing s time seties length 15 one way 1o smooth
out the nomse, hence mcreasing the alignment
accuracy to some degree. In addhion, the window

size could largely affect the accuracy Generally,
large window sme gves better results (with similar




smoothing effect on time serwes), but too large a
window will hurt the accuracy since it smoothes
and removes out too much mfonmation.

This wark has been mspired from our earher
hvpothesis that frequencies and positons of words
in parallel compora should be very similar, With
some analyses of our experiment results, we have
found several factors that could have contributed to
the meomect ahgrments,

1 There are numerous English words that have
different meanmg but they translate to the same
word in Thai, both have similar overall meaning,
but the choice of words may cause the confusion,
such as
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4. Word segmentation 15 crucial o the
alignment quality. The word segmentation software
used in this work does not work well with proper
names, grving wrong segmentation which makes 1t
hard to align one whole English proper name with
several segmented portion of the name m Thai,
such as

English T8 | penion
Jacob mimy m-Tru
Benjammn A A==
Hebrew g g

Enghsh Thai

And God sard, Let there
be light and there was

light

wizwio ) “eabifianumiie
wdan e e i

And God sand, Let orass wrshwiah " husiuFuba
come up on the earth Aundh

And God said, Let the
carth give birth to all

wizrdwin T v lisuAu Ton

s T e 1 dieain oy

Jacob and Benjamin will generate a total of 6
time series, “m”, “T”, *u”, “w", 9, and *u”
instead of 2 tme series. Moreover, “n™ iself has its
owi mearmng “medicine” or “medication”. Hence,
the time senes of the word “w™ will be imcorrect
and may not correctly align to “medicine™.

5. Several English words have almost the same
meaning when translate to Thai, for example

sorts of living things

Here. “birth”, “come up”. and “was™ are all
translated to “@a. in Thai, where normally “was”
and “come up” do not have direct meaning of “fa’,

2. Phrase translate to only one compound word
such as

English Thai

At the first God made
the heaven and the
ecarth, And the earth
was waste and without
form

TurSusaduws s s ausiin

oW el Tan psiiine
¥

Ty 1’31Ir|ﬂ11n;1}§|;mt T

nlrmg

English Thai

And God said. Let the
earth give birth to all
sorts of loving thangs,
cattle and all things
moving on the earth, s Ty vila v sl *
and beasts of the earth Audniy

after their sort: and 1t
WS S0

vzt i e lfusiudn Ton
i = £
e AR T e s sniy

- il v i
Awd Mo fdniaaonam needal

On the far side of
Jordan m the land of
Maoab, Moses gave the
people this law, saving,

Taerer VAT neduws =y Ryga
1 T dains Budtinmi )

- g ol
TOFIELA T

The phrase “all things moving on the earth” gets
translated to  “Anidmesn”  (meanmg  “reptie”)
which is not quite a comrect translation, makmg it
extremely difficult 10 get correct alignment m this
case

3. Some word has been 1gnored because 1t 15
translated together with other words such as

English Thai

On the far side of
Jordan in the land of
Moab, Moses gave the
people this law, savime,

e Wi B e s i@
i i lud b ivenid

- w o
LR T (B The

The word “people” has been ignored and gets
disappeared m the translation, where its implicit
meaning 15 assumed mn the Thar translation (that the
law must be given to the “people”. hence the
CIMESSI0N |

Both “earth™ and “land”™ get translated to “wdu”,
but we can not align “earth” and “land” to “wiuin”
hecanse the time senes “earth”™ and “land™ are
different from that of “wndy”, as illustrated in
Figures @ - 11. However, if we have realized this
phenomenon and combine the two time series of
“earth” and “land” together. it could lead to a
perfect alignment with the time series of “uwshdu™

S LES TE Y

Figure 9. Time series of “udumu”
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Figure 10. Time series of “earth”
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Figure 11. Time series of “land”

6. Conclusion and future work

We have proposed a novel, vet inturtive and
simple word alignment techmque, based on bursty
sequences  and  ther simulanly matching. We
exploit a notion of time series representation,
recording the position and frequency of word
appearances, Our technique 15 atiractive in that no
Imgustic knowledze 15 needed The experiment
results on parallel English — Tha: Bible text
reconfirm our hypothesis.  In particular, the word
alignment performance 15 highly  sansfactory,
especially in small parallel text. We do hope that
this proposed techmigque would become a basis for
future sentence alignment procedure.
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