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ABSTRACT

The necessity on exchanging information among countries becomes a major task in
information based society. Machine translation is an application that enables users communicate
each other without language barrier. With the great support on computer’s efficiency, corpus
based technology becomes a fundamental concept for developing software based on a large
amount of data. We introduce the first example based English to Thai machine translation using
n-gram model and implement the system. Some advantages and disadvantages of this method
are discussed.

This thesis presents an English to Thai example-based machine translation using
n-gram model system. This system has 2 important parts: n-gram analysis and n-gram
generation modules.

The n-gram model used in this thesis is not only able to solve the different word-
ordering problem in source and target language, but also able to select the word form the
translatable word list that suits its context. This model also has a potential to translate phrases.

From the experiment, the system correctly solves the exact matching by approximately
2%, word-ordering problem by approximately 27%, select appropriate translation with respect
to its content by approximately 57%, and correctly translates phrases by approximately 51%.
The result of exact matching, word selection of its content, and phrases translation are better

than Parsit's translation result, but Parsit can do better in ordering word.
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2.2 szyumstanuun)aey (Transfer Machine Translation Strategy)
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Snwanennsduiustazessomaniveith take 13iiluga SondnTnua (node) A

uaaa 1A lun1wn 2.9

/7 SBlck N\ C-Block o G-Block

- ™ (= A\
take e #EASP.{ACT) #AKO.(2111) ;
> #ECAT{V} BOVKO.{4) :JO?;SPS: ‘(;,T(";:)}
FEINFL{V} #1VKO.{1) e & oy
FEINT.{1) =t 4IVKO{2) P| 3
#EMAPS. #PDSPL {road) :
{SUB=AGT,DOB=0BJ} #SP1{AKO.(111]}
#ESUBCAT{V}
H#ESUBINFL.{ALL} N 38
#VP.{06A}
\_ J (#AKO.(21 11) § ordhilicn
:mg'ﬁ%) #0UMAPS.{VT53)
{ erapie = 40JASP.{PRGS)
{picture,copy,photograph,photo} #EDIT{THAI)
#SP1.{AKO{111}) -
\_ b & RN

mwi 2.9 @redadoyalunauiyniuuediia take

si’fay,a‘luwfuungm'uﬁ’fnzi%’fanﬁnngmﬁmswﬂumﬂﬁaﬂiﬂuﬂﬁﬁ S-BLOCK i
mmzauﬁqmﬁfmT‘nuﬂLﬁU')Lﬁ@ﬁ%'m‘flu;ﬂLmunanc?wxﬁ'ﬂﬁ’szunﬁamiwﬁmyﬂm
ao 'l

e TugadaunsizinunInsfudeyadauansegluglveclaseadradulsd fvzidla
wowmynsuiftedsdeyalu G-BLOCK ﬂlmﬁmewuﬂﬁgﬂtmuﬂquammnfu Nl G-
BLOCK 11001 1 ngmisdansieinuIngeginsaadenTdinieifiva 1 G-BLOCK

1 4
miniudsadusiudennuniminede i
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YV [~
Tael¥auuud NN

z:;' J = a 1 o 9 & a
TuunileznandaseazBeanieg veeszuuntansengy- 1noaanTewuuaa
o t 9 o < = 1 ] o 9
drednlasldduuudunnsy (weisenlasdedl “szuy”) suilsenesuals aarilasnssy
. a [ 1
5UY (System Architecture) UHIAAVBUDUUNITY (The 7-gram Approach) aau [1)sinsuns
a =4 1 1 o A
SOV VEUUNTY (n-gram analysis Component) a2y TUsunsumMsnefiianuuduwn

5% (n-gram generation Component) HazAdIvenI (Corpus)

3.1 ao1lAsnsINITUY (System Architecture)

b4 [ 14
anilaens suvesszuvil 1gauans 13 lunmi 3.1 ssuvin)sezneudlsdiudidy 2
) ' a < 5 ’
d@7u fo muTﬂsuﬂmms'zmswﬁsmmemmiu (n-gram analysis component) Liag AU
1 o A 3 ! 3\ o a
TsunsunIsnenNHALULIOULATY (n-gram  generation component) seuuil ldiuuafa
o < 1 a

wuusuuud uAs U ymaNuRAINaeYBIVBI N (pattern) TasBannlszlon

A4 A Yo v LI S L% ' A o
wsodiuvessylen eszuy ldsudeyatlss Toanwiaunis sedatoyadinadiiiesiingg
w15z Tonfidng (mateh) fuldlundsdonauuuug ynilss Toansedauvestlsz luaiidg

o =t P A o Lt Y a1 o w 9 o ) o

vrgmi IS sudisuiemimadwinianulnafoafuadavennuuuuhoidmsuny
Yanon

oA

o 9 2 9 o’: a 's ' o . a A @ ad
agstonnuuuReIgnlFluduneudinsiziuazneniiaiveninaansnanga
dwmsundazylse Toandeduveatss Toandhgiu vasindidenuuuuguzyszneudae
duse Toansedauvestlszloaveanmidanguuazmm Inedwauunn Tasdoyalunds
3 "o yod ¥ ' g o & A
Fonmuugezimihiiidlungnis Teudne (Transfer Rule) 86141507 adedeanunanuai

¥ a a y < o ¢ < v '
M udnoriinusiignas o Taninamnmaasvosununma Ty Taguszuranadeany fe
aw o < L4 aa g a d = g a
WonazWanumaTulatarsaumsd guimalulagdidinnselinduazaoun AT UNITIA

1lszme’lng (NECTEC)
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Source : Target
Lahguage |, l'r -anguage
. Matching r— Recombining g Thai
n 3 ilingual - i g al
g Algorithm Parallel Corpus Algonthm

(Eng - Thai)

Monolingual §
Statistical Unit ¢

(Eng) 1
SRl Sy S T s A '
) ;
Monolingual '
Corpus (Eng) /! EBMT
' usin
Mono-Eng 1 : g Mono-Thai 1
Mono-Eng2 !~ n-gram model
.. ;

Mono-Thai 2

d' Y] 9 d'i a w 1 9 o <
HINN 3.1 5$U1JL!.‘1JE1ﬂ'l'H'l’O\‘Iﬂi]‘H-vl‘YlUﬂ’JfJLﬂi'ENLLU‘U@\WI’)E)EJ'NT?IUcl‘lfﬁ’JLLU‘]JL’EJULLﬂﬂJ

3.2 UMIAAYBUOUNNTY (The n-gram Approach)

o =4

b4
FAMVUNHIUBABUNNTY (1-gram language model) agnioldauuagiuas il i

J

° v A @ v o ° ;’f : g o o v oA
funded 7 eefianuduiusimmzdudineuntivesiniug sanfedidunusi #-1

bt
aaiu andszanannheziluvesdaunuy P(w)wmmsm%ﬂu’lé'uﬂu P(w,

Wisees W)
dmwsuseTeaniisuau N o
o o P [ [} ° '
W w,w,,. Wy Fusnnnnadadennuug rannsafama MUy

1 4 ¥
w15z Ton laneaumsas 1l
N
Pw)= Y P(W,|Wi_p15 s Wiiy) (3.1)
i=1

N
minadenwiivuialugfivane anminzduves Pw) =Y P, [W_s-mwiy) 92

i=1

ﬁm’;memé\”ﬂmsmmmswﬁluqeqﬂ (Maximum likelihood principle) e

Cw,..., w,)

(3.2)
CwW,eesw, )

P(w, le,..., w,_)=

3 } 4 v
e C(w,.w, ) #az C(w,...,w,) A0 $1aunfafidsinguessiluaisdeniiu

Wypers W,y LT W,y W, ATNEIAL

69087
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] o é [~ .
3.3 @uldsunIumsIANSHUVUIOUMATH (n-gram analysis Component)

1 a Jd =] a 1 A a d £Y
daulsunsumsdnsizunuduunsuligaaninaiie nsenidse leaauuuy
Taodadiuvesds loneeninlunng mefudiull 1 uazidgdadenimuzauiga ms
y F 4
maundnvesaauTusunsudifie Junsu3tidng (Matching Algorithm)
14 [ ] [
Funeudtiing segmimnldiiedunlsz Toansediuvesdlse Tuanoniiga du
< = Y Y o Y ' o 9
yaatsz Toafisnaigaszeyuiuninmsdigueddoyalundaveninugniy (AGeren
tuvg) lunsdinimabiideniinndi 1 mae szuvssidondauvesylse Teafiauarninnld
Tagdenndeyannada nldnnadudonnuuuuifvrdmiundunie

1 a =4 A o’: ° o ;
aamldsunsy miami1$ﬁu‘umauuﬂiumumumsmnumu

Step 1: Define Fragment_Set = {SL} and
Result Set = {}
Step 2: Generate sub-fragment Sf; from Fragment_Set by segmenting groups of words that
next(w;) #wi
Step 3: For each Sf; that has more than one elements, find the maximum sub-sentence Max_Sf;
in Sf;
Step 3.1: Push Max_Sf; into Result_Set
Step 3.2: Delete Max_Sf; from Fragment_Set
Step 4: Repeat Step 1 until each sub-fragment Sf; has only one element
Step 5: Return Sf;
Step 6: Return Result_Set

91nUsz lonfa0019 “Arsenal picked up a big victory in Champions League” 131
ﬁaauuﬁgmh Ndauvestszlon {a big victory}, {picked up}, 8¢ {Champions League} ﬂgi

v I 4
Tundadonnugnint il Matching Algorithm s1)szurananudwuTuneude 11l

Step 1:  Fragment_Set = { {Arsenal picked up a big victory in Champions League} }
Result Set = {}
Step 2: Since next(w;) = w;,, for all w; , sub-fragment Sf; has only one sub-fragment that is
Sf; = {Arsenal picked up a big victory in Champions League}
Step3:  maximum sub-sentence
Max_sf; = {a big victory)
Step 3.1: Result_Set ={ {a big victory} }
Step 3.2: Fragment_Set = { {Arsenal picked up},

{in Champions League} }
Step 4: Fragment_Set = { {Arsenal picked up},
{in Champions League} }
Result_Set = { {a big victory} }
Step 5: Since next(w;) #w;,,; at w= up, there are two sub-fragments,

Sf; = {Arsenal picked up} and
Sfy = {in Champions League}
Step 6: maximum sub-sentence Max_sf; = {picked up}
Step 6.1: Result Set ={ {picked up}, {a big victory} }
Step 6.2: Fragment_Set = { {Arsenal}, {in Champions League} }
Step 7: maximum sub-sentence Max_sf; = {in Champions League}
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Step 7.1: Result_Set = { {Champions League}, {picked up}, {a big victory} }
Step 7.2: Fragment_Set = { {Arsenal}, {in} }
Step 8:  Since next(w;) #w;.; at w= Arsenal, there are two sub-fragments Sf; = { Arsenal }
and Sf; ={in}
Step9:  Return Result_Set = { {Arsenal}, {in}, {Champions League}, {picked up},
{a big victory} }

1 a d [ [ ¢§,

Na‘ﬂ1ﬂﬁ3uI'ﬂﬂlﬂ5Uﬂ'ﬁ'Jlﬂ‘i'lzﬂll‘llﬂlﬂullﬂiuilgQﬂllﬂalﬂuﬂ'ly'lvl'ﬂﬂﬂuwuﬁ']u
vounmm 2 o anfiangnlag 1u Result Set 7'l 1an Wlgswlasinads
¥ ’ 1 a o Y2 o
ﬂl'ﬂﬂ'ﬂuﬂﬂ’l‘ﬂ']ﬂ'lﬂ’lﬂﬁu’l‘lfﬂalu Result Set l{]Uﬂ'ﬂﬂﬂ ‘l‘ﬁmmu‘ﬂam%m‘w%muﬂimmu

LY 4 ] A I o A < []

NaﬁWﬁﬂ’liHﬂa%’]ﬂ Result_Set %3Qﬂﬁ\1vhh’lﬁ']uiﬂﬂlﬂiuﬂ'liﬂi’)ﬂ'llﬂﬂlﬁ]"ﬂlﬂullﬂiﬁ L¥H
Result_Set = {{Arsenal}, {in}, {Champions League}, {picked up}, {a big victory}} %zgmn.la

du (dilulnajersiauea), {lu}, {u‘vm’ﬁﬂuﬁﬂ}, {143, {%ﬂ%uxﬂi"yﬂﬁmj}}

3.4 @ulUsunsuMINBANHALLIOUININ (2-gram generation Component)

1 ¥ o a o 4

amTdsunsunspetuiauuyduunsud Pieadnlse Tealunmdaions Tay

= o W ay 1 Y o o Y Y T d”d
n1ssaunaziSoedrausudIuvsslszTealmidulse Tomay v nvanvesaiuiine
v 1
Sano331n715 Recombine IuaaUiI0z 14 Greedy Algorithm Wasa9dudiuvesssloana
= P ° Vo 9 { ot v g
fgafansoshuideiula n32uI1MT Recombine zihdnvestse Teauisrunuily
dszToalunprlaronielagiorsanmudian lulss Jon udazdiuvesdse Toavzrinnae

Yya & a Ad o = . =
umJﬂ’ﬂﬂﬁ!.ﬂtN“]N1Jﬂ’J'mﬂ‘l’lﬂi”lﬂg]cluﬂaﬁﬂl’e)ﬂ?’mq\mq{ﬂ NI2UIUNTT Recombine ITY

v £
Tunounine 11

Step 1:  Define Fragment_List = {Fr},Fr;,...,Fry}
Step 2: [combine the maximum probability of sub-sentence and its neighbor]
For each Fr,and Fryin Fragment_List that
1< a, b snand |a-b| = 1, Fr,;=max_combine ( Fr,, Fry)
Step 3: Substitute Fr, and Fr, with Fr,, and
delete Fr, and Fry, from Fragment_List
Fragment_List = {Fr,Fr,,..., Fra, ..,.Fry}
Step4:  Repeat Step 1 until Fragment_List has only one element
Step 5: Return Fragment_List

[y L] g/ o o 1 a o v Vv
NA061919DY WAANT Result_Set JudmAns 1z Inseainilsz 1oanI0 n-gram
. . . . 4
'l qdlu {{Arsenal}, {in}, {Champions League}, {picked up}, {a big victory}} HIT W50
9y
vmuladiuses18ily Fragment List = { hilulngjersiuea, lu, usudloudn, 14,
14
Forusaiilng )
d. o . Y -
{i8111N2UIUMS Recombine 311% dauvesilszToalu Fragment List 9gn3anlu

t 4 ’
Funeud 2 TasRvsanvndiuvestse Toauazdiulndifos ol szoznsedn 1 aelduansl’d
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' °

Tund 2 dauimudmuer Bezidluguesdmseranain1sorinn combine  Hulalu

¥

E4 []
Fuasuae 'l lushoiigauds szdaunnzimamsualdidiuyss Ton «dilulngersiauea

Yo 3 ' d” a o A
1advruzasalng luusuidlouan” eenusenmi 3.2

Result_Set = { {Arsenal}, {in}, {Champions League}, {picked up}, {a big victory} }
(1) 4] 3 @) (5)
Fragment_List = { (ifiulngjersivuea), {lu}, ﬂth‘z’fauﬁﬂ}, (14}, {iwuznﬁvhry'} }
W)} 2 ) (4) 5)

Fragment_List = { (i§1ulngjeriiouen), {lu}, {lnfuxﬁauﬁﬂ}, {183, {%’qﬂu:ni’hmy} }
(&)} =) ) ) (5)

\ /

Fragment_List = { {itiuIngfersizuen), {1}, {uyuToving, { Wstuzniaing) }
(1) 2 ) (4.5)

Fragment_List = { {ivulugjoriianoa}, {1}, ﬁufu:ﬁﬂuﬁn}, { Wsowuzndilng) }
(1) ). 3y “.5)

i\ WA

» »
Fragment_List = { {i§iulugjersiauea}, {husuitlondng, {1Aovuznsalng) }
(1) 2.3) (4.5)

Fragment List={ m"vﬂulqums'iwon},:{«'ﬁmwz"z]’uuﬁﬂ}, {i5oyusniiing) }
o) @3 @5)

B e il

Fragment_List = { {itvilulngforsizuea), ﬂﬁ'iuw:m’tﬂnqﬁmxwzi‘/?mﬁn} }
) 4523

Fragment_List = { {i0uIngjorsianion}, { 7ﬁ'iu§1uzns'tz1mﬁ1uuwﬁl‘uuﬁn}’ )
) i {4.5,2,3)

N\ A

Fragment_List = { fitvilulugforsivuen 76'iuvu=ns"’41nxy1uuw1‘ffau5n) }
(14523

5 1Y » ° t v oooa [
ﬂ'lW‘ﬁ 3.2 ﬂ'.l'f)ﬂ'Nﬂ']i‘Yl'l\ﬂuﬁ'JuIllillﬂiﬂJﬂ'lﬁﬂ'é]ﬂ11uﬂllﬂﬂlﬂu1!ﬂiﬂ

3.5 ABaUOAI1H (Corpus)

o 9 <q 9 o ¥ Y 1 v ¥
agavennuitlFluszumlszaeuadidonnunaslszian laun adedeanunuy
1) (Monolingual Corpus) ttas ﬂa“'\ﬂ’fammuvn@: (Bilingual Paralleled Corpus) 1193970
d”ﬂ 4 @ H @ Y 9 [ a ] 1Y
szupiidunuyeeilar dntuadedennuymlszinmezdesgniawionlineuudy
v 9 [ G oT ¢ - o ' o o & o
adedonmezgadamiouTanhdmfidunmn Ingllihunszuaumsdamisaiiu
[] b4
amannsadifegidr1u Java 2 Platform, Standard Edition (J2SE) 5.0 910 91ntiudativhl

1 2 ' aa Y ]
WhdnszuunsGouimatavesduuuiBuLnsy
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3.5.1 ﬂé’ai’fammammﬁm (Monolingual Corpus)
o 9 P a A o Y A [ 9y
AGMRANNLYLAT 2 Uszian AB AGIURAMNUVUAIITINTUAIHIAUNT
(Monolingual Corpus for Source Language) 10 AfaTBANUNULIRBId IS UM aeN N
b4
(Monolingual Corpus for Target Language) 1asadadonnunsaesdszinniiannmsiiim
' P ] [ 9 - = a
AAMUDUVVIBUUNTY (n-gram frequency) 1Ia 1M1 TagazlimaiaT suAMNDYDY 2-gram,
1 ¥
3-gram 0% 4-gram [15] nzgniaiy Blugduvundudeyanvusudisdnuseasszos

b4 [] [ [
(TSV : Tab-separated value) Tataziifianua 2 aaus (column) aaudfinieziudonnun

Do

1 o o o A ] o < =1
gnuadn iuds Tavduaumngauiisesvnuneded b uunsuyesseiiiou (record) day
A A o P o P S a a 18y ¥ et A 1 A
faesdosauanudnusuunsy Tasaausnaesiveiinie 1un1a winluliezdend
] P =4 &
annduuuBuunsuidumile
[ b 4
AgITeA UL REIE NS VAIHIAUNIG (Source Language) g ld luduneudiu

a L4 o % o 1
Tsunsumsinsizduuusuuns uieutiavinnusinaulunisnidiuyesilss lon

) o 9 ° 1 ) s 9 a 5‘
SvTuniyiaunie lasanusinaulumsmiaiuvesyse lead s un11auN 1SN AYY

[ a I ] ° [ H
MuvazidruTdsunsun1sinsEHuumd LS uNu Imaudnvesdss loandiuise

4 - 9 o

i ldasinnuonmiifunnnii 1 g lasdauvesszleannudsnaninissoun

Y

b

o I~

s 2 ::’ A 1 dld 9/ o a
fIY (overlap) Tunsolzuil sznmzmenmumﬂqﬂixTaﬂwumwauwunumummmn

o v =3 a 4 T T
geganinadadennuuuug uamiduly dinnutvesdiuvesdaz Toniudiguaziinns

o =)

v t 4
%’euwunu%wmmmmmﬂu mm“ﬂuwuu SZUU%Z‘I:ITVIﬂ‘lJi%Iﬂﬂél}u‘l’l’lﬁ‘ﬂ'lﬂﬁ’)u‘llﬂﬁ

} 4 ’ 1 [}
sz Toafidhauasdouniutunanuaiasony 1h S sufsumemiduvesiss Toand

anudqegalundedennumuu@erdmiunmduns moanud luadufeanuuuuine
o o Vv [ '@ L 2 1 A Y 4 CY
dmfunrdunnduniduegsn szuuvsiendiuveseloanviguassoununy

sz Toausn Inededmmuasuduvindo llun

n-gram Analysis : step 1/2

n-gram = 4

{ What do you want to do when you grow up }
—

Bilingual Paralleled Corpus

What avls
you Ao
s do Ll
kS when v
kY lgrow up thula
n-gram Analysis Y grow 1n
Doy What do you want Amt fiaams atlls 5
5

n-gram Analysis ">~ you want to do AN 2N AT Wi

amin 3.3 msudtlaanudinou (1/2)
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n-gram Analysis : step 2/2

n-gram =4

{ What do you want to do when you grow up }
>

Bilingual Paralleled Corpus

What asls
you A
do i
when v
. row u| Wwula
n-gram Analysis grow P 10

What do you want qe diasasatls 5
you want to do Am amn as i 5

Monolingual Corpus
for Source Language

\What do you want 3
you want to do 2 \
you want to 4

you want 14
want to 10

Battle Cruiser 1

i 3.4 msudilamanuminay (2/2)

agedeanuuuirdmiunyidumeszgmi lddnnudluadddmivads
FoanunuuRgIdimTuA1IAUNI (Monolingual Statistical Unit for Source Language) 19d
o 1 4 =3 a’: "
AUIUMIAINIINOVDIUDUUNTY (n-gram frequency) ALLA 2-gram-5\1 4-gram "t]'lﬂ‘lalli’)ﬂ'ﬂll
Y Y & ¥ v o e
MHIRUNI (MP18INYY) Fae 150590590 14 TA0410910 webpage N2 TilfiTiaws
J q’: a e 3 o 1 i o Q’I’
murdumammin Tuaudteil laiimssausmainmdveudunnsNINNIMLA 4,000

webpage Taoutia 1Al 104,893 15z Toa n5e 561,387 M

What do you want 3
you want to do 2
you want to 4
you want 14
want to 10

AN 3.5 F290NARITDANUHLVRSIFIMSUNIBIAUNA
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[ 4 o Y 9 q’;’ 1
AT NUIUDIREIF M UME1Ua1oMe (Target Language) gnleludunaudiu

v
v A

Tdsunsumsaefuiauvuduunsuie l¥aadudvungndeslunszyIun1s Recombine

L)

) o & ] )
ead sz Tuanadns lumynaronieignaes

[ @

1y suasy 5

Flu Suaso de 2

o Y =]

13U ouUAsIY D9 1

g o )

A 11U ounse 1
[~ ar’

219 11U 9UAT1Y 1

2 v

%9 919 114 SuaTe ]

2NN 3.6 SrvdAaeANUILLRYIE I T UM aten1e

aar Qy c:’ o 9 dl o o < o
Tunuitesuil agedennunuudsrdmivanndatensesgari ldusonily
anad s UndItonnuuUYReIFIMTUN I 1a19n19 (Monolingual  Statistical Unit for
o 1 i 4 n’l’ 3
Target Language) Tag9gA1HIUMIAININDUDIUBULATY (n-gram frequency) AR 2-gram
= Y v 9 J dy
84 4-gram 132anth nunasdeanuaymlaionisas 1l
o adedennumluimmenlonensiigaudiedse Toauazuedt Buda &
9
17 13,758 U5z Tom uaslis i auanianug 152,396 M
o adadennuinmisdeniunlnesy founds 109 FagnuriaszToauas
F 4
ued 1Auda 8oy 138,812 Use Toa uaziismaumnanua 10,011,970

o

11

3.5.2 ﬂﬁa%mmammj (Bilingual Paralleled Corpus)
@ ¥ ' oo Y ﬂ Y Y v ‘]J I 2 ﬂ L% cl @ o as
adedenuuuug imihniudeyadietnilse loa Fuiluiilonandmsvszuy
. t 4

ulanmndrsinTeauuddiein adsdenruuuugidinalasasdeysedninmmsula
You52uY mnadedennuuuugiideyadiedannifivaneuazgndes deyadiednnlsi
o <3 1 A : as a e 1 a =
dnvazitiudiuvesilsz Teandsingdng Munaziisuaunn ganunmnoalsianumugm

[~ ] o 4 < a o a L)
nJuﬂmﬂumwmmzmmﬂun Namiuﬂa%wzuﬂszammwuazummLmutn'c;m
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What ozls

you A

do M

when nm

grow up Ay ln

grow T

What do you want Ao Avans ol 5
you want to do A 9810 92 M 5

d' o [ o 1
MNN 3.7 AIDYINAAIVDANULVUE

@ ' LY~ v @ o < ] 1Y '
mnadadennunuyg Imsdanugamdumaluszaum suiu lAedagaud
k4
agadennunnugdeziianin liuandieldanneuynsuaeiniu Asiuneuynsuded
= =1 v 3 o Y vy & o 9 1 o r's
mmwauaumgﬂsauegiuﬂawammumﬁ;}ﬂw “N‘Vlﬂﬁﬁ')lﬂﬂiuﬂillﬂ'ﬁ’nﬂiTSHLL'U‘U
[~ o & Yo o
PUUATUTIWITOMIANUNNIYVOIRUNS n=] ‘lﬂfﬂli%
Y P Y ¥ v ¥ o o
adedemmvugtigndain B3 lugluuidudeyauuunudisnvszdsses Ta

> ¢

A o 7 & = 5 W Y 4 1o Wy
weiianun 3 aaus saudinilssuiudennudmiuadumaefiignuisii 1iuds Tay
'3 o A 1 o o Zel o o
Smufifignudsszmneieinnuduunsuvesszifion aaudiidessziiudeniudmiy
] ] t 4
ammlarefignuaisin 13uds Taoteyaluaauifiaestiszgnldiusulavesnimmlaroma
s A o o =3 A 2 o 4? 1 '
aausfgmfesuanuduuuduunsyiinaasfivamidngiuszninganumuny
~

1Y o & s e A 1Sy ¥ 1 A 1A
’U'E'Nﬂ”ly'lﬂuﬂ'mllaxﬂ']'knﬂa'm‘yn\? ﬂquﬁﬂn‘ﬂ“ﬁ'luu%zuﬂiﬂ‘luﬂ'lﬂ ﬂ']ﬂvllluilxﬂi’)'ﬂll

o = [~ [ & a
‘D'Iu'Juﬂ'J']llml']J‘]JLﬂullﬂiu&ﬂu'ﬁquﬂﬂﬂiﬂ'\f}

v
=

9 ¥
Tuauiseduil adedennuuvugizgadiuiudinudveauduunsy (r-gram
Q’: ] -~ FT 9 J @ Y 1 dy
frequency) RAUA 2-gram 64 4-gram ‘1d2amdh numdandedendiuse il
o 1 L4 . ° A
o etreilszTenvnmiade English by Examples $142U 100,804 U5z 1on &9
gauiadlsz Teanazudei BAuds
o . o o é ) o
o WouYynuBINgY- 10 Lexitron $117u 97,791 1 Fegnurias 1iud

e o ° A t o
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(Machine Translation Evaluation)
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a 1 a d
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421 mianeasuanuamgasHanuylyd (Cross-Validation)
o o a A o’d"d = o ] 9/ A . .
dmivinoiwusiidumnagewioatunsiFouiveauniod (Machine Learning)
e a A 4 ; . ;
Sw3squles hididuiia (Supervised Leaming) FuilumsiSouiiszdesasudmoiigndes

Yo &2y a9 o Yy o 4
1% AYUUTIADUATIUVDYAAIDYNNIDUAINDUNYNAD

10% for Validation Set

Avallable Data

90% for Train Set
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ad 2 A g aa 9 o J 9 & dy kY
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ffu (overlapping) VogAMIABLSIUIU 2 MiARfURINg lugafneD1989 1Au BLEU -4
MINGH4 7 TAWIR 4 Ernsnaimasnvadiavesdadiumsdeununuvessinaany 4
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flugafaeuiugafineudade) msAiulue1 BLEU MmN aunIsAe 1

N
BLEU = BP- exp[z w, log p,,] 4.1)

n=1

Tay

¥
s 3

b4 ]
BP (Brevity Penalty) fio midaathmiinvesgadineufiduniigadinenudeds

v
Tasfuaanaumsae i

BpL) 1 ife>r 42)
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' o” o o 1
win1¥ns 820 mITnLUUY Uniform Weight 9334110 w, = I
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p, A8 AZUUUAIUIUE (Precision Score) TagmuIanInaunsae 11l

Count,, (n — gram)
__ Ce{Candidates} n—grameC

Pn= > > Count(n—gram)

C €{Candidates} n—grameC

(4.3)

Yo A1 A0 9 Y

1 =4 ’ i [V n’/’ a [< ] 4
ad12'l58a m BLEU i lavniiafideudnatesinng dniusedeaddoumilumioo log el

-
Lﬁ’%‘amﬁamzuuu"lﬁ'qu

N
log BLEU = min [1—1,0]+an log p, (4.4)
c

n=1
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b 4 [
daduieri 1 dnaasuanugndeveintsiSouiau7Ems 10-fold Cross-Validation

msnasedeztiusazadmui 1 suuilugadeunazganaaey Taolidasdu
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usesndummeznndumanazdaisni Tamlszloaduned ldnnganaaeuGonigm
Fun13 (Source  Set) UszToaarennninganaaevuszgnififiunanisulagedmioyn
E 4
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[ 4 a W 1 o =3
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b4 ¥

Funougat ezt gadums yadineud1ede nazgadimeunnszuuiades uld

o ~y 1 1
MNINARBIAINATHIAIN A 1)
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4.4.1.1 HAMSNARBIVBIMSINGUUDIIUASTA (Bxact Matching)
b4 1
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uAazgai ldnnudazszuufugasinendieds nmivSaivduaudicuns adguuvmiv
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* afafiveains i'imm'?immsnn’hsjsmyuﬁuﬂw _
MM Parsit JEBMT MUY
10-fold Cross- | $nuaufihg | Jovazmadng | smouiidig | Jewaznradig fmeufiinn
Validation oy
1 279 2.77% 308 3.06% 10,081
2 239 2.37% 294 2.92% 10,081
3 223 2.21% 289 2.87% 10,081
4 261 2.5%% 254 2.52% 10,081
5 237 2.35% 282 2.80% 10,080
6 233 2.31% 296 2.94% 10,080
7 276 2.74% 287 2.85% 10,080
8 247 2.45% 254 2.52% 10,080
9 239 2.37% 283 2.81% 10,080
10 238 2.36% 299 2.97% 10,080
Aunde 2,472 2.45% 2,846 2.82% 100,804
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4.4.12 waminaasamivsziuaon luliAves BLUE-4
E 4 [
Tumanaaesil |4 1dyrin5esile NIST MT Evaluation kit [17] dwsuiseiiiu

AuuUsa TuliAves BLEU-4 manugndesvesmsuadi ldzuaas 13 umsareh 4.2

M319 4.2 msnagUnanmsilszdivmuuuda lulidves BLEU-4

afafiveansmam | manwgadesvesmailsdiumunusalusinvel BLEU-4
10-fold Cross-Validation Parsit JEBMT

1 0.0276 0.0301

2 0.0234 0.0268

3 0.0245 0.0281

4 0.0265 0.0303

5 0.0255 0.0310

6 0.0267 0.0266

7 0.0273 0.0255

8 0.0264 0.0303

9 0.0262 0.0313

10 0.0262 0.0292
Aundy 0.0260 0.0289
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4421 anugndesveInisiEesdidudm
(NN IUMINANBUANNYNABIVBINSISBIRIAUM HIITAURIIZAUNUA
P o ' L= o Aa o a o [ t
Mmanganvessuala uaen li'ldidensuantinnuninammnzauivuiun Areoiuru
b 4
. . . e . a a ] ’
“experience in  administration” mwzgnuﬂaﬁlu “Quany/lw/msuimss” weu 'l
o q” 3 ' o a 'te | ) * ° 1
“cxperience” gnutatiu “Guase” F limuzanduuiun uadwmisdwtlasgludums
4 9y o W a4 o 4 v A 4 b/
figndeaiivsud liaunsadendulaimnzausuuiunld nanmsnaasegauaaslily

4
ATT NN 4.3

MIT 43 MinagdnamsneasnNgNeIraInsiiosad1Aum

AININGNABIVDIMIFEIT AU
a¥ifinaans Parsit ,‘ JEBMT 3 sl
snening Somazmsiing 5114"’311%11’1’@ Yovarmathg | mnaes

1 100 50.00% 56 28.00% 200

2 91 45.50% 50 25.00% 200

3 113 56.50% 49 24.50% 200

4 99 49.50% 61 30.50% 200

5 98 49.00% 55 27.50% 200
ﬂ"llﬂgﬂ 100.2 50.10% 54.2 27.10% 200
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o a [ 3 1 < Yo 2 9y A d 1 dyd A J aa
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o g, a v o v a i =
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4422 anugndesvesmsiend idiminzaumuuium
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a ° a [ L4 (% ¥ 3 10 o 9 ~ - o v o A
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manugadesveamsidenmiimnzaumaniun
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swanidhg | Jevazmadiy sunuidhg | Jevazmang | manages

1 88 44.00% 124 62.00% 200

2 100 50.00% 112 56.00% 200

3 92 46.00% 121 60.50% 200

4 95 47.50% 106 53.00% 200

5 87 43.50% 111 55.50% 200
Aundd 92.4 46.20% 114.8 57.40% 200
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English-Thai Example-Based Machine Translation
using n-gram model

Nattapol KRITSUTHIKUL, Arit THAMMANO, and Thepchai SUPNITHI

Abstract — The necessity on exchanging information among
countries become a major task in information based society.
Machine translation is an application that bles users to
communicate each other without language barrier problem.
With the great support on computer’s efficiency, corpus-based
technology b a fund tal pt for developing
software based on a large amount of data. We introduce the first
example-based English to Thai machine translation using #-gram
model and implemented the system. Some advantages and
disadvantages of this method are discussed.

I. INTRODUCTION

'HERE are several approaches on Machine Translation
(MT) research. The most of distinctive methods are
rule-based [1] and corpus-based methods. Research on the
corpus-based approach has emphasized on the important of
text corpora as fundamental sources of data for linguistic and
knowledge database. There have been two major approaches
in the corpus-based MT: statistical-based approach [2] and
example-based approach [3]. Currently, a lot of English to
Thai machine translation software products, such as ParSit [4],
AgentDict [5], were Jaunched to end users. All of them use the
rule-based approach, whose all knowledge from linguists is
externalized as a set of inference rules. This approach has
several drawbacks related to time consumption and rule
conflict. Then, corpus-based MT becomes much more
interesting topics in NLP research field. However, there are
very few researches on corpus-based MT in Thai. Some
research groups try to apply corpus as a memory for editing the
incorrect answer from rule based results [6]. In this paper, we
concentrate on corpus based MT in example-based approach
We generate the possible patterns by applying n-gram model.
This paper is organized as follows. Section 2 focuses on our
system architecture, all components in the system, and
techniques in analyzing and generating sentences. Section 3
mainly explains the corpus used in this system. Section 4
illustrates the implementation design and tool. Finally, section
5 shows a conclusion and future work.

Nattapol KRITSUTHIKUL and Arit THAMMANO, are with the
Computational Intelligence Laboratory, Faculty of Information Technology,
King Mongkut's Institute of Technology Ladkrabang, Chalongk
Bangkok 10520,  Thailand
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II. SYSTEM ARCHITECTURE

The system architecture is shown in Figure 1. Our system
composes of two main components: analysis component and
generation component. We apply the n-gram approach to
achieve varieties of patterns based on partial sentences. When
a system receives a source sentence, it will be passed to match
with data in our prepared bilingual parallel corpus. All
appropriate matching altemnatives (sentences or partial
sentences) will be retrieved and sent to find the most
appropriate target sentences. Monolingual corpus will help
analyzing and generating an appropriate alternatives in each
component. Bilingual corpus composes of parallel sentences
and parallel partial sentences. All data in this corpus functions
as transfer rules. In the current version, we collect partial
sentences manually from linguists.

A. The n-gram approach

The n-gram language model is based on the following
assumption: the ™ word is only related to its preceding »-1
words, Therefore the probability estimation of the language
model P(w) can be written as P(w,|w;, ..., wa,). For a sentence
with n words, given the candidates w,w;,..,w, from the
bilingual corpus, the probability of the whole sentence is
calculated by the equation (1).

N
PO#) = POW Wi pagseers Wica) )
I=1

For 2 large amount of text corpora, the probability of
P(WyWy,...,Wo) can be estimated from the maximum
likelihood principle by the equation (2):

C(w,,....W,)

P(w, lw,,...,w,,_,)=c(w 7
179 Wnoy

@

where C(wy,...,w,.)) and Cfw,,...,w,) represent the occurrence
number of the word string w ,...,w,..; and w,...,wp, respectively.

B. N-gram analysis component
The n-gram analysis component is aimed to analyze a source
sentence by breaking it into all possible pieces of sentences
and to select the most suitable alternative. The main function in
the analysis component is matching algorithm. Matching
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Fig 1. System Overview of EBMT using n-gram model

algorithm is applied to break a sentence into a combination of
sub-sentences that composes of the longest sub-sentence. The
fongest sub-sentence is defined by matching with all data in
bilingual corpus. It will lead us to find the least number of
fi jons in the

The matching algorithm is defined as follows.

ag
Irag

Step 1: Define Fragment_Set = {SL} and
Result Set = {}
Step2:  Generate sub-fragment Sf; from Fragment_Set
by segmenting groups of words that
next(w) #£w,;
Step3:  For each Sf; that has more than one elements,
find the maximum sub-sentence Max_Sf; in Sf
Step 3.1:  Push Max_Sff into Result_Set
Step 3.2: Delete Max Sf; from Fragment_ Set
Stepd:  Repeat Step 1 until each sub-fragment S has
ounly one element
Step 5: Return Sf;
Step6:  Retumn Result Set

From the example senience “Arsenal picked up a big victory
in Champions League”, we assume that there are {a big
victory}, {picked up} and {Champions League} in our bilingual
corpus. The matching algorithm will be processed as follows.

Stepl:  Fragment Set = { {Arsenal picked up a big
victory in Champions League} } ,
Result_Set = { }

Step2:  Since next(w,) = wy. for all w,, sub-fragment Sf

Step 3:

Step 3.1:
Step 3.2:

Step 4:

Step 5:

Step 6:
Step 6.1:
Step 6.2:

Step 7:
Step 7.1:
Step 7.2:

Step 8:

Step 9:

has only one sub-fragment that is

Sf; = {Arsenal picked up a big victory in
Champions League}

maximum sub-sentence

Max_sf; = {a big victory}

Result Set ={ {a big victory} }
Fragment_Set = { {Arsenal picked up),

{in Champions League} }

Fragment_Set = { {Arsenal picked upj,

{in Champions League} } ,

Result_Set = { {a big victory} }

Since nex!(w,) #w,.; at w= up, there are two
sub-fragments,

Sf; = {Arsenal picked up} and

Sfy = {in Champions League}

maximum sub-sentence Max_sfy = {picked up}
Result_Set ={ {picked up}, {a big victory} }
Fragment_Set = { {Arsenal}, {in Champions
League} }

maximum sub-sentence Max_sf; = {in
Champions League}

Result_Set = { {Champions League},
{picked up}, {(a big victory} }

Fragment_Set = { {Arsenal}, {in} }

Since next(w) #wy.; at w= Arsenal, there are
two sub-fragments Sf = { Arsenal }

and Sf;={in}

Return Result_Set = { {Arsenal}, {in},
{Champions League}, {picked up},

{a big victory} }



Results from the n#-gram analysis will be translated to Thai
based on two criteria. If an element in Result_Set is not a
singleton, translated results in bilingual corpus will be
retrieved. Otherwise, the translated results will be retrieved
from dictionary. Translated results from Result Set will be
sent to the »-gram generation. From the example, Result_Set =
{ {Arsenal}, fin}, {Champions League}, {picked up}, {a big
victory} } will be translated to

{ {91 Dulugfersimen} . {lu}, {lHulﬂ’auﬁn}.{'H?, firvusniving} }

C. N-gram generation component

The n-gram generation component is aimed to generate a
target sentence by merging and ordering pieces of sentences
into one sentence. The main function in the generation
component is recombining algorithm. We apply Greedy
Algorithm to detect the most suitable sub-sentences that
should be concatenated. Recombining algorithm merges
sub-sentences into a target sentence by considering the word
ordering in sentence. The algorithm is explained as follows:

Step 1:
Step 2:

Define Fragment List = {Fr,Fr,,...,Frq}
[combine the maximum probability of
sub-sentence and its neighbor]

For each Fr,and Fr,in Fragment List that
1< a bsnend|a-b| =1,

Frg, = max_combine (Fr,, Fry)

Substitute Fr, and Fr, with Fr, and

delete Fr, and Fr, from Fragment_List
Fragment List = {Fri,Fr;,..., Fra,... Fry}
Repeat Step 1 until Fragment List has only one
element

Return Fragment List

Step 3:

Step 4:
Step 5:

For the above example, the output Result_Set in the n-gram
analysis componert is { {Arsenal}, {in}, {Champions League},
{picked up}, {a big victory} } . We obtain the result

Fragment List = {fBulugfevizuen .y suouin, W, fouzniihey] }

When we apply the recombining algorithm, the
Fragment List will be merged in step 2 by considering each
sub-sentence and its neighbor (at distance 1) as shown
step-by-step result in figure 2. The gray highlight identifies a
pair of word/phrase that will be combined for the next step.
Finally, “Griulngorfaenlisunicadiinghusudngn”  will be
generated as translation result.

Result_Set = { {Arsenal}, {in}, {Champtons Leagus), [picked up), {a big victory) )
m @ =] (o] 5]

~ T | /
Fragment_List = { {1Bulwjoriivues), (lu), {inuloula). (M), {Fosuznielng} ]
o @ @ w ®

agment_List = { {fulmjmfiwuen), (hu}, fuvulloubn). (W), {Fowusrdelngl) }
o

) & @ ®
\
agment_Lust = { (difhitwiordsuan) {1u), fusudoun, {Wsomicntitosl) ]
(0] @ @ “2)
agment_List = { {dulordivuon}, (lu), fuvadiowtn).{ Wirnenisbegi} }
m &) ] az)
cgment_List = { {sulmiorfivuos), {usssaToung, (Wibsuending) |
™ @9 )

Fragment_List = { {i$iihilngjmiinuen), ﬂuumﬂ’w;n}, f 1i6m;1_viﬂnqi) }

m ﬂ’)v!‘ “z)
Fragment_List = { {fidubsge 2 }, { 15y FATIY - Bn) }
m “323)
Fragment_List = { (ifiDulmyjgrfisnionl, { Wi h: fritn) }
M ﬂ.ﬁf.!)
agment_list = { (iSulngirdianionWirusafimghuryuSitn) }
(14523)
Fig. 2. n-gram generat ponent by examp

I CorpUSINEBMT SYSTEM

In our EBMT approaches, it is necessary to prepare a large
emount of parallel corpus in order to find a good matching.
One of the major problems is time consumption for collecting
a large amount of parallel corpus. We decide to apply
monolingual corpus in each component to compensate the
inadequate parallel corpus. Monolingual corpora in English
and Thai for analysis phase and generation phase is much
easier to collect. Since there is no word boundary in Thai, we
segment sentences into words by using word segmentation
tools called SWATH [7]. The occurrences of n-gram in each
corpus are counted as statistic information and applied in the
matching algorithm and the recombining algorithm. In
bilingual corpus, we collect bilingual corpus based on our
previous work in general domain. Sub-sentences pairs are
manually constructed to increase the opportunity of matching
in the analysis phase.

Currently, there are 104,893 sentences and 561,387 words
in our English corpus, 16,749 sentences and 84,292 words in
our Thai corpus, respectively. In parallel corpus, we collect
64,990 sentence pairs. There are 218,144 words in English and
182,243 words in Thai. The number of sentence -and
sub-sertence pairs is 91,068.
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IV. IMPLEMENTATION

Figure 3 shows a screen of our EBMT system. When auser
inputs a source sentence in the Source textbox and press the
translate button. Translation process will be started. All
translation processes, starting from the analysis phase to the
generation phase, will be represented in the Status text area.
The translated result will be shown in the Translated textbox.

dndnmdfome® which means “the definite article preceding
proper nouns™.

V1. CONCLUSION AND FUTURE WORK
This paper explains an n-gram-based EBMT system for
English to Thaimachine translation. The translation results can
be achieved by applying n-gram model technique in

To increase the speed performance, all necessary information
for translation, both from our corpora and our dictionary, are
loaded in memory. We develop the Trie structure [8] at the
word level to represent data in memory. This system is
implemented in JAVA 5 platform (cument version is
jdk1.5.0_07).

V. DISCUSSION

Example-based machine translation is a powerful technique
that applies corpus-based approach. To translate from English
to Thai, we investigated results and found that our methods
have advantages on the complex sentence with exact partial
phrase, if they were already collected in our bilingual corpus.
Moreover, translation results of some metaphoric sentences
and proverbs are also acceptable. However, there are some
drawbacks in our method. Firstly, we need to collect partial
sentence in parallel corpus as much as possible to avoid
misleading results. Secondly, if suitable results cannot be
found in the parallel corpus, the system will aliernatively
retrieve the answer from dictionary. It might lead to incorrect
result because of word ambiguity and word omission. For
example, a word “the” has no suitable translation result in Thai
and will be omitted. Unfortunately, it will be translated to **h

bination with information from corpus and dictionary. In
the future work, three main issues will be considered. Firstly,
since it is difficult to develop sub-senten ces manually, we plan
to analyze the possible pattems in bilingual paralleled corpus
and develop an application for generating sub-sentence
automatically. Secondly, If there exist more than one
alternatives for each sub-sentence, we will select the most
appropriate alternatives by considering the statistical
information from the SL monolingual corpus. Thirdly, we will
develop all possibilities of target result by applying dynamic
programming technique. Finally, translated results of this
system should be evaluated based on standard test set.
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