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Abstract This paper proposes a hybrid machine translation system which integrates SMT,
RBMT, and PBMT in serial manner. SMT in our project has been implemented as a
quasi-syntax-based system where monotone search is done, given a preprocessed string of foreign
language. Preprocessing includes rule-based reordering, NE recognition, clausal splitting, and attaching
pattern translation information at the end of the input text. For lengthy & complex sentences, clausal
splitting twmed out to generate better translation than normal input.
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© A0 ZFoATh 2y AE-S dojdFoeg YA
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1A 834 Esta, Wadn ol wste 9%
HEF g Bole ole: W7 ojfiEC) W feature
function$! distortion(reorder) 29& oj¢} g=ojs}
Zol F-EE(syntax)H LB Ao)T ol WA w
e A9 ole WZ(global distortion)& A3 A
EAE] Rale Ao) EARHoE AriEe gow, o
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1990 IBMolA 4¥E g “Statistical Approach to
Machine Translation” +=&(1] °]% SMTel i3t =9
7t 248 =tk Wy oFHPE sEeE PE
dhe olzel WAl du], SMTolME $43 ndy
g B8 WY 3vazie Hy vde Fusia,
o] dg AL WS £t SMToANe W
FPe obfel 2 HAg T~ EHHEY

%, =argmax ik, e}

H

A (D) d8ty JHg a2

o] BAY e{=el,,..,ei,...,e,7]~ Eog o
A, W9Ed gge] Y & 9] EEY
k/=kyso ko k; & I argmax®s 37 &
€ HEd(objective function: 53 ) 230l
33l o] EE P (an optimal set of sub-
solutions)&  FHollgke  9m|EA, YIZY(run-time
optimization)& YWerAT}: Shannond #FL AgQ =29
E g8 %71 SMTY ¥ Z2A2E ¥H9 =2d
(translation model)¥ 21o]® " (language mode) & #
siEch Herde 42 wojr) B3 Qloje B4 tho
E 99E 858 9o 2de AXE B3 dof do

mht 200 #Ee & A §E

6=arg max [12e k)
g g s=1

A §
y =arg max {H pv(k«)}
2 (2) HA Wy/de] 3d 2308 Ze HIE By

gurzel SMT g H3L 1Y 19 2o ¥d3y
25 9F3 HEYEC] 111 Ug3e H2E diogo|n
Ao rd dojnd)s sFdr] A% AFEE
o9t IHAE gubdgog WYyl s % F
Z5 71} web crawler®£E aggregatorZ 3 u-z%
o A% HEaysE UAdRdg FA3) A4
gasin, @Y 3Iwae EF0e voldder g
{(well-formedness, 283 #¥) &230E ¥dse o
ojwd-g FHsled dasdit sgold WY o|gE.]
A ZE 2AES f531, AE R4S HF 71FA
g 243 A3 ggoln, RS WERY, o
Al X (reorder) B, Ao Bd 5L I

B} Hae] yae 4] V8 2dud ohlzt Wy
Ao} = factor(mapping) 58 25 2d¥ 3
of 74ERd] wet My A¥she 2aAF D7 log-
linear) oM1RAE NEA R Adstn vt 2adF
2y HodesvRrdas dux ok

exp[Y." Anhn(fci| )
FiexplX Anhn(ie))
2 (3) 21 AY rde] WYgE

Pr(k e =Pkl e) =

he 7B factor (mapping)g 24% s Fa2H
T (heuristic feature function)E Vhetel, o] g
g ool WYnds gdojrde] XEFo] Yok MY =
2Ajzo] 9%e vHe Aoy e factor(=fea-
ture)] B}E T2AMAE RS 7] ZHgHad
Z7kslA Bk A AE A2E5Y EAE JEe
=3 sizvigio)n, M& AATSe) ) Agoith

” S
a, =arg max{z log pifu(ks les)}
a s=1
A @) 33 24 7beR g

th4=9] Bdl(feature function)Eo] WAF] 230]
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* : ngram longuage modsl for scoring
waliformednaess of a ntural language string

a8 1 A

£ o3tz /M A5 #3H(optimal) 71X
B & 8<5(optimal model parameter tuning)3l: AT
8} FA(regularization)o] FRFHHE, Aol MERT
(Minimum Error Rate Training)[3)7} 48 AM:-Ex
AL, FA sk T2aPe] FAHY gk

N M
§ ~argmax{, Anholg}, @)}

‘ ki =
2 (5) 212 A¥ =d 7 9id gmy ol gA

2 (¥ siAE 20 4% 2d tagde 9
T e, e.a® AASTY A 2 FFgE v AR
ki, ke, ki 2 o]FolR EE d& a9 19 tdd F3
3 ¢ 18)Z&(run-time optimization algorithms)g %
A gohin, &9 E2 9 k& 299 5L 3
tslete SAAZA WY Al2"l9] 28] Ptk

Z719] «F volg 7|8t SMTe HY 4L o]
AR = glol mE A7 el 2 4 o, A
449 HYgEo] vuy AAx2YPrke FHL WAooy
YEES dogygoez QA EN(parsing, sense tagg-
ing)dtd 42 ARE WY HAAM FL3A Ede
A, s=xoie} Zo] FEEHoz ERAF dolo B3 A
A(surface string generation) A9 @&d HY o
HENM dlste QE-HAYE dls doj9 ol WA
olflEd] thE feature functiong) distortion(reorder)
2de ofojs} FFojel Fo] ©o] FEEFHOE Ao
T ojzt WA WAskE AY olg H7(global
distortion)& HAsHAl E28R T3l d Fo] EAH
o2 A= gk

@ sat of fanture funclions

F A Al2ge] dntAel & I

dojdtd 24 ARE FRI}E offE
Jtd, B dFdMe 721 FE/EES A 9
3l EElE A UE OF f3ge 3
#(search error) 7}sA-& 011, YEE Fo F/EF
o 1zte] AR & of¢ BF wAL FEFo=H
A distortion & EdE tlmZg A AHE3A EA
U Algshe e 880 B =2 Agse W

HED g do] o] FUHA LAY, “clausal
restructuring”& 53 SMT9 de Bg3luxl 3=
EFAY ZhdA FARE A7 Al o8 2tk

Lee et al[4]2 #Fof d&9 FA E(POS tag
sequence) JRE ulgo T FEL AHHZH XM &
gl @iZog wk=E TBL(Transformation-based
Learning) 7188 AAsIAt. F/E-50] G oE A7
HE 7HEE7E 29 24 9HE 29 5 Q7] 9
ojt}.,

TE B4 ARE FE dE oled EF dojgt
AR Ao 2M, global distortiong 488k
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BT AekEld) Collins et all518 German-English
HE A 4EE 7 FH4% F, 2 7IA reordering
FEE Fgshe ez A gATt distor-
tion TAE o= AT AT 4 UL HAFgh

Xia and McCordl6lE T& Eg Aolx FY3 B
EE Ze x= dlge] 1 45 e gs global
distortiong& HAsshe FA& SEshe WHE A
Bsact.

3. st0jHE|= B A|AH JHd

3.1 e 2E Y

HE IHLZNE 98 A9R do] g FRE F
olfjx, W $E(likelihood)E FAsh=H AMEEHE
o] HE AL A7 2o LF 229 giza+t+Do)
A&, Fube) AA dol AU HermesE
AEErgrh. @AHermess A4 BM1~3 38 ¢ag
9% HMM A8 gaelg12]e] 785 g Ao
B F7MAEQ A8 B8 FAPHAES AbH(prior) ¥
AAS B8 F URE YT AP o Fgolrk

HH RS AN 19 2ol TAse 2E
429l Mosestt Phramers-& AH831A 93, Qualia
WY tzog dABK Ay 7FEIAT Quatiadle
F 7|4t beam search[7,8], finite state transducer[9]
o % g Aol g glen. ol H3
3 d1EEe A%dor 44 18 F UAEE HA
saavt.

HY Al2glg P& YiiMe g 32809 o
2y ol9ex B& ZEEo] dHasith BF Ry,
EZ g7, AA%E 947 (named entity recognizer),
A/F A7), FAF HA, ek £47), FE £47),
n-gram ¢o] 2Y[10] &£d7], 38 HEH F37] 2
#9 &3 1Y =g Fo| nBEHelth 9o F¥ £
A710& AGG Uz 285 BT A AFsa)

solnegls gol FAF BlAE TNT Taggerde] o7]
o) FAsY FEIEI, LDC(Linguistic Data
Consortium)eix] #88 A|F3E Penn Treebank&
83l e}7)(transition, emission) R¥-& FHA AT

o] Held BH7E AFAY InAZ o),
trigram @< FANYR, 7aAS $Er4L A
ol BEE o FIEHAE Zta YU Hejx: EXSE A}
|3l= AL do} AY(bitext alignment[11-13DA] 3+
Zole] AE P9t ode] ofd Feh W2 UEY]
HajA ot

1) http://fech.com/GIZA+ + html
2) http://www.cs.brown.edu/~ec/
3) http://www,coli.uni-saarland.de/~thorsten/tnt/

1Y 4 MY Al&Rie] L2 AN

AAE Q471s & A o4 EEos A IH
AL FRe glAEte 9ol gAbao](pseudo-word)
2 @3] 93 ALgstach

AAE 7Y Fo G948 o] ol ol g
A bl HAF AA #Ao] monotone search 7} H
& vteed 9ok gebA distortion @& AHEHA]
o finite state transducere] 213k tlzmg HA M=
o] FFo] AN LEZoE AR AHHEG

A7 AR A MRS €99 FH=R
295te A9 FuEd v EEL o4F 992 B
= AYs 1y

A7 ZES 843 WG A&Ee FEIA WY
Nawl R dauyt AR REES oSd 2ok

- 5-gram Surface Language Model P(K)

~ Translation Model P(EIK) for general domain

~ Translation Model P(EIK) for equities market

domain

- Reverse Translation Model P(KIE) for general

domain

- Lexical Weight[14] Model Lex(K[E), Lex(EIK)

- Word penalty

- Phrase penalty

- NE Translation Model for equities market domain

~ NP(POS only) Pattern Translation Model P(EIK)

o], 7 2 g 29 gizat+3} Koehn® phrase
extract/scoring 3% A A2 HermesE #8314
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T A9 588 WY 2dS FaAF o, dA HaE
ME AT 39 ol E gizar+7Nit MY 2L A8

5-gram 3o} Ao 4L n-gram 29 Hd ¢
%3 (maximum likelihood estimation) ¥ Kneser-Ney
BEs) daeEg AFH FEstd EFEAAY. NE HY
29¢& Financial Timeso] g€ AAEE MAAF <
2718 F28 F crawlerg ol§sl ol &A=
g Hge] FREE 473, Hermes® NE ¥HYg 249
£ FAAZY. NP 98 9 2de 3904 Mg}

3.2 slol=El= WY Alad] 75 HEHE

solBge Alaglol FEF BFE2 AR SR,
ZA F 7 B304 Ao wE F Utk A HAs
st ol4e] ¥ig Alx®l 2% Rdg &34 ZZAL
od H&3e A F AAc Y o WedAL o
2 s A wgddel A4se wdRy &
¥ A3 yde £33y 9 9 AR oen 4Ys
= Ao},

£ =M= RBMT, SMT, PBMT ¥4 Axd
F% Edg P2 JAse WAL A9

RBMTE 430 9479 Qolgd FAE 2Pk
POS tagging, 28|31 Fphrase)?] A3 T2 &AM
e & EA{syntactic parsing), YFEY EE 5
#A2A7E AAE AANER), a3 olHg ZRE
B3 FE F=x9 W (syntactic transfer: phrasal
reordering) #4E& X ¥

SMTE o8 W#lexical transfer)® ®@%alz, ©l
HgoAM HE o] HLHE P Yu] 4o
Qe Aoz 7HE PBMTO] 9§t HYE Y4 =g s
g g4349rh

olZg AE FRE AT olfE A" FHe ¢
ol=7} Hz3 Hrh= FE& £ 4 Uth RBMTY 4&#
o dold EA4& EAshksul Aol U7l wEo)
SMT9] o4 #74 X d(reordering(=distortion) model)
Bt} iAo, AAZ ol WA Edg vzy 33
oA F8% A, d¥E] Hojd4E WYRe] Fe
El7} goixe RAeE #FHU

HYE A (lexical generation) ZWIXE SMT7}
RBMTo) g} A& zreth ot 48io] Zdojads
& dzg §x7 ZoAn Wogndd XA gL
tEEo7t R UL BY FL& weL s
317} oYtk Aol Bt

olgt 22 EAE Bgslr] A3 d49 Wy 4E8s
gz F713ld dd d38 Fo] digMes Wy
9} F94o) YATA YEE Yk T AT @
9] gt &Y A% WY Bl obd Uutk A}
oA toirt AHHEE Aade F3HE9t)

-
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3.3 T8 ol THERE

& Aulge RBMTHA F3ske & 7= HE
{(syntactic transfer}g T¥tl fjZojsl GRS gt
Hog BYFE ®WFd u} ©o/7 B9 &4 A7}
WA vpdold), 78 €53 9AA o] WY oHE
& Ay

g MY ZEAsE AXNE B9 FEHAUT.
ol AuE ZEAMAE eI o] Pk

N O\

l | l N\

Frult flies fike Det N
f i
a banana

/s\

NP VP
Adj N NP v
AN
Fruit ties 0 M

-

I 5 ol Al

ol 71832 SVO, F=xolE SOV ¢lojelr] w
Foll A= #F3 Abdg TEHSYC dFEY A T
Z7} $4=Y parse Ed] ARs AANE Aue] g
H3, 22l AE x=(node) AAo] TP A kX
1 ARE 3 o AulA A HEHeAY o
2Eg gagc o] Bl AHdez AYPHE {7
ol A9 YXdhe do EX4Ee] #8€YTh

AN &g Avdste AP oz AT
F7+e oA} Boj(pseudo word)E HESw, HE FE&
Vs 7zl Uid 71 AHE ol WAE EAIY
Fejo] Boje FAYUR A #3880

AR 719 dae dmvig d4He] &3 e
AR},



AgE =g A8 IR

3.4 03E Z2=hx

g o] AHHNE o), 7 FEo] ¥ ¥
AE EAEE e ZEAZof) o] Z2A29
stol dd ¢uFe o o] aodth

2 R uY oE AA(<E) 44
3 8A9YAA A8 Aek AN LnIF A
4. Y% N-best &9

o9 e 2 ¥y $x AR
= F7} epig

H
AEAT oule

T e

g o] ¥53

E 19y §A4 golEe o4

Source Target prob,
boy A4d 0.7234
boy 7 oto] 7b 0.2341
the a 0.6454

the boy R 0.7454
went Zkh 0.5533
away EE 0.2423

went away Hitguck 0.7234

gzde 987 faMe A7 ArE olgsia
22 WE oujsh kE AAE VEL, F xE A
A7t ARHJEAS A%E Yl HELAS 44
Ao

t3d T2 A2E multi-stack beam search3} finite
state transducer T 7}AZ F&&Ych Beam search
o} & heuristic B4 monotone search7} ohi”]
ggo] B8 My sMdEE Y iteration mhth 2F0)
39 Az o9& b i WS e gy
Al Uy 220 e a2 FTE WA UG RE
e Mg ARG Wy exv) Be a2x FHE WA
3 55 | 71 AXE wnshH $47} pruning
© 7397 2R, o5g #AE AF3) 98 ¥

W FAhypothesis expansion)A] @A7R WY
g Tl digt WY vl L (prefix cost)9} oFF WG
9% FHEY A F¥ ¥&(future cost)E A
2AETH1I5)L wE #2-S Moses A&¥3} o) Floyd
Warshall all-pair shortest ¢i18}&{16]¢ E& A4g
ok zEa g AAeA shi oldel e #

R A A

ki

7gke] srojBe|E MY Al2F) 831

{(priority queue)E AHgF=dl, ol @A) HIS &~
A9 EE 47 59 FE #HY 7HEE Aol W
7} o] FAREE &7 HFo|nt.

43 Al 7)A(finite state transducer)e] &% =
QoM ol¢ M7A Ed(reorder model)S AHE3HA]
@it o} Hlo e AXEE o] BA4EE )R
atod gl 2YZE 9HET, monotone FAE ZHE
%, n-best HAF-L HAHHEE Pk n-best WY F
HE TE o]f+ n-best reranker & vlzulol A3}
71 gsAMelth n-best reranker £ FF F9U AU}
9] FHd] g MY A2¥ Ay 1w HHES ¢
TR FEE Agelth

3.5 & o9 ci3g

A 9d tage FEo] d¥E A HF A9Ee
BT 7Ve40) wotd Aolde 7He AT A=
ok, BAgol AoALE # Fo] FukEHow FU}
3] Bl ukE g eFUF WA shedE AR
Rog Bt

4 g9 tadgs g8 @xerle 38 AR o
2 A BAZ Iad) IREEY DARBAELS ¥
AR FATE F2317] Wi HEZ TIAYsty
HRo] EF AAHT T FATFY ¢d dEsty,
Habd e 9o FAde XY wel HGRelA F
Ao HfFete e Y/HO dZANAY FHolg &
ol Wabdel Aol YR 4 B 431
Wi, §Fo] ¢zl Aol ¢ £ F7hel A44H
2 g 59 74 AT
o JYF

ReCaptcha was spun-off from Carnegie Mellon
University, where Mr von Ahn is an assistant
professor of computer science.
oFE FE Wy, /A <14, 2 u9] 2l A%

ReCaptcha <Carnegie Mellon University_institution>
from spun—off was // there <Mr von Ahn_person>
computer science of an assistant professor is.
othE vimy di

ReCaptchat 7hd|7] & g oA Be] & ok //

A7) A wxE B Ahn & AFH HF o zaF
o] T} .
o¥Aa 27

ReCaptcha © 7M7) 28 dighx E=i=ged,
A7l A PlAH 2 Ahnd AFE 8ty zagolth

9o “d B FFHol AEE /T AY HelA
& & Aol BE2 P/Mad/ART e 59
W e A foh SR Bl dgEHYaE P-4
3 742 25 HEE 4 e Ae oprh A i
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Abdo] 23telo] & W, HaPAbe] i AAEH Qlelo]
Aezte] o vy £48 U 5 g& Wl EF £
2lE kA %3 9&d] ow AT APt P}
7t QARG E2F FATE depls el ohr] HE
ojch.

3.6 50 #2|

“ol(idiom)e 7Y ©ole] BaHQl ouehs ta
A E g HEAEQ duig 2A He deol/feld |
A Al&elo] ‘He kicked the bucket’olghs 4L ¢
gahd ‘ae dFelg FddEe WaRel AAdEd
ol ¥4 dlojg Wl ‘kick the bucket'o] thgk T &
9 AgEFo] EA4A FAY, EANAGHEE 2 F
7t Fol 2307} WolAA Huzm g4 oA 7|
7] HEolct.

Fo1F HAsie THE BoEE, AN 9AdA
B gojo AFEE FHo] 4% AL, o 7
i € =28 vy 2dedM sHeA g o
tlojelslo) 2o 7FA L EE ghEolok §lt} o]RA 8§
A o} 31y EARE e Fo4el EAEA gl
He Rolth. dAl FHE U9 AzFdAe d=mvd
4=5ES 1Y v, gL o] “forcePattern A7}
AZshe YR 57t RV $A EVIEE A
3tk
He kicked the bucket. <PATTERN> (1-3)=[Z%tH]

</PATTERN>

47 ARe YEEE R BAE F AXE)
VP zEdA FAFE el &o]E dlojE|w o]l A
A4FE 9 FriEe sigAdRot AVl gae &2
v} 893 o] AIAA (paradigmatic relationd))o] ¥
¢ EZ A 8A4E TR ¢+ hard pattern &
24 7 FHI-3 dEiAe F440] HaE Ao
2 7FE9 tzd #AA gl g4 == AN
A48t o] WAL BLIE PNHAAA g
8 99 71 AAe 47t dAs golzw vt
Ack

3.7 e "ER

Qualia Y19 tzvo) £§4E forcePatterne HM36
AN AP hard PR ohi} soft HEE YT
T AUk soft AL iAo 2 viFES] AHyHEe &
2 Ao 2nE, 8dF Zo] 7 AFHY 4LE X
e 7 oudrh

Forecasts range from 5.1 per cent to 5.5 per cent

annualized growth.

4) number = {0, 1, 2 -~ },
week = {Sunday-¥ 8%, -, Saturday-E8.Y)

A7) “soft HEY o EFo] TFH A= 2 AE
847 Uiz EA37] Wi wgRde] EF A
A 4 ¢k o)YF e ddoz Az Ao
Eg&A oIt} $9 ddA= “from 5.1 per cent to 55
per cent” 7} AXALE HEHez FEEH o, ¥
A4 (float-point  representation)¥¥-& X} EE
(FLOAT)22 A@sln yojr] 2458 Jd HY o
olgjWo| 2o A AL EE il

from FLOAT_1 per cent to FLOAT_2 per cent

=> FLOAT_1 HAEA FLOAT 2 HAE

A7) FEE “soft HY NI A"2A, o]FA A
E g dE8d] Fgo] /5 Fe dRurt iy
F 77 Ao H9E-S AN ok

3.8 ¥y mEo| 8 wl

SMTeA HEEd2 ¥lmAl Sg(unsupervised lear-
ning)ol] 2js] AAgck EM ¢xnelE1718]e HE=m
Had BAE 48 SAE W9ty & glo] dEy
og Bzt fygolug, oluie} o] AE LHI E
AFog AT,

( accommodations , } - ( &)

T 32 g5 oA g4 Wy 2dds o
oJHME7Y H@oE HgE u HysA X JEd
HY AN 5] EA%T. 9 ASAANE, HEol
‘accommodations, 7} 7150l ‘&'H FEH A¥ LFE
st BE 3719 B¢ U9 $E(likelihood)s
o W dHoleje) HAle] utel FEH A Dolo} g
dx ¥7sln & FEE AUHE entry’t MY =
g Bo) go] EAgd

oZd A Rt el WY o/ 448 7%
o] glemz g xEldr MEX S ZE AEVE
sog A% 99 2d entryE AAE=E & dav}
Ak

3.9 gl 535} ®ef

7ANY Alz"e] A% i AA ALEE fEiA
v 2 ¢le] Age]l gtk BF mrddAl AR
He dolv 7 9rd Fo4do] L& medind 4
3A g3, WHEEE ¥¥8E 44 DBEE £ Al WE
o]t}

£ 479 A d4 28 =9 A2 Financial Times
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