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Syntactic Category Prediction for Improving Parsing Accuracy in
English-Korean Machine Translation

Sung-Dong Kim"

ABSTRACT

The practical English-Korean machine translation system should be able to translate long sentences quickly and accurately. The
intra-sentence segmentation method has been proposed and contributed to speeding up the syntactic analysis. This paper proposes the
syntactic category prediction method using decision trees for getting accurate parsing results. In parsing with segmentation, the segment is
separately parsed and combined to generate the sentence structure. The syntactic category prediction would facilitate to select more
accurate analysis structures after the partial parsing. Thus, we could improve the parsing accuracy by the prediction. We construct
features for predicting syntactic categories from the parsed corpus of Wall Street Journal and generate decision trees. In the experiments,
~we show the performance comparisons with the predictions by human-built rules, trigram probability and neural networks. Also, we
present how much the category prediction would contribute to improving the translation quality.

Key Words : English-Korean Machine Translation, Syntactic Analysis, Parsing, Intra-Sentence Segmentation, Syntactic
Category Prediction
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A small TCL interpreter, which can be linked into the code,
interprets the strings.
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((s
(NP-SBJ
(NP (NNP Pierre) (NNP Vinken) )
()

(JJ old) )
()
(VP (MD will)
(VP (VB join)
(NP (DT the) (NN board) )
(PP-CLR (IN as)
(NP (DT a) (JJ nonexecutive) (NN director) ))
(NP-TMP (NNP Nov.) (CD 29) )))
(I

(a)

(ADyP
(NP (CD 61) (NNS years) ) —>

Pierre/NNP Vinken/NNP NP

61/CD years/NNS old/]] AJP

will/MD join/VB the/DT board/NN as/IN a/DT
nonexecutive/]] director/NN Nov./NNP

29/CD VP

(b)
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Pierre/NNP Vinken/NNP NP
61/CD years/NNS old/]J] AJP
will/MD join/VB the/DT board/NN as/IN a/DT nonexecutive/J] director/NN Nov./NNP 29/CD VP

(a)

2, NNP, NNP, *NONE+, 2, NNP, 2, NP 2 13 13 35 2 13 2 0

0, CD, JJ, *NONE%*, 4139, NNS, 3, AJP 0 1 6 35 4139 12 3 3

408, MD, CD, MD, 1520, VB, 10, VP 4085 10 1 10 1920 25 10 1
(b) (c) '

(T 6) ZF E2i% AZY S5 9B B HolE e of

X ZHnumerical value)o.2 W3Rt ol F 9] Wall £ scaled conjugate gradient® AHE8FGCt [9] AZATL 2
Street Jounalel YeEltE 2E @olE &89 A H(sort) el &9 AlZ(hidden layer) 2.2 TFAHETY &8 Z(output
T 2 gl A ge dASYY IF YA A 5 layer)2 7709 F#(newron) 22 o] Fojxit} t1dd 23 o

: (

5‘1 el daiMe shie A4 gg &3k (19 6)9 g AAT sE & AF ol 2 (validation error)7t 73 2}
e AMA dolelE [2, NNP, NNP, *NONE=#, 2, NNP, < 2dE AT ABTY 24 AFdE wnsig(S,
2, NP[JIH] o= A dolrt nf =Hatelw, A ez} wiA hyper tangent #4)E AFSstHed &9 Zde siglF,
2 BlE NNPolx, £& ulo] H(clause)ol SRR &3, sigmoid )& ARRBAHD. (28 )2 A% s5 7
FHA o}l uf F }°]—L F¥A g 27} NNPoln, & AollA g o AF oo ZAh EFE Heln ot

o) Zeolr} 291 NP(EA) B&olgtes 2& velid 2 AzZze] e oz AFY H(mean squared error:

A Ey g WL AE ZF(symbolic value)E fEo=z MSE)zrols 7}2%&L epochd & ueldth 261 epochdll

AR F gl7) Wl AZEE AAE dolE E vt A AZ o7t Havh HYed of of 44E REdg 7R
& o AFge £3 e JdEgo= HE d&g 93 zdz AR5y,

& A goz WIdsd (o9 22

delBE AT, 3, B4 s FE T 42S 3

T meEE

00045
S gos wasgrh ©d AN dolHE 2 1313 35 -t
2 13 2 0]21dl o] NNP-> 13, *NONE#>35 NP>0°.2 00035
Eﬂg@_ éJ/}-O]TL}_ 22 1127}'4 —5_;”/;\ Eﬂo} E1 € Agx-] o}-oq EX—] OOOZZ: r% —&—Training
E39 A4% W52 s
B oERAAE PR O¥F 43 2AE 2R @ orors | &
(classification problem)©.Z 7+Fstm &% EAd A O(;ZZ;
49 7|4 &<i(machine learning) B¢l A4 Eg a5 0

olgsted A& AstnA gl 24
Z719 146373709 === FAHE EZt AAHAL
EdY 7R A7 (tree pruning) FAL B3 HFHO
31NN =28 Jte ESE AYsETh o) EYE o A B Eto] a9 HEL o] &3tE WHdAANE ¥
gate] s delElel 15570 TR AT o A Ag T WA da, T4 A, s g AR o
Atk TE W9F dF HHoH B4 dolo] S 1y st &Y vt232 Zd(hidden Markov model)®} HIZH
8l7] 9lste] wolg EAo] TFAZIom woiz} oF 45007) & &gtk & EE IR YF O} FolA™ £¥9
b EA43817] wjEed AA Egst wj$ 2L ez A = FA "9 Ezfo]la#o] JeldthE sl Eusl
Atk GolZ EAo] TEAINA Pkl FHANY wT TE WF d39 BxE B2 Effo)ae] et S 9 ¢
TAE 27 Bt BAHT o]Fo FuAfY w=2 71A £ AAste Aolx 7 7beAdel g2 7 HF Ce o
T EgR ugd £ 9o &3 2ol 78 F gitk

A

Pr(C)Pr(trigram | C)

C'= argmax Pr(C | trigram) = arg max
C c

SR, A E2l G 8T £E AAHE o Pr(rigram)
g3Q=E AT BEANE 21127 & 300042 A D
v o] ¥ (validation data)Z Yz 19112715 < dHolE 2

A I ng<2 A S = B e 5) [HHA hidden I . A hidden 1 L 28 E 7 =115 10 7
}%jﬁq; Barly stop pg= Hestel 1% Fﬂi] 191 ohef R e Ly T e Loy, S A a5 10T
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C'= arg max Pr(C)Pr(trigram | C) (2 2)

2 =FdAE (28 69 @% 22 dAdA PO
Pr(trigram| O& AMAem Folzl e disiA 4

g ol RE 7bed 7 MF dF & %2
Adkste] 7bE e FEE JHAE TR WFE £EY 7

7 Hse 248

.{

41 clolel 44
2 ERAE nRe Aol Bl FEE TR

(E 3 72 HFE oS 45 LIIE 918 HAE Hlo|H
a9 24 NF dlojgl 7l
WSJ 4,000 4,626

Brown 4,001 3321
IBM 4,404 1,403
ECTB 3,825 4,834
gl 16,230 14,684
(E 4y HY ZF gt WIS 28t HAE ooy

4 3 Ne

WSJ 202

A% 58

3 9

@A 60

A 369

42 72 HF o & &

T27h B8 ¢ (parsed corpus)E ©183] TE HF PR AR ARY £ =Rl AH B, AAF,
42 g volelE AAetTh Wall Street Journalld  EA} g Egjolzd B8 olgstd TR WE =g 9
FE@ 2 TE 24 AW HaE EIAAM HRE @ g3 342 448U 2 g e 959 A
TEEe dou FE FEIH TT HF A5E AT S & (accuracy) 2 Bt AFEL HAE ol
A& nistdch 34 Ay WHES AT 5 ol o} o&o] AEF dojE] 9 HlE AP} <F 5= 7t
Bl A4S $3te] Wall Street Journal®] 427,180 ©oi= + ol TE WMF dE A8A] @it Hyrb g HAE
AH 19697 30 7E BEAE LEAZREEH £33 g
dojely F&F HFE E2¥E <F 29 2y (E 5 T2 HF o= dhtio] M5 TII)
=gl | AEst) o .
(Z 2) Bt G0l 72 WTY 23 2% =9 88 73 439
. . 4486/4626 4274/4626 4065/4626 4408/4626
TE 9T dels A+ WS (o7 (92%) (88%) (%52%)
NP 14,09 Brown | 3003/3821 3367/3%21 3171/3821 3478/3821
vp L% (94%) (88%) (83%) (91%)
IBM 1331/1403 109671403 1193/1403 1211/1403
ADJP 3806 (%5%) (78%) (85%) (86%)
ADVP 334 ECTR 4671/4834 4353/4834 4359/4834 4623/4834
o . (97%) (90%) (90%) (96%)
’ 5 14001/14684 | 13090/14684 12783/14684 13720/14684
SUBCL 751 (96%) (89.1%) (87.19) (93.4%)
RELCL 46
L 2112 <E 5>9lM 4 H2E dolel guitt b B& A%
S vehlle JEEL A AR FASAL. 28 F5
2 ERAAE TR UF 43 4% W) qu 98 SIMAUE TEA) AT FE WT A% vl 2
= = X =N L= = o
A2 delld FE 4F odsel 49 Fdlashion °;°“;_}7*;} P Eﬂi"q}“ A ;ﬁqi;
£ © < h= ° 3 = THa=E A pid
quality) @l 7ldste AEE syl YA H2E b ;s:o e s‘ﬂi:]j:]l} Lx;joﬂﬂ ?;_P e
olHE FEIAT z% Holelsh Ze Wall Street w e mEE I AT w1 T
Lo . Zol 8L 71 Wo] WA FHAE A A¥o] 7
Journal, 2282 Brown %%, IBM w4, ECTB Z&A N !
Zo TR BME REAJA HAE folgE a9t w2y ol Apgh] o9& FA 9 A wfFoj T 4 gtk
coTE Y e e AR 3 dF FEE o= AR & 4B Holn
a29n WY B WY WE Ss AR 99, A, . ] -
swm manes sae AT AR S g% el M ok 4%l 2
Wall Street Journal, Z2ja n58m I =3& oAt & = 9

ZZ59th <E 3>, <FE 4>F HAE Hojgq tg £
2 HoFE

-
3%

6) & A

F/HAE dolE £, (FEE, %)
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HES oW waos ERT AW 2EHeA A4 ¢
glon Ao S AMM F71e diolHE o] &3 Ed
o st o] FIMA WS e el T
A #Ag ¢ gvke FAE A do

43 72 HF o Fo 2lst HY EA Ml Hot

<E >M Bxo] 24 E}t /M F2 Aee B
orpz ZAA EVt Y 7AE 4o TR 247 F
ot & BT dFd 9% Mg 4 4L B
o, 24 Eg g5 IR oA 155719 FEE AL
w8 <E 6>2 75X 7E U5 72 £ RYEh

&6 2E T2 6T 0 75 H2
EX FE ¥EF T3 A
NP 3H
VP 14
ADJP 16
ADVP 34
PP 34
SUBCL 21
RELCL 1
A 155

e B9l BAE el 740] Bokel wolFH L 100
% wHoR WARE WG, TE UF 938 A
& A%9 a8 2L A% weel oE 2R BT
BAE BT TE A dFel bt e LYol W
T2 B E5E FASA #dEy] A <E >AAE
T& ¥F dF 739 AL E(coverage)s RAFH <&
8> F 7k Aol d9 ARrt e 39 F F WYy
FE M H4rkE A% £ 8 d9HEE BAET

@ D 72 5 oz 79 H28Y
o9 g 2% e TE WFE7L dFE £ AF
WSJ 427 250 (58.55%)
AFHE 169 112 (66.27%)
A=A 153 101 (66.01%)
HAA 150 85 (56.67%)
A 89 548 (60.96%)

7 SYHANN 2H Es AT 7HL UPenndl FAL €l gz
HAE ol FE BY7I7L AHEsHe FAMS AF AR dsste 7
B WE 43 FIg WPse 7Eo TE FA7)9} EEA

8) 24 EdY 93 fEE ¥ F& T (default target category)s HAF
TANP)AH ole & B47]e) HReA gon EE BY FE HF
& ABER REF FHE Faste] PR EAYA FRAAD. & OF
E t& A8 Aol TE UFE d55A 4EE A

9 H§Ee TE WF A9 vy} N 3 299 Asst FE 9
q58 vE Ao = Fde

Yt JIAHANM TR B BBy By

o
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2
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Ho
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(7 8 HY 2 7 ZH| ASE 289 #

Kk =3 AF AA 23] HE (%)
WsJ 3R 188
AFH 27 466

A 14 286
b | 8 133

A 236

HE d3 3L E
i glew & Eio] B WHF
(main clause}7FA1i ki 74 E o
HA e UrA 39%e AA g AMRE6970) wHEl
At B 5 Ak webA 45 dide] HeE A9 B2
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