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(Intra-Sentence Segmentation using Maximum Entropy
Model for Efficient Parsing of English Sentences)
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Abstract Long sentence analysis has been a critical problem in machine translation because of
high complexity. The methods of intra-sentence segmentation have been proposed to reduce parsing
complexity. This paper presents the intra-sentence segmentation method based on maximum entropy
probability model to increase the coverage and accuracy of the segmentation. We construct the rules
for choosing candidate segmentation positions by a learning method using the lexical context of the
words tagged as segmentation position. We also generate the model that gives probability value to
each candidate segmentation positions. The lexical contexts are extracted from the corpus tagged with
segmentation positions and are incorporated into the probability model. We construct training data
using the sentences from Wall Street Journal and experiment the intra-sentence segmentation on the
sentences from four different domains. The experiments show about 88% accuracy and about 98%
coverage of the segmentation. Also, the proposed method results in parsing efficiency improvement by

4.8 times in speed and 3.6 times in space.
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2dg MAgshetd ol 283 wHoz ¥4HA Qe
A de=zZ3 YE olgdril] Hd JdEZY =
A8 e o7 sk A 24 E(constraints)E &
JA A PEe ATEH g velEls £33
AU 923 savee A5E VA g3 57
& Aldel AYLE 2dslsly] e FAFHLE &
£49 dhgolgtn & F Uk EF olRAL tE FA
el whel HiE Aol £ Rdg AFded, 45
o] HY dE=ZY trigrame interpolated trigram
[1214} back-off[1318 T+ &4 ¢y & AAE B
et olAF olFE HWEe B =FdXE Y JdE=R
3 Y8 AHE3oh

2.1 | Y==1) Kzl(Maximum Entropy Principle)

B =2oME B34 e 3R 2 X FES
== g8 749 phlnE ARG 97 y €0, I=
29 x& 713 o 3 2% AXUAE vehlle &
Waeolth, oldd &8 Rde Fuo] riAE A2 TE
EX(feature)=2 71EXE FAe 2a-4% =d
(log-linear model) & 731 BAE 5 Uk AL
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RE R@ATT

28 X7t ¥AE =7 Ne| TEA7E Fold o,
A®#d ¥ (empirical distribution) H(x,y)= ThHE%
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£ B B mEEe EAE0) TEXAN g
W BAE SulEA wgste RAoH ole EE 54
fie Bl sl p(f) = B(f)Eke AY zne=
xdEE § Joy ved o] Yeid § gtk
;:y o) p(A0) fx, ) = xzy o, Wfx,y) (D)
EAQe AR Frl F1HE W, AT 23 (D& HF
£ BE 8 X SoAM 713 393 HFE X p
= EAld disle FHd dE=zS A} o8y
EF BE piylx)9 FHE(uniformity)e o2
L 27N JEZNE ZHHED.
H(p)=— Zy B(x) p(31x) log p(34%) @)

Hd JEZHE JIAe FE EF7F & dojel
Az FBE FHMA e 7Y 3HE FE5
¥t HY ol Y JdEZY deEza BECH

2.2 Al RAKE 22](Maximum Likelihood Principle)

2dS 44 W, AF BRI/ oF7) 41 HA &
X AE BEee 5Hol A7) HE(14] & A
4 x, y7F AFFH oz BE(exponentially distributed)
ol ke 7HEE @k H¥ A4 Alddinear expo-
nential family)2] 85 ¥ Q& t&3} o] Rdd).

AN ={ 200 =ty exp(ZAA(x ) } @

AN A A FE Ze B4 sEEen
Z e &8 £Xs ¢7] 9% 378 44(norma-
lizing constant)°©]t}.

Zy(x)= Zy:exp(ZAif;(x, )

Y 2% g8 2dS 4% A Ade & ¥
242 7l3% AL AF ALY gE wd9 JAH Q9
AR st EX AR (gl A, 2
e Hu JdEZS g BE¥XE Il o§ g2
AAL o|Re| AUt AHII5IE o)&d + U7
Yook o FAIEE Ze FE 2dS 7= A
Ad AEZAE 7HAe & 2EE Fike A g2
Rolghe Aol AW HAx dojtk &8 =d po
8 dZHE A9H HE FX 39 23 HAE(og
likelihood) & EZsof 3t0), 22 AR L ;)€ o
=3 2t

_o,(_n’

mLofr d

X

L) = log, p(skx) &
= nyI Hx, v) log p(31x)
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¥ Ag Age g5 EXE AAEA = oxle] &
=EA Adstele £4 £Y &8 =dolth

3. 03 22Uy £2 P& x| MH

o] FolAe 23NN d53 &g BRdd EFHE
E4d) sl Myt 3H B Y& dolr} £F
Wl 7h=lE o3 E#(lexical context)d] ojsl 2%
dot Alge] B fXE ¥ BEHERY 2zt g
o] o3 FWg FAZA o|F Hol ¢ dlojElE T
3t vlolgte) gug 5 ‘BE s HR(Seg-
mentablePosition)"2 7Rd(concept) & &It o]
#HE Ad g5e B8 TR B IXE APk 7
g Y=t A7ld olgHE #9 FRyL FE =Y
o XgH= E4o] "ok

3.1 &5 28 92X

4L 9o, 7, A Fol F R 4 o8 A
gelo] DEARATR B F Jorz dile BFe o
€ 74 S84 (constituent)ol] &3t Bo} e A
HE(segment)2 £&E F k. 974 AadEE
AAANE Zedter dbHez odse Y A
e wgg J)Ed g3k B AavEY A
I X e F AIUEY AAS 2 F J& woly
AA7F TR Y fXoln olAe EF T4 AHES
ZAAe)® T M) A)E $JR|olc}.

3.2 oIHst et

% B8 o3 FE £49 E3=E 29 F 4
A ARy B3 £ ARg Eaoh} E4e 4

FEg £ A} Yutdeg ARg dole BEow
A& £l EEE OAG Edolg) ey B =

= AIDES Pt FTLS AT
T2 ot 31-NA Myt vie} Zo] HaWE
olFE Ty A FFsigh A
& B3 TR EF s N azg A

fo dr o o o
-3
2

2 Au3ti(directly or indirectly
dominate) Fo17 9ol 93 o] ¥ MaE AF
g 5 Js o GAS AaHED Tk

dAY Aade
HIRE §,,2 g5 22 =42 U5 o ¢Adsiy,
(1) N = w,...w, where NeN, k<I
@) NM=s, 5., whee N e N j=k1, 1<i<j
1% ‘= AR EE 3 AW #AE e

23 18 4 “The students who study hard will
pass the exam”ol] tigt B<ebAg B3 <tdd B
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& BAgrh a8 294 (a)e T WA A2dEs} &
o] 7F HEE 2AE 5 1 dH93o= 947&6}
B4 & 4 317) W BAAE £2olch 9, b

AAe A AR MIHEES JAINP)Y d$stn F
WA AadEs SAH(VP)Y tgdth a8ER (b)
< SHE B4 2AE 22 F AT GAG £t

(a) Ehe students| [who study hard will pass the exam]|

(b) Ehe students who study ha:ﬂ Lwill pass the exam |

a9 1 g3 WA A EEF BehAg B o

3.3 018 2Y(lexical contexts)

£ =RdMe 4-"o 3719 =S Wl ofF
9L o3ty 5o FRE EFPFE dol, tolg]
£ 7te AR, dolg] A& 2 dojg} QE2Z 2 toj
T3 7 ol FAL dojel 4F 270 dolg Y
+3}(subcategorization) K2, o]§ B 2% 127}
9] £X(attribute) 52 FAHY 1Y 2¢ 21 FEE X
oFt}

s _position? bﬂi mi—xwiuwnz b;—aﬁi—ll’xnﬂiq—z L9 oty S ot
ECPEEEFEEEY

o3 el 5 1A FR/7F Ak Aol 28 9
AE BN TEAAA A3 EAL YY3icd, B
X2 ZAE gold disiNe 84 oF ZW(active
lexical context)&, I 9J¢ @ojgo] UlFMe H&EA
o}3] E9(inactive lexical context)S HAgch wEX
o vehte dolels) o] HloJelRRE AXNEHE &4,
vgA B9 o= 19 339 2o

Of course his parents became terribly worried #when they saw what
was happening to Atzel.

olf £49:

( 1 when terribly worried they saw ADV VERB PRON VERB 0 1)
{ 0 they worried when saw what VERB CONJ VERB PRON 1 0 )

23 3 2 dolere} Y/MBA olF B oy

3.4 &5 Z& X M 729 MM

FE 2F AAE AFE A4 FHLe of BRE
TAsE 4459 =g F(conjunction)2.2 A ejFt}
TEE XFHeE dy] Y3l B =& WA F7

2) @ol7t A&
value).

3) 2elM 715 He B8 fXE vehdch

E2xoiZ AT & Ue BAYE BABRs o) Z(binary

ZESo %

$& Al 32 B A 5 50065

Ser(version space learning)g ©|&%th WA F3
g HE £49 =3F FHE FAHE AR T
3 2 oA g Holetg sy AAbstEA g2
Ao 2 (asymptotically) #A3} B HE #F& F Y
< Whoitiie]. 84, vigA BEdog pAHE I
& HolElE o)g3ty “BE 715 X" 23 g
g5 B3 TR EY AAE 73T F Ae 54 #
9 =2Fog JleHe /M4 hE 24 =Hn ozes
FEH FEALS Ao 73 HA I &5 B9
dofxo] Zzte] FA& 71 dwbAEQ 7t Mg &
3 M= AAZE AoAE HHE Fde] ok 3
A dnelge d9E 8 & dAt 4% J4e
At

%€ #A(conflict relation}®
7t b= (a,...a)st k= (b b dARA &
A ERE UFA %o F Ay AH ks bt 38 Ao
e =
@&Fband( g="¥or =)
A3 A} (conjoin operation) P
@,.t) (B,.b). (non6) §€ 2 7H5 ol 9old @ o,
A UL F A9 oy EAHE AsA ste] ol FHE 4@
(@,...a) D&,....6) = (g,....c)
s={a 3%

ol

E
e &4

F 7 o]de % 715 HAAM 22 e
goi7t 28 A7t Hed 9% Fo
i 7}7815_“4 w2 A4 2R FhHE F
T 5o @o] old 45L& FH B 4

2 ’“7§°ﬂ °§ FE vAE $422 FTh
& S A% Ui e P 71E] TE(rule
description), T3 #=(rule reduction), 281 T3
E-F(rule recovery)d] Al @A=ZE FAH€EC. “wE 7"
G &4 B9 dojets #Astd a3ES ¥
H B AXE AT & U= FAL J&sta, 73
& dAME vEA 9 dolels ol&3le ojd
Z9E 7 dolg FH ¥ 9= Agse F3
£ AAR a8ln “F3F B gACA oAl 84
29 dolelg #EAIE A GAA AAR #F

rlo

oM

&4 oﬁq g /HAe 9ojg FH 2Y 9A=
Aeh= ‘Qﬁb‘* THES Byt a¥ 4= 73 7|
& ¢ —LE] < HAgEth 14 7)E ¢ndEe 2 o
9 g4 01%51 e JYon 3o RE d¥E FH
8 AA2 AF3= 72 JFE Jedd 732
HA Oz X 3 AA s =59 dukst BA ¢
xe3he AE2A Fodrt

4) 4714 ¥ & @ FHdon't care value) & &u] AT}
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g9 dol wie) @Y oAf B WY Du,
29 @ 49 AUy AA (93 B AA (92 FAIE T WG R
1 By =0
2. 3% Dool &8te € kst I (i)l W, oheg £3%T
() new_lc = kciPic;
2 Ruol 28 Q2 7l W8, Bhag +Agct
a. new_lcst 7489 wAE AH VL,
b. if (new_ic <4 7¥8) then
if (7¥$ == NULL) then 7¥#S “ new_ic
else new_lc@ A TAZTAA dui BAT DHATE AN A4Y
c. if (new_ic %5 7¥8) then 7¢& “ new_ic

(3) if (new_ic is conflict with all 74SRu) then

- AZE Y g Oy Pe Jedh v g newle
- R~R U~
a9 4 73 71E dueEd

%3 7} (inferable) +
@ol we) oy Fo Kool 7 o] Y Fr EY AN 44 #4
7wl QA Thgg WS KuE 7Y Ted dd 3 Jledinan s
Ty b koo FAWT.

{ (ryimy rmd | 7im, 2, ko, ad rgm 2, ko, }+0

d4e: 24 S= wmom...u3 7Re) PG RSt = (R Ry R
&9: 5 Y AN AY P = (Do D).
L =9

2.59 2E @ol wol U g sRU

1) o8 B9 Log gy

@) wiol B T2 EE A2 43 FY By = Pofuode 28 73
ol Bt if (7 b Ku) then SP— w,

aY 5 3R BY 94X A4 gnads

3.5 £ 28 X MF Yy

d4g B3 A5¥oz P FHL o8
o BN Fr B A4NE 4] A3 F
7bs’ A Helg

29 5% BAAA ¥R BY 9AF 44%c 21
A5E RAZTE Foj7 £39) 7 ol o EUE
ARSI oAl 2 wold] U Fx BY A HF
FHOZRE “§F 715"% olF EAANE WU
¥R B 9Re) 4RE 2HI

4. X0f HEZD 2% & Ddol M

£ =FfdAe 22489094 493 Hd Al dEE
Hgsta £ 2ES A3 g5 2dg A4 g&
2de] 44 AL BF £ nise 54L& HY
3he @Al(feature selection)®} A8 A5 AE 835 =
d9] zt EAe gt memly A; & FHse 9A
(parameter estimation)® T3®th

B4 A9 dAlM s B0l 2ERHA deius

B

5) 13 nol Qs FAE n g2, 553 BAE no s2 BEIT 2
23 ( A F o3 EUzte ksl FAE vmAn

HNESE 7)1Fog she HEd 93 B4 A (fre-
quency-based feature selection) #'g& o)]g3sich ul
EF7F HL BEAEL Aol Hojdom s1Asly
FAIG, 3-8 Fobe) wte} /M8 FEe AL Z(cutoff)
e gkl tan B =RMes 102 A= ‘515—’,“—
o g AIATS. £ AR AP FFL ¥

AEL EX(feature)d] FejE Tdo] ¥§sw —‘—ET
o)A & 2= F<(binary-valued function)o]® TS

3 o] #¥HATh

WEOFP l=0

f E— {01}

A71M B Xxv(X: 29 4% F#, v {0, 1)
olth, ¥ e B 9x91A oldAE et} o] g
£40] 270X AEd Hd AEZT) E%I%‘ 2ol A
AHE-ET

g 91 24 IdFE vAe 2UEEA u8H
olof e ASL thd Zon AL A 7iRe dA
g 22 98, 293 A Y Re 7R £ EE ¥
39 A=E Hduis} sb7] A3 zedok gol9 o
Bl gole] 93] M, ok B A7} gl EA3)
E A9 ox zde] Az ArE AIUES =7
ol3 B2ux 249 dE UL 2tk & Bolrt “say”
 AS @A 2ozt B A2 HAdde AL u

g3l ol “say” FAP) FE Hlclause)E EFol=
zt7) Wigely fE2E A& AlFsEe 9 28 9A

ZEN & AZEE 7147 gEolu)

— (1 if Xyppe = “that’ and x,,_, =
Xy = -1
Felz3) { 0 otherwise

sl B4L WA wolrh “thar’oln ¢ wolrh “say”
7hE HASHE Sl oF THY SHsL 330
A ERE 2 B X A4 FHozny 2Eun.
339 FHe FH 2Y AN} AAE 013 Bue) £4
52 XY A% Yehhs S48 2T 91 240
#9% 2A € 4 Uk oF TUH S4se FHL

“say’ and ¥y =1

FAske WA 2z AN A go} S48} A
sitel A2E FANWA 220 I3 BUA 54 3

& A%l e Belwe,

&2 A% ¢udEe 7w

@4 %4 (active feature)? a
dn] +'»

A4 A ol(active difference) A O
= el §4 &4 [Pl Aoln me) §4 4 JYe] AU ),
=E % ";Zl—l 24 Hole dfut

nOn=A4-4
A% 24 (union join) ALY X
84 44 g8 7 fod (G )2 71D B fla,a0] O
/(,,) [l f(q ..... a) =f(qu,.a.a)

6) UF-Ee) $8alN LT Fog 5 £ 109 #E
298 dg ¢ U

olgste] WEYT
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A% E93 B4 F&& A% ¢19ES 3 64 2
o ¥518lE9A Combination(set_of active_attributes)
e BY £4 AV 4 $459 29 84 &
4o 7AE 54 A4

2L dolgtz 3 QX4 met 28 A=
A9E ¢ = H3=7t g2k ¢ Eol, “CRRES
on the launch pad is a joint NASA-Air Force
satellite to study the effects on the micro-electronic
components”o| 4 &3 ¢ UYE “on” BHti= Hol
HeE “on’0 £F HAE © HAEsich B oM
AAE £8 AA 2 A wgdsr] A ol
AA AR EH(regional feature)s =Ych EFL
AAH A5 FH(region)2Z U gojz} 913t
© 99 @2 Z 93 FEE A e dolE o]
2012 2R WA ol w,d F9 ge e Ao

region _value = [—:’.: XR
Q714 Re B39 99 A%E Aul@Tho 99
2 19 D2 o)lRoAH ke “on"9) FY g}
[ x41 =109, 919 ‘oo g gk 118 x4 =49}
ot Ay 549 die g8 gk
fulx,y) = {é if Xpora = “on” and Xy, = 4 and y = 1

otherwise

A Fu B 4 4N 72, RS2 = {7
29: 0% 297 24 38, F= A A
1. =0
2 AW RuleSersd &8 2E 7o) B8, G&e S0
W F=0 ;39 704 229 549 4%
() Fi— Combination( 7ig® 2E ¥4 £4)
() 7isAAY ARAe BE L& pol g, 322 FURT
’ a n? A3 Qs 7 8y Ho) ny=nn
b. Fa — Combination(n,)
¢ RE f& Fol g8, g 5980
-BE L EFO g FefNX fi
- FP.=F,UFUF,
d F, = F, UFk

a9 6 oF £494 =

4 FE25 9% ¢

o

) 7 afnie FAE Bl B2l == nol &4 a9l Folth,
% 99 $4& w=e) 54 ol T ol ohd S4elct,

8 F4E Aot Aol Y& F ) x50 WY Al 2 w57} 7
SR CEVELEEELIES

9) 98 29 ALE T hel FYE Asied o8l AR B $49 Y
T8 94 $902 Jie A2e B¢ 499

10) & £2AME 248 419 9902 F24n 2 JA4E A% 0, b,

f. sl 4749) AR B¢ olgat,

Edo] 8

€8 A 32 ¥ A 532005

OE 2E ARt Bl 2AREA 4R dAB
e 95 2AVT Gl BAL TR} £¥2 olF
AAEY YWHeZ Folt WA @] WEH Fol
ANE Bl A ghor], Heh BEAA 2E 9
BAR W A BT AAE F2 e30 925 2
% BN g UeE B¥ AAE Algol A
02 B4 BUIE AAolnE T B AA
ula) Aoz Hsihn £ 4 i oja@ olf=
AN A 28 ANAAS ol¥E dHE L¥L 9

Hr
tlo

o £ i

8 F83 a9l Atk 549 o& g Zuh
Filx y)={ 1 if %= “that andofﬁmgbe,e_m =1 andy=1"
A8 BEA4L dA doyr} “that’eln 3 FH £ 9
ARAME Felshz Ao,
gy 4 A E A48 A4 Ade B =
o] TPHE BE 549 X g ARt 2
=ZoXE [9olM A /AME Iterative Scaling &

22 &L o183l (ol F3e FE =249 JEA
A8 g AR gnEES gHu" A, .4,
o] & AFHoz A A &E Rde 22
AR @ FUHI7IEA BEAE 2Es ‘i’l’é’\]@ o
72 sEgeie gy 2FE AGdch B =RME &

< A%y A8 g &5 °]‘Eﬂ 52 744
vt zpel7t gig WA dnelEe -Addd o
2 $5 23S o83t ZoZe AT I ki
£ A% Fo dnES TS WY, 274
Zu Y o] wgrt FAY ¢ S UF HL
4 Fa3E WY Fol Uk dnyFY FE 2L
A Azt BF 2dY 2a-fAKE gl FEg
1

U

1

)

£

2& X &Y
Ztzte] FH B YAT M2 OE E4L AN
Zt ZH EE A7) 7HAE B4 wet £ 85
o] ttZA gtk FE £ 49 B FEL A4t}
= #8E v 48 F3jA Ak EF “But the
chemical company said it is progress on cost
controls and be coming more efficient.”)A X &

g A% “irsl B9 ARE xole ¥ W 2Y 48
e tew e BYe B9 2RIk A, vol i’
e B4 238 v § odA e &
s}nz fo A9E 54, A WA FR 2% 9AE
RS fy 54, 220 e 2 A A9 3
298 542 rhag,
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