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Agkd £ Qe ol FPuEo(zero
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(Figure 1) Anaphora and Zero-anaphora in Texts
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(Figure 2) Noun Phrase Omission in a
Wikipedia Document
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o] wl-¢- Faslth wWetA B =FdAE olF
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Structural SYME 0|25t &H

A WS o] &S Qe AlE
# o] B-3(SL; sequence labeling) MHAUES o] &
T A& AR 7€ AFAE FH WA
g 2~E9 ZF WAlFrlt =P oz A3jo] o
Fof gk o]x 57 Aol 7]RFgok(ida et al.,
2005). ©]& $X H(candidate-wise) 7]*Hol2} #
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2 F8% 4 9J+ Structural SVMS $-8] Al~
o] md2 zJelgtti(Nguyen and Guo, 2007).
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(candidate-wise) 7] ol <

o] B 4 Uth=
Ad 2 dolE

ZIMET FHEEE O & &8
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e A3 22 FAA SLe H85 A¥
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OE MAEe] Fo=E o
AA MAES] #HolES SAl
%5 98 X 9 29
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SLe| F&ol| o] & & A= 7ASHs Rd =
HMM, CRF, Structural SVM 5©°] $JTHNguyen
and Guo, 2007). F-2]& o] FollA 7P &2
2708 29l Structural SVME ©]-&3F3th
Structural SVMS G1F SVMS gH3ste] dytst
3l 2Hl2 A glAEL EF & BR3) Lxo &
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X, y)olA A= A (feature) HEIS} we] WA
(inner product) -2 F-3HTH3.34 %=). Structural
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(Sarawagi and Gupta, 2008; Joachims et al., 2009).
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Structural SVME 0|&%t BHIpA}

Title Zero Antecedent
& — | Anaphor 5 Search in
Document Detection Document

a ZA

...............................

: Restoration
Exist Determine if Title | *
i>land Antecedent Have|
i |Coreference Relation |:
: Determine if Title
s can Restore
ot Zero Anaphar
exist &

(Figure 3) Configuration of the System
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FAO: opAE oe] A=ohe |

Azve = 7| Ao dAgERgelt. FYSAWREES] EHeln, BFEZF 2007d _H

YA E A gl o vy Lty FARGEZ flE=Ho|AlES 2008 9€ A

H7 gEE  AAdA g FAFHU
(Figure 4) Antecedent Candidates in Text

oAHE Feste AFS AT A7IA 24 FH ol AojA zrle] FH o) faEo] 7HA = #lo]
of g BT (A do]), —a(HldF e F EE Fxsto] AAstnz £ HH O o] & A
golE F s Foske olXEFE = 5 AU 7} Erh= Holth SL 38 VIHES 53] &
o ZE SR FolEs ZAT ¥, #HolE a AF Q] FE(statistical inference) & AH&3F]
2 BERE $RIF 22 shy oW o] & Alddo] HEH o2 7 F2 (globally best) =3 A&
2 A3 e o]’ $HIF F 7)) o)/l 25 A & = 3ol Y2 (global) 71H ]
W o] FollA &7 &4 A(confidence)o] 7HE = g} Bdt) oo fEAQl dE2s FAEA, &
S TRE AR olgd WS TR OH A1) Sl 282 HMM(hidden Markov model)
(candidate-wise) 7]¥o]2} F-EZAKNg and Cardie, o] &85 £ 4 Ath(Jelinek, 1998). 7 Aol
2002; Tida et al., 2005). w2 TH 7)ol nis) SL ol 23 HYH

e el TR YRE (NP, NB) A 710l 338 %S 92 % e Ao U

AZ 3o AEx F 3 FERAZ Bl o]
tialed SLS asle] AA FHRE U EF
ARE Yeille 28 V= 0 ) S AA
3t} (=aor g 1 < i < n).SL 7|He EAL
dE AE2= e 7 dao golES AA3)

fror

] Qlth(Lafferty et al., 2001).

<Figure 4>0] Fo7 EA19] Z¢- SLelle]
#e otk oo Uig SL o 3 A7t
<Figure 5>°l] o1 it} 8 23 =449 ¢
olE A|F o] ot “A2hE = HolE a7t

NP1 NP2 P9 NP10
x= | &2kl 171 . S LRIE (EY ez M
-
Qequence Labeling>
-
y= ‘ ?J | _a ‘ ................... ‘ _a ‘ —a ‘
Al';;:ecedentl

(Figure 5) Antecedent Search Using Sequence Labeling
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ot = F= wol "I’(X, y)<] WA (inner product)
o2 ALtdAn A2EolA 4 x7t Foid of

y = ARGMAXy F(X, Yy, W) 3)

2 FEolA AR sfdEoor & A= H
Ao A2Hl seHEl wE Tohe TAIEA ©]
E™(training) |2} F-Er}. o] A= A=
714k 7] A8} <5 (machine learning) 8
ARgate] g
dA717] fleliA= st olE 7 B e gk
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Structural SVM 9] &H-& 23l 2= Lee
and Jang(2010)¢] 2A7¥+ Modified Pegasos &1L

£ 0|83t} Shalev-Shwartz et al.(2007,
2011)°] A3+ Pegasos ¥ B]|H YHE SVM
o] W2 FHS 213l subgradient 7]1H S o]-8-3}
= HHolt} o] 7|} Structural SVMo| = A
£o] 7153t=E 73t Zl o] Modified Pegasos
1] Eo]th Modified Pegasos ¥ale]E9] 3
AL o o] Aok HA 3 (objective
function) f & ©]&3l= Aolth o] &4 = w
of M2 Al2Ele] &4 (loss)S UERTH A=
£ Hasleh= 7 HA9 AlzH gehvErt
kA o2 SVM FA-E Al 243k
AE siAste Zlolth 1=y 4 (5) ¢
/ gojatd Algt o] gle HZs)

xml

137



(unconstrained optimization) A 2 A7t}

A 1
fw; AD) = ZIWII* + = Eiypear LW X0 1) (5)

o] F2AA A= A3 A, A= SE FE
FALNZ kMY AAE FE5t e FEFS
ojth, FHAA (x;, yi) dttoll o3 EH(loss)=
T8t & 12 e A (6) F 2ol AojHnh

[(w; (x4, y:)) = max{0, max,{L(y; y) —
ws¥;(x;,y:)}} ©)
o] 4ol A L(yuy)& si® 712|(Hamming
distance)2} 2e]=0] Visl V& 94 9HEE
2 e vimste] go] T 91X AFE Bk,
agla Y (w; (xy,y)) = (X y) - P(XpY)
2 Agt A= 9 AdA w8¥(..)
=F(xy,y) - FXpy)elth yirt Ag 29
°ol1 Y& s 7ed Eolmg F(X;,y;)
>F(x;,¥) ol 4330 o vopl 5 84 @&
o zpo] F(x;,y;) — F(xp,y)= Ly, y) o3&
& slojof A28l sehilel wik He) ghg 7Hal
et wekA F(x;,y:) — F(x;,y)
o] kol L(y,y) #nch &g 53 &do] g
o] A1 Zlolth. A= AAE

7—]0;&.

FAl A W g

v 28 Ao EAE k. 4 (6) oA
may(.. )E RE sy M 2 Ede T
=y o 93k &A4S8 F3h= Zo|) qhek o] &=

Ao] Fo|H o] 5(gain) o & | A3 oF 3=t

o] A o5& MEFA 2 Ao FHE
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Structural SVMS 0|&%t eH |

2o Ho]B g 7} FAFATHA A Yol A
o7} ZA8HA] U= Ao 7 Fuhi)

B4 el A Adsiol7} e = ek o)A
2s= Frk aeu} BARE »‘_%-?_o] .
@A D7) 3 EA ol sk Haofrt Aoi Bz
AA 2ARRTE o)l FAo} 2EY(string)
o Miole] ~EFo] A= o}\]@_ 2| 1E
& 1] A (matching) S S A3} F 2EF0]
AR AT AaE A3 B A-19] 7
S8 gHEste] BAlO|R BUTh AR FAle

rL o\ Hﬂ

i)

a2 o
T 24 E W W< Dol 18 ollEhd 0 & ¥
oh:

- sAlolsh Majo] WATE Balele] gl
HAL Y 2E d, sl & Q=TT A Al
2%,

-d, sl o W $F BAE A7t FE AR
Hol m, sn o EEr

- A0} = m o] BFHA] BfE 4,

[¢]
sl ©] sht2 EHW‘A}E}E % o D =
1 = AAsta sht= =
=0.

- HJU&OH FAo] B E m o] YWHHARI 75
e F=mIAmol ZOSHAD=1Z=
oll=d D = 0.

~ofl 10 FEAO] = «dn|x ZHEE],
= “du| 27l A§-
FAlo] sle “zEEe 7t Al 4 =
&2, sl = {An]2) o]ojA] WAL
“Au|E FHIEZ D = 1. (T, AdPol=
< WH” 2 D = 0)
o 2: Ao} = «x=g FA», APl =7F

Ao

(a2, =

tn="87g70] Iy A}Ol\:} T o=
RE <A oy gowmg P = |,
ghof MafojEn=«xz e o] Hoetd s =
“Iz=gproloji m I EEE D = 0.
Structural SVM 2] SL $=3) 0.2 &4 joj A
o5 2R X7 Aol FA07F Bl A
2 T UASAE Bt of gt} o)7L o]
BHF EAZA g4k SVM & AHe3t) 1 A
o whe} EAl| 2 E-AsAY (BHY B-1), B3}
A 28 5 ATHEY B2).

tn, sn ©|

4. M3

oot

% =t

4.1. A'EH[0|H

ko] 3.3 AojA At xol 7 =
o7 ANZELS JEsr] fEjAe EE Y
EES % QAE]O]H S7} Z sttt 5
AE sl WAAFRL o] f]7]9 o}
B Ao A TL"H%“Q‘ skt A=
(supervised learning) =Rl 7-¢- d<5dl|o]
AL SEliAE Aol 297 EAETRI «8
9 A ZH 2o F50] Fasith A B3
(tagging) A2 2oz ydAT wehA
B2 =83 ARte] &85 B R o] oy

N

HU
oo

o

o

_“.L

T5S oJHY) <Figure 6> A HAE A4
o] BFolth

THe Ages M F= B l(tag)=E 2 7}
A& A3t FETeo(ZA) H 1, 3o =

%

WASE ZAE ZABTIE A=
dl, [n/case] U2 FAET ZA HIE Y&
A= #AE &9 ui= groltt. o] BjL <F
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EAol: d& wdd |

HGDdE EgEg wREaK-De dolz gt F3bmolA He AA AA = B3I A
A Hx 520 tisPolth disHo= [1/s] BAEY] Hol H+IDIK-De, ob=zgl7 7l

#EH(ANC)A A Z= A2 A HFOPJJrEEoﬂ OJELE &, Holy o WAdAdAe AFAE
EAS [1/s] A =3}

HPO:‘JJE [1/s] AEx=FHo] AL Aa [1/s] ¥ron), 261d Wl 19909 2€ 11¥9)
[1/s] 43 19943 49 274 AAE AANA ANCE 62%E EFst] ANCY A=
A2l <+1>Ha‘é K-> 19943 59 27d dolxElyt FEbe Hxe 52l UEH
o2 FHYsH 2034 3] 21 Y3 <K-2XTRO)E [1/s] A3 LAt s &
[(1/ms] Z=3t= FAA A4HE [1/s] AA T

<+2>TRC< D= ZAE3 Fud d2vgts EE Farl FAsigon, SR JAA #H
APDAEL-DES [2/8] R8E [2/s]03/0] ZAFSEA T

El

(Figure 6) An Answer-tagged Document

o] & MITEA o] ZAo thgk Hd3ojr} o= HE = F/Hlﬂ BAHES AR A5z W
S HLJ A& 7H) 71 HEo Tt a7t fle ojolA FLZ AAE AAZ}. Tela 53
A 0). () T2 case & 1= Z(case)©] FAoe} FeFz A MY 52 3o
Aekeo] ZAZE TS AEAE UERATKs: F HEE 721 12 FA37]2 &k

A, o BAA) 01] = 59 <Figure 6>0 A4 “gA <Figure 6>0l|A] “ZAAdslo” vl2 ko] ZA Hj
=7)” v 2 ool = ZAH L [15]2 BAL HE 1 [1/s] & BAL o]A Y Aol ST} 10]BE

& o] za9] Maol7} Maol BT MEF 12l o] ZA Bl ol UEhd HATE Fol WMsT)
AT Z dle BY@R} Bde (B EA 1 2 BW 3 /]9 BATEe] Adelst B 4
o) e UBhith st FAo] Aol AT Utk oFolth 7w Aol WE 1 5

ZASYE YERATE 3] FAlol = 233t A= U 4 7W % o=
4 ol A3 zAol Tk H3joir} He Zol A o] ZAS] HHd o]&d F IS

WA ES A3l Bl Itag)E EAS Foh ©] EPATHE, AN B A Z1]31):

H e WARTE FSoA <tn>, <> E E¢ <+ >dlE EEEE) Tk,

A Utk 714 n = BA U9 o7 AdgoE <H>TI<-1>,

< 73] 9% Addo] MEolt) e Asgo] <+>dE < ]>

<Table 1> Experimental Data

Source of documents Korean  Wikipedia
# Documents 508
# Sentences 3,088
Total Case Anaphoricity

# Zero - - -

Subject Object Nonanaphoric Others
anaphors 2,895

2,814 81 560 2,335

140



Structural SVMS 0|&3t BHIIALE

HAo)(d wraeh

HEZHEH sFHolHE &vlste] o] &gt ¢
2] Agddleolee] 27] 9 542 <Table 1>7 2
ok A@delelol yehd FUEolo F =
2,89570¢ld], o] = 2814707} FA9 Ak 9
aff g Zloltk. o] ghro] MAAPH oA &
AART= F40| ¢ Wol AgEs Yehith
<Table 1>ol4 2,89571¢] AA F-Hh-&0|(ZA)
Z19.3%2 56070 = ZA oL B4 2] Ao

2 5dd 4 gle 4 -F-oltH(nonanaphoric ZA).

(o]

42. SHEH0|E MM

i

e Structural SVM2] S5H|o]H A4

AN2" mElo) FH HAE BF S| o]
E7} B astrh 7714 SEtlolH ] AdE 9
3 HA AgdolHE THE 2 HRERS F
Fwo 8 vseth Tejal 240 2 HE S b
ole] {(Xy,y1), - X, Ym)}& AAFT &
FulolE & doAE dFsta el T
Aot Ae eA 2929 724 &4 ¢k 7+
ZA vt} she) EdEoAl (X, y)7F AP
A Wl ZA Bt gkl YERd BATY
Mt Qe x; = (X1, -0 Xin)7F BAE
ok A7IA Xij = j AR WARE UERAT o]
Aol tid & olE e yi = Wi -
Yin)e AL Og3 2ok

a, if Num(tag of ZA) =

Yij = .
J —a, Otherwise

Num(tag of xl-,]-) )

foreachj,1<j<n. o714 Num(T)e
Bl 7 oke] Mol MBS LepiTh TheF wA}
T Xij 7} Aego] BjIart Bof A ek Aol
H yi,j = ~ag 3t}

o i SVMe] ShrelolE] A
HYoIB 34 2 30| FAOIZ ZAE ¥
AY & glEA BEsor k. S o 24

et 4714 A Xis FA o,

:
9 B9 YRE o

W (g

o
[ ot L @ ok
<
rlr
H
2
9
fru
N -
>
o
de
e
o
N
o
oot
g
Z
rlo

24 2
;g N
oo
l'l.llO ra
i
o
T

rlo
v
dlo
::l‘
i
o

if Num(tag of ZA) =1
Otherwise ©)

4.3. X2 HE 4N

SVMe| Fd Bl HAES TS s &
doA2RE AFE A (feature) WE 7 B8
shoh. A WE = g o ofel A HT @A
grrole] A it ofn] AH Y] FFo] v
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U= ey LS - ASE - Uy
T AAott o] 2 3 $-2] AzFdlA = 9 89 oS ME Ads A A g
g Eel dEE AL o] 8shA] Fehal vk “ma” £ WEH A= X9 RE V8 AEE
ol g TAHE A8t d7] Hdte] <Table 2> o] HEE FF A4 g J2EE TETE x|
dA & 4 e ZAAE fEE TETE BE BEE X B9 3 A g HRESS HolA
AL skt HEHA A HH YxyE TAEIT
Y y)e FE AAE o9 EdWAA
* Structural SVM o A2 WE] 4. (transition) A EE L3ty EMAM 2HH &
FdAA (x, y) ol E A Wy YEy)e T AT Holee 2RoR wheo 3tk
A4 gheel gzEoth X = (X, ., Xp) 9
7 94 x= BAFENP)E UERAT o)A Yi-Visv,foreachi,1<i<n—1. (10

x Y& ‘—E—Xé ZAdl thete] BdE SR o] ZA
7F vehd A4 ve] 29 s AR
Aol o] &dt) & B9, ZA7} Lold &
Vb(verb) 5= A2 A7dol| o] &t} 2} WA v}
T} <Table 2>l €718 2E AE Sl thste] =}
A FE AR ol5L 718 Aol BEle

o OtE o] 8HA &1 =94 #o)|Ey AgstH

o Uk SVM 9] A WE] A

LRE SVM2 5ol BA|01E o] 88 = U=
A& AAshs o|xEFol o] &7ttt o] -9
FHAAE XY EA xE FA 2 ZA 7 #
A FH THYEES EIdT 2= xoll 29
He BARE A0 kot o] BANE

g Abdo] Hof o] g9t} o & W, 9 = NPE 8} <Table 2>9] A9 A4 ghe A
9] FAKPOS; part of speech)”} nn ©]g}H 7] & st o2 A HEHE wheth FAlo=
AR ZF e o] AARECH TB T Y = a 34 ZATF &% BAE TAEHE 3 2o 2 7133}
(Table 2) Basic Features
R A& (feature)
NP: POS of head; Lexeme of head; POS of josa; Lexeme of josa; Named entity type;
Lexical Vb: POS of stem; Lexeme of stem; POS of eomi; Lexeme of eomi; Is it transitive or
intransitive?; The kind of the omitted case;
.. Distance between NP and ZA: Are they in same sentence?; Number of NPs between them;
Position .
Number of eojeols between them;
- Is NP a child of Vb?
- Dependency label sequence from NP to Vb
- Is NP the Ist noun phrase of the sentence containing it?
. - Is NP the Ist noun phrase of the leftmost clause which is sibling of the clause headed by
Syntactic Vb?
structure . - .
- Is NP the leftmost noun phrase of the leftmost sibling clause of the main clause of the
sentence containing ZA?
- Is NP the subject of the first clause of the sentence containing it?
- Is NP the subject of any clause?
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A =t} A3 <Table 2>0lA4 914 2 F&F
zo| &= AEEY] @ 7S itk ol A
G A G Yl 7= Z o= 7PgETh

BA 2 HE FZ2H= A F 7P Al2=E
Aol 7P 2 FE vAE AEE | FQd
ARE thgFolvnt AlFs =  Ae A
(named entity) E}Y] A&olt}) o & W Q&
MAE Yo g2 7= FAols 5dY 4%
2 o]gE F U+ B97F Bk #Ao R

A E W(xy)E FADT d71HE 3

A EDAR AL o] §HA Y

X o -y}

o X O

44. M

olr
A

N2HY AEH7ME S8 AR 9 A
oAA oA o] o]&3st= 4B/ A& R
AMEL), P(IFE), Fl scores ©]-&3H}.

EAEHOE Lol za 5 AIAHO| 282 2 A0l %4
A ZE0] A8 B = 2a9] A%

H~EH|O|E| Lo ZA & A|~-0| SHIZ SHE AS2| M
N HIAEGIO[E L2 & zA 2

F1 score & 9 7 HAEE T3t shte] A
2 TE AS=E pe} RO 381+ (harmonic
mean) 2.2 A4+

2PR

FH=r1r (13)

N2zEHo] %S HAES] YME AY
7 AE7F B astth T olfrs Al2Ele &9
o] SutEA] Aty A= Aol ek A
go| FAJAE oot 517 wEolth.

H2EL A Bl7 32 Qkel B2 A
" 7t zA vt g2 22 3AE Y59 R
S ARty WA o] ZA 2 A 2Hlo] B39
EA Yo} Bokd FF5 gofok 3h. whef B4
54 Zgom R EEE 19E S7MITIAT
A= S7M71A @3 v ZA 2 it '
SFATHY, ©] ZAE Yehle EHd9A4 (x;,v:)
ZHIHS @ MAZAY). =404 ZA LA
AXEL} ol U2 WAFES 2] 94Y
X; = (Xp1 0 Xin) 7} ARG AH 07 3
BE olgstd AGEY Y = Wiy - Vin) &
FHIS) o] ZA o st 98] AlEle] A
ARE FI) ok 31 oA APtz A~
do] 282 4 V1A F sptoln 7+ 9ol ths}
of th&3 o] Alz=Hle] £¥ ARE Hrgi
(44714 Num(ZA)2 ©] ZA2] FHEE) 1o FA]
d A3fo] gl HEol})

(@) EFY A-1, 2 Ao} = X

If yj=a& Num(ZA) =1 then pr «

ol

do i

1 else pr « 0O;

(b) Bt A2, Ze M| = Xij:

If y;j=a& Num(ZA) # 1 then pr <
1 else pr « 0;

(c) Bt B-1:
If Num(ZA) =1 & y; has no a then pr «

1 else pr « 0;

(d) B+ B-2:
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(Table 3) Measured Performance

Qur System Lim et

Exp.1 Exp.2 Exp.3 Exp.4 Exp.5 Avg. al.(2005)
P 66.12 64.53 67.73 70.37 67.46 67.24 60.25
R 72.73 68.95 68.87 71.70 67.82 70.01 78.23
F1 69.27 66.67 68.30 71.03 67.64 68.58 68.07

If Num(ZA) = 0 & y; has no a then pr «

1 else pr « O;

RREolEE s
AgoR AR olA@
A A <Table 3>
4 Askg wel F6, vwg Sls) viAe

5]
=

=S
[¢)

o A 4 AE
Waoz s wle| A

32 A2Ee)

5
s

] Mel A pr = 1024 o] ZAE A 2=
o] Z Aelg Zo|B&E R ER} #A A&
1% S7HAI71ARY, 18 A ohd R #R2YH ]
S7H.
£ T3] fEiA H2ER A A 2
2o BE AYHIE AAT 2AES TV
atof A|Z=ElOA] A g ALRIC R sl w
o] A=l st R ZAS &4 H B &
< FYskA I I o A 2="o] gX&
ZA vtk o33 o] Agjgth o] ZAVF AH
B oA = EAEA] e ZlolebA po| EEYE
192 S7HA713, BA1E o ZA 2 ok 3
@ e ol A ﬁ/‘]ﬂ Zlojgt gke] Re| A4k
/\1 A AHE Pt 1 AFpr=1 9]
gt Po| EEeF #AE B 1 A FUbstal 1
A god ERnt 1 SR aglal A
H o ZAY AHE=E Ik
8 A2Ee] durAl Ass A 9
3te] 5-fold X7 S(cross validation)S 2 3)3}
Atk o] & f8l AA APulHE LT =]
o] 578e] F-EEolHE vwth Ad 1dA+=
AW A FEdolE S B 2ES 0 R UmA 47|
THEOE AREsi 432 dAe T A

i
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doll Lim et al.(2005)] A% YeERAATE

A Ay 28 A28 Fl score & H
68.58 2 4] ©]+= (Lim et al., 2005)2] 68.07°1 H|3|
a5t w2 ACE YET wApE S A
FI score & EFHAE 149524 AE7E W53
S IA] &2 otk o] vl T 2
e FHstooF vt WA, 92 Al2=He A
T orAR] AR = A o] &k X v
Lim et al.(2005) A|2=81¢] -9 HALES 97|
T HE BR3 AR, 89 A5 BE T 9¥
2l BHE Fol o]-8atTt Tk 2] A2
of o]&%t o|m|A] HRE FIIITHH Z Fo
A Fe olF F US Aol dddn =
A, FAo)9F FE = A
gJofol ofste] Hwojol &= ZA EA19 A
9= Lim et al.(2005) Al2®lo 2= AT <
Aot

<Table 4> 2] #Hol|A 2] Al=ElY] A
TS A B Zo|t} "Only ZA detection” 2
2 ZA 1A 'R )5l tid des 53
Zlolth ZA WA 91X e} Ak Z(case)d] F
7HA= BEE of 3EA|NE A do] 'S A o
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Structural SVME 0|88 HIAIY A L M2t FHHEE =2
A = Zlolth o] A3E B Fh=o] 9 gt o F 4 Ao m2w, 92 Al2FH9
ETE TEEHY @A A T 90% Hot A TEEAY A A gE2TS &
= Rt Hsitk 7L olfr= vE AlZHY A T ARG FERAY /e ZA BA L/=E
Aol FAC thste] FEwAS AAs A% ojo] A o= Az=Hl F%9 o r oo
2onug FEEA B 9% Aol A ok o] EAl= AlzEl 2o AAIZ Q] HellA
SR FEEA 4% SHANEYE e T W 2] Alzdlo] 7iA& AR oIt A"l o
of glom, FAENA @A9] Aol 100%7F oF BHo2 Yozl EohE AL ofn] FR
Heg o] gAlA ot AsAlsts Yo7 £ o] &3kA Xate] LAsHE AdEster d4dol
Al Ho ok = WAL orER, 8o A58 KH 9 &)
"Only ZA resolution" A3 o|A= ZA 71 & & HTFE AR 5 gu|FRE= A" A5
AH A= 7Hskel (5 A 2 Az A9 of ml-¢- T3t} BA= =0 A ol2fdH
THE L3 ZZolA) AlzEo] Bl o] & AR E F3l7] ofER Aot
& AES drbt & ZoEA1E dot £ Ao
o} o] Aoll=P ¢ R ©] & @2 7=
71 ol Ztojof & ZA R o] #E)9F AJ2H . 4&
o] & ZA°| F(Pe] EE)7t T3] wlEol
T} "Only for people" < A3 S (LIt 2 =woAe dFabdoly fj71aHol &
7Fsd 713 E X3 /JIE I FAloY] & MIAA T FA A YEh= WA AR
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=N 2+ Structural SVM & ARE3Hth o]= &

(Table 4) Performance for Various

Aspects
Only ZA'| Only ZA | Only for Only for
detection | resolution | people non-people
P 84.56 76.41 73.52 57.75
R 92.82 76.41 78.53 65.15
F1 88.49 76.41 75.94 61.23
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Abstract

Restoring Omitted Sentence Constituents
in Encyclopedia Documents Using Structural
SVM*

Min-Kook Hwang* + Youngtae Kim* - Dongyul Ra** - Soojong Lim*** - Hyunki Kim***

Omission of noun phrases for obligatory cases is a common phenomenon in sentences of Korean
and Japanese, which is not observed in English. When an argument of a predicate can be filled with a
noun phrase co-referential with the title, the argument is more easily omitted in Encyclopedia texts. The
omitted noun phrase is called a zero anaphor or zero pronoun. Encyclopedias like Wikipedia are major
source for information extraction by intelligent application systems such as information retrieval and
question answering systems. However, omission of noun phrases makes the quality of information
extraction poor. This paper deals with the problem of developing a system that can restore omitted noun
phrases in encyclopedia documents. The problem that our system deals with is almost similar to zero
anaphora resolution which is one of the important problems in natural language processing. A noun phrase
existing in the text that can be used for restoration is called an antecedent. An antecedent must be
co-referential with the zero anaphor. While the candidates for the antecedent are only noun phrases in the
same text in case of zero anaphora resolution, the title is also a candidate in our problem.

In our system, the first stage is in charge of detecting the zero anaphor. In the second stage,
antecedent search is carried out by considering the candidates. If antecedent search fails, an attempt made,
in the third stage, to use the title as the antecedent. The main characteristic of our system is to make use
of a structural SVM for finding the antecedent. The noun phrases in the text that appear before the position
of zero anaphor comprise the search space. The main technique used in the methods proposed in previous
research works is to perform binary classification for all the noun phrases in the search space. The noun

phrase classified to be an antecedent with highest confidence is selected as the antecedent. However, we

* Computer & Telecommunications Engineering Division, Yonsei University
** Corresponding author: Dongyul Ra
Computer & Telecommunications Engineering Division, Yonsei University
1 Yonsei-Dae-Gil, Wonju, Kangwon, Korea
Tel:+82-033-760-2246, Fax:+82-033-763-4323, Email: dyra@yonsei.ac.kr
*#** QW - Content Research Lab., Electronics and Telecommunications Research Institute
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propose in this paper that antecedent search is viewed as the problem of assigning the antecedent indicator
labels to a sequence of noun phrases. In other words, sequence labeling is employed in antecedent search
in the text. We are the first to suggest this idea. To perform sequence labeling, we suggest to use a
structural SVM which receives a sequence of noun phrases as input and returns the sequence of labels
as output. An output label takes one of two values: one indicating that the corresponding noun phrase is
the antecedent and the other indicating that it is not. The structural SVM we used is based on the modified
Pegasos algorithm which exploits a subgradient descent methodology used for optimization problems.
To train and test our system we selected a set of Wikipedia texts and constructed the annotated
corpus in which gold-standard answers are provided such as zero anaphors and their possible antecedents.
Training examples are prepared using the annotated corpus and used to train the SVMs and test the system.
For zero anaphor detection, sentences are parsed by a syntactic analyzer and subject or object cases omitted
are identified. Thus performance of our system is dependent on that of the syntactic analyzer, which is
a limitation of our system. When an antecedent is not found in the text, our system tries to use the title
to restore the zero anaphor. This is based on binary classification using the regular SVM. The experiment
showed that our system’s performance is F1 = 68.58%. This means that state-of-the-art system can be
developed with our technique. It is expected that future work that enables the system to utilize semantic

information can lead to a significant performance improvement.
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