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S et} JRAE J24)(Named Entity Recognition)2 A A] o] &gt |AH S
2 A RS A9 A9e DAk AP T WAlA
Q) A9 Bow, P4 AFA BEIAT, EF 2L Wl Ag
we} golg orle] WaE moly) mEe] Bd AW FHoRE
ol AL el AL ol
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F1=899] AJ5& BT

HZoll AT QAo F2 o] &= WEe FAVIENY ZATE WyelH,
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Support Vector Machines(SVMs), Conditional Random Fields(CRFs) 5©] ATH1H3H4]
[SH6H7L

AAY A4 A7t AlFE odd) Tole F2 golnhe ez Ayt o
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min,, , %HWHZ +%i§i L5k Vi E 20

Vi,VyeY\y, :w'o¥ (x,,y) 2 L(y,.y) - ¢ 0

9 AellA, wyE Srulolele] 3 £ Uit Fela I3 1o tgEHE )
A B 4 Yepa, Lyys 39 81 9 yob 49 g1 F yo los F5E
e, §U&y)= Yy)- PaypE AoetH, Wxye AA(feature) ¥H F+E
Uehdth Uaye #A19 Ad wet gepxled], 27 12 AT A2 A
A Uy dE vepdoh

[ x [#tLtete/nn Z84E!/nn i ol/ne 2/jc . | B-Org—nn
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B—-Org — jc
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O —ne
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y B-Org — B-Per — O — O ..
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|
grLtete/nn =S El/nn T 21 /ne 2/jc ...
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Structural SVMs®] 8H5oll = cutting-plane algorithmo] AF&E]o] O(1/¢)9] iteration®]]
Stgol &ad & UvhsL HZoll 1-slack FEIQ] structural SVMso] At lom 7]
29 structural SVMs X} WREO(1/e)9] iteration®]] SHgo] AT EH F dLo] =3
tHot 7R 2A21& 3t 1-slack structural SVMs-& T3} Zo] AHoj= )
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min , HWH +C¢ , 5t Vi, E20

. . " . 13 .
V(Y)Y tgwrzé‘l’,»(xpyi)Zzzl(ypy,-)—é @)
i=1 i=1

I-slack structural SVMs9] 852 & A] 1-slack cutting-plain G 11E]|Z0] AFE-EH,
O3 25 o] duglZolty. B =FoM= A A4S 93t 1sslack structural
SVMs 9] 5"-’5‘% 3] 29 29 1sslack cutting GE]EY SGEEE 0 JfAA

71 [1119] $A % FSMO ¢18Z&S AF2-3lYTh

1-Slack Cutting Plane Algorithm

L:Input: (X,.¥), ... (X.¥0)- C. &
2:5€0

3:repeat )
(w,&) «—argmin, ,.; o wiw+CE

SFV(V:' -V )ES:

4:
LS o x50 15 00y, 50-2
5: fori=1,...ndo
6: ¥, «-max_{L(y,.¥)+W P(x,.¥)}
7: end for
8 SeSU{GE,F )}
9: until ii L(y..¥.) w ZEH’(; J)=éEve

fml fm]

10: return (w, &)

2l 2. 1-slack cutting—plane YTEIE

ol A A2 A AR WE Usg 097 2 AR o)Folin
(CRFs % A H Pegasos Yilg]Eol| FEOZ A9,
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« o3 A& (-2-1,0,1,2) Y9 dFeh= Feji o3 FH.

o AuAKsuffiy AHE: (-2-1,0,1,2) Ao Gt HEla 0139 F W] AKsuffix)
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& A7HE BYtH13) B =R A Pegasos Y ES structural SVMsO. 2 34
sto] o] NATE QAo A L3I TE HA Pegasos Filg]F9 object FFE

structural SVMs9] object 9] ZAMZEO.E wASHH T3 2ot

f(w;4)= %wrw+l D Uwi(x,,¥,)

(x;¥,)€4;

where 1(wi(x,.y,)) = max{L(y,.¥)~w' f(x,.y,)+ W' f(x,.y)} 3)

-~

] Ao A ki sub-gradientE AlAbel7] $18F shd|o]E Q] Fro]ar, A= A
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sub-gradientS J+3}H T3 2}

V(Wi A,) = zw—Ai YAk, y ) —f(x,. 3}

‘ ] (X;,¥:)e4,

where §, = argmax{L(y,.,y) -wif(x,,y,)+w’ f(x,.,y)}. 4
y

dkoF A=SZ, k=n)? 7F, Pegasos LILT|ZL sub-gradient projection method”7}

R -
M, k=191 7% Pegasos YILE]ZE stochastic gradient method®] dl}e] WHEHo] H

a9 32 JRANE AAE A FHE Pegasos Farg]Foltt o] FagEF o
[e]

A)
Hoz dug]Z9 uHkE(ieration) 3|4 T sub-gradientE AAFsl7] Y3k <o)

o,

A modified Pegasos algorithm for NER

I:Input:S.A T k

2:Initialize: Choose w, s.t. ||v||| = I/JE .v=0
3:Fort=1,2.....T

4: Choosed; €S where |4,|=k

V(x,.¥.) € 4 1§ =argmax, \L(y,,y) +w fx,.v)]

3
6: n, =i
7 W = (1_ T‘}I/‘".,]W, +i Z {f(x[._.y}- ) _f(xr':g'f )}
k (x.x024
8  w,., =mjn{1: "i{i}w!_h 5
+1/2

9. V=V+ Wy
102 Woerageq = V/T

11: Output: Wr; and W, queeq

T2 3. 8=l Pegasos YEIE
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BlY § k2 etk 2700 HE wig 2770 1/VARY Fe o] wEz A
etk WHE(teration) 3|77} Q1 750l WA A7|7F k9l AE A ShEHolEH R
FE oz n=23(¢4d), A ool A= SFuloHERE 7P 25 H(most violated)
AAE Bl €& 7 F63), 85 HlE(earning rate)S AT (63, werp s
T FTY), waips {w:|w] <1/VA} FEeoz E A (projection) 3+ WES w B
A8 FaelEY Ade HE wrn HE S Hi 3 averaged) WE] Waeraged
7b Ao, A8 2R win? Waegat B67F 2 2OI7F FIROH, Wareragea®
739 g5 Alzte] F4 BASAT 59 AAE HojHh B =Ee AN
= wrahS AT

4% 2 2%

B =8oA AetH structural SVMs 2 Pegasos Yal#]SS o] &3+ dk=o] A

2l A 2H Aes SA%H7] SAsiA ETRIY] d=o] MAE gl Al F

oA TV Wl @ A¥ = TuelS ARESTE TV S| 2o A& 2,900841(105,265
S SFulolHE, YA 1008A43,719%HE HAE Ho|HRE ARk, 2

Iz Ul e 3,500F481,829% S S<5HolEE AMRSka, UHA] 1008

A2,7357%hE HZE Hlo|E = ARg-gitt

ETRI®] 7HA9 SlzdlolEe 1804709 A&7 NAE el Moz o]FoA

A=, & Agolde 157 tEw B ARE, AY, 718, stadof ©lE,
e, THEs w8, e AL % 2Y, oME, F8, 48, =4, &)
[e]

S AFE3E 1sslack structural SVMs & ZJAH 212418 ¢
F& CH+E FGon, vl AFS fsiA IAE

S ARt C++E CREE T3tk CREs9] 5 A3
= Y 7FAIeE EE(Gaussian prior)= {0.01, 0.1, 1, 10, 100} FOE2 B}HO]
7V A HAFXE FIloH 5008 HFEKiteration)d}3 TF. 1-slack structural SVMs

>~
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2 Pegasos Y= AT HAHINE YA Ccgk2 {1000, 2000, 5000, 10000,
2000012 HREo] 7hHA HAY AFAE FIPLOH, l-slack structural SVMse] 7
L 28 ZHOE =012 A&}, Pegasos YT ZEL k=100 A3t
| 1-fiwes )w) | <0.001 o] FE3IFT Ee dagsEe F 22 A4S A
3, BE 3L o 0] i7 CPU 3.33GHz%} 12GBY] RAMO.E FAH PCo|A] &
& =] At

E 12 TV ZHRIA Y] ko] AT A4 A
7o g2 L u, l-slack structural SVMs 2= —’f—xé Pegasos &11g]Z=9] A3t
(accuracy)?} 242} 0.14, 0.16 A=A, F1 & 22 0.15, 0447} skakE Qi) g
5 Ak CRF57} 7P oY 74%1"”‘], T E Pegasos %iﬂ—ﬁ—% CRFs9] 8 Al
7o oF 49% wholl AR &t Zt daglEe] AT 2ol BAZHCE fosh
A gotr 7] e AFHE G- S TSRO I ARE CRFsS} 1-slack
structural SVMs9] Ae3tols Fo5F 0.01AHE 9% SAZoR o8y
(pFk=0.0037), CRFs&} A H Pegasos LT F Y ATl FY4F 0.01AF=
99%)ol X BA A2 F9)8lal(pgk=0.0018), 1-slack structural SVMsZ} 4= % Pegasos
dag]Ee Asatole TAXCE YA B THpat=0.69).

o|t}. CRFs /‘]i@-‘ﬂ o

N olr
H'I tlo

I~

1. TV S0iel A ol s

A% Fuez %Al?} S FI
%) (accuracy)

CRFs (baseline) 16738 | 96.78 84.99

1-slack structural SVMs 11239 | 96.92 (+0.14) 85.14 (+0.15)

modified Pegasos 649 | 96.94 (+0.16) 85.43 (+0.44)

# 22 &3z TudloXe] o] JHAIR Q14 Adeolth CREs AlAE e As
g J|Fo R & u|, lslack structural SVMs 2 A F Pegasos G| 9 A=
(accuracy)7} 242} 0.24, 0.23 SAEALL, FlI 3H& ZHzE 0.22, 0.157} 3= At st
& AI7He CREs7F 71 S8 AR o, A H Pegasos YALB|SL CRFs9] S A

tt ol

_I

=
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7] eF 4% wrol Ae)A] EUth ~ARUE @AY 7 dagFY e Aols,
CRFs9} 1-slack structural SVMs2] A G2tolE Fo=F 0.001AFE 99.9%)004 EA|
Ao 7 o3l H(pgh=1.9E-07), CRFs®} FAHH Pegasos ¥ile]E9] Aeo]

Al FFIFE 0001 HE 99.9%)o0 A TAHSRE F8al(pgk=2.6E-07), l-slack
structural SVMs®} =4 F Pegasos L18]Z9] AFalole BEAZCE Fo51A %%
Hpgk=0.72).

H 2 AEX EHQI JIHY QA M5
SA4AT 98
7|AIEE GaEE F1
() (accuracy)
CRFs (baseline) 14362 | 95.58 86.64
1-slack structural SVMs 5991 | 95.82 (+0.24) 86.86 (+0.22)
modified Pegasos 610 | 95.81 (+0.23) 86.79 (+0.15)

-?491 é—-_lffd%iiﬂ gho] AT A2 A structural SVMs B T H Pegasos &

71€9] CREs Bt 2 458 HO|IRIEE 9%4 FAXHOE £
g, structural SVMs B! 8 H Pegasos ¥ FY AT zkole mottkiﬁlﬂoi
FOJBHA] &), $8E Pegasos Y| FY] By SE7F 7HE WHE(CRFsS] 8454
rol 4% A~oE)S & & Utk

a &

.

£ =ZNAE structural SVMs B FAHE Pegasos Fale]FS ]88 ghro] A
w4 AzsHlol vaje] 714 sle] arsE o8 AT A5 S v
FAtt. APAF} structural SVMs B 5278 Pegasos LaLE|Fo] 7]E2] CRFs Htt
Hol|uRXF = 9% A EAASE F23h, structural SVMs & A&

L
Pegasos LelZS] A Aot PeBEANOE FHA 2S¢ 5 Ak

ol

S
=& A

- 664 -



0|&7| - 2 / Structural SVMs ! Pegasos Y T2|ES 0|83} 51=20{ JHATH Q14

58] £H9 Pegasos FNYZL 0 $F B REE ol§3 A2HnT 2 A
AEZ

oz FH w2 AT o] A A4 ALTS AAEE] HsiM Bk
3 2 Ao wzo] "odt Aotk E3] o] FH(word dustering) AHd 2L t]&-2F
of BEAE AR Aoy, HEM, f7lv Yot 53 2L FAtdS o] &%

A9 FAE 20 Ee 4% P4l 9e oz Jhen

{11 Borthwick, A., Sterling, J., Agichtein, E., Grishman, R., “NYU: Description of the
MENE named entity system as used in MUC-7,” MUC-7, 1998.

{2} Kim Sang, E. F. T., de Meulder, F., “Introduction to the CoNLL-2003 shared task:
Language-independent named entity recognition,” CoNLL, 2003.

{31 Ratnaparkhi, A, "A Simple Introduction to Maximum Entropy Models for Natural
Language Processing,” University of Pennsylvania Institute for Research in Cognitive
Science Technical Report No. IRCS-97-08, 1997.

[4] Lafferty, J., McCallum, A.Pereira, F., “Conditional random fields: Probabilistic models
for segmenting and labeling sequence data,” ICML, 282 - 2289, 2001.

[5} A. McCallum, W. Li. "Early results for named entity recognition with conditional
random fields, feature induction and web-enhanced lexicons," CoNLL, 2003.

[6} Changki Lee, et al, “Fine-Grained Named Entity Recognition Using Conditional
Random Fields for Question Answering,” Lecture notes in computer science
(AIRS2006), 2006.

{7} Changki Lee, Yi-Gyu Hwang, Myung-Gil Jang, “Fine-grained named entity recognition
and relation extraction for question answering,” SIGIR 799-800, 2007.

[81 1. Tsochantaridis, et al., “Support Vector Machine Learning for Interdependent and

- 665 -



eIx|nfet, M21H M4s

Structured Output Spaces,” Proc. ICML, 2004.

[91 T. Joachims, T. Finley, CN. Yu, “Cutting-Plane Training of Structural SVMs,” MLJ,
2008.

[10} Changki Lee, Myung-Gil Jang, “Fast Training of Structured SVM Using Fixed-
Threshold Sequential Minimal Optimization,” ETRI Journal, vol.31, no.2, 121-128,
2009.

[11} Changki Lee, Myung-Gil Jang, “A Modified Fixed-threshold SMO for 1-Slack
Structural SVM,” ETRI Journal, vol.32, no.1, 120-128, 2010.

{12} L. Bottou and O. Bousquet, “The Tradeoffs of Large Scale learning,” NIPS 20, 2008

{13} S. Shalev-Shwartz, et al.,, “Pegasos: Primal Estimated sub-GrAdient SOlver for SVM,”
Proc. ICML, 2007.

{14} Changki Lee, Soojong Lim, Myung-Gil Jang, “Large-Margin Training of Dependency
Parsers Using Pegasos Algorithm,” ETRI Journal, vol.32, no.3, 490-492, 2010.

1 L3-S 2010. 10. 15
23T AHS= L 2010, 12 7
HEZAAES : 2010. 12. 8

- 666 -



0|&7| - &2 / Structural SVMs & Pegasos L1252 0|25 51=20{ Y oAl

(Abstracd

Named Entity Recognition with Structural SVMs and

Pegasos algorithm

Changki Lee Myungil Jang

ETRI, Knowledge Mining Lab.

The named entity recognition task is one of the most important subtasks in Information
Extraction. In this paper, we describe a Korean named entity recognition using structural
Support Vector Machines (structural SVMs) and modified Pegasos algorithm. Using the
proposed approach, we could achieve an 85.43% F1 and an 86.79% Fl for 15 named
entity types on TV domain and sports domain, respectively. Moreover, we reduced the
training time to 4% without loss of performance compared to Conditional Random Fields

(CRFs).

Koy wards : Korean Naned Entity Reagnition, Struaural SVMs, ndified Pegasos algorithm
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