A)283] st= 2 sh=ro] AR AP shEUS] =13 (201619)

Hedd 28 J|BE st=20 JWAY &
ZUEC, 0IsF, 0128, ERA, Los

HIOI ZMAR
danny.sohn@navercorp.com, dongju88.lee@navercorp.com, yhlee.95@navercorp.com,

youjin.chung@navercorp.com, ihkang@navercorp.com

Named Entity Linking Based on Deep Learning Model

Dae-Neung Sohn®, Dongju Lee, Yong—Hun Lee, Youjin Chung, Inho Kang
Naver Search Dept.

2 o
JHxﬂo HZo0lgt 2& U OFH HOHE S& A=0ILE AHE, B4, I8 S25 HZote &Y0ICH A
Tz HZ IZHM H§Ho =H UM KNE SsES HAH %'%% Ot= 1, 0l ol&dll SVMOILt Log|st|c
Regressmn E2 SAE HAL D= DB SHHE S02 XE/HIXNE SE56tH SME SR
MY A2 2H &2 £3(class)It AFZ20ILE A ¢DJ%OIL+ e HAM, K& 448 2HE 232
= QUL 8 =20ld= 0 2H0 REEez o HEolH 283 s380l O FHUL HAXI=E €Y
Jlgg MNZot0A S0 Crast geld 288 0186 A8 Z0 LSTMI AttentionI|E 2 20| AISS
M ot 22 2E2E 20

ZHO: Y, HHY 9, HAY o8 dia, 2F 28
1. A& HE T4 dia 9 dF dide] He AAe af 9
AR pRbgolu gk Fad wet 2 #E 1009 oA

WA 174 (Named Entity Linking)& #3 W &g 1% @97b4] 2= A= ok, 78 3 74Ade] &
tolo] TS slaste] w she A, AbE, A%, oFTE AEAQl EIB]eld A gevteRs 48
Fa Tor ddsts Aot w@d] wojrl v, WS AR v $2 FEE Y] 5o A 5 9le
A AZE, 719H S9AR pREE pAE 92 W, Ads S0 v ToF FHE HAA A A

(Named Entity Recognition) Rt} B Awd mao] We &317] od& 7FsAel =,
3 EAolth1]. MAHE AZ 71&e o] uyp Ay B =dodlAT FHE AAojAE, oA R4, 54404

an

2 ZA 93 % j%t AA F q@} AzE Zo A SolA T e U e JYd BYS o
Zo8 74 2 4 2] [2Y e Sl B i A 48alax B A
A Q7 9 —,«/\1 o1 6] A 714 o 7]121]111 AA 7140l A = Multilayer Perceptron(MP), Convolutional Neural
25 oo]t}. A]—S—X}ﬂ— “An) (£2)” S d83S o Network(CNN), Long-Short Term Memory(LSTM) ,
g An b B ERe W geAe A4 dn LSDttention 27 W FA% Azl £E 52 49e
s 5 F do. F3l Bl A5 Flolr).
2. #d 47
Z|Ee FRE oFE WHEES FE MAES YU
= Ads AU & FEseA =5, 91719
2= 2l=: tob[5] T2 X2l o] 2o A ﬂﬂ%%;&ﬁ'&~
70l >>7{0] Ok) 7401 >>7{0] (S3) dolut o3, P wWes FAon AW 4 (Hand
HO|, M2 50| EME O}AE B} o7 W= H0|2] SHAHO| AP Crafted Feature FUI’ICtiOl’l), X};é] ;g" L(Feature
- Engineering)< o838 A&& F&3 5 A5 AL
'3?_ ' . HAFE, SWM, Logistic Regression 2% %<& 3l53slo]
| [ BR Aol ol gabt Aolth2][3][4]. Be] A
:j’%{‘j‘;ﬁiﬁ;";;;’g;ﬁ . D212 ADI§OI A0k SH2SLOIM W02 HoAd FACAME £17] £4 Ul dojet ¥ Hr=
e Ad F5F s 53 T AMRE AL AT
A 6].
olob= At Al Hejd EYS A FF I AA
(22 1] ZA ZHo ofA v A o]l Fa X %ﬁ.ﬂﬁgﬁ?gﬂlﬁﬂﬂ °J
g FARE oA WE FJEE 23 ¢ e A7

-90 -



A)283] st= 2 sh=ro] AR AP shEUS] =13 (201619)

"]:/]_'01 O]j]HﬂDo](WOI‘d embedding)[7]" Ho]— %O] _/J\_7HQ9}1 [_n"_i: ]—’,‘—&l & 9|

o ol=A s Al ¢t B 9ol E HEY BP9 [y 373

dHoz W JhsA ek ol Euivt vhdE AT WE =2 YE 2 Folses Al

ozt WE fALER S dolsh ojv], Zu % oA v Hop =

7}%:7}1}% %01% FEAT A= Ths ZO}E} 23 S(v) HE 22 AZe X2l 37|

W s Z@stelr] 43 R o V)E o] Y 25 U e St ar=of

S tAg 4= 0= Recurrent Neural Network(RNN)[9] | 2 sief 2o AN B

T2 z‘xﬂtﬂ—t]— o]g H]'E]'OE 5]-/\_,/}qu]]}\1/] o]-XJH cc:led- Sl 367‘:};_] o| 2 0|

W B BE )T S AT MEe FxE7h £9E - S onE T

LSTM[10]e] metsiowm, ZIAM[11], S4d4[12] & | X o1 o1 % e

oM F& A3E wolu v, A EH[13], TA & z, € X, S(X) =30

F[14] Fofell A= Convolutional Neural Network X3 Za2: fAE @ ML s =

°of & wets Apellle SR fwel £ v A, Aol Ms 142870l IHAI

A A 2 vl F E¥ -7 (HCLASS > 1,000)F AE. S(y) = 1,428

7H e A HYd 7IHE AEd dae F olel Hef4 Ha Kardo] H

A A /\J‘—E- .‘1_}7-]9_ T‘O]—‘Q— . =H = S =

175 el A BA Ao apetett Embed, (v) 2 o g[7]. [4.7el &&0 o]

N . . Bl gh2 o|8sll sH&akqdct,

#FC, oy (V) Connected Hidden Layer +

Rectifier Activation.
Output Fully Connected Layer +

OUtPUtFCsoftmar( )

AT AEAREE 91719 AES AT 1], o Softmax Activation.
S EW, ¢E us duas gy (vhsh)", a9 e Il fsize@!  2XHH
7 Z9 AA= "AAFRC'Z AFojdtl. AZA ol Conv2dy;z. (v) convolution mapping[13.
=2 %59]’\30] =2 oie XL7] ‘AOH Hﬂv% 5301401 convolution mapping ZoES
15] Ho]A & AFL3] TR MAHE F=3 A Ql . stz = . A
Eﬂ 1]1 l]lgj_(} é]i}ﬂo ?EB_:]'T E]iﬂ]lﬂ—a]- 9l %i%ﬁﬂj A Mazx Pooling (v) [T:i' ¥ Max Pooling 2 =+
AYe A% 2R Fu 440 B4 0 94 o T T T
BA QAL dol7t 7] sEoleole xuE Y wdgt o ol OL T _ Io_l
A ey ARe], AA Aus A8 wee] oF | 7l S HE xS
Asp Hastel Bag o WeE &) Wxel AAE | [[LsTMCell M2 Abgstol Ho 2= 2ol
AA QA ZAe FA Ut Held 2y g ! Embed(z )b, ) ol T= 307} AL
el Hdl 309 FEja wMLdo]ar ofH FE A2 0 Y| (Propagation) BHE LSTM =
o2 9 (padding)stt}t. =32 1,428z HE ZH] [10]. hy=SHE],
shube] Al shte] 54 7Hiﬂ‘j§% 5oty ol EE STV FMA Zo= = sl
AHof| FL3A A= HA&HAT[x 1]. di A Zb ClAlo] =4 H= AL
e AR B A e o BRI | sension )| L oS

of wel 19~109r G 7AA = A7) b7

TR 1

dE o “9Y % WE g mbe dT T §2 A

Z o8 dgAE INYG <gF gibA4AA</ 9E o 3.2.1 Multilayer Perceptron (MP)

4> o] stH #A ste EF o] AT old Aid

o Ao MP Fx+= 21749 zZlo]7} 30]4+2l feedforward fully
=9 9 “output vector: {-- FAAA_(1980): 0.65, connected neural networkT*Zo|t}[16]. MP T+Z2& T8
Z1221_(2002%1): 0.05, Y32 (2]F):0.01, MBC_(L% o] golatal wEstth. oo wet tEZlon Ak
):0.01, -} o2 g5 HAo] wEa, IhF BAFoA F Hi A

BH7F ARl E @Al Gradient Vanishing A7} RNN
TR d3 oz dHA ok, B At ALEste
52y Aol ot 2},

23

3.2 Ag A& HH

ol
oflt
il

I:M

/’\/\1‘93 ey 93 Ao }\_9_?:51— .
2190 742 Hehd =3 Aol A PylX) = Output FC, ;00 #FC,p,, (Bmbed,, (X))

-9] -



A 283]

Embedy(X) OutputF Cyofpmax
F F
229 02 073 057 053 00t . C C
‘__o 039 018 006 02 022 .. “0z| ohg (4)
0/]7 071 021 014 011 063 .. “UaA 196794
LZ 025 076 027 054 068 . “UAH 1080HH”
0//,{7! 045 095 098 039 073 .. aﬁ%—f%}é“?g
== =TT
.E_”.t,(/gﬁ 003 002 007 05 074 ..
[72¥ 2] Multilayer Perceptron—-%

(28 2]+ FEH4ad d=€o] MEHZ dude 5 2719
fully connected layer® AA HF Z=g€o=z
(Propagation) ¥+ A& Z=213}3F Aolt}.

3.2.2 Convolutional Neural Network (CNN)

o}, 7}E°§ E'ﬂri AHE

o] AT
E == 0114
MaxPoolingZ7]| o2 97 3o ueg} EAE F=d
F At AR xd ®

2 WA og FAd Y 5}
Ak, 23 geol= oles} 2}
P(y|X) = OUtputFCsoftmur(
#EC, .., (]Ma:::Pooling(Comﬂdfzise (Embed, (X)))))
Embed;(X) Conv2dyg,, MaxPooling OutputFCmrth
o WA
s A (R
0/}-// 071 021 014 011 063 053 . ‘\-__l- “7Iic:d .}ggsﬁmn
©Q 74 025 076 027 054 068 078 - l- =;:_._I_ I_”c,
T = 2U4H 200244
q/Af 045 095 098 039 073 019 - l- %H‘ﬁ(ol )v,
_L—_I’b(/gg 003 002 007 05 074 061 . l-
|
[22! 3] Convolution Neural Network 7=
(27 318 AWl E MEI7} Convade] oz 7)o wh

@} bi-gram =& tri—gram¥9E TAFHE AS HY
k. o] o3 F3Flel A MaxPoolingl 2 Aol 71
et AAE AAE AAFor TEshA HTH[13].

3.2.3 Long Term Short Memory (LSTM) + Attention

LSTM 2E[10]2 old @AY 249 AT AR d o
Aol ©hof g ma ARE olgd &4 AAE &4}
Aoz HAtsle] &Y AT AHd #d¥E &9 4x

#2 2 so] AnAel & =¥y

(2016%3)

g WEE UEsEE RNEY F sfvboltt. 7] RW
2 A2 Ul W Fx27F o 489 &Y
, ]4‘174 742l olstE 479 Aol ETE F7tE o
= Zolth. olZA LFYGHT} g5 Al Zlo]7} 1o
2 2} AEE Gradient Vanishing A4S 312
[10]. ¥ AFelA A3t 28 Joe of
=

P(yIX)

oftmax
T

Attention (HLSTMCell (Embed(X),h,_1))))
1

OutputFCopemax

“ole|zd (R
7:.‘4\_01,1 96794
A¢_1980134”

240 2002d4”
A (2f2)°

Attention: Context Vector

W hy h Ry | hm,
LSTMCell m

’_éai' /._ / 0/117/ 7‘3?/ 0///‘7/ A/

[Z2! 4] LSTM + Attention 7+=

o] =3 % LA glelH [1¥ 4]9F 2o " dojrt &
A4 o2 e = o] LSTMCellolA ZF @AE 249 A
of ¥wl AWy} AAEI, Attentions AX GAE F
Qw7 nyEo] B WE R 3T

2 AFdA AEete HHd BEFEES =9 A5l
Softmax Activatione 3¥Ft}. ©] H-$ cross—entropy
cost functions AW WY Fxet By Ay yﬂQ] =
2l &=(Loss Function)® /\}37}‘5 3, SHE HAF
st 2 At gkl 9 d 3k (back-propagation) &

1Y FE o] &3rH16]. FAAHA &4 4 AHoE o
g3t 2t

Y train S(y)

k k

LOSS(y@%,yC)Z Y log(yc)

k=1 c=1
st aA = F - (over fitting)S WAE7] 8
24 AS 9 50% BEZ dropoutS ST Wi
Aol 19k @] o)l o= Frtste] 7HE wEE, A
Aol EAHE A, Hierarchical Sof tmax
Activation[8]o.Z thA|sld T3t =& 318 glo]
< 7bssitt

4. k5[ 7} ] E

S eol e

9171900} ng

ol-g3] WAsow

T, ZF MAY 8 97 EAA Z2d, dx
A Fol GANE ARF, HA, 74, Fx 93], BA
- ‘33 ol E=RI 7|Wk AKX o]5(Information

Gain) #Ho= AF AgS S=3gr}.

MAY H2 F&



A)283] st= 2 stoo] AR A stEUE =aF (20169)

[ 3] “HIEA” st&HolE 75 & 2o MM oAl
7N A 73 ZA st A A8 49 (& = Boolean And#H M)
A= & o0 oo X% / A9~ & BIDTY
Ay~ (v} ot} oolX &2 / BIDFEY / AAS /. 'L]—‘ th ool / J’] & 7] "I‘J’]
I~ & 7HS =d/ 992 & AE A/ 9
o] 51 o o 3 ) 52
SR Ea Ve sl /) AE A/ AE /L Ax & HE
H 2 AAY o3 AstE] A dom wEo 4
FE AA, FAA AZ (Vo)W | naver.com)S ©]L3| [3 4]+ ZHZbe] =g A3 ZAde|rt. Baseline
TAE EUTE. [ 3] YT #- Aot H  AA Ol o3 E 7P Bol Yovw JAEeR AAd
FHoR FA W A AAE 3 FH 9 Hd 15 S wle] AFolr}. Random Forest(RF)$} Support Vector
oz ur 23] Qe oz AlgFrh, Machine(SW) E3o] AA}E HEZQ PR HluE
< 436,085719] HolH7} Eelomw 7 VA H= A8l HFAo. 9171 EA A BATY Ha 719E T
9:1¢] Hl&= ztZt gFdolyHet HubuolHE Urdl o AAE FEE A dE AAHES AAH A9 10% 9

. Addd= AAE & Hit 305700 AFEEHALL, EFE
Hxb= 169710k, doly HASl Fefji AP A7)+
232,9330| ] WIE3 o] Akl 92 47270%F A}g3iTh, ZH7)
o 4ge & st JRAE AA i Zke AR T}
Aoy, Jeid 2y =9 AT 544 st ¢
g v MAY JdAE 7heee g

[ 4 oy =3
2y A3 & A S F1
Baseline 6360% | 6360% | 63.60%
Random Forest | goag00 | 905106 | 8441%
(Tree=5)

Support  Vector

Machine (linear | 8240% | 7942% | 8091%
kernel)[2]

MP 9473% | 98.929% | 96.82%
CNN 9452% | 98.85% | 96.68%
LSTM 94.65% | 99.229% | 96.93%
ngM“ttenti 95.11% | 99.23% | 97.17%

A TS RFF SVMY] ¢lg o AlgdlS weo] ZAxjolr
Milne[2]9] A7 Ao} FAS F4S BT UdS5S
gragict. HE 2E Ax= 49 233 F&d3sk LS
+ Attention ©] F1 A 7|& 97.17%= 7V £& 4
S BYgom, 1 HE LSIM, ONN, WP =9 ZA3zs #
Zskoith. 1,42870¢] ol2x BF oz s SWH
Random Foresto] R¥3 THoZE Hoyd =3I iy
o AL HAFA Y. Fuw, HYd 2E F
Aol AgEI AL &4 Softmax AF9 15 &
@ Aol AAZ(0.5)S @& A9t mdo] EF3
o 7FAgetal e AyEoltt, &xof wEt IdAFS %
Al AgE/AdE A7t o= A= 7hE3i.

H#d 2ol 7|E 2y v & &5t ofEE
o] 2 sl A gslke) on] xd WS B
At of= "YH e diE] 7]E By AZe] A
Fov} dejd gL AHF3t oA o]},

Moot <HZLHA>RT| A </AHZ ]S>

" CC

O 2 CCEE
ol

=ONE

Al 7)E B 1ua (F) e Blo] wrim
F58 Aol glol Ade] oA AW, WY
Egé% I|HH_O'__H %Eﬂoﬂ/\i Z}vxr_ ‘4’13‘1/]"—5‘ H}\jlo]?l_n, l|l_2]_x"
Ao e AR ol g Fle] A A 1}
"yt o] Qluld WERE SALESE A A
Ak 4 W] ddel dEavn % 4 Qo [
JERECE ENEE I D PN S E NS

o Qud WEt A 2H dud U ofI5e F

(£ 5] “SUT A+BX|27, “2UE A+O| 2" “2IH| A+Dha}"
UMD WE FAF Of3,

o2 [ A 9 | W) 2e [ S AP QL | A9 2e | A el
549 | SAE | | GAE |9 | faw
=3 o
= Tloeor | UE 0638 | waEA | 0575
- EE
Aeler | 0600 | 0621 | A¥3 | 0563
AU% 0501 | = | 05% | AWM | 0554
A9 | 0573 | =2AE | 0590 | 7078 | 0563
JE | 0562 | A | 0586 | =A% | 0537

-03 -



A 283]

g B gherol AHAE SEdld] =2y (2016)

[ 7] LSTM 2% d¥oll g EZn = X2z M3

LSTM 23 AA s [ AdE | Fl 23 A
embedding =64, #FC=1, 249 A% 29=64, AttentionA}-& 95.09% | 99.19% | 97.14% 33,970
embedding A1 =96, #FC=1, =49 A% A<=96, AttentionA}& 95.10% | 99.22% | 97.16% 25,276
embedding A 1=128, #FC=1, 24 A% A<=128, AttentionA}-& 95.11% | 99.23% | 97.17% 21,847
embedding x4 =64, #FC=2, 249 A% 29=64, AttentionA}-& 94.70% | 99.17% | 96.93% 48,008
embedding A1=96, #FC=2, 249 A& 2<1=96, AttentionA}& 94.28% | 99.20% | 96.74% 38,102
embedding AF1=128, #FC=2, &4 A& A9=128 AttentionA}-& 94.32% | 99.11% | 96.72% 31,923
embedding 2F¥1=64, #FC=1, &4 A= 2YU=64 93.04% | 98.15% | 95.60% 35,872
embedding2F¥ =96, #FC=1, 24 A& *}¥=96 93.60% | 98.75% | 96.18% 28,797
embeddingx4=128, #FC=1, 24 A& AY4=128 94.03% | 98.76% | 96.40% 23,909
embedding 2 ¥1=64, #FC=2, &4 A= ZYU=64 91.19% | 97.63% | 94.41% 49,421
embedding 2F91=96, #FC=2, &4 A& *4=96 92.13% | 98.02% | 95.08% 40,631
embedding 2F-¥1=128, #FC=2, &4 A& 29=128 94.65% | 99.22% | 96.93% 30,923

=3 Zoly, "y A+EXY" & "y A~+9F" Zo] [1] Rosa Stern 9 22, “A joint named entity
AR = 37 &g o 4 Ar). recognition and entity linking system” , In

Qe ma80 B4 Aol Bl 54 71E 0
A= et BWJ;ieranﬂ%%-ﬁ%@
Al o] 01:7]—/] 3L 2] a‘]:)\], ) E_o:] o Uﬂ
MUmmm1ﬂWO]E%o]go m-¢fﬂ%q
[ 6] Held 23 d 29 A%

23 23 A%
MP 38,071
CNN 32,230
LSTM 30,923
LSTM+Attention 21,847

A SEE g Svolx wY A 1
Qlt}. 13] Batch & GPUol 409671 4= s] =43+
ﬂﬂak e =3 [ 7<4‘ﬂ75]—1:} %7;_10]
LSTM+Attent ion
% welgrh

o] g
Attention 7|H<&
FAg nolFglol} &% o
gFe g =, Y

¢} GPU 59 3

S|
T A7 = ’“X]w 7451 |E=g 3

5 e
3
NS

+
)—l
\]
g
o
a
b
in)
T
rlo
&y o B
= oft rlo oft

4 ez 4

Y ol dufes pe

4319,

%i% B aaa A% 24, 05
3 gruelZol uet ek

Fg5]0]of g,

Ay
o
2 fo 7

Al
oL
b
ofl
i
1o
o
i)
o
o
&
ol
ol
@
o
=)
—
%
=

+

=
—+

—+

@

=]

=4
o

=]
oz

Proceedings of the Workshop on Innovative Hybrid
Approaches to the Processing of Textual Data,
pp.52-60, 2012.

[2] Olena Medelyan ¢ 291, “Topic indexing with
Wikipedia” , Proceedings of the Wikipedia and Al
workshop at AAAI-08, 2008.

[3] David Milne and Ian H. Witten, "Learning to link
with Wikipedia," Proceedings of the 17th ACM

Conference  on Information and  Knowledge
Management , 2008.
[4] Rada Mihalcea and Andras Csomai, “Wikify!:

linking documents to encyclopedic knowledge” |
Proceedings of the 16th ACM Conference on
Information and Knowledge Management, 2007.

[5] https://ko.wikipedia.org

(6] A&, H7Hd, "g=o] HAES A RI EA:
FAF HAE 594 AT A Fo)Ad siA", Al
263 @ol L ATo] AuAY e =RA,
2014.

[7] Tomas Mikolov Q] 501, “Distributed
Representations of Words and Phrases and their

Compositionality” , In Advances on Neural
information Processing Systems, 2013.

[8] Tomas Mikolov 2] 321, “Efficient estimation of
word representations in vector space” , arXiv

preprint arXiv:1301.3781, 2013.
[9] Tomas Mikolov 9] 4%1, “recurrent neural network

based language model” , In Proceedings of
Interspeech, 2010.

[10] Sepp Hochreiter and Jiirgen Schmidhuber, “Long
Short-Term  Memory” Neural  Computation.
archive Volume 9 Issue 8, MIT Press, 1997.

[11] Dzmitry Bahdanau <] 291, “Neural machine

learning to align and
arXiv:1409.0473,

translation by jointly
translate” arXiv preprint
2014.

[12] Geoffrey Hinton €] 1021, “Deep neural networks

-94 -



A)283] st= 2 stoo] AR A stEUE =aF (20169)

for acoustic modeling in speech recognition” ,
IEEE Signal Processing Magazine, 2012.

[13] Yoon Kim, “Convolutional neural networks for
sentence classification” , Proc. Conference on
Empirical Methods in Natural Language
Processing, 2014.

[14] Siwei Lai 9] 3%, “Recurrent convolutional
neural networks for text classification” , In
Proc. Conference of the Association for the
Advancement of Artificial Intelligence, 2015.

[15] https://ko.wikipedia.org/wiki/¥&5F 5 &o0]ejo]_
A

[16] Rumelhart 9] 391, “Learning Internal
Representations by Error Propagation” ,
Parallel distributed processing: Explorations
in the microstructure of cognition, Volume 1:
Foundations. MIT Press, 1986.

[17] Alex Krizhevsky 9] 291, “ImageNet
classification with deep convolutional neural
networks” , In Advances on Neural information

Processing Systems, 2012.

[18] Srivastava, Nitish €] 4%1, "Dropout: A simple
way to prevent neural networks from
overfitting", Journal of Machine Learning
Research Vol 15, pp.1929-1958, 2014.

- 05 -





