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1.2.2 CRF (Conditional Random Fields)

CRF (Conditional Random Fields)«= o131 948 dlolg dof diste] Hol& 4o F&&

o83l AR mdo|th, AubA el BR(classification)= dhte] & wlE xof tiste] s

ofg] 7f AdEet H, 7PE A9t shutel Hole de st Y2 2o dF folH

g Atole] olF BAIE WY & Aot= FAol ot dRbH o CRF Rele x5 ohs

= Fdislslr] AAs) i B 2z 2dojy 1= dolg & ol & Fost
= wAlE A9 A}l F+22] CRF o] 2etaitt,

£ W<4(random variable)gtal Stal, Y = yy, .., yu=
AH o th-got= HolE E9 & Wy oA, WiHSE A= (A, 42, o i, o )

£ 72t A9 A9 FE| CREE 4 (D3} 28 204 82 Hodth

1 n n
Py(Y]X) = 700 &P (Zzljt]’(}’i—p}’irxl )+ ZZ#jSk(Yi'X, 1) 1)
7 =1 T =1

A71M Z(X)= 4= Hlole ol Hiet Flole &

1o
ok
(]
Olt
X
o,

lo] ¥ % dt= Aet A
Folth, t;(yi—1, ¥, X, D+ Aol A& F4=(transition feature function)©™, s, (v, X, )= “JH
22 gF(state feature function)©]t}.

s} dlolH 2R oS 42 Tk v, Foldl A Hleld @ xel skl Fbg 7t

5740l 2 dolE € v A (% Zo] 7 4 Utk
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CE 15 WA A4 A9 Al

"id": "NWRW1800000029.315.1.1",
"form": "[FAFH/ AL "sbEe] Eo9T],

"word": [

{
"id": 1,
"form": "[RFA5A/ASSE,
"begin": 0,
"end": 11

1,

{
"id": 2,
"form": " @]ghH o™,
"begin": 12,
"end": 18

1,

{
"id": 3,
"form": "21::'01{1147] ",
"begin”: 19,
‘end": 23

}
1,

"NE": [

{
"id": 1,
"form": "ﬂﬁ%',
"label": "P
"begin": 6,
"end": 9

},

{
"id": 2,
"form": "Jt",
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"label": "LC",
"begin": 10,
"end": 11

= 16) 71EE Y A4 BEA 9 oA

id NWRW1800000029.315.1.1
ok [/SS &d4d/NNG //SP #<£&/NNP 1/SS Jt/SH @SP@
OoKens

‘/SS )3} o]/NNG '/SS @SP@ E=o1H/VV 7]/ETN
labels OOOB-PSOB-LCOOO0O0O0O0

% 150,082 B4or 7AE FYToldo] A% DEAS G4 27| UTaggerS A

galo] P4 B1E R 5 Age] A 74 WAt mEEA e B ARt

filo
N,

108> 22F A5 A4

<= FAA Windows 10

CPU Intel® Core™ i7-5820K

RAM 32GB

AE o] W T | Python, python—crfsuite, Visual Studio Code
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1004 27 A5 B¢ HIgos

¥ 18) Baseline®} Aot m=Elo] 7HAH

H RS baseline 2 dlo] 7|E 22y} B =FHofx A

.
qs

flo

H]

o] A
L |

35 (f1 score)} A £5= =As510

bect.

94 45 Ml

score)

baseline At 2d
fold Fl-score e & Fl-score g &L
1 90.37 5.46 sec 91.11 7.73 sec
2 90.51 5.53 sec 91.11 7.03 sec
3 90.34 5.46 sec 91.01 7.06 sec
4 90.23 5.42 sec 90.93 7.00 sec
5 90.58 5.56 sec 91.23 7.15 sec
6 90.24 5.40 sec 90.95 7.39 sec
7 90.47 5.55 sec 91.16 7.20 sec
8 90.52 5.50 sec 91.07 7.00 sec
9 90.11 5.47 sec 90.64 7.12 sec
10 90.58 5.47 sec 91.34 6.98 sec
B 90.40 5.482 sec 91.05 7.065 sec
AY A 712 mdef He] B =8o] 27h AEel ofn] Aol HAglehet T2
2 A (Q)ETA, AZANE 712 kst mdo] RE foldo| A fl-score?7} FAHS-S 3}

S 2~
AdL 4 Aot W

baseline®] H|3} °F 1.583%

Holl HAE dlofefo] Hiet 7

o] & HoA 9
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{E 19) Baseline™} Aot melo] 749 <14l A 8] (F1 score)

baseline Aot nd s Aol

PS 92.47 93.74 +1.27
LC 85.43 86.69 +1.26
0G 83.91 84.56 +0.65
DT 96.21 96.33 +0.12
TI 93.64 93.61 ~0.03

ficro 90.40 91.05 +0.40
avg

(E 19%E Z7te] A 5ol digt baselinedt AL

2.

o
d AWE HY 7]E Bdof| Hl5 gh=o] of] ofmitE g3t ou| S b ofset B
d9] Adsol Azte Uetdl= TI 818 ALt 2E 8 dis S & 5+ A

E35] 9 vetf= PS HlE Fl score 715 oF 1.27% EJE, A2 oujst= LC HI
o] 4452 Fl score 7| 9F 1.26% ZRIE Pt ol eh=to] ]3] oJmite] AFelo] A
HE AMRSIEE Sk dlolEHE &45le] OO0V BAIE Region 24 o oA AR

2 59 4249 Aula ALS AGFOR AAY A4S 1% 7N=S Hohfo] AER

512 A E A 4 s vl

(B 2DE <(F 189 A4 Ay} g Fl score@} Hat &2 A7t 7V 717H9 € fold 8
= HAe g sto ZF 2o xobo] oE JHAE Q1A A, ok B AY &5 Hl
Jtoltt, Sk AIZE2 CRF 7|8t 7HAI 14 PO max iterations 13022 AXoto] h<x
ot S SAT Aotk (& 2002 Al ARES A x9to FRE UEL Ut 71

A 5535t BaselineS (0)0.2 T7|ske], (DEE (6L 712 AAul Hgo] w2 24
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292 o5t nEls Yyl e (7)2 2 =FoA Agtols RE S okESH A
of nelS Lpepdlich
CE 20> Ao AR 2 2§
] FEET
0) Baseline(7] &2 =z}3)
(1) HHA oA A4
2 o|=3A 24
3) Aflol 2 2AF9lo] 244
4) 1+ @
) 1)+ 3)
6) (2) + (3)
@) At 2d
Ay Ayt A ojE2WA AAS Fheol Wt Baselineo]l H|9l 0.15% ZQIE Ad50]
AT oA AEL =U7HEE W= 0.31% ZERIE, Arolo] e Z71891e o= 0.36%
IRE A5 S Bt vl A3 Aol 9 Ao, oA, 1HEA oA 2
=07 MAE Q14 el gt 7|t 23S 2RI & AT §HH, o5 9 AP A
22 Basclineo] 7V Hetos, A7tel A40E Fohghel et Solue shalsieich
(B 21D A4 F7to oE 45 Bl
F1 score St AIZE A= AIZE
Baseline 90.52 1140.19 sec 5.50 sec
(1) 90.67 1277.80 sec 5.96 sec
2) 90.83 1320.89 sec 6.23 sec
(3) 90.88 1324.70 sec 6.30 sec
4) 90.94 1332.41 sec 6.29 sec
(5) 90.94 1373.98 sec 6.32 sec
(6) 91.00 1420.38 sec 6.48 sec
Aot e 91.07 1460.46 sec 7.00 sec
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[Abstract]

CRFs based Named Entity Recognition

Using A Korean Lexical Semantic Network

NER (Named Entity Recognition) is the task of classifying words with unique meanings that
often appear as OOV (Out Of Vocabulary) within a given sentence into categories of predefined
objects. To solve the OOV problem, researches have been conducted using deep learning to
synthesize the words’ embedding via CNN, LSTM networks or learning language models such
as BERT or ELECTRA. However, models using these deep learning network or language model
require high performance computing power and have low practicality due to slow speed of the
learning model. For practicality, this paper proposes named recognition system based on CRFs,
which adds features using external resources to supplement OOV problems.

In this paper, using Korean Lexical Semantic Network (UWordMap), the semantic features
based on human knowledge were applied in the Korean named entity recognition system. By
using hypernym as feature, it serves to expand training data to complement OOV problems,
which are the biggest problem in Named Entity Recognition. In addition, most machine
learning—based Named Entity Recognition models only reflect information about limited
peripheral tokens in current token. Therefore, if a keyword is far away from current token, the
model cannot reflect that information. To make up for this point, our model applied the
structural features of dependence and investigation information.

As a result of the experiment, our model showed 91.05% named entity recognition accuracy,
1,466 sentences/sec processing speed. In the same experimental environment, performance

comparison with the stacked Bi—-LSTM—CRE, a deep learning model commonly used in named
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entity recognition, resulted in improved accuracy, throughput, and training speed. The
experiment showed that the machine learning based CRF model could be used to build a named
entity recognition system that increases practicality considering both high performance and fast

speed.
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