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Abstract A comment system is essential for communication on the Internet. However, there are also
malicious comments such as inappropriate expression of others by exploiting anonymity online. In
order to protect users from malicious comments, classification of malicious / normal comments is
necessary, and this can be implemented as text classification. Text classification is one of the
important topics in natural language processing, and studies using pre-trained models such as BERT
and graph structures such as GCN and GAT have been actively conducted. In this study, we
implemented a comment classification system using BERT, GCN, and GAT for actual published
comments and compared the performance. In this study, the system using the graph-based model

showed higher performance than the BERT.

Key Words : GCN, GAT, Text classification, NLP, BERT

This research was supported by the MSIT(Ministry of Science and ICT), Korea, under the ITRC(Information Technology
Research Center) support program(lITP-2018-0-01405) supervised by the IITP(Institute for Information & communications
Technology Promotion) and was supported by the National Research Foundation of Korea(NRF) grant funded by the Korea
government(MSIT)(No.NRF-2017M3C4A7068189).

*Corresponding Author : Heuiseok Lim(limhseok@korea.ac.kr)

Received March 31, 2020 Revised May 21, 2020

Accepted June 20, 2020 Published June 28, 2020



24 F=83Etsl=EX H11H H6s

AP S0l A o 2o it HE2 A= 719 9
AE BESks 7837 24 WA F shuolr ERL g2
= TRt oA EAPZE obd AE)A oA FAoll Fa%
8110l H7|= skaL 7199] ool IFE F1=
23] SHARE SiF Folle Bt oA 7ol ofd
4 ARGARl Higt AdsA 59 eHddEol Ut
20119 R=RlEuiRlgdo] AR 2011d AHY &
Sl EeH e A Aol mh= = o84} F 54% o1
AREAPE gl Hish HEiE 2 AeE RAEIH.
E3] o]l 5 ABlFog de] gzl & digt <o
4 A2 B AR A HER A A Al=E
She 59 A4% 2A7E s = 1l =4 F
Y AHA AFAL Solle Fig 13 o] oM 25 &
TOE ERdhe 7152 AESt] o HIERRH AR

AE Hoshkes e AT

L oM AAr 2R BRY 4 k. et of
4 R2E BRI BAL Aol Ael9 HaE BE

ZAgl,
F93F A35A S sFUHE CNN(Convolution Neural
Network)[5], RNN(Recurrent Neural Network) [6]
= ARESt] BERE ¥tk A9t k. HZole
BERTSpretrained modelS AREdlA HAE ERE
Sl A T2 452 HoF= A AT &
3t Graph Convolution Network (GCN)[8] 59
graph networkE ol-&siA HIAE ER7E +35k= A
TEE Utk £ =2olAe 3Uid od diZol dish
BERT, GCN, GAT (Graph Attention Network)< ©]

B SPIRZS BRH SRS THSL 7 A2

99 A2 vl & 2L 2elA opyTE 2

ol 3 71=A72F BERT, GCN, GATol| gt A+
off Hsf w=olRth. 38olA ARt AARE &SI 4
golA ARERE HlolE ol it Ayt 3Rt Tz
Tz sl st A ARE ot v e s
50l Aol s =efstal 37t Al tis) =
ofgttt.

o

—_

N
re

__I.l.

FA7EA o] di=o] B3 AF=o] AP 9
A AFA-E F=5F9] SVM(support vector machine)
= ol-&sto] ERSHAY, 249 BARE FE0te] A
2 WS FE061] ATABYS o8 ERE
sttt 18 230N §4 FARE & F CNN
It RNNE o83t BR7E i3t 2252015
gh=to] gigolA g ERE Aokt o %=
% AF Edots dolEo Higt WIEE 7|vteE AR
< 750t SVME ARSSIA BERohe AS dTstant

:

[9]. AAIH2016) E39] WAt sl &3t 3 Ax
ABHE o] gsto] BFE srH10]. AAS-, 23

o

120190 ZoIA FAREE EFHAY e e &
ARE Shgoll ARS8t 7 AlLEE TSIl A
FATE2 24 SR FAE FE0ke 5 HHe
ARgSto] B AlLEE TSI ©f B 2ol
E4e 7lRte s ERE 9T+ Jev HE T A
=5 o5l ARSSH] ofEt & =RolMe 4 239
olo] 43t Qg 2te] #AE IIZE A F o
ol&siA i AlaEE TSI o8 S5 71E]
AR5t BERTZ € 27710 vls] L= 79k 2

Tt F2 Aee FAT + Uk

it

3. HEER AA™ 44 A 7

£ =RoAe AdH94 371E HF Dataset[12] o]
tisl BERT, GCN, GATE AH&afA ZH2te] =<l
282718 18stal BERT 22 tH] GCN, GAT model

o] 452 Bl

3.1 BERT

Jacob Devlin, Ming-WeiChang, Kenton Lee,
Kristina Toutanov-> Q] HIAEE ARE||A] H]|Z|



I XS 0I8E oY U2

73 25

5 AAE 17

AT
e

1
ol:

sh5S 9ol W= pretrained model(BERT)S
AREBIA ol ZFAoiA Y] TAOA £L2 5 HojF
Att. pretrained modelS AJ4JA] masked LM 53
gt 5 Al Foidl F9) dEES [MASK] EEL
&2 ¥Asty olE A&sHA skt o] #HS BF
BERTEH2 F0i7l Hlojg|q] FWE 5514 Hrh.1
% fine-tuning?8< F3sto] A EF71E F&st
A Aot deAQl 2= Fig. 29 At £ =8ollA=
bert-based-cased® AM&SIRIL & =M= T
=of| et Zo] BERT9] vkAIE} hidden layerol Hisf
JIFAFLE F7ste] £E7718 +EsIth #4141
&= Fig. 3% Zth

Class
Label
—
)

BERT

] - (=]

I

’ [CLS]

Single Sentence

Fig. 2. sentence classification task (retaken from [7])
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Fig. 3. BERT implementation
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Fig. 4. GCN structure(retaken from [14])
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Table 1. normal/toxic comment

Comment
This is so cool. It's like, 'would you want your
mother to read this??' Really great idea, well
done.
Thank you!! This would make my life a lot less
anxiety-inducing.
This is such an urgent design problem; kudos to
you for taking it on. Very impressivel
Why not just shoot him and put him in the
freezer?
So ignorant. Not everyone has a life set up to buy
a home.
please spare us your strawman drivel that is void
of intelligence. Impeding traffic causing accident...

Category

Normal comment

Toxic comment
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Fig. 5. Word2Vec structure
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4.3 Optimizer, loss function
Zy 24l 9oss function¥t optimizer= Table 2 2t
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Table 2. loss function, optimizer

model loss function optimizer
BERT model Cross entropy Adam[17]
GCN model Crossentropy Adam[17]
GAT model CrossEntropy Adam([17]
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Table 3. test result

model Accuracy Precision Recall F1-score

BERT 0.926 05 | 046306 | 0.4808
model(large)

GAT 0.883 0.5 0.4415 0.46893

model

GCN 0.8693 0.50338 0.51812 0.48688

model

BERT 0.883 0.5 0.4415 0.46893
model(small)
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Table 4. test result

model learning time (second) epochs
BERT model (big) 379.66 3
GCN model 0.0522 10
GAT model 0.3862 5
BERT model (small) 1894 3
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