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Analysis of the Online Review Based on the Theme Using
the Hierarchical Attention Network
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B Abstract &

Recently, online commerces are becoming more common due to factors such as mobile technology development
and smart device dissemination, and online review has a big influence on potential buyer's purchase decision. This
study presents a set of analytical methodologies for understanding the meaning of customer reviews of products in
online transaction. Using techniques currently developed in deep learning are implemented Hierarchical Attention Network
for analyze meaning in online reviews. By using these techniques, we could solve time consuming pre-data analysis
time problem and multiple topic problems. To this end, this study analyzes customer reviews of laptops sold in domestic
online shopping malls. Our result successfully demonstrates over 90% classification accuracy. Therefore, this study
classified the unstructured text data in the semantic analysis and confirmed the practical application possibility of
the review analysis process.

Keyword : Deep Learning, Hierarchical Attention Network, Online Market, Online Customer
Review, Web Text Analysis

Submitted : May 23, 2018 1% Revision : April 13, 2018 Accepted : June 12, 2018
+ Adeta grosk A

s QAltiet et AAey

s QAL AR eke) W, A1 A A



166 In Ho Jang - Ki Yeon Park - Zoon Ky Lee

Ak} Fujefate] & &S 71X tHMinging and
Bing, 2004; Scaffidi et al., 2007). AAZ A Al
Al AAREAN AGS FEahe ekl &% A
]E olulE(Amazon.com) @ o] o](ebay) &
S g A gRE E8 A a7
UH—J’\P ARl AQEE AR AEA HEs

°¢

My

olm stglrh o AY the AR AF ol
Sl AR ATL sm i Ll AF
el $8E 719 YRl H§ Fod AUz
AqH glov], eehel P A B AT

oAl ghte] Wy a Iti(Korfiatis et al., 2012;
Kuan et al., 2015, Mudambi et al., 2010; Singh
et al., 2017).

ekl AFE el tig Aol A Al 7HA
Wake] Aol I vk A WA= 24

HA, g5 #F2HReviewer) T, HIAE Zo] &
83 279 784 7kl gk A7 (Dellarocas

et al.,, 2007, Korfiatis et al., 2012; Kuan et al.,
2015; Singh et al,, 2017)°]aL, + WA= F7F 25
5 AAdstetel ek 2219l 2o gelAdel digk
A+ (Dellarocas et al., 2010; Yoo and Gretzel,
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2011; Yeon et al.,, 2011).
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Glorot et al,, 2011) Al A= JA 7 FF7]
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{Figure 1) Online Review Analysis using Hierarchical
Attention Network

sl HANS] QlFH & 7|24 02 Gated Recur-

rent Unit(e]8} GRU) 7|¥ke] ek &3k A7

(Bidirectional RNN)& &-8&ghh(Bahdanau et
., 2014).
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(Figure 2> Research Model

oA 2l BRE YnAoE 4]
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o 4YE
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Table 1> The Number of Products and Reviews based on Online Shopping Malls

299 a9E A%} BAH CAF DAY W
AFE F 300 722 531 514 2,065
g5 57,206 60,040 26,061 7,233 150,540
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Sentence

@] 28 mERo] YR o7 WA A vl A8 LERE oind £5 FEYo] UR Fopx Tishl S

Tokenize A

('7I%'. "Noun'}, ('oﬂ'. "Jasa')  ('R", 'Verb'),('ﬁ', ‘Bomi‘}), ((=E%', 'Noun'), ('Ol' “Josa') . ('b"?". "Noun') , ('3_3‘". "Noun’) , ('%7"'.

‘Noun‘), (2}, 'Josa'), (MIZ', 'Adjective’), ('HFEZ]", 'Verb'), ('Haf’, 'Nown'), ("=EX’', 'Nown'), ('Z°, "Josa’), ('UolW’, ‘Verb’), (=&

*, 'Noun'), ('AFE', 'Noun'), ("Ho[', 'Noun'), ("UF', 'Nown'), ('E’', ‘Adjective’), ("OFA", 'EBomi’), ("FUl’, 'Noun'), ('3A', 'Verb’), ('S’

‘Verb’), ("', 'PreBomi‘), ('tQ", 'Bomi'), ('..', ‘Punctuation’)

{Figure 3> Example of Morphology Analysis
3.3 Hlo|e{e] Mxz2| WA k7] fs) A= w7t A 1% EYES @t
of AEHow ‘rEEYe] B, FHEslo] pad,

)\Z]E‘]' ‘tq‘l‘l‘ tﬂ ] 1 g‘l 7]A]' H]O]Ei‘f' E‘CHH ‘9,]"‘7_ 57‘,_]_“—,";—]_’, ‘7]_7‘] J,]-E':]’ ‘/\]_o:v: -“:],'%’, ‘HH'}JO\‘ 33_'33_’,
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b EAL AdEel W el e B EFE g ggpe] wx R W6l me A aa
o] WE IAlE EBA 5} 9 ] - _
o B FARE FAel BESAN Figwe 3> (gryuey gelw g depdeks 1
= HE s BAlo o =
= Fels A el Selstant 24 £ @ 49 57 doli <Table

2>9F 2}

41 220l 2ol £5 By

wA AA 2R dlelE el A
& FE3t] t+-SNE daels

4ttt t-SNE= 2 EZE9] 24
A el mET & A e &
<Figure 4>+ %3 EAE 719 §A13S
) <Figure 4>914 % 15719 EFE &
1,3, 49 9 5 6,9 )3 3 7, 8, 10, 11, 12
o] M2 AT}t Wb AL 7t E¥ HE e
Toj5 o] 27} g Hlzste] fAR oJulE A

2
Marginal topic distribution

doa & 5 9tk b EFEY 9n FES to 7 Topics

(Table 2> Words by Topics

15

<Figure 4> Relative Distance of Topics-Reorganize
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42 2,<.x-||o1| [El'% E”OIE'IQI _E_% /élléz-ll Example Label
oAl 2el A e omA EA CHE L ER0| HS| 2HRSLCH steglof B
Ho“?-lj%% X}]?_‘S‘}jlx LDA%‘ %_H %_ 77}19/] Eﬂ‘ (Sentence1) (Topic2)
5% 23, o8 Fw delHe] Fuim 283 s Maso aEec | seso pe
o] BE=2 A5k ey L8kl gy gy (Sentence2) (Topic2)
B el el o PG TR £ RERASEIENE ) L e
0] = 2 “9yto = R 3 =A UE L (TopicT)
A 7HE, e tE =ER H3 734 (Centence3)
RE ARl Tk kol RIS e T2 = E20] Hs) PRSI O
. Aol MBS0 BT 227t o o
100] Ax|=o] A o} =9l e, H) AK|E|0] QUA| LOF ma|m A0l A SERIO] £red
= . , KT, &L Wat W Zorsu|ctr (Topicz)
T2 wbA] o] il "Rk e R vkt (Review)
o] A, shvhel R Qtell AlFe] 93, AXES) . . .
° ) ) B {Figure 5y Example of Voting Labeling
of e, wiEo] digk Fulxte] JAEe] A xE
gte]ofoleh. webA olEg A, sl #aE 7| dlolE Mg 533t <Table 3>+ HE |
x5 0l BEgS FHaR *dxoo = 49 0|82 S B3 TEe #F dlolee] Fefx 4 g
o] a3, B AFAME 7P B SAE B o] B2 E Yepd Holt)h olF S8 28 &
o= EYS i EFog MASE HE golZ oA REE AF] 49 T2 WF AW kE
g3 2 By gig s 23 AR F 5 93 A =9yt dtst Aoz ER1d £ 9
N5 AAste G dol&d VIHE B3l & Atk
tolge] F#~E FoJatirt
(Table 3 the Number of Reviews by Class of Voting
4.2.1 Voting Labeling Labeling
HE #o)Eg e HA EAo] Zx HEE Ho Class Number of Review
sha EFE Avs vigrow AR A HEH Label 1(2:2E40] ¥+ 2414
oR B4 W4T Yolahz YHlolt %, 2 o Lo 7= 56 135
- B Label 3(:=E% 93 #4) 7401
£ ot o= w7t LDAE F3 &3 By :
el o ot o Label 4044 #2) 4327
= B &3 o —
= ﬂﬁv/] =20 ](COI‘DUS)OH = ]F \_01‘:4'\_ FU Label 5AFSE ) 1578
o] 54 We g EYo] Atk & Fo] vy Label 6(71% #+3) 9533
o Wb A EdFUhEE 89 AS Label 7(+¢) %2 #3) 1514
‘g o g Tt S B B wgAd =% 31,117
¥EE dojolmz dig e 54 wgs bl
4 Peo] Fo) 22 HhHo R BE Ao ts| 4.2.2 Multi Labeling
Y25 Fosta THEY = 5 A 1 ojxel HE #HolEHe] A £ZEY FH~
F7F W Be FYLE R dAY a2 T8 Ale TR FHo)] "o duidez A
o gk(<Figure 5> 3a1) o 245 Fdae WAHER gt 29
TAEY Fdl 77 22 Agdde ojd Aol she AEIF 24" ox7F B weka HE g
i Eoletal e ¢ glojA] dlolE] AldlA Al olEH S B3l il x¥H EHEY FYxE
sttt 1 A¥ g5 HAES 9% F 31,117 5 whedstaat st ti(<Figure 6> 3Hil)
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(Table 4> The Number of Reviews by Class of Multi
Example Label Labe”ng
"CIRFOIO] MAE|Q D 71 S MBS L CH StEQIof, 7pA 23 Class Topic Number of Review
(Sentence1) (Topic2,4) Label 1 1 567
‘ma|EAC HEGAIS S SR | AZEYO| e TRl Label 2 123 405
(Sentence2) (Topic1,6) Label 3 1,2 3 4 322
At BT Sisn S 1 1 Label 4 1,2345 141
B BE S Eo] Ealjttr | A0, A2 E B
(Sentence3) (Topic2,5)
Label 71 2,3 4,6 610
Ault spuiR, CaelS MK spHol apy | 77 HES S T
Sujcy .
(Review) (Topict 2:45,6) Label 126 6,7 310
Label 127 7 673
Figure 67 Example of Multi Labelin —
Fig ’ . & Z % 42775
e FolEY2 gRvt B3 BE FHAE
. agla A Haert AR L8 A 2o
Ega webd <Figure 659 A% d% el Bl S AgTE A Sl ) e
o E d HEAom BE ude ALsi= A
% L](TODIC) 1, E'\—l’]‘ 2, E%—ﬂ] 47 L:i_\llj 5, '_,_]‘ 6 ] 101] EHOH “"10 _l———i T Oﬂ _IOO} =
5.0 =3l 3l
7} dte] 1§ Fejav) "k o2 Ed & 2 PP
42775719 Hole] A& FEIch HE #HolEH - |
- Al & o A
& Be) TH A vole Ael BEE <Table 431 A4 viefE]
5 oHolH e 4 oto] XshH oo 7
4>9h P} EH A 1 1 o of9] 7}
TS = = =
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e TS olF vgox F 12779 24 7” s X'L‘M O A
22 PRt BREE s, sk el A B AR 64T el
°”ﬂﬂ“ Wy s g ol A&t 99
43 22 A3 z3f dlolE &= Nx50x50x642712] 42+ wjd el e
g Zterh Egk 2 ko] g ¢ 52 £ oF
2 d7E 248 g8 7 7Y AEA 3 ol &4 g7t 42 5070 wRkold x| ubE
o2 gl 1A R FY2E FA5Ah 0S5 MY+ Y (Padding) 23S AA )

+ Sentence Padding

| 1 [ 1
Sentence wordl, word?, word3, word4 -+ wordd4, worddh + [0..0], [0--0], [0-0],
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m o7t 509 £ P4

% Document Padding

4 F 46719 &2
\ \
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[ |
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<{Figure 7> Example of Padding
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HE] dolEg oz F53 31,054719 2lF dlo]
H Aoz &7 AdS AP} < tloly Al

& 2484370, HIZ=E dlo[g] A2 621170019 10
A 1A} 7AZ(10-Fold Cross Validation)S 23
Einsy

zdg AZYch v A7)E 642 st F
1,7503] wWHE Shesafoitt
<Figure 8>, <Figure 9>+ 1,7503] 2d< 3}
HA171 AFolt}, <Figure 8>ollA Y&H& Aex,
I S8 onlstH iAoz 9l
7} &<5(Train) dleolg A9 1315 of
aYP=Z7b HAF(Valid) Hlolg A
3 ]E} <Figure 8>< #|H9 &7 7‘2
ol web ERd Aot
<Figure 9>M Y= £4(Loss), X552 8t
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s(Valid) dloJE Ale] ez ofyf = 1=
8t (Train) o€l Ale] 1efazelrh. <Figure
9>+ g5 tloElg A5 dlolE ZHzte] &4 g
¢l A2~ AEZI(Cross Entropy)ES %-&3}¢]
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>¥i
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= Train Acc
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0 EY 0 0 100 130 1% )

{Figure 8> Accuracy Graph of Train and Valid Set
(Voting Labeling)

(Table 5> F-Score of Voting Labeling

Class Precision Recall F-Score

1 0.91 0.90 091

2 0.99 0.85 092

3 0.94 092 093

4 0.86 095 0.90

5 0.85 097 0.90

6 0.92 1.00 0.96

7 0.89 0.89 0.89
Avg 093 092 092

<Figure 8>3} <Figure 9> ehdt &

o] Alo] Lo} 71F dojE Al 1L 7k

o] A2 As B, BE golEg e
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016742 53 A%< Bk 12a g5H B

o] &% & (Confusion Matrix)Z F250)(F-

Score)E &3l HolEl7} 2t S nitt & 25
=5 gl

4322 Multi Labeling o] Al 29 A3}

gy HolBgor P33 41387709 2%
olf] Hlog F Ads WPt st dlolH
AL 3310970, HIAE dolg Al 827871 o]y

2.00

1.75 4 = Train Loss

= \/alid Loss
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1.00

0.75 4

0.50 q

0.25

0.00

0 250 500 750 1000 1250 1500 1750

{Figure 9> Loss Graph of Train and Valid Set(Voting
Labeling)
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(Table 7> F-Score of Multi Labeling

Class Precision Recall F-Score
1 1.0 1.0 1.0
2 1.0 1.0 1.0
3 0.58 1.0 0.74
4 1.0 0.75 0.86
26 0.64 0.88 0.74
27 091 0.71 0.80
126 1.0 1.0 1.0
127 1.0 1.0 1.0
Avg 091 091 0.91
FAES 2tn AAE FAo] B PHE BFA
o E QoA AFEE Bl 2ol 4w kel
wERS Tuld wAS0] Y1l i dolHw,
AT F2 AZEG ] B, ‘SEso] B,
R W IR [ DA -
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7 AR A8 gekginy a8 A" FAE
< 7 7 delEY Ve B3 SUAE oA
i, 99 5 71 T sl HANS 8831
Age Pt 2 A3, BY ol &A=
7 A= 95.117% 5 o1, HE] ol & oA
= BF A8 9137% %, T A3 BF AEEr)
0%% AT A5e BAL BT 5 A

= Train Loss

— \alid Loss

{Figure 11 Loss Graph of Train and Valid Set(Multi
Labeling)
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