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ABSTRACT

Purpose: The purpose of this study is to compare and analyze the tokenizer in natural language processing
for customer satisfaction in sentiment analysis.

Methods: In this study, a supervised learning-based tokenizer Mecab—Ko and an unsupervised learning—based
tokenizer SentencePiece were used for comparison. Three algorithms: Naive Bayes, k—Nearest Neighbor,
and Decision Tree were selected to compare the performance of each tokenizer. For performance comparison,
three metrics: accuracy, precision, and recall were used in the study.

Results: The results of this study are as follows; Through performance evaluation and verification, it was
confirmed that SentencePiece shows better classification performance than Mecab-Ko. In order to confirm
the robustness of the derived results, independent t-tests were conducted on the evaluation results for the
two types of the tokenizer. As a result of the study, it was confirmed that the classification performance
of the SentencePiece tokenizer was high in the k—Nearest Neighbor and Decision Tree algorithms. In addition,
the Decision Tree showed slightly higher accuracy among the three classification algorithms.
Conclusion: The SentencePiece tokenizer can be used to classify and interpret customer sentiment based
on online reviews in Korean more accurately. In addition, it seems that it is possible to give a specific meaning
to a short word or a jargon, which is often used by users when evaluating products but is not defined in
advance.
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719 7 71 ] BEs @0 QlEA MEAES AEY A, 716A 54 2 UM 3 e A
o] 2pdsts GAsy] ofFhE A A8 Ut ZI9ES Al B AH|229] At QlojA] e 7 W
E st ¢ ole v F4S Fdeke A FFskal JAvHKim et al., 2009). whebA, AvlA A, 1A
Sieeh 22 FaAola A 07 FH = a4l A =S FFATI7] % Al el 2As v a
At o] el A FES AFA R FME] flellA A Aol Tide] Al Al = E A
A A IEES A9 g A oo dRAQ a5 At & 7] Wi, AsAE, FE, TV, o=
T S T Aol A8l gkt

uA ) I FAE BEe] gotetal o] & AlFE el H83ah7] fAs) A A AFtellA] o] Aol Al
ol g QS A om SAs 7] sl A o9 T8k vhF S AljE B /il (Henson
et al., 2006). 7} dubd oz au= e Bd AP 9 QA RN o2fdt walel u A e B
THA EAA o] HAE oA 7F ATk WA, vAAke] A V), A, vol, A9 T Afo]m s 7 58 Y
el HgFo] e = Qi o & 0], Kuwano et al. (2009) G213} £ ko] A5t 2o gk 744
ﬁ7} A7t vEvhs As gRlsgit). webA AlEe] S4o] Tdsttehe 314 Apojol| wet AbghEe] FE sk

M3 Aol 2ozt 9S4 4 Ao, Montefinese et al. (2014)& o4 $4 2 +2& Uehls o9
—"%‘ /IR Apol7h EARTE As Rtk SR, AHAE Yo R Y WUHE 3T ), dibos
W7 AR A2 75 Odo® w7 i v AR, A, JAF 15 5ol 42 AdE FTRH R
stetsly] of ot o) & Qlal, A AWE v oR EEH 1 Y] Gutslrt ojf i ARt e Qg HE}

ol#]3l A ML FE37] YA, FAE nloly 714 o 714 vdl ity AEd ohekst d ) AeE o
AtH(Yang et al., 2020). H1=E U}O]”% Ao 2] 7] (natural language processing, NLP)& 3|4 %3}
A G HAEA o] Qla 583 AR S AYsh= 7Es sk, Ado] Aelw q1zte] A gl AL
ke /1o AFFE7E ol8l, 24 B 611*4% 4 = sl 9de] #4L ou]gte} (Collobert et al., 2011). 2,
AFEA7L A EL AFEEHA 7] thekel A ES Hylsln AL T8E 4 s oA 1 glBHE B3 1
Ae) A4S selstaial sk thkdk AwEe] o] FXaL 9tk (Fang and Zhan, 2015). §1 7]¥F 82E wlo]de
AREAF ARG HE7F QERoh 22 712 A el vlsl Blas] @2 o] HolHE ta o2 At
AWtstE =Eabed el vk

Apelo] Azl AukH o2 w2 sHtokenization), % A(cleaning), 012t % EA|o] FE(stemming and lemmati-
zation)®] & A, o F BT Folal 331 2(corpus)§ Edolehe B e gl /)&
g 7| 224 YRS e 7:1“3 4 dolAE FEla 24 EavelA7t 2 AREEHIY (Lim and
Kim, 2014). AT eghol AEH o= Zoul 2o] o] RE]Z E3} 78 QlE¥l AlFxo|So] wo] ¥3tE|o] 9l
17+e Ak whebd, Sakel AEH Ao ek Jeja BAS
63 0]"‘ Ao FA Al Aoko] w2}, FHE, FEA F/NE B E BXE EF1}0] A2 SentencePiece: ¢
= 0]13](Out of vocabulary, OOV)ell ti3t o]3] nal& AAE7] Y&l EA dojo] Y&l Lal Bl AEo| 9]H
A 7oz AR E Bag Sehs WS AKSGT Gol, die], TR, Zaro] B a4 2R
o

2 7 BAL 3t 7]E Ao A SentencePieceS &-8-3t0] A S =9 AnfEo] HuHU7] w
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o, gharo] AEE S VINte R ¢ ] 7o ASEE JIAs] 9138l SentencePieced] 4§ 7 o F-E A

7147 BESgel % 7193 ZAo] Askelm gl 4PN o] A} qu|2E o] & u) W= th)
#2009 BE SRtk olel i BYEE Fikale] B8 FAE AL B A8 719 3] A4 )
A F ez FRua gk B ATE AT AF 9 AHA S 3R w7 298 dojubs ol 1A
AYE e BRY 5 Qs WL WS AR AL BEE, Aol AE B 149 34 PR nmss
913 S 7wl Eatelqel A5 W WS B A Algretanat gk

3 Jol
ceab-Ko7} AAHROM, W7 el TV £del A AE Do

2.1 74 BAz} £l 34 2y

4 24 (sentiment analysis) AlFolut Ar]2o] tigh Q17F 249 oY =S Apdo] A WS Fa 3t
ofet= Zlolt} (Liu, 2012). 24l 24, &4 wtjo], HEn|t|o] & ST oz QA tAd 3
ol Wt ol HAE dolH 7}t o] FAH A H3At. u*é A2 Ao} A2 Eighil
st om, AR oA AlFE B AHAE o] &5k QIFF S50 AtEEolA} thE AbEe] AL Al
= A= F8 8407 wiidd nAY, A9D, A #e), ARrUAeld & AW 9o 1 Fade] dtEHA
CHBalbi et al., 2018).

=2 ﬂ—?oﬂﬁh 22}l 1A @ H(electronic word-of-mouth, e-WOM)E UAlo| Ed| AN E AZ<] FH2 A9
HRose et al,, 2011). e-WOME Al #& ool thgh BH. Qo= AlFe] ¥4, 7H 4 7 $7] 534 2&

AsE 43 J&EE% HEE AFTTh AmazonO® EE = 2kl v AGS o] 2] ThR] e AEE A
w7 28 glon, old g RHELS v ALEY] el 9FE = 4 At (Gruen et al., 2006). webA, &
ol A AAEL e-WOMES &30l g&F o7 AEshr] 98] =33t} (Litvin et al., 2008).

AE BARD Gl M o] B A HRolM A Y=g FIAZ F = Wbl tigh whilo] o}

A3 9tk e-WOME 7|Hko.2 ‘ﬂr Fek BAlol M Ao 237 AEE Adst] 9% AgEe] Bol FAHAY
(Wang et al., 2010). o213t ATEL e-WOMo] A9 714 A, Mar FFHoZe uf o=9} e n]x]
= 9% 55 A (Decker and Trusov, 2010). o= ¥ A7 W (artificial neural network, ANN), A #]
719k e (support vector machine, SVM) &3 &2 85 dalg]Fs AREsto] 2okl gielA A9 74&
Fal7] 9 AFEe] F2 AT Liv et al. (2013)2 2221 2l BAol A §AF 719ke] oA V)5 &
HE AHEEte] AEAS e T duEE L Jiang and Qi (2016)F 7 LalFS AHEEH]

eeel PRelA 6709 A AR B,
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2.2 SentencePiece

Kudo and Richardson (2018)°] 9]l A<t SentencePieces A4 7]udke] Bl A~E A mdlS 93} H|A| &
HAE EFguo]x 2 d57]olt) SentencePieces YA oA 24 g5 /HdS &35t 2719 Y o
2% dag]Zel byte—pair encodmg(BPE)JJr Tl’qlu Ao mdz gt} BPEY 7|E duls dAE mxA

oA 4 ol SHsHe B 3 AFe) 27k Aske F3A o2 W

BHow u W% EARdES tgﬁ% ‘3’4 %7}3 = JJr & WHE3H= Zlolth SentencePlecet™ FE|Ae} 22 o
AP A4 glo] S Wi 7|9k wo] EElE 35| witel] ddoje] Aot 5o & A &= o] vt
SentencePiecet= Yl 7FA] 74 2.4 Normalizer, Trainer, Encoder @ Decoder & A ¥t}h. Normalizeri:= £]v]
Ao Fed s BAE At FulE BEskehs 9oL, Trainers 4 t8h € 324 AHE &
3 mels i‘%é‘}% Alelt}. Encodere 98 HAEES A t3}5lal Trainer”} 8h53h AH A= 2dlS ALE-35lo
MBLE MR Edstels dgolal, vAHO.E Decodert MBEYE M5 Aifst | HAER Wesl= W
ojt}.
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A B Berard et al. (2019)2

SentencePieces 83t 1 24 719 71H4 A
Fgapitt. a5e B B

f2Ege] glHE oJo]-zakro]w Molsl= WA SentencePiece? 71y

THel W WY AEwg yNte g g 7] 538 4 AFES AU Th Su et al. (2020)2 74 HAA V)&
o] 2 &5 BERTS} XINet 22 A& AR-F 7|9 B8-S Beshs A28 4ag5< XLNetCNS A#|et
sgon, dAERY ER 2 dojHE S Aty R 944S HF3t Bataa and Wu (2019)+
SentencePieces &-&3te] Ho| gk 7|0k dito] M4 #4& Fqskleh. 3449 SentencePieceE -85t o
o7} AREE] = AEE ol gl tigk A A4S FAlE A9t obF] glrh theFe TR dojolA 2 A
A SentencePiece®] ¢/ 0] ZAFHAT] witoll, d=ro] 7|wk AER I} 2l el tigk A7) oA F et sk

3.1 &8 % A" dlojg AlE

2 AFoA = S Al 7HE val Abel EQl thuheHwww.danawa.com)ol| Al TV FHe|aze]e] 338l A3
49 A& 5 300 o] T, W&ol SHEEAY EHol o] RE T 2 Ak o]9]9] FH = o] R A7

HAo] AU MAHT 9= A, w57t 27 vl A 58 AAste] HEHoZ 133,535719] A
FESATE Y E Ao gellA AR = TR FEe S, 2o, v 22 Ase] AHEE g
Ll

T Aol e 7 E shetstalal 37wkl ARlef A2

o, M

A w7 e w43

ML

Chupet AbelE9] 5 dlolHE o838t o4, 485 Uehl7] s1% eleleF (labelling)& 38371 9laiA,
353 dlolgollM aio] ek TVl el 7het 3 ARE &8shgith F2 E= vAXH 1745H 5747t
A ) el Hrbe wiA 4 Qdth £ Al W 5709 4719] BH slFetE AEE delEe dHo
E 1,2, 3709 Al sdehe 2l dlolH et FHoR At Holeds skt

L‘,
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3.2 EZ3KTokenization)

B AFelM = ghmo] EZEe Ao vl % Hrkeh] flEM - 7HA FRe ESs W do] FEA &
A1 ql%19] Mecab-Ko9} SentencePiece WS B3I TE Mecab-Kot 3h=ro] #7348 E23}517] A 9z A}
S35 JEA £417] F shuol™, SentencePiecew A1 714 9SS 93 Mdd M2 EZS HOR
(Kudo and Richardson, 2018), tlo|E] T4 A& 7|89k B|A| = W2 @AE Equo|A ot} A& 7|8k & 1
¥} &2, SentencePiecet™ AH B3}y HlolE 3to] QA gron 2 ofy Qloj7} L3402 AMgH HAE
U AR ¢lE TS 38l "AE Iy so] 1 Heslt). SentencePiece Yag]Ey UubE ol dejs B4

A T}e] =93k 2fo] A F shbe EE & v|g] XA Ao Yr} Taniguchi et al. (2019)ol] &J8hA, EZ9)

A%
71477} SentencePiece ¢alg]Fe] -7 Q3w s 7] uio] A EZ NFE AAsH= Flo] To3t)
Ao A = WA, Mecab-Ko& "O‘H RE 54S ETdleln HAY RE EZS AAEle] & 33991719 EE
< o3 2 Y33tk SentencePiece?] 7, # 4 k& 3000, 5000, 10000, 15000, 200002.2 A4 3}5it}, E3t,
Mecab-Ko$} SentencePiecet™ 98 #to 2 UTF-82 A3 YH HAEE A&k 51, & Aol A E7 Alo]E
B ARE Huekoll A =x1g ’6%33 HAEE B UTF-8 Qlage] wof llorns Weel Qs Wik glof
B4l s

ARESESiTE A 55 vlolE Al A o] FEjA ¢ H e BEs ok a9 13 Zrh

GO0

Wi 5585
BinEdgas {9 10]
5100

4800

o -
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Figure 1. Number of reviews for morpheme distribution in the overall data

3.3 £5 7Y 9 s w7 A

2 AFoAE ghero] AEE e A el digh A H7EE SlEiA Al 7 FFe] Al gk 719 i &
18]&: yolH H|o]Z(Naive Bayes, NB), k-#74 o] (k-Nearest Neighbor, kNN), 2JAFEAA YH-(Decision
Tree, DT)7} AF&-E 21tE NBE H|o]2 A#|(Bayes' Theorem)E 7|Wto 2 = &4 BF dag|So|t), o] &
A FE FHaTt FolA W BE £4o] AR Sy olgtal 7Pgshe, dvkbE o w sietulE| o] 5 Fol7] 95 ¥
g AFEETE NB Hlo]= 53], Z\Jﬂ‘j =14 71 9 4y dolEe dig £ AR AT NBe e
gk 2efe] 2yl vis) el e sty F4ed a7 FHE vlolE 9 7 A Aol vk k-NN2
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0151 /‘ﬂE"ﬂH St AEI HAE A Ateld] AYE Avtste] 2% 84E VWMo R ERshe dagsoR
b AJzro] Ehe o] qdnh DT ¢atel5 vlolE] AECA it 274 ErlE F23)ete WY
byl oA F& W] s oS3tk dubHoR o] &
o2 oA, Kaminski et al. (2018)°] w2 DT ¢
T =2 A 7 fY R FAEh
71A s e mEE 2Y &7 dss Bkl fEiA, Al 7 s A A (Accuracy), AEE
(Recall), 88 %=(Precision)7} &-&H At} <5 RHe] Ao W7lshs 218 A vloly g3t RdS g =ad
e BAR sote 4= vk A A Ao 2ol AgsiA B HlES Uit 5, A wlefEolA T
Aol girE ‘TR et FAINY gRE AR RS HER AktEnh AdEelw, AAl
tlolEoll A ‘g olld A FellA g5 Rdo] ‘g e ® EFE Ao HEE AXtEn vt o R Adn g
A

a
& wdo] ‘P olehn LHF 2 FolAl AA i}

¢

2 A A
-

=9 : 2
Qe AR B el e dele] A2 AR BRIA £ 5 ) il Ak 2 e 27
A 35S

=
< (cross validation)o] B2 02 @7tk WAl 55 aste] Bl d5& Frishd dA Hojg As 4
7hell &g wstell 57 dloe}7} 7tell &-E-¥= 3 Overfitting) & WAL 4= 9= 3ol 9lrk & =]
Ae 2 ey duese] S5 Ao

< 7&%“3}7] %%H/\i 10-fold cross Validation°] %‘*%E] 21}, 10-fold cross
validation< o}2f) 13 29} o] A A dlo]E] Al = 8
A x| Highs Akt B2l Jes o }3}7‘2— H}4& 74?_“3}.

Accuracy;
Accuracy,

Accuracy;

L]
L]
L]

Accuracyy

Accuracy,

Figure 2. 10-fold cross validation method using this study
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4, A4+23}

A BR GaeFEe A5e B Avhe okl B 1-3% 2ok thish AfejEe
S A

g

TV 24 delge] digt &7 37 23, NBelAw A=t AFdEe SHA HAL g5 Eduo]#<l
SentencePiece® AR RE B2 ol A= 85 E}o] A<l Mecab-Ko Bt} & kS Uehillth AL E
e B 7k 2w AR A48 Al9Jskar BT Mecab-KoXth AU 2okt kNNoJ A= AEHiee] So) A u]x|
&h4; B0 A<l SentencePieced] E2 427} 1,500~5,0007] & wl, A= &5 EA1}o] 42 Mecab-Ko H.th
& S vehden, 3000700142 A3 gho]l 0.9560.% 7FF Eokth AEmedE EE 47F 15,000,
25,000, 30,000711 A& A3t 25 Mecab-KoHt &2 3hs 7|53 th npA|to2 DT = Al 7HA] A

AF: AL, AUE S ZFoA HAE <5 EAubo] A<l SentencePiece AAE EZ 4= 3,000,
50007004 71 #& ghs vebsich B9k NBSF kNN#= &2 B2 4= 30,0007 o]/dellA darg]&e] Aol

w43 "ojx= Aol AT B ol whE 7h dare]E 8 Qs A wae] dyks ofd o 33 2k
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Figure 3. Result of the accuracy of learning algorithms for each token number of
SentencePiece

Table 1. Results of performance metrics for SentencePiece and Mecab—Ko using Naive Bayes

Number of Tokens in SentencePiece
1500 2000 3000 5000 | 10000 | 15000 | 20000 | 25000 | 30000
Accuracy| 0.880 0.929 0.918 0.907 | 0.903 | 0.900 | 0.907 | 0.906 | 0.921 | 0.914
Precision| 0.953 0.953 0.971 0.964 | 0.953 | 0.953 | 0.953 | 0.952 | 0.953 | 0.953
Recall 0.919 0.973 0.943 0.938 | 0.945 | 0.942 | 0.949 | 0.949 | 0.965 | 0.956

NB Mecab-Ko
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Table 2. Results of performance metrics for SentencePiece and Mecab—Ko using kNN

Number of Tokens in SentencePiece
kNN  |Mecab-Ko

1500 2000 3000 5000 | 10000 | 15000 | 20000 | 25000 | 30000
Accuracy | 0.948 0.950 0.952 0.956 | 0.951 | 0.948 | 0948 | 0.948 | 0.949 | 0.947

Precision | 0.957 0.958 0.961 0.964 | 0.960 | 0.958 | 0957 | 0.958 | 0.957 | 0.956

Recall 0.990 0.991 0.990 0.991 | 0.990 | 0.989 | 0990 | 0.989 | 0.991 | 0.989

Table 3. Results of performance metrics for SentencePiece and Mecab—Ko using DT

Number of Tokens in SentencePiece

DT Mecab—Ko
1500 2000 3000 5000 10000 | 15000 | 20000 | 25000 | 30000

Accuracy | 0.948 0.947 0.948 0.962 0.960 | 0.956 | 0.948 | 0948 | 0.943 | 0.898

Precision | 0.970 0.970 0.971 0978 | 0.977 | 0976 | 0.970 | 0.970 | 0.966 | 0.967

Recall 0.976 0.974 0.975 0.982 | 0.981 | 0979 | 0976 | 0.975 | 0.975 | 0.924

42 Bl 8 BR 45 A3 BA

FEla 43} SentencePiecest] 5 FHmo] A oS AT fA, F Aol A= e E t-
AR Al 7 daelE B Mg 52 AYEE Bl 54 EF 420 )3 SentencePiece A7} HEj 4 24
Avks wasginh. Aol M= Al 7H) darels Sl 58 e s B kNN DTS dide= siglth. 4.1

A AaE vkel 2ol SentencePieced] EZ 4771 3,00070 wje] F dare]e] 7 AT AE #tel 7P w4k
| W&, o] W] e ARE: AT, AHE, AUEE Mecab-Ko2] A5 X F 9} v|usioit). H3 AdS ¢4
A AA HlolE] AlellA T B A dHolHE 90:109] BlE R A9 AAste] 7k dargs MR F 1003] vy
AlEsiith deEe t-H3Ae e 9M Bl E F je daelE kNN, DT9 s A% g0
AFAE Bl fei ERaEX-~n 2% 2 (Kolmogorov-Smirnov) 743} AR 2 -9 3 (Shapiro-Wilk) 7
e Al on, 1 Avke ofd] £ 49 2k 724 AF, BE dlolHo A p gho] 0.05K T ARE Hlo]E =
AtAS Zhetal B 4 9tk Mecab-Ko¢ SentencePiecedl tigh th-&-% 2 t-74 A3 ofg) & 59 ¢} ¥
A A3, 7 7HA 4arg]F kNN, DTelA €] Al 744 s AR 25 SAIA 02 #2038 2ol 7} Q= A o= yEbst
t} 53], kNNo| A9 recall& ALt BE dag|E5y) A% XAl A SentencePiece’l B &2 Ao 8154

N

Table 4. Results of normality test for each performance metric of SentencePiece and Mecab—-Ko

Type Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
KNN_Accurac| SentencePiece .073 100 .200 994 100 918
y Mecab-Ko .065 100 .200 977 100 .084
kNN_Precisio| SentencePiece .056 100 .200 .992 100 .839
n Mecab-Ko .061 100 .200 .988 100 .535
SentencePiece .065 100 .200 .980 100 135

KNN_Recall

Mecab-Ko .078 100 .139 .984 100 .257
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T Kolmogorov-Smirnova Shapiro-Wilk
e
P Statistic dr Sig. Statistic d Sig.
SentencePiece .050 100 .200 .985 100 .333
DT_Accuracy
Mecab-Ko .068 100 .200 981 100 149
o SentencePiece .064 100 .200 .985 100 331
DT_Precision
Mecab-Ko .068 100 .200 .984 100 .270
SentencePiece .058 100 .200 .983 100 .218
DT_Recall
Mecab-Ko .080 100 116 981 100 171

Table 5. Results of paired t-test for the performance metrics of SentencePiece and Mecab—Ko

Performance . o Sig. Mean Std. Error | 95% Confidence Interval
Metric (2-tailed) Difference Difference Lower Upper
kNN—AyCC‘mC 26.419 99 000 00693 00027 00640 00746
kNN—P;eCISIO 32.437 99 000 00749 00025 00700 00798
KNN_Recall | -2.531 99 013 -.00042 00017 -.00075 -.00009
DT_Accuracy|  30.564 99 000 00921 00030 00861 00982
DT Precision|  8.147 99 000 00189 00023 00143 00234
DT_Recall 35.899 99 000 00761 00021 00718 00803
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