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Table 2.1 Cross-table for the occurrence of a word in reviews and their ratings

Rating 1  Rating 2 ... Rating J  Sum
# of reviews with the word ni1 nio nyg ni4
# of reviews without the word Noq Nog naJ na4
Sum niy1 n42 n4g n

Table 2.18] 2 X2 HE 7lo|AlF SAFS tha 2ol 7+ & Utk (Agresti, 2002).
- (i)
=yl g

AN friv=niy /n} Frj=ng4,/ne 2 P Ao TE FHUE )W, fi=nfi+ & T4 j=nisni,/ne
7= olt). o thojo tht FholAlF FAFe] W ERAAA 1 Tl EF o Fef met FHe

BE7H 5USA Gk B 4 ek o9} ol Aol AF BARL olg el BEN Aol B Tl
E2 2E30] o9 RN JYNSE BT 4 Yok,
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2.2. A|AHE7]A

AN A AL 23t 5

52 FEagro] +13} -12 o]F o o] EFo|A uld (margin)< Z T
s}el= =% (hyperplane) S %

st skl olth. Aol Bld A 270 Vapnik (1995)
A0 4 Uk AXAEIAE Fehae] A5 A o4 iR ERE St WEe oy
AA ], B ATelAE o] BRel AXAEAAS WEAon Agst WS 157

2 3t A4 2 7 7128 =95 okt 2ok {(@, vi) Hi S oI EdulolE ot o 7]A
x; €RPSLy; € {1,..., J}& 247 idA =i et SHHsE veRdoh

B =RAME r/]_mz A 71 A &aue]E 22 OVR (one versus rest), OVO (one versus one),
OVN (one versus the next), OVNF (OVN + forward)< 2l3lt}. o]E%5 OVNI} OVNF+= H 3o
TAES LEshe WY elal OVRA OVO+ A9 £AA4S LefshA gde Wiz & + Qi

OVR
j(=1,, )08 £57719 M2 2YUsE the 2ol ZYdth i =1,...,noll thste]

_ 1, yi=y
1, yi#J
FAUOIE {(z,2]) )1, ol hate] AAHE 7| AE AjFsle] 2 ERILE f;2 Vehhar A=
dlolE] ol it S~ cl&7h2 thgo 48 FdlA 4 5 Stk

§ = arg maxf;(x) (2.1)
j=1

ovo
OVO e BE 7hsd Feiagtse] Aol 1‘416}04 (5)7Me) Aavime ek 2 5o} k(# 5)ol
tiste] Felaghel 5 A +12 2R k) B —12 :f%ﬁ& T, AAHE 7 AE A 7eto]

3]
tlole aoll ek %F/H/\ A& ()71 EFEF fir(@) el o

ERUSE fueh A Aze Sof o3
71 ol &" EY3er FolXty. OVOeol gt Kt XW“} AHgHe Hsu$} Lin (2002)5 #ud
% 9k
OVN
(=1, T — 1)) thate] A2 EPWse g2 thest 2ol BT i =1,...,nol ko]
z-{ R (22)
-1, <y

FAUOIE {(mi,2) 1, o thato] AR W7 AS Aeto] e BRRSE 2 UEpE, M2e
dlolg zoll that 2ol ol Sghe thew 2ok RE joll thate] fi(z) < 09 APt y = 12 o5
&1, fi(x) > 02 H4o) j7} EASE y =+ 12 o] Z3).
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OVNF
Jj (=10 =1l tiste] Mz S ghe thaet 2ol Aotk i =1,...,noll thsto]

L, vi=jg+1
1L, vi=7

FAOE {(z, 7))} ol Thate] AAME/|AE ARsle] Qe ERTFE ;2 YEPIA. A=
2 HolE] ol T Fele lZghe Thesh 2tk j = 1AYE 2oz S 17 $AAA 7}
o, fi(x) < 00]W y = j2 &3k n 28R grow Fela j+ 17} j + 28 vl FHL ALH
(Kim and Ahn, 2010).

(2.3)

/—’H

Helez RYge 297t ST Y o 48 7ed thilF 2229 g7 Rgoltt. A% =83
SYTG (= 1,0 — 1)olate] We] £7 =1 BF P(Y < jix)ol the £ 23 (cumulative
logit)-2

PY < jlx)
logit[P(Y < =1 —
ogit[P(Y" < jlx)] = log 5 PY < %)
2 A=, o] o] &g vgezx Ry
logit[P(Y < j|x)] = o + 87 x (2.4)

ofth. 2¥ (24)°lA jiA +4 23 4?3 ;e 7HAT Yo ;5L j7F AXNE E71sh RE
2R A9 M7} v G BE 55 o] A o9 Fholl web 2 M gigt o=
ghgo] ATt (Agresti, 2002).

3. TlolEl 24

A B AP AA L2 23 dolEel thate] 24014 w2l thiF ERAE o
u RE o] 833ir.

P RARY dOI8 ARRYS AU e Uk FANE Vi (12,349 FUREE
= 578 W Xy, oo+, X5, 7hedl 40708 ¥ X, -, X5, PR
57H«1 X46, S, XsoE2 A4 3ARAQ 01 T"EP“O] o, BHAQ dol5e] IFS YER
ok FE2 3ol j (= 1,2,3)d wl JFAFEL] Al 2F el et ok B4t A, Aje, Ajz 2 UER
t}. Table 3.18] ol B4ghol] whet A 7EA] AU & skl en], Fejazto)] Zold B4 7o
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d=>Ilp: — ps
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Table 3.1 Poisson parameters for 3 scenarios in simulation with J = 3

Scenario d Class X1, -, Xs Ko, ; Xas Xae, -, Xso
(Positive words)  (Neutral words)  (Negative words)
1 0.1 0.1 0.5
A 1.131 2 0.3 0.1 0.3
3 0.5 0.1 0.1
1 0.1 0.1 0.5
B 1.366 2 0.1 0.1 0.1
3 0.5 0.1 0.1
1 0 0.1 0.5
C 1.624 2 0.1 0.3 0.1
3 0.5 0.1 0.0

B AFoAe thaF EFEANA ARFEET o U 5y F7EERE 42X Hand$} Till
(2001)2] M-AUC (multi-class area under the curve)E H7}7]|&2o2 ALg3t}. M-AUCE A2|3}7]
%ﬁﬂ 2 7 7128 =98 oy 2ok AGlj)t A-EA A" iR Feae tﬂOlEM] o5}
o AWGsA AHE AR S0 dole ) o Ze o] £3 FEo 2RV FL F5S 9
A(jli)e AGilj)e wrehel Aol et 382 dEhdtha siAh. M-AUCE

_1 ZAZ]

1<J

\_/

= Agelgart. 9714 A(i,j) =

REOJAF L ZF AvE|lede thadt o] AASHTE dollA AWE dlolE A4 el wet
5,0007H2] dlolElE At 1,0007]= FRAH IR AMEEHl YA+ Al@ulo]lHE ARSIt
ZH S ARAAQ N g fJste] tlole A4 2 23, 2y AR B o5 A AAES 1003] v
3lo] M-AUCS] HEF EF 0 X2 73519t} Table 3.2 oA AxE HojZr}

Table 3.2 Results from simulations with J =3
M-AUC

A(ilj);A(j\i) olt}.

o)

Method Ratio Scenario A Scenario B Scenario C
OVNF 0.7795 (0.0006)  0.7738 (0.0021)  0.8437 (0.0030)
OVN 0.7881 (0.0006)  0.8265 (0.0006)  0.9411 (0.0004)
OVR 1:1:1 0.7616 (0.0005)  0.8200 (0.0006)  0.9389 (0.0004)
OvVO 0.7801 (0.0006)  0.8180 (0.0006)  0.9334 (0.0004)
Odds 0.7946 (0.0005)  0.8254 (0.0005)  0.8859 (0.0004)
OVNF 0.7733 (0.0007)  0.7923 (0.0017)  0.8589 (0.0031)
OVN 0.7718 (0.0007)  0.8177 (0.0007)  0.9362 (0.0005)
OVR 1:2:2 0.7628 (0.0008)  0.8147 (0.0007)  0.9386 (0.0005)
OvVO 0.7734 (0.0007)  0.8127 (0.0007)  0.9326 (0.0005)
Odds 0.7794 (0.0007)  0.8204 (0.0006)  0.8917 (0.0005)
OVNF 0.7394 (0.0010)  0.7317 (0.0027)  0.7904 (0.0043)
OVN 0.7650 (0.0008) 0.8016 (0.0008) 0.9240 (0.0007)
OVR 1:1:4 0.7215 (0.0007)  0.7735 (0.0017)  0.9301 (0.0006)
OvVO 0.7401 (0.0009)  0.7825 (0.0010)  0.9271 (0.0006)
Odds 0.7487 (0.0011)  0.7787 (0.0010)  0.8672 (0.0006)
Table 322 28] Ro| 48 27e 43 WEl 0oz 2ob. dgto] ARSS 7h e o2 A
o7} A, Zehatie] W golA B (imbalance)o] ASA5T WREL o] AvtAoR
dojzl= de Atk dgre]l 22 BF (Adele A)9 Fpole Fd vge] L1l F2 1:2:29
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o Welex e e Wl vstel 4ol AtiAeR F7 itk Tel dgkel 2 Aol
SAAE eshe OVNo] S vj&3 4agle] A9 £2 d5< HA vt vEe= 239 4%
2 28 FA stk ohubz vjdlex Ry Ao WFEE ZAGRN thE Y] g2 vt 273
2 %A Foo] 17} ARSE AjA e Aol Dol Ak Zlo] ofilx) el 4Hey.

ool B ALE ¥ 58 J =53 EYAF S FUIE HAAISHATE GellA AAjgE J =321 4
So} IR BEWS Vi (1,2,3,4,5)4) FUAREE D=1, 50709 AGuss 5 AL 5709
W Xy -0 X5, 7Fd] 40709 W X, - -, Xus, TRRAIE 5709 W Xyg, -+, X502 44 34
el wol, £ wol, ¥AH Polge 25 tehiry. 2l grol j (= 1,...,5) L ) 94
Wse) A 2E] U Told BAE Ajy,..., A 2 UFERATL Table 3.39]) %ol R4kl el
Al ZFA Al & sttt

Table 3.3 Poisson parameters for 3 scenarios in simulation with J =5

Scenario d Class X1, , X5 Xe, -+, Xas Xa6,++, Xs0
(Positive words)  (Neutral words)  (Negative words)

1 0.1 0.1 0.5

2 0.1 0.1 0.4

A 3.203 3 0.3 0.1 0.3
4 0.4 0.1 0.1

5 0.5 0.1 0.1

1 0.1 0.1 0.5

2 0.1 0.1 0.3

B 3.415 3 0.1 0.2 0.1
4 0.3 0.1 0.1

5 0.5 0.1 0.1

1 0 0.1 0.5

2 0.1 0.2 0.3

C 3.863 3 0.1 0.3 0.1
4 0.3 0.2 0.1

5 0.5 0.1 0.0

Table 3.4% 2ol415e 232 Rl AWAA ARL J = 39 A9 vlg fASTh T
J =52 A% v Sl sk OVNS JiZA 5ol J = 39 Zfol vl o F=gAA vehd
o}

Table 3.4 Results from simulations with J =5
. M-AUC

Method Ratio Scenario A Scenario B Scenario C

OVNF 0.6286 (0.0052) 0.6390 (0.0028) 0.7258 (0.0006)
OVN 0.7570 (0.0006)  0.7862 (0.0005)  0.8608 (0.0004)
OVR 1:1:1  0.7335 (0.0007)  0.7565 (0.0006)  0.8207 (0.0005)
ovO 0.7396 (0.0006)  0.7619 (0.0006)  0.8426 (0.0005)
0Odds 0.7736 (0.0005)  0.7875 (0.0005)  0.8346 (0.0004)
OVNF 0.6169 (0.0051)  0.6194 (0.0028)  0.7250 (0.0013)
OVN 0.7497 (0.0006)  0.7784 (0.0007)  0.8539 (0.0005)
OVR 1:2:2  0.7327 (0.0008)  0.7505 (0.0007)  0.8185 (0.0006)
ovo 0.7377 (0.0007)  0.7582 (0.0007)  0.8392 (0.0006)
0Odds 0.7521 (0.0006)  0.7686 (0.0006)  0.8153 (0.0005)
OVNF 0.5834 (0.0056)  0.5978 (0.0036)  0.7033 (0.0010)
OVN 0.7428 (0.0008)  0.7559 (0.0008)  0.8372 (0.0007)
OVR 1:1:4  0.7072 (0.0013)  0.7312 (0.0013)  0.8067 (0.0007)
ovO 0.7222 (0.0009)  0.7354 (0.0012)  0.8201 (0.0009)
0Odds 0.7179 (0.0007)  0.7239 (0.0008)  0.7701 (0.0006)
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3.2. 22l 24 HlolE

A 2FH L Je  AlERRY 93}, dAY SOl B Rt FHe W 239 (web scrap-
ing) 7| o R 7hAobA] 2o AW E gAEd gt AA2E 3ttt RS o]&3t] §] Hlo|HE 23
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o] F=ZFEE vetfo] Bkth FholAlg A7 p-grel 0.0010]5k21 Tol5¥ A=t Fig-
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=718 £33 ©ho]Ql perfect, amazing, boring, terriblex} Z-2 745 UElE J{AE 0] &3l
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AEE R it PJESTFEE Hofth F JESeesE vus] Y A ¢o7 A"H A
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Figure 3.1 Word clouds for movie and game review data.
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Table 3.5 Results from movie review data
Method M-AUC # of words

OVNF 0.751 (.001) 324.85 (1.57)
OVN 0.763 (.001) 325.62 (1.45)
OVR 0.776 (.001)  322.07 (1.45)
OVO 0.771 (.001) 326.58 (1.44)
Odds 0.776 (.001) 324.55 (1.56)

Table 3.5% Table 3.6 712 93} 2159l AAY 2R deolel e AnE Holzeh. 7olAg
A o5 A Tojo] A%t o) ARAAE ek 320, BAY RN L RS FS
ek 10070, A Ao 39 e s07heleh. WA Re AvteEel A5 F97t Bl wEel
dalel Rl wlsl dol7t AriAoR g, A AAYL AP A= ALY M3 RS ehHo
= 47 e Aoz 259k 43} PR 9 MAUCH 71202 OVRH wl#lez 2, OVO,
ONV3} OVNF o2 yepgdth gAY 2lHe A M-AUCE vjgdl2= 2%, OVN, OVO, OVR,
OVNF %02 Uehith. T lole mRolA ujgex 299 5ol A £& Ao 2 o, Zeh
2] BRAA ARl FYG AHo% wwd F FRAATT ¥ & Ak w3 5o 4P f4
37 OVO= Wid g4 A5 Bark AY 7 498 Astn 442 1ee A2 e
71A8] W9l OVNo|Lt OVNFS] 4ol 18] £4 942 & 4 grh

Table 3.6 Results from app and games review data

Method Relevance New release

erho M-AUC # of words M-AUC # of words

OVNF 0.632 (.002) 105.29 (.66) 0.639 (.003) 56.43 (.46)

OVN 0.714 (.000) 104.63 (.73) 0.708 (.001) 57.34 (.43)

OVR 0.698 (.001) 104.66 (.71) 0.672 (.002) 56.83 (.45)

OVvVO 0.708 (.001) 102.92 (.64) 0.694 (.001) 56.65 (.46)

Odds 0.721 (.000) 104.72 (.67) 0.726 (.000) 56.98 (.45)

4. 4E

2 =wodAE ZholAlE Eﬂlf‘*—‘l o]-g3to] 22kl 2l dlolElolA A AR e] 2 Dol
F2 2 7 gRolA F2E D5 SFVEE o8t FHLZ oS5k thiF 2/EAE 19
sttt A EA o AREH Eﬂ olfe] S AHEY, IR FAHLR o]Fo o] £F Hrk= W
Zo) A%k 37) AES) hF BH7} AR A0E Holn), 54 WolSo] e dRsl Fejas
Adge] w2 Zeg Helrh o AAHE 7| A 7|¥ket ofg] 74A] thi S A2 E 7] A £} 1]
Aoz 2Yel 452 moldg B A4 F59 A 2R vlolE 242 Folo] sttt 2o 4Y
ol OVNT} OVR] 45o] iAo 57 vhet vl A4 Hoeol e eex mael 4%
o) 7 U} Ao Hol al 3450 HlolEle) S0 Heh Yehd e & 4 Ak 27149 R auT

AA BloEe] BAE Etel B A3l 2 B8t e Aoz AHt
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= 2 AEE AZE £ £ ok AA, ¥jge= 2y

Ea A 23 i3]l 7PHE Y (generalized additive model)& 18 4 QL

ot £AEE whgslof stee 2E ERABAEN N A2l gle £7 (non-crossing constraint) st

2 AAE 2P & 5 7] wiwef <

&4 (reject option)S 7HA]= 22
RPN
= T

WE 7| AYU <=9 29 (ranking model)ol] 7]¥FeE W 5= i3] 91 Aolt}.
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Abstract

Sentiment analysis or opinion mining is a technique of text mining employed to
identify subjective information or opinions of an individual from documents in blogs,
reviews, articles, or social networks. In the literature, only a problem of binary classifi-
cation of ratings based on review texts in an online review. However, because there can
be positive or negative reviews as well as neutral reviews, a multi-class classification
will be more appropriate than the binary classification. To this end, we consider the
multi-class classification of ratings based on review texts. In the preprocessing stage, we
extract words related with ratings using chi-square statistic. Then the extracted words
are used as input variables to multi-class classifiers such as support vector machines

and proportional odds model to compare their predictive performances.

Keywords: Multi-class classification, opinion mining, sentiment analysis, word cloud.
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