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ABSTRACT

Users in social media post various types of opinions such as product reviews and movie
reviews. It is a common trend that customers get assistance from the opinions in making
their decisions. However, as opinion usage grows, distorted feedbacks also have increased.
For example, exaggerated positive opinions are posted for promoting target products. So
are negative opinions which are far from common evaluations. Finding these biased opinions
becomes important to keep social media reliable. Techniques of opinion mining (or sentiment
analysis) have been developed to determine sentiment polarity of opinionated documents.
These techniques can be utilized for finding the biased opinions. However, the previous
techniques have some drawback. They categorize the text into only positive and negative,
and they also need a large amount of training data to build the classifier. In this paper,
we propose methods for discovering the biased opinions which are skewed from the overall
common opinions. The methods are based on angle based outlier detection and personalized
PageRank, which can be applied without training data. We analyze the performance of the
proposed techniques by presenting experimental results on a movie review dataset.

FIHE o)A T, Lyl vhold, 7 &4, AdstE sHolA g
Outlier Detection, Opinion Mining, Sentiment Analysis, Personalized Page Rank

T ri
R
¥
N
i)

T SR g AR A del o] T A (FAHS 1-1303-0136).
o= A A s 2013 FAGEUs|olA waxy “dEd 9d B4 A A% €4 ¢
A FHE =fo] $4 =EORE FAHH I =4E A
% First Author, School of Computer Science and Engineering, Seoul National University
(jonghm@europa.snu.ac.kr)
#%  Corresponding Author, Department of Computer Science, Sookmyung Women's University
(jshim@sookmyung.ac.kr)
##* School of Computer Science and Engineering, Seoul National University(sglee@europa.snu.ac.kr)
201341 10¢ 299 <7, 20134 11€ 189 AAkgks = 20134 11€¢ 2249 A4 EH4.

for



A

=AY ot
AAN LA A187 A45
] t] o] of A

2

316

BT~
)
m?%&%%%@ﬁ]
s ] 0
%%@7%%%@12 o Rk B
= 9% uquHd.JIE o W ox ~
m?,@wﬂy < 5 2 r X N
LﬂJ# W ED o E o THAEE®
aux4@gﬂm s B o vmﬂ%sﬂ%
ﬂﬂ%ogqq w R X oo B iy B
q,_.wbcg@araiﬂﬂdl%mﬁmﬁ Q@frd.x%ﬂ%%%@r%ﬂﬂ
ur.pmmuj&k%&mmﬂa%% .mﬂ_ﬁmm:g%@%%olﬂ%
mMn¢7ﬂur8muJu|%H & B R Mﬂ%mléﬁw%_ﬂ,%o <
,7é}A} Box D = 7onswt = W
= u747u|41xr T 5 T bR g%%q%%
deﬂztdlmﬂz_.]ﬁ%ﬁou_um_#odﬂq m.& %WﬂOtﬂadw.ut T X
ol ﬂ}m_%ﬂd% w - ”mﬂﬂmﬁa%c Edrﬂ%fdutfd
o H oﬁ;%}% ﬂ@w@@mnsalgﬂ oy 5 e
LmOQﬂﬁulmw_ﬁblz?jaTmMuoduaa(AMﬁﬂr‘_oWubr,qumﬂ&lmﬂ,_ﬁl
W ED A%xi,ﬂk%m@.%t% =~ % 7 ﬂoﬂﬁg
= o T 9 %AW i — 5 %a]_sﬂ]kLL fo°
%mn%%%g4wggg%ﬂﬂmmg@%o%%wmaﬁwﬂ
X o ~ T B T X oy A - X :
ATUT‘_M_N%WMHW@&LU!WWJW%%%%L@M@Mﬂluﬂ,_iuuum%ﬁﬂwlﬂlidv
) ) A = o) ~
J:Lu__/.Aq’mWMow‘_:iqgaﬁﬂﬂﬂ;(.\orﬁL@E&loﬁ_aW dﬂquﬂbm@_
7@Uroﬂogzﬁ%§ﬂ%.mo Lo T o 2
M e oy B #Ulmqum mﬂM.,ruTﬁ_'ﬂﬁAth,%ﬁu
merﬁLWEyATé Hoﬁkﬂl%%/oq%ﬁrwmwwﬁdnoi
gar.ﬂo% A E%zzefoﬂ 3 =
rors w El 1;.2 T B _zT sy \UI oﬁa — Jo o S o) Hl‘_ o —
ﬂmM@mJ 44%%%@%%%%1 o o o0 N
ﬂﬂmm%iw}m ﬁ%%.fdml do ) T no
@ﬂo%ﬂo_ﬂul%ﬁﬂ.Aﬂrﬂlo il A
ﬁfrﬂﬁaa%mﬂ%wﬂmwm@mﬁ @%@%ﬂ%ﬂ@%l;
ﬂzomMEOfmﬂzlﬁMurﬂﬂmﬁmﬂ% u%ﬂE_m%ﬂ%mTM DN
1oouAX - xR g ) s &
fdi]ﬂfdo E ok B T & = o =T & B O i@ﬂi
AEqmﬂ@ﬁoc%Lfo_blog;oo% mwga_zo.j o w2
omﬁzo Lﬂomﬂ,ﬂmﬂﬁrgeuﬂﬂgﬂﬂ ﬂo%_ ﬂl\n_wl,oﬂﬁﬂ ﬂwam
ﬂ?w:n%h%fdi%%ma@gmzi @%ﬂ%i%@éﬂnm_/
TEERS mﬂgﬂﬂﬂﬂi%1¥ﬂ EHTdm@QEOMﬁrJ.mé
Mo 7o ﬁaoﬂ1ﬁ 1ﬂ.@iqqfo a dr.]mﬂmﬁlﬁr%mu.mm
@ﬂ%&wﬂﬂ.ﬁg%ﬂ%x = He o %1anﬂoT g &
N ﬂ@@ﬁi% %ﬂwraﬂ m«lo%mlﬁr Fop g
50 o o AR —o oo = T 7 % o p ° M =) T By T T [ )
u.zﬂ;ﬂuﬁﬂﬂ1alﬂamﬁo A%ao@%mbﬂg.m%
]kgal]ﬂﬂ o 0 471wAﬂauﬁ ﬁoAT}_ﬂyzo]ﬁH1mﬂﬂ®ﬁu
O%ALO@WMQ%%WLE@ = }17m174_aa o
e %o To T T A%%Lwﬂﬂﬂﬁﬂmﬂﬁ
omﬂafo]@u;oi%%.mUoJA,;o_q_.w ﬂm&mm W
o = ﬂolﬂdr1%a wtﬂmx = w
[ﬂﬁfnzlx oo H xR
CEEC I N — " n_Aloi L, 0T
=X T NG iﬂfd%ﬁ_fa
Eﬂrzﬁin_rm}mﬂgeuo]dl.
o B fdxﬁd}
o E.LO}
R =
-

3t 7]

Z}% [ =
153 glth olu], FAjo|
y W /q —ir%

Oﬂ %01@

=4

[

jtjole] HA

njtjej el Al
o=, tewE



171§l

1o

0

%l

31 AE Y =ul(SentiWordNet)[12] 59 o

0

[oix
=

15

RS

AAdoiA g 7]Rke]
[9, 10]°]

Qg o)A &2 71 317
H.

S

-

R

=]

]_

o
5]

Hes
a8

=

=

(Classifen)[11]1& &%

g8l A4 7
A} o]l

T2 AR

o

R

=i
e

=

7IHEe] H]

A

o o7 2A
2

A7} o
of whe} w57} Hol UA 4]

=

ZF = (Unsupervised) ©]4%] &3] 7]

=i
pun
2~
T

E

o2 drt

2

H
gl

Q]
=

ESHCEE

9

)

o]’ (outlier) g} B3, A1) FAIA
53]

wolth uwhehid

o, St dlolE|}

Aol H]

oeF o7 FAE GFE AT

YR EFERMERE WBTIFILIERTT WT WP
S TN BT T F g oo By KOS N ol
X = X g T B i~ AT oo ™ °F | T X O _ T mo
Gl o< B I NS i - VR S Ty R
I B B - SR -l T T wm 2Rl
TEF e R T QPRI s T Adx X LT
) EE D BT NP o 1o o R N A
PR BN W o N e BT B R
,LlﬂoFSH_l ﬂlﬂu,ﬁlz? T — ]Lt,;lorﬂjl 0
o o o 3 < el Mo o = N WoT L &I = ,uloE
~ < m Mo H o w7 = o N o] i} \_.Wmvom-ﬁlﬂ ~ dﬂjﬁﬂﬂv\_
ok B o ¥ oo W B = P ooy op o Al = X — =E
P O T ET T T T LB E g T
=) ™ B B o K W =R m:rw_ e Mo Hﬁ o o Wy e W_ﬁ M il MM Wa MA _LAW
o R R S S
T T S Y R T o i [ T bl L .
Xop & ooy B A X % IR = % ot
R LW Fw g P g EMS s
g A2 = N oy g ™ X <0 X . o X il
SO A R TSP HEF o PBEDT IR E
do i W T o HE PN = <] LM T N o R ORe N
7 Mm 5w mc W N = A WM = o B = Al o om__ LS
= T . X =
PEEWEET T2 wxd T ¥ BT
X Al g o = Koo A o O =
N e IS TS E o iy o No o] o) o WK
p- B2 M MﬂHMo O K| utmlﬁu %0 T N oy oo
=N A gw o 0B oa®w ) 15 b N N X
Aﬂeﬁuﬂdoo,_ Ho%ﬂeute]ﬁﬂ ll ™ =
3 L o= q = ) o K ) o oy 2 T W
LeEtses TlxBosw P OZUEeR
GO R S E M 7 o g oy A0
o 2RO o NE R R v W iy o TOX o
O S XL A TE TGN e L o B
‘UID,I ‘OIA.,LO mwoill‘l ‘Hoﬂ.,.%o;ox
B K OH o= op X N 55 . = o
o e - ] Gy a3 0 = o wr
of T RE N m W s O o AW
Y ;om_ ° N @IMM el o}J e o M“_ _A_o%ﬂlﬂ MLUF,WA = %
22z, 2XszfeTc SEeu L
ﬁAo#a7 E R S o .Lt ~ % T Wuﬂ,ﬂ ﬂuﬂUr;o v:q
pEU En il ala of T % o A
RN QTR N oo E R R T W N o

g vho] W (Frequent



&= e
AAAY A A18W A45

Itemset Mining)

318

W‘mrﬁ =)
%T M]W%ﬂoﬁeﬂl1A
o ] —~ [ —
) WEHOO#EH%LQQ%L
=0 Erriiang .
. T T z
= qgeﬁm_tawﬂff Fur LER
.),_mﬂlr EEIEEQ@WEE Nlﬂuﬂ ™ m%aﬂ]
wrjmﬂ_z 1wﬁmﬂm@|,uu@u ﬂnj% %omﬂq%mamooﬁ
) -z = Miﬂeﬂ@@aﬂ T %o%ﬂi%ﬂﬂ,a
) T s s T T L 55 R R
S - m_.aﬂ%.m]ﬂ o= — ﬂawnzomﬂmri H:Laﬂ__oﬂ
§ w3 OE@uﬂreo R oo MY K = S Nﬁégaﬁr%ﬂﬂmﬂ
W3 Hﬂu..ﬂo::@%d..zﬂgﬂﬂo ul Aﬂx%wmoﬁnﬂﬁo%ﬂ%%
- = _ e : — S N = i
W_. ) mfi@ﬂoEaTﬂ%%TﬂHM;ﬁﬂ% K EIEEE%VL Ho%o_eﬂﬂﬂ_.w“ﬂ
A ohmﬂ&mdﬂjl,btl.]ﬂamﬁﬂﬁL@ <0 Qﬂﬂﬂaoﬂdﬂdv%%uy;oﬂu
on .1x_.,AJ|Ac,Aoo10ﬂ) o ) ﬂﬂ,]onﬁ?qﬂm1iﬂoﬂ}
e 5 Amoniﬂnmaqoa. a0 t7maqtpoimwn7n%£~]§
u%urmog%%@ moxmmr%@ =l %ﬂ@%wuui T om oy
o L Moy M8 R o T BT Wl R g o
T o 70%5 S -~ " RO 1&1%&@ =
T o T ﬂ%EWE7¢| U =S~ dﬂxo7mu 1%)&%
0 m Wmoﬂol&o el .mlﬂrﬂl_w_wu ._Jr.ﬁ_ _om il Uo audr_i Mﬁmm wwﬂ
0! —_ ; ' _ ) flndl 0
Lulxﬂmm%aﬂmﬂ Mo@ﬁ]iuur%orua oﬂmA
gy I . o = Ko o oy B 8 A
ﬂ%}mﬂﬂl] o oﬁn%%V:lifaLQ‘ﬂmﬂ
o B BT Wy TR > M N XX ™ 3
%%%%WMHH}HJENW] < R oa]aw,#bc7©ﬂ
SElpEEEEEEELoCfod EPEEE S
. G i T 5 70
ﬂ%%@smm%%ﬂ?ur.fr@ur.wjhg O T T e
ﬂ.ﬂﬁ]oogaa}zﬁ ﬂdﬂow,wﬁumg.ﬂ.ﬁjlﬂuaﬂ%
ﬂ%h@aﬁﬂv zefouoﬂwohﬂqﬂva%@mﬂ -
ﬁmﬂ%%%%%wﬂmﬂ?@mzluhﬂﬂ%HMMﬂoﬂL% A
%l%%ﬂﬂﬂr%%%@ @WEX,EOM%H&UJ) @ﬁ\zum
@%%%@%Julﬂv%ko%Aﬂéﬁrﬂko%ﬂa)«m A ﬂia
%A;iwaﬂlDvﬁ%%wog%wuzﬁw%wmyma il %ot
%Q%%E%%ﬂéwfiﬂog1 T R S
,IﬂﬂtuﬂﬂylﬂrmlEaﬂ‘_mﬁﬁlogqmq,ﬂﬂﬂmmﬁbtwk7%P ﬁw_ ﬁ@uf
mgu_uﬂmﬂﬂor%%ﬂ ﬂ@mm_@mmmm»nﬁ WO_N@EDw o * o g
@ﬂﬂﬂm@%ﬂﬁ%ﬁﬂyfﬂ ?ﬂM%M@@.mm Wim
L},l}\ﬂ = mﬂ%%mﬂfr o < = g g X .
7mmonoﬂHWWﬂﬂﬁoﬂﬂmoEMWW%%%%%mm = Xy
ok T T o S AF B kﬁLlﬁL N = o) ® kb 5 3 o il < o}
Eﬂﬂodﬂﬂr 2 = mﬁﬂi% @Lle B > = X
s B A p R o w5 O ~ g 5w
== 5 B w I T T o= g M ) T S
o 7 = oML_o]A o T o= A% — ol
u%ﬂLaﬂ& e b ™ o A 5
7Eﬂ7ﬂlhﬂ|oT R~ ULE .
Tl oUqugV;oL B oW
crRET S o T
ERC T
0
N ©

t} o] 7|HE
'L 471 7k(Threshold)e] A

pud

—6]—1;} {WI; Wy,

ndes AL



A A 7L

o= F3l A ol
sy,
2= 7]RE o) A] HA=
uz, 58] Akl wlojHd
WS <Figure 1>3 7o)
& AAETe) 2heel
J&%w A Bsh o] v}
A7} AchH A 271
o] W7} AR, A Ak 2ol
o AL erhd 1 7hee] Wshe
o] 3 EAL &8dle Zx 7w

102 20

et
g
=)
>
ofX
of
ok

El

ol
<)
)
o
=
S
o

o
=
i_l“
o>
(o

)
24
il
ot
ol
o
ox

*rlm
f_\&[‘-ﬂ&
rﬁ]ﬁ‘mz
ooz o
- & &

ol

oz

A

p

B

[
>

(Figure 1) Overview of the Angle
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(Table 1) Experimental Analysis

Data set Precision
pl(iﬁerdgés ntle\gz]ilgil\lz)grdgfcs Outlierness (1§11A11) (Sn?a?l 1) (Srr?al?l 2) ABOD PLAE
20 2 Neg. 0.941 0.132 0.659 0.050 0.100
20 4 Neg. 0.900 0.204 0.671 0.100 0.125
30 3 Neg. 0.929 0.136 0.667 0.111 0.056
30 6 Neg. 0.903 0.208 0.662 0.083 0.028
50 5 Neg. 0.936 0.132 0.668 0.100 0.050
50 10 Neg. 0.908 0.204 0.64 0.125 0.100
100 10 Neg. 0.927 0.132 0.659 0.050 0.050
100 20 Neg. 0.833 0.204 0.663 0.225 0.100
2 20 Pos. 0.509 0.923 0.750 0.200 0.150
4 20 Pos. 0.550 0.838 0.742 0.250 0.225
3 30 Pos. 0.490 0.909 0.732 0.056 0.111
6 30 Pos. 0.551 0.838 0.731 0.167 0.222
5 50 Pos. 0.514 0918 0.732 0.100 0.200
10 50 Pos. 0.550 0.846 0.713 0.125 0.300
10 100 Pos. 0.514 0914 0.741 0.000 0.100
20 100 Pos. 0.546 0.833 0.738 0.150 0.300
T4 2, o)A Neg.Ql 45 sAEA 2070 ANAH 7MY =S Aed HolW, T4 &
F FAEA 215 T3t TAAMA o Aol FAETAE 2= 497 2 v A
A5 FATAZ B 200 FA4E Fople TR =& ATSs BAth ol g5 dlo]
2o Ug =S SAsh=s Aotk A E7F 23 #7715 AHES vE A 24
ol B Hlo]= BF7l0) AL8E S ol ATolAe} §AF Asfolt.
E A veA 400719 EAEA AP o ABOD$} PPRE dlidE3te] = "7
& FARAT, YAV o BAE DA 5 A] AR EipI SAS AT 2
9 A 10708 A AL 3070 A% 670,50 PR A8E i gk ol gHel Age
N 3% D, 10049 A5 DNE THHRE ol AR A A o] A,
A3 olBol Y@ Bitghelth ol AAE  Rojo sz o A9 A4t B9lel Awh
Zzke] ARAS 10%, 20%2 AL 15 JeAE AFERA SRS 92 5,
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