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Binary classification

Transform to Binary Relevance(BR)

Classifier Chains(CC)

Problem |7

Transform to Calibrated Label Ranking
Label ranking (CLR)

Multi-label
Learning algorithm

Algorithm
adaptation

(a8 2) o= 2o

2.2.1 M gy
0] APAL 7|Z9] HolE] HE] &A)5=
2z} ol ges el 7IFo R F AFoE
EHeke e 7o s, A4S £7 rHd o
3] ARES 09 19 Z2HE Yepdo
(Montafies et al., 2014). &, Q1220 w}je} 22
o Pol&g EPH oz Hrlsle Aolvk 1 4
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transformation L

Transform to Random k-labelsets

Multi-class classification (Rakel)

Lazy learning MIL-kNN

Decision tree ML-DT

Kernel learning Rank-SVM

Information-theoretic CML
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& 2 Z3%H(Label Power-set, LP)& T |
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A= dA817] wiTel HEkE o]
R o, Al AR HolE

28 AXE 20| e 5 9]
o o golE ERstElA dols H HdS
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oAl oAHEYE ffet cEElolE 7lgh SYME] Wiol

e

et o7

98l 2} (Random k-label-sets, RAkeL)2} SHA| A} Ao A &7 dolg MEd Je}A ¥4 3

43K Gupta et al., 2019). olE AEE «d5T F ve FH AR
gl B77] A vsaA AR k = (Rokach et al, 2014). #lo)E ¥ A3 e <

71E2] go]E NEE k| A8 5 kH glo] g 4>9} 22 tlo]H M E HAIE B8l Hud 5
£ 9 Js Aggth 424 golE AEd) gt AT
A BdEo] o] IFo = Yozl dFXE 4
= e, 754—— EH*EHO]H 01]— =gz} 2.2.2 €02[E A3 YUY
Aget oS 2ol M =& AYEE VM O dolE k-HIZR ol EagFML-KNN)
©AE ddaiA "o 2L E 1—2— 3 13 < NEF H2E HolE Y 543 e HEE
ARs DA wEo] 49 a84S Fola, tlolele] 54 Alolo] A& AlLtetd 71 91
a9 AP AAE Yoz &tA i TR kY oS Freth AEE AE Fallsde
KNS FZate] BA4a}7]ol] A7 Aol F} = Ax"x T 7}771~r AL Fow 3 Jxe2s
Sk KE F2aA AgstA e o 73 AT HolES ARt A2 HES] HolE
JE Y HAFEL By ¥t} a8 = 453 k-HIH ol dagEe EEs

Xy 0 1 1 0 X 0 Xy 1 Xa) 1 Xa) 0

Xg | 1 0 0 0 ., [Xal 1 |[Xa| 0 |[Xg| 0 |[Xg| O

Xg | O 1 1 0 Xa | 0 |[Xg| 1 |[Xg| 1 |[Xg| O

X 1 0 0 1 BR [X%g| 1 [Xa| 0 |[Xa| 0 |[Xq| 1

Xg | O 0 0 1 Xs| 0 |[Xg| 0 [[Xg| 0 || X5 | 1

l «
X Y Y

X | O Xp| 0| 1 Xpl 0|1 1| [Xyl0[1]1]0

Xo | 1 Xp| 10| [Xg|1]0]|0]| [Xp/1|/0]|0]0

Xg | O Xg| 0| 1 Xg| 0| 11| [Xgl0[1]1]0

Xg | 1 Xg| 1] 0 Xg| 100 [Xg|1|/0]0]1

Xs | O Xs| 0| 0| |Xg| 0| 0|0 [Xy/0|0]0]1

(O 3) AU ofA(ofZl Antd, 2/~ Al

Xoy | 0 | 1 1 0 X | 0110
X | 1 o | o | o Xg | 1000
Xg | 0 | 1 1 0 X | 0110
X | 1 o | o 1 P Xw | 1001
Xg | 0 | 0o | o 1 X | 0001
l RAKEL
X | 011 Xay | 010 Xy | 010 Xay | 110
X | 100 X | 100 Xg | 100 X@ | 000
Xg | o1 X | 010 Xz | 010 X@ | 110
X | 100 X | 101 X | 101 X | 001
X | 000 X | 001 Xg | 001 X | 001

(O 4) AL ofAl(efolE o &E 2t)
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SAdugEo g EArK(Wang and Zucker, 2000).
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slo] 4Ee 4= Ith(Zhang and Zhou, 2007).
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d dlo|HZFE ZA517] v, aate HlolH
£ AU o= 3 d5s EoFH(iang
et al., 2008).

A EE] 2 (Collective Multi Label, CML)
& 5 3le B AUPAE s £R
gFolth AHZ3 HolE MEZL F7HEH &
HEAET SAEY A e HAE 1¥
WHE A G HolE 1He AFH37HA] AlLtst
RHojFoh o 9y el 747te]
Aoz A= 7|E] Halyy
= 28 A3 7IHor uEH
ot o golEd A4 AAY dHeolH %
ARGF7L 7 ) o)dd Afele Jd
] gpdo] t% Agrsithal #7H=THGhamrawi
and McCallum, 2005).
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2l JAEAE 9lst CHEA0lE Tlv SAME Wil Tst 47
Subset Accuracy, Hamming Loss,
ACCUIaCY oy, PrEcision, sy, ReCallusm, F B oo
N One-error, Coverage , Ranking Loss,
Average Precision
Multi-label
Evaluation metrics
Classification Brcero » Bricro (macro / micro —averaging)
Ranking AUC, 500, AUC,,
(38 5) o= #olg &7 HHKIE #&
7k o 2R o) FIA R T Hammng o £HE A 12 MR Ao} 2252
Loss) 5 #lol&S H7te o 74 S8k B7t o &2 gol&] 47t 8ol #REAU
o=

ARZ AHEET EHA

2018).

I H(Pereira et al.,

2.3.1 oF| 7let BHoix|E
<OY St TE dolE A7 PAAEE ©
Astale] E7e Aol Uzt O do)d
A F /M gol AT 2 A5 0
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Az Ly VA2 1
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Al 7 €9 RE EFE HolBge £
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Z7] A9 A YelEd &I (Latent Dirichlet
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EHA ZEE 9fE ciEaol2 7|¢h SuMEy Wiol 2t oy
Ay, b dlols Eoko] 4492 galisrt o gk IS HAAZ A7) SJ8f F A E 7
F 7 ol ol7] WEel & golE £ g E Y O FEE dP| v F5 AR fol2 £
olg 1 BHsitt oy #olE £A44E 7He St A9l FH F32 HlolH AE i)
dolg el fellN F 7HAlE B o Stk o A d gAS g Aol 71EY] &4
AR, g HolE AFoA A= £449 e e FE O golE FAZ W3 o
7S Aehe TAHEEA 7]‘ﬂ‘7)r =4, A4 - EAAY T2 A2 H LA AT A
OF dols £4489 dagES e dary ARbse WS A gueEs H8ste U
& A8 ol th(Spoladr et al 2013) o] Hlole] M3 E A dote Hrhe= A3 el
FARET 7S A8 A7 oA d Aok o dolE ERE A3 4408 e
/g, dlel= & 9, PPT(Pruned Problem Transfor- 2 b5 dolE A9 mnYg dugE
mation) 5 Uz do]E Hlo|HE @Y dolE b (Memetic Search Algorithm)S- %]-8-3F 7|9 o] 3tk
o8] HEZ Halsle HA v go]d &Agae (Lee et al, 2019; Zhu et al, 2010). o] g+ &3t
71" S 483t} Doquire and Verleysen(2011)-> FAGnYgSEe F 4;(} 7<4_H;_—EL Hlglo g

PPT S 7uto g ol 4% AR 75k
&308) W) 45& B7IEHAT. ©)F Reyes
et al.(2015)& PPT W< 71‘*02 RF &a12|s
&AMl 7 &40 KA E
A A 34Tt Spoladr et al. (2013)# LP9} BRS A}
435t BAE WS O 169} RF S 5S

A= o
Folshe S

g3t Ul 7kA Wil A& vlaskth
19} ﬂil 710 Be ApE tgsgolE ER
= &1

1253 gz gel
RS AAS AT e EA] whet sfFaL
Hx_].Q_o] 01

ZE %UlE(Hﬂbert Schmldt) Ef’é A4 #e F
Agsl e s 3t 5 ARE HAFT Lee
and Kim(2013)& ?HEA FoAg daglFol ot
= e AA YT A48 &
HE 759 a9 W Hols I
7re] Ao AE ARE Huiglele], 45 AE FH

2}
dug)= dee @ 5 . o]& shte] AT
o Ae3t 3k j.a]_l_ 7Hx%] Atole] EARo]
SAT} 7o x]:c]éoﬂ et YElE 7oz A
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o ot A8 el A7) A, A

ﬁ?ﬁ}ﬁﬂ‘{, Lee and K1m(2017)4 SCLS(Scalable
Criterion for Large label Set : T+ & @l o]& 3t
34 7he 71T YEA ALt wkEAdS wiAl
Fo 2N, £A4& dYste AeAS Fseal
o} A7 A3 SCLS= 543 20N #dAdS
AEA ﬂﬂ R gy 97t ZeAse,
ATe] S8 0E R S AT FA4A

2 2} B339
st CFS ¢ae)=9 A¢
Jung]lt et al.2013)0]] 28 FAIH S kAglo] Lar
22 #8192 9] ML-CFS(Multi-Label Correlation
Based Feature Selection Method) ©] A|QFE $1.0.H,
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= TAME WA F sl o A o]E=
7|kl & glolE ATl A AR A
S48 s AEsto] AR s AR
o} ol o]F AVA H 7|k FHaA &4
A9 293 CFS-BReJ2} ¥R dt 53], 719
tgsdeld £448 dueEe o W
Mg AR QA A7 AR sk et
B gkol we} duprh golstez o= dse A
A7 An &, 71Ee] vedols £44Y 41
259 HAgs 7] Asid e Ay ds o
Sk 2Asord ik oz, wlojE AES]
5740l whet gho] el AEHuz wai Y3t

[e]

JALAARE A Pste ) §A7F Aok vk, S
7 Akeh= CFS-BRE H# 9] Wi #H¢d &
Ao 2 WE AEstER oabAAe B8

d

Multi-Label data

< =

Binary Relevance(BR) Transformation

& Z U

Single-Label | | Single-Label | = |Single-Label
data data data
CFS CFS CFS

Aggregation

< -

Determine Selected Features

(O 6) o|XIzHN M 7|gte| AbnkatA|
SaME] ndl

= olE HFs] 8l 71EY £
2dy} v w3k} Spoladr et al.(2013)2 T} 9|
o] FAHIPH S 283 £448 2dE A
QFstATE o7 AFAABR)TY BolE H FLP)
WHS 7o 2 T Hola AEE v #EolE
AEZ Wgsta, 7|&9 &Y gol& £A449
Ua1E]E2l IGSF RFE 485 4714 Rd-S A4

33tk 4712 29 IG-BR, RF-BR, IG-LP,
RF-LPZ <3 3>¥} 2t} a9 A9 237 IGBR,
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45 Yepith metx £ 5= RF-BR, RF-LP
2d dugSs WXt 3 HolE
AES FAHEF 07 MEslx] Za &g
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ATH(Lee and Kim, 2017). SCLS ¥18]&S &
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oMol oAEEE flot CiEEolE 7IH SMME wiHof 2het o7
(E 3) Hx|otd SHME] L2[E
dugE °olF A2} 12 oka}
RF based on BR approach RE-BR
o7 ATA T 7ol YYZ oz £4HY B ‘
RF based on LP approach RE-LP
L9 AF Aol AT /1w 2= o= H44Y Y ‘ ‘
— = = el Spoladr et al.(2013) | EA1H &4
IG based on BR approach IG-BR
o7 Az A2 Jlwrel AR o5 £449 my )
IG based on LP approach IG-LP
cHolE 7 P AT 7Nk AR o5 £AHE md )
Scalable Criterion for Large label Set . duEE
TR ol A 8 A1 v)E Lee and Kim(2017) 282 SCLS
& Q) WEolT), ojo] B A7 SCLS WIATHY 3.2 AMBH SAME
at7] 918f HlolH AEE o] &7 goZ W
B3, 22 A4S O T2 1pro] 1 %o ABBA) Al £428 e dez e
AAe) e FEaje] Wm o Adagn;  FholzAolS olgdtel e £4HY W
ppR|Eto 2§ =fo A #|A]3H= CFS-BR¥} ol F8 Zlor dRth 59, Zu
RE-BR, RELP, SCLSS] %4408 452 msl  7like] $449e £49) 9] Q3¢ Frkske
7] 98] Y o] kATA o] AnFZL 7 o] 54 o|th(Liu ef al., 2002). FHTHA &34
woz wasgr) ol TEdol BT 8 He We AT Wshe 20 sk
A dwEoz wol AHE ¥R/l thzhang  HHOE TR £ ATk $4 WE T 97
and Zhou, 2007). WHOZ Merits #-& AHE-ET
3.1 O|Z AZNM ZH| kr.;
Merit, = J

U3 ol s5HAE Ll shaE 7 glo]
ol s s g2 FEEe SHE o)
FEAZ B3l 18d 9= golE yoly
HE DE ¢l 534 o7 ¥R FEt
A8 g7le] dlolE MEE Dyj=l .., q = UHE

Merit, = kN9 A4S 7 S Sl tisl &
SBBAE

s
h
Gl ghEe) Bitoli, 1t SARE Aol

g, Z o] EFEAll i dlol=3 #dE o ZAAE veill= Bawkelth Az 7
A Frr ATt b JAe 52 FS Wl lo] HolEghe BEHsong 4354
CHZhang et al., 2014). VA2 A0 2 A2 o HE agsted, dagre Ao M7 6
T HolE RS ER787] A, ol A o] FFA A F EEE o] &3tk v
g0 5YH 2FE T3l &7 5E Heled A EGAAAL AEZIE o] &dto] FogH g
s 243t o) AR Hols e LY < FF3 Feolth dERIE SFERIF
7] q¢t Ag o= wdsi, g7F 24 ¥2 Aol B0 et et & < itk 5, AERY]
Hr} 2 stth(Zhang et al., 2018). o} B3R E A 42S 7HAH O B2 @&
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Exploring the Performance of Multi-Label Feature
Selection for Effective Decision-Making:
Focusing on Sentiment Analysis
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Abstract

Management decision-making based on artificial intelligence(AI) plays an important role in helping
decision-makers. Business decision-making centered on Al is evaluated as a driving force for corporate
growth. Al-based on accurate analysis techniques could support decision-makers in making high-quality
decisions. This study proposes an effective decision-making method with the application of multi-label
feature selection. In this regard, We present a CFS-BR (Correlation-based Feature Selection based on
Binary Relevance approach) that reduces data sets in high-dimensional space. As a result of analyzing
sample data and empirical data, CFS-BR can support efficient decision-making by selecting the best
combination of meaningful attributes based on the Best-First algorithm. In addition, compared to the
previous multi-label feature selection method, CFS-BR is useful for increasing the effectiveness of deci-
sion-making, as its accuracy is higher.
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