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BFYAE EARE ol wol=9 Felo] wet AFY Yo BF A5

o MAE 9% vnd ATE 7] sk g B AFNE HolE =

o)z7t EASFE RBYARANA dolB wolzo Fule] w ABY Pt
ERPdel BF A%l oud 9Be nAeA RuPe T Adnud

=«

2 dAFodA A8 ERYHoze BEFEACNA ®o] A8 E Linear
Discriminant Analysis classifiers(LDA; Fisher, 1936), Quadratic Discriminant
Analysis classifiers(QDA), k-nearest neighbour(KNN; Altman, 1992),
Support Vector Machine (SVM; Cortes®} Vapnik, 1995)& 1333t EF

Aes #dste JIEo2E FgEdolE g BrHHolHE Y F Accuracy,

G-mean, AUCE AAtstgth

B =EdAe &7 A%S vusrld 4 ol woj=et MEH
sl 2 & EF €xdE5d ZFH/PTHA ds =%t =4 Fole
HAHE B3 #HolE wol=9 FHo wat AFI YA EFYE] &7
Ao WX e 9T AL AFrRuz s ol T3 dolgY et
do]E wmolzo] T wl FHEdE AYAd MASHWEHN E2FEHE



¥ 28 1% 1
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(2) Down-A &% Wl

Down-#%d W& b5 159 dolHE 25 1§ =70 %3
FEgonn 2@z EREAE A2d: Add. dF =9,
900:1009) M & AL BRPAR B 90079 HelH F 10078 ¥

SELRES Sy

2 AT s ETPEARY EFTNE NPT o 713 FHAEA A&
He= /7] S d /8¢ LDA(Fisher, 1936), QDA, KNN(Altman, 1992),
SVM(Cortes® Vapnik, 1995)8 18 3}%t}.
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(3) KNN(:—F 23 o] %)

KNN2 7bg 7}7b8 k7R o] %2 HRE nygoz HolHE J4ZF3s 1
Heolth KNN& 94 FadolaA ol 718 A7ne f 3¢ Jus
L A©26) "t 2F jo dF ZAEEFES FAHZ}T AA BESA &
S go] M =2 aF g

Pr(v=jlX=1r)) =+ ¥ Ily; = j) (2.6)
€N,

A4 Ny zol 7HE ZHbe KN A& 9 r§o,

(4) SVM(XXE 9l wAl)
SVM< Ao vtz & F 7] (maximal margin classifier)S Qustst Aot}

TEE F Jdojof st aFxA] Utk wHA olF &
Hl 5 7] (support vector classifier)e]™ o] ¢ &%
st HIHAF Y AAE F&s=F 3 Aol SVMeoln. =, SVM2 A4
(kernels)& o] &3t ANEXE HE E{F79 ¥HEIes G4 Aot
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g4 Al HE AY £ due A8 g WA E(radial kerna)Z p7l
of MY RSE 7 o, 27 2(2.8), 4(29) FEHE 7H7

= =

K(asl-,asl-f) = eXp|— 72 (xil - xi,'l)2

A71A yE FY AFelth WAALY FE Fold #EXI FE A
AzRE HFZYd= A#(Buclidean distance)® g Ho
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[E 1] LEFE
Predicted 0 Predicted 1
True 0 TN (True Negative) FP (False Positive)
True 1 FN (False Negative) TP (True Positive)
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7F At} Accuracyte 2(2.10)] 93] T3 A}

TN+ TP
TN+ FN+ FP+ TP’

(2.10)

Accuracy =

st AWF AccuracyE ETFAEY A5 & H7bsh] d# &89, v
DFC2TW dSFIHTdE 2 FREE Bo)7] BEd EFFARY
95 S H7tet7] i AdstA &v. wEA L 2FY AgE &%

¥ & 9t U2 ZEE o gad EYL Hsok Bt

v

(2) G-mean

EXPARY A g IFCd £ BFAE e IFLE
AgL HolBZE So|E ge AAY WE e S A Bk wey
EdEARNA B TS H7E7] Y3 9dEe Eolx9

7183 721 4(2.13)9] G-mean©] °]&F}(Kim et al., 2015).

l

TP

17}
W 7= (Sensitivity) = TN TP (2.11)
TN
Eol S D A S
£ o] It (Specificity) TN+ 7P (2.12)
G—mean = v/ sensitivity X specificity (2.13)

(3) AUC(Area Under the Curve; ROC Area)

AUCE ROC F4 oldle] dyozg BF7Y AF HNE A3 &A=+
AFEEH, O Fko] 1o M ESE d&5Ho 53 va & 4 9. ROC

FAL rFE 1 Specificity®] L y=& SensitivityZ, A& S WA 7T
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2 o] #}AE 100H wrE3Le A3t HHF Accuracy, G-mean, AUC
AEIRAoH ol HBOoR P HFE& Huddc. BFREHS o A
ol 4 Z7ig LDA, QDA, KNN, SVM& A&ttt KNNO =25 &k
k=[n*?/2]2 A7 8k¢ 20 (Cannings et al, 2018), SVM®] E4% 10-fold
2} 7 Z(Cross-Validation) 82 S8 H#H9 49 z2& vy CE T3
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[step 3] FHHo]E ) LDA, QDA, KNN, SVM< A} 8 gt}
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Down-sampling
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1 SVM< ol&ste] EdEHIHY AFTES 78 I Ha, dolM 7
AR JESHFES LEATOE AES A 406 A NAFE 455 A A 7L
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Al
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m2. 3343 2 34

D A 19 H8d} R AH

[& 3] gols xol&7F EAsHA &= 4% &7/ 4% vl

Model Data G-mean AUC Accuracy
Original 0.8510(0.0352) 0.8609(0.0304) 0.9608(0.0074)
LDA Down 0.9210(0.0258) 0.9214(0.0257) 0.9214(0.0257)
Up 0.9196(0.0225) 0.9198(0.0224) 0.9198(0.0224)
Original 0.8517(0.0353) 0.8615(0.0305) 0.9609(0.0075)
QDA Down 0.9203(0.0255) 0.9207(0.0254) 0.9207(0.0254)
Up 0.9194(0.0226) 0.9197(0.0224) 0.9197(0.0224)
Original 0.8007(0.0506) 0.8205(0.0403) 0.9576(0.0081)
KNN Down 0.9149(0.0323) 0.9156(0.0320) 0.9156(0.0320)
Up 0.9148(0.0228) 0.9151(0.0227) 0.9151(0.0227)
Original 0.8285(0.0469) 0.8427(0.0385) 0.9596(0.0074)
SVM Down 0.9215(0.0257) 0.9219(0.0257) 0.9219(0.0257)
Up 0.9208(0.0220) 0.9212(0.0218) 0.9212(0.0218)

[E 319 AFE HY HolE wolZJl EAR &E ZH$ Accuracy =

A7 E AL 237 7 =99 AT G-mean, AUCE Down-A&
GAEE AHES 237 7 =3t WetA Down-AEZAES AHE

MESRE BRYY 09 2 Aol E melx @it
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[£ 4] Fo]lE wo]lx7} g aZdu A48= 2$

M

% 4% vm

Model Data G-mean AUC Accuracy
Original  0.8654(0.0361) 0.8730(0.0318) 0.9590(0.0090)
LDA Down 0.8581(0.0260) 0.8662(0.0234) 0.8086(0.0325)
Up 0.8703(0.0245) 0.8628(0.0204) 0.8144(0.0204)
Original  0.8813(0.0326) 0.8864(0.0293) 0.9574(0.0089)
QDA Down 0.8939(0.0248) 0.8968(0.0240) 0.8631(0.0304)
Up 0.9030(0.0208) 0.9007(0.0209) 0.8724(0.0223)
Original  0.8296(0.0415) 0.8432(0.0345) 0.9588(0.0073)
KNN Down 0.8809(0.0348) 0.8828(0.0340) 0.8617(0.0406)
Up 0.8610(0.0342) 0.8580(0.0343) 0.8307(0.0358)
Original  0.6703(0.2703) 0.7599(0.1144) 0.9474(0.0206)
SVM Down 0.9004(0.0481) 0.9020(0.0461) 0.8879(0.0599)
Up 0.9106(0.0233) 0.9089(0.0237) 0.8869(0.0276)

[3 4]¢] 2575 B4,

Aol g wolzsk B AFIW EAFHE A

Accuracy= HAEE A& 297 b =3 AT G-mean< KNN
< AYstn Up-AEHARY ZA7 7B =%t AUCE LDAE
KNN2 Down-#Z®7s, SVM# QDAE Up-AEIJAET M &L
AUCE EHd. 53] SVMoA & AolE rt)

o] Afole HFEY EFEHAA AESHAEE AT A7 0 =&
A g Holx, Up-AZHWHS AES SVM, QDAV 7M1 $& A%5S
B

AR E,

o

_18_



[Z 5] #olE wolzrt ¥ 2F EF

zAHE A%

M

F As "l

Model Data G-mean AUC Accuracy

Original  0.8178(0.0465) 0.8336(0.0375) 0.9570(0.0080)

LDA Down 0.8637(0.0271) 0.8713(0.0245) 0.8167(0.0340)

Up 0.8648(0.0250) 0.8723(0.0232) 0.8184(0.0303)

Original  0.8447(0.0402) 0.8554(0.0339) 0.9583(0.0082)

QDA Down 0.8981(0.0245) 0.9003(0.0239) 0.8718(0.0296)

Up 0.9044(0.0211) 0.9065(0.0208) 0.8794(0.0243)

Original  0.7919(0.0516) 0.8133(0.0407) 0.9555(0.0079)

KNN Down 0.8791(0.0333) 0.8773(0.0337) 0.8600(0.0403)

Up 0.8550(0.0353) 0.8584(0.0341) 0.8278(0.0418)

Original  0.2370(0.3352) 0.5834(0.1210) 0.9158(0.0229)

SVM Down 0.9093(0.0229) 0.9108(0.0224) 0.8897(0.0290)

Up 0.9095(0.0233) 0.9114(0.0227) 0.8871(0.0284)
(& 518 258 w9, dol¥ wol27t ¥ 1§ 2F EAS: 2% £@
Accuracyw 9AEE AHE% 2371 71 =3 AT G-mean, AUCE
KNNE A3t Up-AEGAES 47t 743 Edeh 538 SVMAA &

X]'O]E E_gi—"tﬂ SVMS’— 6]- l%oif‘]— :ﬂ’qo]-b

Bt

o] Aol

AE5E ALE

AELAE

SVMe| 74 &

il
>

]_
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[3E 6] i&F77F o=l A #HolE woj=7t EA8teE B¢ &/ 8% vl
Model Data G-mean AUC Accuracy

Original  0.9077(0.0318) 0.9096(0.0298) 0.9476(0.0127)

LDA Down 0.7780(0.0215) 0.7937(0.0208) 0.7199(0.0232)

Up 0.7833(0.0231) 0.7984(0.0216) 0.7231(0.0274)

Original  0.9077(0.0320) 0.9096(0.0299) 0.9477(0.0127)

QDA Down 0.7764(0.0212) 0.7928(0.0200) 0.7176(0.0237)

Up 0.7814(0.0235) 0.7969(0.0220) 0.7207(0.0275)

Original  0.9122(0.0268) 0.9130(0.0259) 0.9336(0.0143)

KNN Down 0.7640(0.0218) 0.7845(0.0119) 0.7008(0.0243)

Up 0.7712(0.0208) 0.7897(0.0197) 0.7067(0.0244)

Original  0.9085(0.0390) 0.9103(0.0346) 0.9332(0.0190)

SVM Down 0.7735(0.0224) 0.7906(0.0207) 0.7142(0.0260)

Up 0.7443(0.0452) 0.7485(0.0472) 0.7239(0.0351)

[ 6] 25#E B9, HolE

$ &3k Accuracy, G-mean, AUC EF+ ¥

g [29 1218 [2¥ 13]= dolE =ol=7t EAss

ARE vgoz PAH LDAY #HE
AAE, 1L 2F 29 AAS 93H
MAE v e},
EAT W Up-AEH

A WeHE AL FUAT F A

o] 1¥<

o] AeolE AREE AT AW ¥ A5 Hol
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Partition Plot Partition Plot

, grror rate: 0052

*1
3l

[28 12] o] wolz7l BHF  [27 13] HolE xo|=J} B &
olg]& Al EAstE AR ol H L MAA EAeE=
LDA #d 7 Up-#EYA5e LDA 279
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(2) Avtele 29 H8a3% 2 A4

[32 7] Hlo]E wo]&J} EAsHA L=

o
A% BF 4% o

nl

Model Data G—mean AUC Accuracy
Original 0.7493(0.0466) 0.7800(0.0349) 0.9495(0.0077)
LDA Down 0.8278(0.0353) 0.8331(0.0338) 0.8331(0.0338)
Up 0.8282(0.0352) 0.8336(0.0315) 0.8336(0.0315)
Original 0.7917(0.0360) 0.8125(0.0289) 0.9556(0.0067)
QDA Down 0.8547(0.0356) 0.8570(0.0351) 0.8570(0.0351)
Up 0.8603(0.0319) 0.8628(0.0298) 0.8628(0.0298)
Original 0.6175(0.0692) 0.6929(0.0422) 0.9383(0.0085)
KNN Down 0.8352(0.0320) 0.8414(0.0301) 0.8414(0.0301)
Up 0.8390(0.0341) 0.8427(0.0321) 0.8427(0.0321)
Original 0.7540(0.0492) 0.7843(0.0366) 0.9522(0.0070)
SVM Down 0.8444(0.0351) 0.8485(0.0337) 0.8485(0.0337)
Up 0.6946(0.0679) 0.7230(0.0534) 0.7230(0.0534)

[£ 719 A& HH,
AdAEE AT 27t M =T

gol& wolzrt EAEA @&

st Rk AUCE SVME

A Accuracy =

) £} 8} 3L

Up-HEIARE AR A7t 7P =9kt metd Up-AE9A5E 7
Fo® HW QDAVI 7ME ¥<2 AUC &£ 7Ht. SVMe A¢& Up-A
ZYJ A8 G-mean, AUC7} dA8E AHEE Adrt ved, o) Up-
AEGARE vt o2 AP Bd7 o] daA59 Down-HEJARE )
goz A8 #E7G W 2F 29 MA UAEA FEHI HEL
2 dddo(zd 14-[29 16]). SVMS] #E 79 19
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x1

Partition Plot

app._orror rate: 0.038

¥

Y

[28 14] Blo] & =ol=7} gle

Partition Plot

app. error rate: 0.12

[Z% 15] deol&

SWVM classification plot

A7rE 9 QDASH SVM #E 79

SVM classification plot

-2

olZ7F 9lE Down-AZH A 59 QDA SVM

#9T7Y

Partition Plot

app._error rate: 0.137

[

e

SVM classification plot

Up-AZ¥H x589 QDA® SVM
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[£ 8] dlo]® wol=7} B agdw Edste 3%

Model Data G-mean AUC Accuracy
Original  0.7493(0.0466) 0.7800(0.0349) 0.9495(0.0077)
LDA Down 0.7954(0.0339) 0.7975(0.0336) 0.7762(0.0371)
Up 0.7949(0.0346) 0.7970(0.0348) 0.7767(0.0335)
Original  0.7917(0.0360) 0.8125(0.0289) 0.9556(0.0067)
QDA Down 0.8466(0.0324) 0.8472(0.0323) 0.8499(0.0311)
Up 0.8504(0.0356) 0.8513(0.0348) 0.8567(0.0255)
Original  0.6175(0.0692) 0.6929(0.0422) 0.9383(0.0085)
KNN Down 0.7979(0.0430) 0.7998(0.0427) 0.8136(0.0482)
Up 0.7830(0.0432) 0.7844(0.0428) 0.7822(0.0424)
Original  0.7540(0.0492) 0.7843(0.0366) 0.9522(0.0070)
SVM Down 0.8271(0.0450) 0.8321(0.0428) 0.8605(0.0590)
Up 0.6869(0.0781) 0.6952(0.0702) 0.7329(0.0496)

[£ 8]9] 27 & HH, HolE wo|&7} t IFRE EAstE A§ ET
Abgst A7 gt A9 G-mean, AUCS
QDAE A3t Down-AEHARE AHE-& Ad37F 7HF =Skt

o] Aol Up-AEYAEE A43 QDA 277 ¥ 4% vy

Accuracy: 9AEE
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[# 9] elol% wolz7l ¥ 1F el EA%he A% ¥F 4% v
Model Data G-mean AUC Accuracy

Original 0.7211(0.0528) 0.7602(0.0385) 0.9478(0.0078)

LDA Down 0.7956(0.0366) 0.7975(0.0363) 0.7768(0.0412)

Up 0.7958(0.0333) 0.7977(0.0336) 0.7796(0.0301)

Original 0.8110(0.0437) 0.8274(0.0361) 0.9538(0.0089)

QDA Down 0.8462(0.0316) 0.8470(0.0312) 0.8546(0.0309)

Up 0.8511(0.0310) 0.8520(0.0301) 0.8605(0.0207)

Original 0.6243(0.0684) 0.6970(0.0421) 0.9387(0.0082)

KNN Down 0.7852(0.0406) 0.7866(0.0405) 0.7948(0.0443)

Up 0.7855(0.0366) 0.7871(0.0368) 0.7787(0.0328)

Original 0.7290(0.0636) 0.7664(0.0452) 0.9486(0.0090)

SVM Down 0.8195(0.0469) 0.8244(0.0451) 0.8497(0.0451)

Up 0.6414(0.0761) 0.6563(0.0657) 0.7154(0.0496)

[£ 9]9 Z27E BH,
3t Accuracy= YAEE AR 27 £99Y. A ¥ G-mean, AUCS
SVME Al9sta Up-AZHASE AL 297 743 E9kd)

o] Afole Up-AEHASE A8 QDA 27 52 458 EQAHh

Hol¥ wolzrl B 1§ BFe| EANE A% E
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[£ 10] 277t o8& AA dolE xol27t EA%lE A5 &7 A% vl
Model Data G-mean AUC Accuracy

Original  0.7664(0.0535) 0.7926(0.0409) 0.9483(0.0091)

LDA Down 0.7924(0.0428) 0.7964(0.0420) 0.7654(0.0494)
Up 0.7917(0.0414) 0.7954(0.0402) 0.7658(0.0477)

Original  0.8375(0.0357) 0.8476(0.0310) 0.9478(0.0112)

QDA Down 0.7987(0.0451) 0.8025(0.0423) 0.7722(0.0572)
Up 0.8033(0.0445) 0.8064(0.0431) 0.7803(0.0537)

Original  0.7324(0.0736) 0.7675(0.0526) 0.9391(0.0154)

KNN Down 0.7864(0.0457) 0.7891(0.0448) 0.7675(0.0520)
Up 0.7827(0.0440) 0.7863(0.0433) 0.7568(0.0487)

Original  0.8066(0.0471) 0.8166(0.0398) 0.9044(0.0399)

SVM Down 0.7644(0.0451) 0.7709(0.0425) 0.7285(0.0554)
Up 0.7431(0.707) 0.7464(0.0671) 0.7582(0.0519)

[£ 1019 235 B9, £/77F o8 A HolE wol27 EAF 4§

T3 Accuracys YASEE AL AUt U9 AW G-mean, AUCE
QDASF SVMe] gt dAEE A& A7 73 = [28 17]

3 [29 18] dol¥ wolz7t EASE AR, Up-4EIAEE wgo

2 P43 QDAY

Y
UL

Ry
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Fo ol wojzyt EAEtE ALdE Up-AZIAEE AT QDAVL
HAAE SVML Up-AZHARE AHEPS o 22 A%
oHE A #HeolE wmol=7t EA3tE B4 QDA
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ABSTRACT

Classification of imbalanced data with label noise

SOYOUNG KWON
Department of Statistics
Graduate School of

Sungshin University

Label noise and imbalanced data are problematic in real data and can
reduce classification performance. Therefore, in this paper, we conducted
a comparative study on the classification analysis in the imbalanced data
with label noise to 1improve classification performance. Especially,
classification accuracy according to the type of label noise, sampling
method, and classification method was examined using Accuracy,
G-mean, and AUC. In this paper, we propose a suitable sampling method
and classification method depending on the type of data and the type of

label noise.
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