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ofj 7H ¢ % M 3

S X =(chromosome dim) 4 (R1, R2, R3, R4)

M 22l 37|(Population size) 750

23t 3ls=(max generation) 20

HE ME 2E(random selection

chance)
8 & (crossover point) chd &
1w H Z(crossover rate) 0.9
=1 ¥ 0| (mutation rate) 0.05

Mgt g (fitness function)

T2 e GAA L a5 7 7THEY
Azl goltt. 7] BT A A7) 7500
m ol dWHo R ANH 7t e v&AFe]
B0MEHE AE ofulett). 78l SlgE 20 o)
vk 20H Ao A HZA A= (best Fitness)S
gy

Ao = 7| RH o7 A vl S9E A
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dgE W& AE(Elitism), 7] A (ex-
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o] 7} FAAte] diste] YA FdAWe] FES
A-gsto] iy A9 #he vHr e Aotk 74
A dagEe pA S-S A2 AAE A
gt ARl Ay Ao dFolt) b &
Hol= Aol Goiwd FHFdSs Hoto]
s A 9d FHo R AREHETh ARk
Ao APH FdWe] &L 0.050] 5otk
(29, 2003). & AFeAM = Ed™ol&S 0.05
2 AAssir
AL g vloly By FACA A &
4 Weto & fo| AR-E & F-value(Buckland et
al,, 1994, Joshi et al., 2001)& AF&3sl 1 A=
A A &S AAsto] s Brreth < 2>
o] WatE= F-value Algtel ARSH 2 =9
B aFHT BAE A JonE A
F= A HF(Positive class)Z & HFE &
A M3 (Negative class)® 7HEslgth 2 =5
A ATHT Jdd tig 583 A4S =
o]7] 93 BAH& 7HAIL Qo BRE AFHFT OF
F&(FP rate), 25HT dtel| gt F-value 1
il v Jete] tidt F-valueE 183t A%
= SRS gt
<¥E 2> UWXE
o= %
o 54
oM TP FN
A << (True Positive) | (False Negative)
o FP ™
=< (False Positive) | (True Negative)

F-value:= A &4 (Precision)# A & & (Recall)
S Ao st AR Folu), AEE&2 AA &
.]

[e]
golvt 2FRFE A5l SlolM BG4S v



BRI, AlE &2 AA Aol tigt 43| d5d
AT AR Y] HES YERITE <E 2>F A

g}

recision = i
P TP+ FP 1)
TP
recall = ———
TP + FN ©?)
2 ..
F — value < (L B7)x precision x recall

B* xrecall + precision 3

e
= 8o

O o b Hr o

s Asl7] $)8) wol AFEEE UCI 371 dlolH,
Mammography 9lo]E ¢} ELENA ZZAE d|o]
E1§ Zgalgint = ATolA] AF-E HlolE A

& <G> Ao AR «FATE A AL 2

<# 3> A¥ folg Het

dole ma | =7 | xy 4| HET AT
Pima 768 8 0.65:0.35
Phoneme’ 5484 5 0.71:0.29
Satimage’ 6435 36 0.90:0.10
Mammography | 11183 6 0.98 : 0.02

1. Pima Indian Diabetes (Blake C. and C. Merz,
199Q)+= 270 9] =<} 76371 ¢] &S 7HxT)
o] Ho]E+= Arizona Phoenix T* AFHE9]
Fu g A3E glaty] 918 AL
th ¥ T e 268(35%) o -

2. Phoneme dlo|8 F§2 ELENA ZZAED
dolgfelt}. o] dolg o] AL a9}
YoM v A& Eak7] 98 Aelrh 5
Mo A4S 7HA A e Al 3818
M, dale] AHdE 1,58671(29%) o] T

3. Satimage "lo]& #3HBlake C. and C. Merz,
199)e A 6740 Zej=E 7hxivh & o
ToA= oo g wET] A A WF
=24 7P AS FUEE AREsta v
igH)\E_O_ 3}14_94 ELEH)\ = q_/‘ tHZ,:i
AH-8-3F tH(Provost et al., 1998). wehA] th
T W] 7= 580970 o & T
= 626711(10%) ] et

4. Mammography H]©

A

18] 8 (Woods et al.,
1993) 1092370 9] =4 E+E(non—calcifica-

1) ELENA ZZAE fip.dice.uclac.be in the directory of
/pub/neural-nets/ELENA/database.
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tion) ¥} ©2] 260719] A ¥ (calcification) CUL= 511%7]“‘ o gA v BT st
2 FAE0 . o] B 7 A ¢ of 19014 100% 4 FEF= g 41, Al HA,
Ho@A o AFAHLS By TE FHRo| K-Nearest Nelghborhoodé o] &3le] o] XA
non-calcification . & 7 ] o= A AAG & = ol diske] 196014 100%7H4]
o 9760t B Aoltk o] dol Qe e EREE @ 49 U WA, 08F W82 9
SMOTE(Chawla et al, 20029} SMOTEboost 2% &A% 249 4714 A< shaich. A9
(Chawla et al, 2003) SA7o] 2§ 9lct. B (D] 2 ulee] Hal g FEE HolH
oM & RIFS v ®MF9] HEo] oA
42 Al H|-&(3] ™ 3], o] &, 2003)2] 2007k &kt
Z QBT v Hu g (T /4
 AFoA & doly =% & 7189 FHTFF) x 27¢F 2 <H 4>E o)y B
w=28 (2) doly 7Y di VIHEY] 2% g SAE S dsTE digk AAE skt
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A GagEs 83 doly By sjarge 4 A0 Q) AA, 24 71HEY] ves =%
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A (DS 7159 doly B 4 7] ARRZE At 1 AHE sk AES o
HES A 0E AR A3E Frtstr] 99 Ak A Q)M ARz 419 T 7]
o] < 3>9 vloly Jgs 7HA L A #MA, A HE AR e 49100 E= 008 X3 st
) R T+ 11(ROS)

FEFE 7IHORA & T tiste] 120%  117BAelv] mebd aefd & 49
BEFES A4S, F WA, x 1RUS) x 1(USWO) x 11(COST) = 146417}

<¥ 4> Hlole 2TY sHAE flet SHETI™ol e dA

MEZZ d|g
(%, g1, 2, 32 d<) B}
Hf &4 A Of ’ » & 7420 = ok x|
< = = / Maximum Cost g7l £ e
(2 42 H9)
i A4 HEFof ofst 100, 101 ROS
o) FEFS 120~2100 (Random Over Sampling)
5 Ch 3ol o st 0 101 RUS
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_NNS E35) A
K-NNE &3l M USWO
3 Ol S Hoet 0 101 (Under Sampling
Chew Fof cfst aba 1~100 ) ’
FEas without Outlier)
Pima 140
Phoneme 150
4 QER HE T : 101 COST
Satimage 1 19.0
Mammography : 84.0
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3l F-value® A A3
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= ]AVAE 7] ‘ﬂ’f’_i 3 WEK
A28} Java GAL1b(Genet1c Algorithm Library)3)
£ 283t WEKAE ‘Waikato Environment
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ato] 70| Ak 7]uke] oy wholy Etoltt
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= AR
AYUH(1)9] 47HA] w5 71He] Ad 3
Al FAHR o3 2}
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B9 2 70%2 AEAN 5 ATl B,

2) http : //www.cs.waikato.ac.nz/ml/weka/.
3) http : //sourceforge.net.
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COST 2017 0.23161 0.64740 0.75771
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aHFol st F-value RUS < ROS < USWO < COST
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el Japk Aol ek A0R ¥ 4 gtk BE BEFNE 71U A @ Seel @
A3 AH BT o] YA E AAT F HA X 73 -+(Baseline) 9} ¥l al] & wij(<3E 6> Fx) 47F
PEES B A 2FWFE CRFR M E A BE Vo] AT QEREE BFE RO
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<E 6> A" ZoPima Hl0lE]]

- PRIl b= Aoty ot
g
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ROS 1649 - - - 0.30677 0.61997 0.76590
1 RUS - 4135 - - 0.22227 0.61497 0.70244
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s - - - - -0.26877 +0.1318 +0.00856
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LEFE F-value F-value
Baseline - - - - 0.23826 0.75912 0.89983
ROS 1296 - - - 0.17667 0.76836 0.89407
1 RUS - 90.5 - - 0.20688 0.75184 0.88914
USWo - - 89.95 - 0.18032 0.75346 0.88462
COST - - - 1.62 0.17254 0.76521 0.89105
5 Matrix 420 755 74.5 242 0.17916 0.76822 0.89446
A - - - - -0.0591 +0.0091 -0.00537
3 GAbased 379 80.15 85.75 1.792 0.14671 0.80132 0.90987
A - - - - -0.09155 +0.0422 +0.01004
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LEFE | thE F-value | st Fvalue | RLEFE | th$t F-value | 8t F-value
ROS 1640 0.39907 0.56380 0.94980
RUS 86.6 0.38843 0.55587 0.94700 62.870 26.537 87.711
USWO 87.7 0.33875 057008 0.94554 (0.000 (0.000) (0.000
COST 12.394 0.33576 0.56776 0.94678
Duncan Test
LTHE QERE COST = USWO < RUS = ROS
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g | 7' | nos | s | uswo | cost | SEET | GTEEL | G Pame

Baseline - - - - 0.46798 0.55773 0.95495

ROS 1640 - - - 0.39907 0.56380 0.94980

1 RUS - 86.6 - - 0.38843 0.55587 0.94700

Uswo - - 87.7 - 0.33875 0.57008 0.94554

COST - - - 12.394 0.33576 0.56776 0.94678

» Matrix 1240 60.5 75.5 4.69 0.32865 0.57584 0.92797

sz - - - - -0.13933 +0.01811 -0.02698
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s - - - - -0.18873 +0.0855 +0.00155
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JCost=H LTHF A58 o Ch=d o LTHF S Fof Ch= Fof
LEFE | S F-value o st F-value ERE ol st F-value | ti st F-value
359 0.41154 0.60655 0.99093
849 0.43297 0.60537 0.99119 61012 33748 61778
86.3 0.40000 0.60954 0.99086 0.000) (0.000 0.000)
12.454 0.37552 0.58546 0.98944
Duncan Test
F ERE COST < USWO < ROS < RUS
ot F-value COST < RUS = ROS = USWO
ol st F-value COST < USWO = RUS < ROS
ZAgolth <E 11>oA4 & F Aol =, WY B 225F, 99 A4 2E5FF Y
Hg olgetel, AT A fol5E o MEE ANE YHWS < 5tk
%6l A frefgh Ao ® eyl o= 47FA] B
7} 2ol 7t dhi= Ao B = gtk AHA 5142 MYYY (2)of tfet 2t
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RUS - 84.8 - - 0.43297 0.60537 0.99119
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Matrix 150 40 66.5 1 0.42429 0.60864 0.99122
ErA - - - - -0.0535 +0.00092 -0.00083
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Abstract

Combined Application of Data Imbalance Reduction Techniques Using
Genetic Algorithm

*

Young Sik Jang - Jong Woo Kim' - Joon Hur

The data imbalance problem which can be uncounted in data mining classification problems
typically means that there are more or less instances in a class than those in other classes. In order
to solve the data imbalance problem, there has been proposed a number of techniques based on
re-sampling with replacement, adjusting decision thresholds, and adjusting the cost of the different
classes. In this paper, we study the feasibility of the combination usage of the techniques previously
proposed to deal with the data imbalance problem, and suggest a combination method using genetic
algorithm to find the optimal combination ratio of the techniques. To improve the prediction accuracy
of a minority class, we determine the combination ratio based on the F-value of the minority class
as the fitness function of genetic algorithm. To compare the performance with those of single techniques
and the matrix-style combination of random percentage, we performed experiments using four public
datasets which has been generally used to compare the performance of methods for the data imbalance

problem. From the results of experiments, we can find the usefulness of the proposed method.

Key Words : Data Imbalance, Genetic Algorithm, Decision Tree Induction; Sampling, Misclassification
Cost
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