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m Abstract =

In this paper, we dealt with feature selection problem of large-scale and high-dimensional biological data such
as omics data. For this problem, most of the previous approaches used simple score function to reduce the number
of original variables and selected features from the small number of remained variables. In the case of methods that
do not rely on filtering techniques, they do not consider the interactions between the variables, or generate approximate
solutions to the simplified problem. Unlike them, by combining set covering and clustering techniques, we developed
a new method that could deal with total number of variables and consider the combinatorial effects of variables for
selecting good features. To demonstrate the efficacy and effectiveness of the method, we downloaded gene expression
datasets from TCGA (The Cancer Genome Atlas) and compared our method with other algorithms including WEKA
embeded feature selection algorithms. In the experimental results, we showed that our method could select high quality
features for constructing more accurate classifiers than other feature selection algorithms.
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1. Introduction
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P

v A 1. dlely o]xls)
(D W 49 FE 2522 . =1.0, V=23, Uy =26, U=V, =35);
(2 98 g v, v s AHEDR)0]l e A4 cut pointE ofefieh o] AAT
cut point = (U, + Vy)/2 (ell: Cy=(Uyy+ Vi) /2 = (1.0+2.3)/2=1.65)
(3) F& ®(B, o0l disiA (1), (2) ¥HE3ste] thE3 o] cut pointsE A3
Cyi=1.65, Cyy=2.45, Cy3=13.05; Cp=1.85, Cp= 2.95; Cy=1.9, Cy=3.3, Cre=4.5
(4) Cut points o]-§3te] ofefe] 7|&E wel doje g o]xls}sh
z;=1(=0) if*¥ = Cy(* < () for * €{4, B, C}
v 9 2. A1) 3(Pairwise Comparison)E 538 Set Covering(SC) 33 4 A4
D v, v, AuuEg F3 AdEE dolHE 4002 & w 4,2 of#je} o] ZAH
Ay=1(=0) if Uy= Vy(Uy="Vy)

U,[35 3.8 28 o215 U]t 1111100 i AW, )]0 00 1 1 0 10

Uyl 2.6 1.6 5.2 U, [1 1 0 0 1 11 A, (U, V,)J0 1 1 0 1 1 0 0

1131.02.13.8»11300010110»/13(%,1/1)00100001

7|35 1.6 338 V[t 1100 1 10 AUy, V)]0 1 0 1 0 1 1 1

V,123 21 1.0 V, 1L 0 0 1 0 0 00 AsW, V)11 111 0 0 0 0O
m=|Ul+ |V|=5 m=|U|+ |V]|=5 As (U, V) I
n=n, =3 n=n, =8 SCU(E%A—Tm_[U”Vlze'

n=n, =8
(22! 1] HlolE o|Zl=tet MH|mE S8t Set Covering & 42| of

71H& AHESiTh dlE £ entropy 9F e TEdh st SAWUTE AdsA e gt A e
At Abgste] Qe Wae] 145 1007 W< A 27l A A e FlojAnt B =o HES A
AR FQ1 Fof fJollA Audh o]xist B AuuE A, n, 70 A o|RRMFERY EQAMTE A
AAFeRA SC A9 2715 Uk (1, 2, T Atk AHS Adh =4, JdA vl o] ]
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o fd 45 whsofof spAvt An|wE ST A & e 5 %F sigith dlolH 9 A7t A%
dlol8 o] 77t Skl wet 2 49 =27)7) 7] 2 Zabr o 7 Zrleh= Agtolghs A3t ol Wby
St o® FTHthE Al o] At whebA] 5] 10070 Wele] dHelHE vfed 23ve
o5 F38}7] 91841 overlapping score 5 4] 3 e neld v 2 Ao HES A=A RE A
T B8 A9 FARE AAE 7= AR g8 A g AR bE F RS sifitke HoA T4
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AANEFAHCGEL [5, 7, 8. ©] B FE 4= wie] S e el wato] A4 A
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2. Methods
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(GSC)et aF=tl, GSC A1¢] 3" &= Chvatal[10]
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3. Results

CE 1) TCGAOIAM Ch2Y2 FEANLE Hlo[E

= o] a2 A2s A= A A=

dlolE o & | M glo]e] 714 | dlolE] A4
COAD 20500 434 4
LUSC 20500 483 50
KIRC 20500 518 72
BRCA 20213 975 92
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2 1 dlo]Eo|th TCGA ZZAEES &3] 4]
A7F de ol AsiA] it ie] oF Al 4 o]
H7F 853 e 2 AFolAes <& 1>d A
AEl A2 ™ Colon adenocarcinoma(COAD), Lung
squamous cell carcinoma(LUSC), Kidney renal
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Aelsto 2 P fis Hast & F AEE
AL olF HiEo R WHEESS A4S Huh
MgA 0 2 stk

ol F-Eole HE 3l & =7 5T
A PR 28 SCFSB(Set Covering-based Feat

ure Selection in Bioinformatics)2taL #| % &}3ic.
SCFSB9 vlutfido @ WEKA[14]d]A S
A8 WHES 47)(ChisquareAttributeEval, Filte
redAttributeEval, ReliefFAttributeEval, Symme
tricalUncertAttributeEval) & A €stic) =3k S
CFSB 79| FeAEHS 7|Hte g W 1] 4
3A8S nyste EAWTE Agiti= HdlA
FHtell HxE AFAGY 710 ellipsoidFN[19]

hil
o

=4

Ao Rgsly] vt geldoelrt. uhehA
|4+ WEKAS] Hloly 57 HHES o]
TS E3E HolH o 7 A
KAol= 304 7FA17F e

o] ¥3txo] =d ¥ =% += NaiveBayes
(NB), SMO, IBK, Random forest(RF) & ]88}tk
olg)9] <& 2>& <E 1>9] HolEE o]&3}o] 10-
2 wAEFFA(10-fold cross validation) 412
£ Mg 3

S rh

(o3
o i 4l

&
=
=
=}
RN

S I

W

32 oX
Surye-3
o
2

ald Asjolth. B o] 5w 217}
o BAHE o2 12 el sl el

718 AFATE ] 1070 el 54
E AlFgths Holl 7] 6}04 SCFSB7} # 4 10712

(E 2> EXHS MEi 4Da|F9| AN H[Z(A2 AlZHI 27 HETE v|wst do}

1= P o) ==Y} =M= (0

dold | mAws adwy | AmG | TORT WEKA Soreyere] HoF &3 43500
N NB SMO IBK RF b
LAD %6 100 100.00 100.00 100.00 100.00 100.00
EllipsoidFN 2011.3 100 97.63 98.32 98.31 99.31 98.41
COAD Chisquare 38 100 100.00 100.00 100.00 99.79 99.95
Filtered 36 100 100.00 100.00 100.00 99.79 99.95
ReliefF 666 100 97.92 100.00 100.00 100.00 99.48
SymmetricalUncert 37 100 100.00 100.00 100.00 100.00 100.00
LAD 1211 100 9%9.25 99.63 99.63 99.44 99.49
EllipsoidFN 4069.7 100 9831 97.56 98.31 97.94 98.03
LUSC Chisquare 48 100 93,63 99.63 99.44 99.25 99.25
Filtered 46 100 99.25 99.44 99.44 99.44 99.39
ReliefF 2.3 100 9%.81 99.62 99.43 99.81 98.92
SymmetricalUncert 51 100 93.87 99.63 99.44 99.25 99.30
LAD %9 137 97.45 98.93 99.32 99.49 98.81
EllipsoidFN 98669 137 95.93 97.44 97.45 98.65 97.37
KIRC Chisquare 42 137 9.43 99.32 98.98 99.32 98,52
Filtered 42 137 9%.77 98.98 98.98 9.15 98.47
ReliefF 91.4 137 9%.27 9%9.15 98.98 9.15 98.39
SymmetricalUncert 44 13.7 96.94 99.15 981 99.32 98.56
LAD 486.4 102 9%.16 98.03 9850 99.16 98.71
EllipsoidFN 4394.3 102 %54 94.76 9%6.16 98.04 96.33
BRCA Chisquare 31 102 93.78 98.87 98.69 9%9.16 98.87
Filtered 83 102 98,60 98,87 98.97 98.97 9885
ReliefF 296.7 102 94.93 97.10 97.00 9%6.82 96.46
SymmetricalUncert 31 102 9841 98.31 98.97 98.97 98,67
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AlZHE owEhY 24GB W R 9k i7-2600 4 core
CPUE ®AE 7318 HSFEE ol §ato] e A3t
olt}. L3t ellipsoidFNE] A= EH o] X|ol| A A&
& matlab FERT} c++E o] &3to] Ao =
T Aol o wE SeE VR wiite] A4A1A
o FAI o] ARZ AN E .
2>o AAE A7E F3 SCFSB %

wA <E

ok
I,
o2 A
! ol
1
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z r 4
i3
e o
(s
e
a3
2
ey
<2
— o
gy <
o 2

]
o
Ml AR el S g

ov)adole] SAWS F57]4 81

ks A, WEKAS Bleahs de ws
FEaAE e 5 ke A& SCFSB7F At
Q
o

719+¢] EllipsoidFN 2t} ¢F 10~1008] o]4 w2
b= A4S 188 o] SCESB7F AXE H]-& 2ol A
A0l gl WHELS & & Atk

o <% 2> AAE Fslx SCFSB7F
dlole 471 % 37H(COAD, LUSC, KIRC)ol4 714

2o BF AREES ehles AvR 5 g,
o =Rl AR A4 WA dlolEE ¢
WE) AT A4 AEe] Aol ulHA B4

(¥ 3) &3 gdg€y 0ZE, S0|%, MEEZE 0|3610] HIO|H BF A2 H|wsh A

2=* o 7t Eo| it ol

dolel | mAus ey e aE | Sels | AR
TP FN FP TN | (Sensitivity) | (Specificity) | (Accuracy)

SCFSB 434.00 0.00 0.00 41.00 100.00 100.00 100.00

EllipsoidFN 428.00 6.00 1.25 39.75 98.62 96.95 98.41

COAD Chisquare 43375 0.25 0.00 41.00 99.94 100.00 99.95

Filtered 43375 0.25 0.00 41.00 99.94 100.00 99.9%

ReliefF 431.50 250 0.00 41.00 99.42 100.00 99.48

SymmetricalUncert 434.00 0.00 0.00 41.00 100.00 100.00 100.00

SCFSB 481.00 2.00 0.75 49.25 99.59 98.50 99.49

EllipsoidfEN 47725 5.75 4.75 45.25 98.81 90.50 98.03

LUSC Chisquare 480.75 2.25 175 4825 99.53 9%.50 99.25

Filtered 481.50 1.50 175 48.25 99.69 96.50 99.39

ReliefF 47750 550 0.25 48.25 98.86 99.50 98.92

SymmetricalUncert 481.00 2.00 175 4825 99.59 9%.50 99.30

SCFSB 51275 5.25 175 70.25 98.99 9757 98.81

EllipsoidFN 508.50 9.50 6.00 66.00 98.17 91.67 97.37

KIRC Chisquare 511.75 6.25 2.50 69.50 98.79 9%6.53 98.52

Filtered 512.25 5.75 3.00 69.00 98.89 95.83 98.47

ReliefF 510.00 8.00 1.50 70.50 98.46 9792 98.39

SymmetricalUncert 512.25 5.75 2.5 69.25 98.89 9%.18 98.56

SCFSB 968.00 7.00 6.75 .25 99.28 92.66 971

EllipsoidFN 957.00 | 18.00 20.75 71.25 98.15 7745 96.38

BRCA Chisquare 967.25 7.75 425 871.75 99.21 9%.38 98.87

Filtered 967.00 8.00 425 8175 99.18 9%.38 9885

ReliefF 9B2.75 | 2225 1550 76.50 9772 83.15 96.46

SymmetricalUncert 966.25 875 550 6.7 99.10 94.02 98.67

* 1 47}A WEKA dlolg EF W E(NB, SMO, IBK, RF) Z3}¢] #+ gt
TP : True Positive, FN : False Negative, FP : False Positive, TN : True Negative.
ol AMEZ t|o]E, Negative :

Positive :

4% AE dHlelH,
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(B 4) BF HETE &9 U4E HASH 4o, =27 22 4% Yruit2 AF=sidia
EAW Ay BE Az 49
COAD LUSC KIRC BRCA
N S I R | N S I R | N S I R | N S I R
SCFSB 251 3 3 2 15| 1 1 [251] 1 4 1 1 1 4 4 1
EllipsoidFN 6 6 6 6 5 6 6 6 6 6 6 6 5 6 6 5
Chisquare 251 3 3 |45 4 | 25| 3 |45 4 1 [25] 3 2 115 3 2
Filtered 251 3 3 |145|15] 5 3 125| 3 5125145 3 |15 2 4
ReliefF 5 3 3 2 6 4 5 1 5125 4 |45 6 5 5 6
SymmetricalUncert 251 3 3 2 3 125 3 |45 2 |25] 5 2 4 3 1 3
N @ NaiveBayes, S : SMO, I : IBK, R : Random forest.
b= HolA Fg& EvH(Class Imbalance) & g2 YHEENE FEdn.
AZE FEslezg B =RdMs &% ddy uzt
. o e s ¥ 5y 25 MEso| 29 zte 0|23
%, Bolx, g3hue] Ba A%E FFHow A T ol oy | = SCFSB
STH<E 3> #Fx). FAR <FE >oA AAE
Zke NB, SMO, IBK, RFZ5-E & Axel 3 SCFSBS} wlael 528 | hSFE T 34 (Paired
B _ Ay T-test) P-value
TEe gusit, 2 =34 AA g SCFSBE
Azel v HEEY Adde i Ay 4 EllipsoidFN 4.7183E-10
B ~ Chisquare 0.0481
A ghollA 2 Aol7F drta wE & gAT Filtered 0.0179
<E 4>~<E 5>9 A%NE 8 SCFSBY| 4 ReliefF 0.0010
- _ _ SymmetricalUncert 0.0473
e F7IE ARE F 9tk <HF 4= <HE2>9
T AGEE £ #o= WS Aoy i 5>
= Z HE &9 # 16715 o] &3le] e xE 4. Conclusion
T #74(Paired T-test)S 33+ Zyfo|t} <&
5> Aury SCFSBE t& RE dugsd 2 =52 AR EorlA I F435H
H|3) f2lek =5 (P-value < 0.05)o4 $-3+ & 7kt Qe eHl HolHEREH EANMSE A
F ASEE YeddeE 2S5 Ak g3l 7S etk 5He AEAAES &
ool Al Awgt ALt v]E E7 ASE S o] of HloJEl&= izt dlolH(d @ A4S Hole)el
9ol SCFSBE A2 He SHAME F4-& A Hl3] A3 diolEj(o] : =} dlo]E)e] o]d o]
dth o2 59 ellipsoidFNS F 719 mtepng S AR =re A A9 dolHe EAS B4
AFE3H=] ZAAF §4(grid search) 719HS vlgo 2 Aol FHAolgt= A, del€rt 43 A F7t
ae{0.1,05,1,2,5,10,100} 7 ¢ {10, 100, 1000, 10000} =4 - FH - MY duE 1S 1dsle] AE
o] tpFet e Adslgof gk EAIF ] Tk ARE Fof golHE gy oz g F e 7]
WEKAS] 7|HE 9A] gelrgge] 7|2 o] 44 HE et FAHeRE B =d AET o
Hoj AT HA o] ArtE A7) HsiAE dlolHa olEfol digt FHEAS AAte] A& T dlolE <
Aeket ghs 27] 913k =¥o] 4o s d g3t EAS & A Ui velgE dggoEn A
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