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Abstract: For the problem of intra-class sub-gathering and class-overlapping in pseudo-negative sampling(PNS) al-
gorithm, an improved mixed-sampling algorithm combining cluster boundary negative movement strategy(CBNMS) and
adaptive positive synthesis technology(ADPST) is proposed to boost the overall classification performance and positive
class identification accuracy of imbalanced data. The CBNMS strategy adopts AGENS(Agglomerative Hierarchical Cluster)
to divide positive and negative samples, identifies the cluster boundary negative samples in the potential negative class with
a large correlation with the positive class by the similar relationship between each local sample, and increases the local accu-
racy and timeliness of sampling. In order to further strengthen the identification performance of the CBNMS strategy for the
overlap area of positive samples, the ICBNMS(Improved Cluster Boundary Negative Movement Strategy) algorithm intro-
duces ADPST technology on the basis of moving equalization of negative samples at the cluster boundary and utilizes the
combination of sparsity and distance composite factor weighting to adaptively determine the optimal sample generation ar-
ea, thereby effectively weakening the overlap of samples and enriching the diversity of samples. Experiment results show
that compared with other sampling algorithms, the ICBNMS algorithm can obtain the optimal values of G-mean, F-measure
and other indicators in multiple experiments of 10 imbalanced data sets, and its time efficiency has improved by 32.27%
and 27.88% respectively compared with the CDSMOTE and PNS algorithms, highlighting more superior robustness and
generalization.
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Wk F 3 :2021-02-22 5 & 0] H 39 : 2021-10-21 3 B 4F 4 - PVEE:
AT H A0 T8 HE T HE S5 H (No.LJ2019Z1L001)



2518 H, ¥

EE 2022 4

1 5|&

REAEIAR, 3 SRR AN T h ™ 2 7 bk, H
DI B B R LA X A R A0, B4 SR A B R B
Sl A AN TG B 25 S T S S i 5 B A AR A
AR B R, B — A B A 2800 5 HAR 2R A L 2
FE 5 FR Y 30 R A0 O TESE (DR ) Rl AR
K (ZHCER). WM ATh R FHFRE 3 R kI SRS Y,
SZFEIAE AL (Support Vector Machine , SVM ) BEHL AR AR
(Random Forest, RF)™? N K iF 2B (K-Nearest Neighbor,
KN & SR F Qi 111 5728, DT 3500 28 AR
TR AR TR o 2 R i A AR T S 0
PR I7 G 12 T Gl B VE ARG I R o 245 A A A
S B AR BT b ™ AT L A A G R 4 T
TEE L. R, B o AR IR 2R BRI RE ) B
AR 3 2 R) A 90 T

X A X ARG 43 SIS [0 R i TR 7 8 R A 4E
AT B 1 2 T VG PG = 349 8 5 AR S0 22 T B
. SRR TR AEAR A = o] 2 R v 8 el R AL R Bl A
PEARA AT, SR T i T LA E AS TR 2S00 AR A AL R
SR A ROME FE A0 . i B 22 T U AR AR A 2 2] 22 i
3k A A X A R SR SR T A S AR B MERE L R

& ML R 2% AF (Random Under-Sampling, RUS) . 4
Jaf, 5 16 0 ) (Neighborhood Cleaning Rule, NCL)'® & 5%
28 M B TR R R T 1, AR T IR A2 PR T R ML
WEE R REAR S B2k I, A8 TSR R AR 4
— R R AR TR K H AR AR . Tsai 5%
NV Vattipittayamongkol 25 A 05 J5 5 H fil 5 B2 0
SRR CBIS( Cluster-Based Instance Selection ) 5. 122
FNAT 41 A7 1K B /K R BE (NB-Based Under-Sampling) , 8
b v Al 1 BEAILYE FLAG R 5 140 RRCR . S T A
B3k RAE T v WAL R A (Random Over-Sampling,
ROS) | AN E 2 ot Rk (Synthetic Minority Oversam-
pling Technique, SMOTE)™! ‘%ﬁ/ﬁ% FR it 0 & [m) 5
H.5 G A FOCARFEA , —SE Uk S i A AR Bl 1
U Douzas 25 N2V X HIUREA B B 1 BEZ AL 2]
AU A2 ) G-SMOTE 5535 , $ i 73 2 A (19 40 SR BB . 1M
RERFET b, 2RI & — Rl JOCRAE 5 1R
FEAR G5 A 1Y SR W, 0356 5 2 4 0 0 22 TR A R AR
SMOTE+Tomek links'"®', £ % 7 IR B — R FE 7 ¥ 1Y e
Uiy , SR TG VA A U 28 501 o 28 5 | R G LR 14 R A 11 1]
PRI, T RE R 43 A REAE  Elyan 55 AUV R
CDSMOTE V& & RAE S, LA Il RORFE 52545 it
KRRV B B 4R L HAZ 5 0 TR S R AT 25 3L
MBI HEA D) & H k= ZHE0E . i B B A R
(R AR RE AR 3K 7T S N L R A 2 [ R O 47 R

Ak ( Pseudo-Negative Sampling, PNS) , & BEIZ I8 7 AE
I REAS , DL RE A AR 2945 0 A7, (R %5
LG MERR R AT A2 N T SR S T & o A A
8 1 249 8 H5CHE L DA T 1 5583 SR A G A 3 O B AR 2026 8%
BPEBE . % T B SR 2 IR B 25 (Agglomerative Hierarchi-
cal Cluster, AGENS)"® ELA5 %I Il £ A% o 355 43 #i 45 1iF (1
AE 10T REA U DR e N 7 B AR N 2 1) o 5 5 () L, VR
B R R ME SSTE T AT AR 4 R AS LR AR A I 5E 70 A1
RAEANHLUBR] A dE B RAER AR .

R bR RAE DT 1 T B T IR N T R A
S S0 o A (R, A SCH Y — bl i B R AR RS
3)) %K W (Cluster Boundary Negative Movement Strategy,
CBNMS) 5 H i W 1E A G 4L R (Adaptive Positive
Synthesis Technology , ADPST) B e TR & RAE L (Tm-
proved Cluster Boundary Negative Movement Strategy,
ICBNMS). % JEIE N T IR X RAERTHEAR I R2 M, AR SC
H& i CBNMS 5 , AR 5 2R 2 YR AR IE 71 I A Y
K 53 55 AR A B R AL O 2R 14 B B R UM A 100 SR B R AR
DA i RAERE R I IR 2 K i e S i F ) . i
1) FL 78 o CBNMS SR F) 70 THT 52 Wi T 4 5 1F 2 SHU510Kg
J£ , ICBNMS 535 W 7E e B iy B 51 A ADPST HEA K Hs
525 IR AL AL I S 7 A JSC R I 5 R AR, ATt 353
FEARTE B IR MR A ZREPE . BUE SRS UE T
ICBNMS 5.3 B HAL B P A BAR (19 73 2 BB 55 Pk A) 5
FAMB TN WRIEV B4R, BARMRR N T RAE 5K
ool A [l ) AT Hh (R IS ARz AL BE

2 EigHEZE
2.1 PNSEXREBIPIEZR

PNS B3 R Db TUREAR T (PN M &, 1
FLiRHE B R 8] 5 28 b B 5 1E 28 R A M OC 1
B K H ICA B e /DB REAS . 8 LT A BEA R
5 0 D={(x,.p, )i €[l,n].y, =081}, HIE 28 AR
BN P={(x].y; Wx;.y) e D.iell.ml.y =1}, A EHE A
EH N N={(.y) W7y e Dii e[l,nl.y; =0}, m A IE
KFEAR BB, n WA BRI MEEARES S =
(N e Nyi e[l 1y, et RE A B 8. 2Rk
FET PN KA D SRR ARSE S™ R LR 3 15 289 I
T B, L0 34 AE T3 IR A R AR 1 T AT i 75
T GURE AR SR 8 B B AR AR 245 1) ] AR A2 AR AR B 4
N 58 R R SR 5 3k SRR B B EL G 0 E SRR
LU A5 BIVRT 58 B A A W R A, DT A5 2 2 i B 4R . AR
M7, PNS Bk Ab BRIS PN - 3R 4 S 0 3 & B S 1 g
PR A PR . PNS L E 2 AUHE 345K

Stepl TR IEFEA A FRMEAE R 25 B G Cs

Step2 T IEFEAS S 25 (] Hrul C 1 RKCEG I 5 571



%10

o i LR S R AAE B S P LA R IR A SR I 2519

(B T2 506 2 Ok B R AR 8 AR AL DAY R 5

Step3 TR 2S[O CHIEE R, H
W L2 /N T A, 0 R WK IZ S FE AR BRic o PN
FEARIF BN Z IEREA
2.2 AGENS &EXIEiPHESR

AGENS " & —Fh [ i ) IR A 02 B 1,
FIUR RS A B 445 T — 25, 38 ol 3 0 2 5
L[] 1 P A A A R R R R B R )
2R AR R v T B S A I 4 AN B A w2k
AT A B, R RS, B R 2B
Sl AR BN B LE B . AGENS BV & 1 i .

i N H A

| R S \
BT R
IR H B BT 05/

v

o
o

£ B B IR K AR
A ORI A A

E1 AGENSHE MK

BT EERZ VR ERE A B G0 R B
it e & IR AT L3, SCRRL17 ] A3 RER AR N T 2
ST 73 PO AU DLl S e A B S e B3z AL A Rl A, (H
1R RS SRR R AIE iR 2 T80 25 FEORE 23 0 SR P 2R —
FERERYA RSN .
3 MHREREEE

PNS 53 1 [EDRE IE B0 SRR AR f) 38 o -5 W 83k g £ A
PIEFEA N ERAL SR B8, — e R2JE b G2 Ak i 3 ke
ATy Az 14 3 AU TR R e el A SR AR T 3 B 15 6
FIRIAEL. BRI, HIEAEAS AP AEAN 1k — AR Ik ol
B XK I, BT AR TR RS
23 [ G C AT RE L T BRI 5 HLA 1) 57 8 i KSR AT
SR SRR AR 5 2 ] s © BB B B0/ IN AR AR ROR , A
T 1 BRI T 25 7, DLBCTE L UM PN REAS . [ 2 fil A
T AR RO S T AT A SN T R A S L ) R
I, PNS B3 e R A AR S ] 32 B4, 5 A
— AR B E T AF AR N T R R B B el
TE G Z 8] B AL R R AR AN T8 53, HJGIA MERR R
TR TE B9 5 IE R PR B R A REAS | T X 2B A A
xSl SN 28 P 7 SR 2K 531 B B [ A, 0E 1717 52 )

IPIERR s IR IEREAS B A2 [i] w7 B 1) A 2 T
HRER BUREAS (9 S PR 2 23 A1 A 10 A RE A 250 221
AT N T R P R IREEAS SRR AR R HEVE S
PR

N

A Pl gt
a @ 1%
5 AN IE2%
ﬁ . pil .
” P % @ PNFEA
@
- ® = ZHGLC
® ® )
®
o ©® ¢ ey
e © .0 /
HITER 0. ~ ok
X0 G
& )
@
RAEL

2 PNSH R BUR K 7R B A

ZE LR BN TFREMIEHNEE L FRIERR
BIPERE T BB FZL R R . A 5% I & AR AR S 3 43
AFFIE 5 28 [ 0 AR AIE , DA S 20 RS T

Sk 55 AR RE A AR 14 JE Y5 4 REAE 1T 5 Ak SR SRR AE
CBNMS 5 I SR FH 58 26 AR R 0 FEAS , AN AT A FE 4 36
TR A SR R AR AR 2 1) B AL O 2R 2540 v A 1 i 7 7
FEAS, R OE S 2R AR e S i B, i L W7 AT R e 2k
T B4R ) L, 45 SR AE AT RI0R . O TR A b in 5
CBNMS X 1E A A 8 28 X R ) 4b B, ICBNMS 367 I
RS AT LAY 5 3E ADPSTHA il B4 W F4HE
IR 365 7 5 7 e P IOREAS , AU G2 e 25 ) EE B A
K} 2 RE RS . ICBNMS By AE L ik 3 s .
3.1 HBARGBEREINRE

B XS N 7 BB TN 28 1) B () T, FE 90 % R REAR
N EB AT AR RRAE , B TR AR AR A (5 B A 5 O
FEA B UV A 3G, AN 105 K 33 2SR AL Ry B i A 1 2 vh
YV AE 3 AR A DRI 2 Y CBNMS 3R B, 1 4t 20 5%
.

Stepl SR FHEER 2R AT 73 01 F A U AR
BRC={Cli=1,2, -, m}, BRI 53 IEFFEA LR SN
C'={C/li=1,2,---,n}.

Step2 A IE F 7 T T A IEREA 0T B (E AR
J &L F IR FE R O M, R E AN M={M|i=
1,2, n}, A

-

M=t (1)
i S:r

Hop,i=1.2, - nsx HIEREA 5 87 N5 oA IE T HE )
ML



2520 BOF % iR 2022 4
. RO W . . . . __ICBNMS
_CBNMS it _ _* _ . ADPSTH R - s M

| seemworraszarm | I ____ N }
5y |
Il — " | LA I TARAG B B AR :
| wusErmbe | | distmatrix ARG EF 2, g | I|
Y | : v mu‘vf.m:
R | | i it
A 5 (R L o | L4 T 54 2R R AU IR TR FRET :
I i ¥ j SO T H AL | |
z LS ST R T SR AR | : Y : |
K| ST SR A — -
D HILE R 8 | :_ B SRR MURNOV; |
______________________ |
II Ja) 0 2 753l : __________ # ____________ : I
FAER TS S S B R AR i R
prtali | | i S B RT RORR . |
|: L] T |
33 B B R I 2 D] T4 AR ol 4
| IHICBNFEA, IR MG K ' R lriﬁim” 3 & e
i 7 | JE R 7 Ik A |
| BEBIIESKh o |
I ¥ A |
| | Il
( PmasRnEERE ) I | memenis | !
— I J T T — —
| = — — — — — — ol

Pyt o K 4

%3 ICBNMS & LHELLK]

Step3 A IEFiE TP I H—IEAEAR x) 5 H X B
TE 77 v 8 IR EG I 85 S IR, A M 45 1 7 174 A 0
PR NEG N o={5]i=1,2,--,n}, fT
.
S dist
5= k=1
B —
Hirpi=1,2, -, nsdist() WIEES PR S WA i N IE T3
YA
Stepd  FTE AT HEH I3 — AR x, Sl g I
T AT 4 QE T O I S A A BRURE AR B 1A A R
FH c(xy), FIRHESEIZIE 38 Fhrp, A

c(x;) =min{dist(x;,Mp)}

x;,Ml.) o)

(3)

HP k=12 873i= 12 m;p=12n; S R i
AN TR IR

StepS  FIWH = A5 2 A5 o )< 8, A7 i 2,
SCZAAT R I UREAS X, O BRI R REAS (CBN)
MG R DY, TR E S SRR A e LT I8 £ 7
T TR, A

D= {xile(x;) <5, (4)

Hr k=1,2,--.873i=1,2, . m.

Step6 H Step5 H1 I “ TR FAFEA B4 DT HS N
FNES I PSR .

Step7  ERH IR Step2~6, H 2 TCIE A H CBNEE

ENRCRES )

Bl 4(a) FIE 4(b) S IEFEA By T RAE B
S 0F, PNS LS CBNMS A XS HLE . 5 R K 4(a)
G PNS B9, U REAS A T R (BRI T 25 1, iR AR B
ANV R, AEE p T DU 5 AR A B Al S HL A ] 3 A4
IEFEA ) PN AEAS . 145 R FHIEL 4. (b) T ) CBNMS 55
B LL O, f1 O, A R L IE TR CF 5 Gy,
FEAR A 5 AR B AL Z2 80N H X R OE 7% CF
5 Cy AR &, TR AMARAS BN
CBNEEA . [ 8 | CBNMS B ¥4 T PNS 8092 .
3.2 BENMEHEAEGREA

CBNMS 5 %S 30 13 18 5% Je 0 7 12 57 SR A Of i e
BN T R M AR B | AR JC 1 fiff o % 1Ak
V) S 24 i ) R0, L o oo AR M A R s A R
AR AR TR A0 . Ik, ICBNMS 5k 4k
SIS CBNMS 0%, 51 A ADPST $ A [ 38 I i 5 Fe i
FEAR A B DX, U/ R AR 1) B B 1 T T REAR I 24
PE . ADPST 8K FEALIE 2 L0 . (DR HE & IF T35
A B 1 3 L T T e SR T R A 5 (2) AR
B SRR A SR TR 4 B AU A R AR
3.2.1 ETHREBENHAEREFHENE

BT X} CBNMS 5 1 4 Ji5 1) 1E 28 RE AR, 1T LIAR 76
B JEE A HL T I ) 3 SR AR AR, I T 1
BERRA, IR A ORE AR f 22 , DA TTAG R0 akE S 7 235 4 IX ik



#
=
=
ar

SR Sy SuR > 2ol RS S B VA YR AINH A P S S RES 2521

R T

@ ik

IE3

FRAE2
;P.
3o

HFEAEL

/

wiag @ ik
IE3

@ cBNEEE

FAE2
\
g
En
]

4  PNSH: 5 CBNMS 5Lk st Lt

G HE REAS 5 T 5 B ZE R AR I 75 RS 1) 2K 531) B 7 i)
B BT BRIR

Stepl Tt 5 4% 1E T 5% &% kY B S 5 AT B
B d, = S0Tt g mauic (7 % percent/100). Ho it | distmatrix Ay

P BHRE ; n RIPE B A percent X [A] [ 1,2], HANE H 2.

Step2 1545 1E 177 1 Jmy &R B KLU IR - L, s
B AL R SL KA b BE SP, A7

N di,j

b j-IZf"p(‘( d, SL;
Ho [ i=1,2, - ,n,n HIETFFEANEG ST WA i A IE T3
FIRILA .

Step3 MBS IEFHERTR R BEASI Nov! A

+_ SP} S
Nov/= ZSP,.* X (N -N ) X (6)

Hor,i=1,2, - n3( N = N*) R UREAS 5 IEREA I 22
{H ;& €[0, 1R RAFRUA I 45 4%
3.2.2 ETEEEFAHEMNEREREFER

B R 4% 15 F R Tt i SRR LB I, 5 R e f X
5 Bty A BLA BUREAS . — e, X IR A R
1E—A 20 F R RYAE B, SR I 40 7 vk A URE AR 1T
il 23 D2 4 Bl /N R 7 B A o AR R R B IR AR, B
i A3 AR 2 ) MERE IR . ST b, MR U P B R i
WA TR T 4L AL, DL F 3 I B 5 e e R AR X 0
BIREA, IR IR T

Stepl TR IEFREHR Tl e FEA x7 5H
ke(ke =5 3T 4B Hh A7 2 RE A Y BRI BB 88, U — 1675 d, =
d,/dim (dim Ry IEREAS A 4R HE ) | BOHCAR) R 00 1 (A A R
%?*Qd:mean(l/ﬁl),ﬁ‘ﬁxf%%%ﬁ%ﬁﬂmu%,
BB AR N F 0,=1/L,

Step2 MRIEHEESWHHERNTFHEEGH T, AE

(5)

s
SLi=>L,.SP=
j=1

FAEL
(b) CBNMS
IBGHEREAR x R P(x)), A
P(x}) bu + Z (7)
X/ )=ax X
20 20

Horp,i= 1,2, nya.f [0, 1120 9N BE RS i igh BE R &
Ba+p=1.

Step3  ARYEMEH P (x;) XK IE FHE 13 RAE L BEAL
BEFFEAR o SHIE TR — TR IR FEA b, I 1E a
5 b2 BIEGHREA ¢, c=a+ (1-6)b,6 €[0,1] K —Fifi
PLEL . H 52 M0 IR 3 A% T A 2 T R 2 SR A AR
FREN I MEREA

4 SBESH

R 55 iE ICBNMS 5503 K FLAL 5 1) CBNMS 3§ ig 5
ADPST AR B AT £ PE 5 50k, Je 3 5 415288 .55 1
2H S 6 % FEHR 9T e A FE SVM, RF B KNN 3 3 Fifi 43
FA% LAk RE s 5 2 4 IR R ST ADPST H AR I 244
BEUREE 5 55 3 40 S5 L 4 Fhoxt o BB AR ST e e S i £
T 5 55 4 4 SRS S A B A B v AR A HE R A
PEAEOUARLNE ;565 5 4 SEARFEAN RERAE SR R T30
DL b 525 385 24 Inter i7 CPU 2.20 GHz, RAM 8 GB,
Windows 10384 &4, MATLAB R2017b 30 {52564 .
BARAETE H UCT KEEL $dl 1 , RN f5 B 1.

hy b G B A 2 S ) S B0 A5 AR v A Y R, R
FH S 22 b v A X 00 T A B R B 45 i M (1 e o) 3]
[0, 1], [RIAS 9 B B 408 Bl AL 53 20 6 82 7= A M ey,
HCHR15 ] PRS2 & B TAT S 4 5R FH 5 Hr e )
BUE , BRI ST B 1T 5 W, I BUIT AT SE 56 25 SR 1 7
PIEFBR I 220 by e A 5 5L

Ry B0 E B AT v R A R AR R R
O3 RAR BRI, SRR AN [) 73 R I A Y | A T ol 5
ISR AT FHE . B Fh A 2K SVMUA ST |



2522 H, +

EE 2022 4

R1 FHEHREER

1d Dataset #Att. #Ex. | #Pos. | #Neg. IR
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46K Z BB 1Y G-mean 5 F-measure $8 1 1E RF
a2t D BUS b as 3 . e ICBNMS 5 HoAu &
1 2 AR CBNMS e  ADPST £ AR M LE , A
PEREW] b 3 — 2048 T, 1 B H AR A AE A 1 B4l
MY FLLe R bR D HERESS B . Bl CBNMS 3 & 7E RF 43
4% 1Y F-measure 78 5 4515 e L HERE , HL P 7E Satlm-
age,yeast1289vs7 M yeast5 X 3 MR 45 At (2
1E SVM 5 KNN 7326 & R IR 22, ADPST HAR ML
TE yeast5 £ 4 [ K15 F-measure fabn i fIL, W LA | 2
Fofr 3 R G TE 28 R BE 0t 5 T il G CBNMS SR B 5
ADPST £ AR 1 ICBNMS 5332 JL-F- 7 2 B 4 69 RF 73
e FITERE XK A, AN AE Ecoli, yeast1289vs7,
yeastd X yeast5 X 4 MR | G-mean FEARE R IRAL
F LA RS ICBNMS S IE 2 AR e s A

F - measure = (12)
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%3 CBNMS,ADPST % ICBNMS HiAZERE 4> 28 LHIEMIEIRE R
) SVM RF KNN
YGRS Rk

G-mean F-measure G-mean F-measure G-mean F-measure
CBNMS 0.644+0.052 0.957+0.003 0.709+0.019 0.960+0.003 0.66620.028 0.956+0.002
Ecoli ADPST 0.891+0.005 0.959+0.002 0.91740.013 0.963+0.005 0.876+0.010 0.955+0.007
ICBNMS 0.960+0.003 0.963+0.003 0.963+0.001 0.963+0.001 0.935+0.004 0.949+0.001
CBNMS 0.724+0.006 0.968+0.000 0.723+0.007 0.969+0.000 0.803+0.006 0.967+0.000
SatImage ADPST 0.902+0.042 0.965+0.006 0.941+0.000 0.947+0.000 0.912+0.038 0.960+0.003
ICBNMS 0.948+0.000 0.953+0.000 0.944+0.000 0.947+0.000 0.936+0.000 0.942+0.000
CBNMS 0.543+0.077 0.982+0.001 0.435+0.029 0.982+0.001 0.382+0.047 0.983+0.000
Yest_ME2 ADPST 0.887+0.003 0.981+0.003 0.901+0.003 0.917+0.003 0.789+0.012 0.979+0.004
ICBNMS 0.931+0.002 0.920+0.002 0.900+0.005 0.885+0.005 0.898+0.004 0.883+0.004
CBNMS 0.714+0.073 0.984+0.003 0.359+0.121 0.984+0.001 0.660+0.052 0.983+0.000
yeast1289vs7 ADPST 0.873+0.008 0.978+0.004 0.901+0.003 0.917+0.003 0.804+0.014 0.981+0.005
ICBNMS 0.904+0.003 0.937+0.003 0.929+0.002 0.913+0.002 0.862+0.004 0.866+0.004
CBNMS 0.643+0.075 0.982+0.000 0.447+0.029 0.984+0.000 0.41140.036 0.983+0.000
yeast4 ADPST 0.786+0.002 0.983+0.002 0.763+0.028 0.989+0.000 0.859+0.108 0.98140.015
ICBNMS 0.903+0.004 0.922+0.005 0.932+0.003 0.888+0.004 0.897+0.005 0.884+0.005
CBNMS 0.688+0.023 0.990+0.000 0.789+0.042 0.991+0.001 0.782+0.012 0.991+0.001
yeast5 ADPST 0.901+0.029 0.991+0.006 0.900+0.003 0.885+0.004 0.924+0.005 0.990+0.022
ICBNMS 0.98620.000 0.988+0.000 0.988+0.001 0.989+0.001 0.950+0.004 0.989+0.000

16 RF 4325 %8 |, ICBNMS &3 Sk v ae 0 T iSRRI

CBNMS 5 % 55 ADPST 45 A& . J5 K 7E T CBNMS 5 g 2
Xif I U RE AR AT 7S Bh R 4 A BE LR fif L2 P R &5
A ) TR AR T PR AR 5 R 5 n) 5T 5 ADPST R U 25 &
SER R 45T IR AR (14 o5 o 1T 2 O 0 AR AR 1)
ZEME 1M ICBNMS 57538 1 il & DA b 2 A4S F AR R Ab 2K
P B A, T840 I 3 S 4 20 i A5 AR (1) s i
R AR T B A7 R 2 AR BUE ZHEAE A,
AR T L RAE A MU AR Bl = Z2FE I 1) )

K5 U 7R T ek i 5 75 ICBNMS 2 CBNMS,
ADPST £ 344325 4% | B G-mean Fll F-measure 5 F5 f)
S5 BRI 225

[ CBNMS
[ ADPST
I [CBNMS

SVM RF KNN
[ 0.977 0976 ¢ 947 0978 0977 0.974 i

0936 0.931 919 |

F-measure

SVM RF KNN

K5 KNE4rZ5EE LK) G-mean Fll F-measure Y48 45

(1) 5%} G-mean 845 , CBNMS SR W& 7E RF _ A3k
30.577 () E S5, 43 FAPERERS YK T SVM A1 KNN ; 17
ADPST 5 ICBNMS 5.7 it 45 S U] s 5 33 o, 6 H AR
RF FVERERILZ Y, 76 SVM 5 KNN _F &5 Rk Z , 7
) H v B 315 (0.887,0.873,0.861) 5 (0.943,0.939,
9.913) Y45 R . (HJEANRT Fb 3 Fh AR iZ 38 bl i oy
ZeMEBE, ICBNMS 5575 B AL T CBNMS 5 ADPST .34,
FH] ICBNMS Sk i F 4R TH oy e iR i e kg

(2) %1 T F-measure $8 %5 , 3 Fh stk 280y 75 340 2%
v E A BARRUR TG 3 25 5%, CBNMS 5 AU AN I i —
S5, U A HOGF I AR S 1 U R O HL B R
HZ AL ERE .

DL S5 SR R, 34 s i VA F SVM 55 KNN 43 2%
i L BRI AR B0 REF 4 2588 38 A AR S M 4580 o
JElm . R, 284 LA B 2 N8 FR, G S SL B0 1 B RF
Ay S 2 A B 5 B 5
4.2 ADPSTH AREISEIERERT L LT

ADPST A RAFE R Y R 5 e BB S0
VAT B o B, IR AR R AR 7 A — 2 R
FVEAL & Bl o, BISE IR, SR HC 4. 1795 1 1 6 A4S B HiE 420
PLRF R HE 42545 0 AR R B4 AUC, G-mean,
F-measure $8 45 5 .

R VA R B BB I T R B ADPST # AR 1 5
Wi, S 6B X ] € €[0.1,0.6], 251K R 0.1, 28 5256 I3



2524 H, ¥

EE 2022 4

WA 6= 0.2,0.4,0.6 1Y S50 45 5 H e A 45 5% 0L 3% 4
FRAHL 2, R 4 v I EOA H, M e=0.6 5, AUC,

G-mean , F-measure $8 A5 76 K 2 B0 4E T 43K & A0 .
SR VAL P S 5 R R R T R B ADPST £ R 1)
T4 FAEARFENERAT R THIERER

S, SEERIEE Y e = 0.6 0, (e, B) AR A4 (0.2,0.8),

(0.4,0.6),(0.5,0.5),(0.6,0.4),(0.8,0.2). SZIGZEFUNFE S IR, B
LB LUIRIBRE , e S T AR H 24 «, B4 51 H
0.5 F, A 44 b oy ek Re Al . X2 i THE S
PR - 5 i i S8 TR 78 B BURE A I 287 5L AT ) S5 AR A

Bt | PEMERR | e=02 e=04 £=0.6 G | R 5y NN T 520 N N VA i STUE RS
AUC | 0.97240.003 | 0.98140.002 | 0.986+0.002 FEAR R T 3 RME R LA & BUREAS
Ecoli G-mean | 0.916+0.011 | 0.941+0.006 | 0.952+0.005 4.3 HiREE XML LE
F-measure | 0.958+0.002 | 0.957+0.004 | 0.957+0.004 Jy ¥ 3F ICBNMS & ¥ & H 2 /4~ 14 Hr CBNMS 5
AUC | 0.988+0.001 | 0.989+0.001 | 0.989+0.001 ADPST B9 48 8 1, MK 3 4.2 35 B 503% B ¢=0.6 fll
Satlmage | G-mean | 0.92440.003 | 0.93140.003 | 0.934+0.003 a=0.5F=0.5, 4% 4 > F K5 1 1 NCL®, SMOTE"
F-measure | 0.979£0.000 | 0.980+0.000 | 0.980+0.000 CDSMOTE[M]& PNS[ISJY‘F RF ﬁ\;@%&i B9 AUC, G-mean,
AUC | 0.989+0.001 | 0.994:0.000 | 0.996:0.000 F-measure, PPV, TPR, TNR 5 NPV 3L 7 3545 b7 (1 43 2
Yest_ ME2 | G-mean | 0.933+0.002 | 0.963+0.001 | 0.973+0.001 PEREFEATXT FLSC I | SE a2 SR AN 32 6 s I S5 1 1L
F-measure | 0.983+0.000 | 0.98340.000 | 0.982+0.001 j][] *ﬂ*ﬂ? {_:]3 ) ﬂ‘j E Xjﬁlﬁﬁ? _L J?EE&&%: ZZE E"J % T%‘@ , Q/EA\ ﬁl‘:‘J
AUC | 0.97240.003 | 0.985£0.002 | 0.992:+0.001 ROC 12 [ (141 6)
veast1289vs7 | G-mean | 0.937+0.004 | 0.958+0.002 | 0.969+0.002 1135 6 4B
F-measure | 0.982+0.001 | 0.980£0.001 | 0.979+0.001 (1) R T e L ICBNMS 23 75 e 22 54
AUC | 0.989+0.001 | 0.994+0.000 | 0.995+0.000 " \ — . W ~
Bl 5 L0 7 TP FE A b A A — 2 A FE bR (LA
yeastd G-mean | 0.929+0.003 | 0.962+0.002 | 0.973+0.001 e . ~
’ = T HAB X A, W AUC, G-mean, TNR, NPV 6 b5
-meas + +
! e ‘;Z:j‘;gg‘; ‘;ZZT*‘;‘;S; ZEZLZZSZ MR B RSS2 TPR R b SR VAT 34 45 A
. +0. . +0. A 40! — N 5 —
S c 77910031 | 0.78620.0% | 075410.002 {B, {H TNR $8 b5 B AL T HAB R T /& G-mean 815
yeast -mean L1 71910. . 1660).! 15410, . N N NN
. 99120000 | 095120000 | 099120000 ZEA B Al , B ICBNMS 3.3k DA By i il 1 ) RE A5
-measure . TU. . TU. o U [
AT REZ MU 128, ELG IE T 2SR AR G i A
x5 AEAEBSEHRERATRBAS (@) THIERER
Blite W HE bR (0.2,0.8) (0.4,0.6) (0.5,0.5) (0.6,0.4) 0.8,0.2)
AUC 0.984+0.002 0.983+0.001 0.985+0.001 0.984+0.003 0.984+0.002
Ecoli G-mean 0.948+0.006 0.950+0.005 0.9510.004 0.949:+0.004 0.949:+0.002
F-measure 0.955+0.005 0.956+0.004 0.957+0.003 0.955+0.004 0.955+0.002
AUC 0.993+0.000 0.993+0.001 0.995:+0.000 0.994+0.000 0.994+0.000
SatImage G-mean 0.957+0.000 0.956+0.001 0.959-+0.000 0.957+0.000 0.957+0.000
F-measure 0.970+0.000 0.971+0.000 0.974+0.000 0.974+0.000 0.970+0.000
AUC 0.995+0.000 0.995+0.000 0.9960.000 0.995+0.000 0.996:0.000
Yest_ME2 G-mean 0.973+0.001 0.973+0.000 0.974+0.001 0.972+0.001 0.973+0.001
F-measure 0.978+0.001 0.982:0.000 0.983:0.000 0.981+0.001 0.982:0.000
AUC 0.991+0.001 0.990+0.001 0.992+0.001 0.991+0.001 0.990+0.001
yeast1289vs7 G-mean 0.967+0.001 0.967+0.001 0.969+0.002 0.96620.002 0.969+0.002
F-measure 0.977+0.001 0.978+0.000 0.980:£0.001 0.978+0.001 0.977+0.001
AUC 0.989:0.000 0.992:0.000 0.996:0.000 0.995+0.000 0.994+0.000
yeastd G-mean 0.972+0.001 0.972:0.000 0.97520.001 0.972+0.001 0.973+0.001
F-measure 0.979+0.000 0.977+0.001 0.983+0.001 0.981+0.001 0.982+0.000
AUC 0.980+0.008 0.982:+0.007 0.986:0.005 0.982:+0.008 0.979:+0.008
yeast5 G-mean 0.764+0.020 0.777+0.032 0.786:0.027 0.785+0.028 0.767+0.028
F-measure 0.984+0.000 0.981+0.000 0.992+0.001 0.991+0.000 0.991+0.000
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1.0 — =
P 7
P < s <
0.8 - - - =
06 —&— ICBNMS —&O— ICBNMS
© —#— CBNMS @ —#— CBNMS
=) ! —©— PNS = —O—PNS
0.4 CDSMOTE CDSMOTE
—+— ADPST —+— ADPST
0.2 NCL NCL
————— SMOTE ——— SMOTE
3 . ‘ — — — -RandClassifier ) ) — — — -RandClassifier
0 02 04 0.6 08 1.0 02 0.4 0.6 0.8 1.0
FPR FPR
(a) Ecoli (b) Satlmage
Oh-A0 b &
Lor A IEsroob-6-6 2 Lo =0 O
> 7
0.8 s 0.8
27 Aol
——— L
0.6 —&— ICBNMS o 06 |—O—ICBNMS
& _ -7 |—#—cBNMs & —#— CBNMS
B ol e —&—PNS o4l —6—PNS
: - CDSMOTE - CDSMOTE
- —+— ADPST ——+— ADPST
0.2 NCL 02 NCL
————— SMOTE —— SMOTE
pe ) ) — — — - RandClassifier oy ) ) = = = :RandClassifier
0 02 0.4 0.6 08 1.0 b 02 0.4 06 08 1.0
FPR FPR
(¢) YestME2 (d) yeast1289vs7
P N A -7 g
P -7
- o s
—&6— ICBNMS —&O— ICBNMS
& —#— CBNMS & _ 2| —#—cBNMS
&= ~—&—PNS &= _’ ~—E&—PNS
CDSMOTE e CDSMOTE
—+— ADPST e —+— ADPST
NCL e NCL
——— SMOTE ————— SMOTE
0 ) ) — — — - RandClassifier . ) — — — -RandClassifier
0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
FPR FPR
(e) yeastd (f) yeastS

Ko  HALRBEF LM ROC LA

(2) CBNMS % W JL-T- 76 ir A7 £ 4 1 TPR $5 45 HX
Fae it , FRWIIEZE A [0 3258005, R % R g I 2R i B 7Y g
TE SR T 22 ) TE AR A, B A RO B A . CBNMS
WM& 5 ADPST $ ARAUFE Yest_ME2, yeast4, Ecoli £ i 4
¥ F-measure $8 b5 HA B AL BL, W k19 ml & Bk
TCBNMS JUIXF 52 Ay 15 2 (A A AR ELAG A 4 T
PR S =R M W S E VS B 5 N 8 <
feJ1. 5340, CBNMS, ADPST K2 ICBNMS B9 (4 NMEFxR
AT F AL B B N AR 22, UL AL 35 /)N
FHA R FLA ik 1 4 R 254

(3) HAbX] HE SR AEA e br bt IRAF L 45 2
W1 CDSMOTE BB3E7E PPV F8 45 L 3RIB N 5 1 UESEZ
AL X TN Ay 1 AR AN P T o 9 G v 5 PNS SRR A
F-measure f1 TPR #8453 I 5 CBNMS 2 1535 3| [R] R /K
X 3 W2 0 A X6 SR kg TR A 19 0 0 A S v
HH AT N BEAL A LT AR PP AL SR MR R 77 2R

[F) 1 BEZR B I B A P g

1 &1 6 43 BT A 61, ICBNMS 87 LT 78 BT A K di 4
I EUS R R 2 R AL, T CBNMS 5 s 7E 22 BOs s
£ PR ORI 4 T B 45, W Ecoli, Satlmage,
yeast1289vs7 AR . Xt Satlmage R EA EYE K
R AR T R 8 s 5, ICBNMS, CBNMS, ADPST
BRI US AR ROC 2R T 1 AL, AT SHE T 2 - 3
AR B A R H R 2 B A
4.4 HIEHELRFEEN MRS L I8

3 56 3E CBNMS, ADPST K ICBNMS % % [A] ¥ 1 H
B R AR R AR 2 B AR, PRI 4 A R
Yy b R BCHE 4R, 4 i i abalonel9, poker89vsS,
shuttle2vs5 J yeast6 0454 , #EA7A [RRAE S L B X L
SEHG, SIEG SCUFICE R 4. 37T, SCER A RN T TR, ik
gl R LU AR .
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F6 HRHEEENITENIERER
Kl sR GRS AUC G-mean F-measure PPV TPR TNR NPV
NCL 0.928+0.007 | 0.820+0.047 | 0.94440.005 | 0.969+0.007 | 0.921+0.011 | 0.748+0.071 | 0.538+0.030
SMOTE 0.91740.009 | 0.729+0.040 | 0.949+0.002 | 0.951£0.007 | 0.950+0.004 | 0.582+0.065 | 0.590+0.022
CDSMOTE | 0.960£0.018 | 0.90320.023 | 0.686£0.023 | 0.914+0.015 | 0.852+0.016 | 0.908+0.023 | 0.431+0.026
Ecoli PNS 0.929+0.007 | 0.70320.033 | 0.960£0.003 | 0.946+0.004 | 0.974+0.003 | 0.525+0.038 | 0.788+0.037

CBNMS 0.929+0.008 0.709+0.039 0.960+0.001 0.947+0.006 0.974+0.002 0.531+0.059 0.73440.023
ADPST 0.976+0.004 0.917+0.013 0.963+0.005 0.969+0.005 0.957+0.005 0.882+0.021 0.849+0.015
ICBNMS 0.985+0.002 0.942+0.003 0.950+0.003 0.968+0.002 0.932+0.007 0.952+0.004 0.904+0.010
NCL 0.954+0.001 0.799+0.002 0.961+0.000 0.963+0.000 0.960+0.001 0.666+0.004 0.645+0.005
SMOTE 0.960+0.001 0.773+0.006 0.959+0.000 0.95940.000 0.97620.001 0.613+0.009 0.740£0.008
CDSMOTE 0.961+0.001 0.808+0.005 0.965+0.000 0.965+0.000 0.966:0.001 0.677+0.008 0.687+0.011
Satlmage PNS 0.95620.001 0.717+0.006 0.968+0.000 0.950£0.000 0.988+0.001 0.521+0.009 0.827+0.010
CBNMS 0.956+0.002 0.723£0.002 0.969+0.000 0.951+0.000 0.988+0.000 0.531+0.004 0.833+0.005

ADPST 0.989+0.000 0.941+0.000 0.947+0.000 0.946+0.001 0.948+0.001 0.934+0.002 0.936+0.001

ICBNMS 0.993+0.000 0.957+0.000 0.970+0.000 0.956+0.001 0.984:+0.000 0.975+0.001 0.930+0.001
NCL 0.905+0.016 0.558+0.017 0.980+0.000 0.97620.000 0.985+0.001 0.329+0.020 0.478+0.032
SMOTE 0.909+0.016 0.465+0.051 0.904+0.000 0.973+0.001 0.990+0.001 0.281+0.051 0.516+0.067
CDSMOTE 0.91620.009 0.647+0.019 0.973+0.001 0.980+0.000 0.967+0.002 0.445+0.020 0.33520.026
Yest_ME2 PNS 0.895+0.021 0.341+0.030 0.983+0.000 0.972+0.000 0.994+0.001 0.207+0.016 0.655+0.153
CBNMS 0.908+0.013 0.435+0.087 0.983+0.000 0.972+0.001 0.995+0.000 0.217+0.055 0.601£0.085
ADPST 0.968+0.000 0.897+0.004 0.882+0.004 0.887+0.005 0.879+0.006 0.916+0.004 0.911+0.004
ICBNMS 0.996:0.000 0.973+0.001 0.982+0.000 0.972+0.001 0.993+0.001 0.954+0.002 0.989:0.002
NCL 0.720£0.026 0.375%0.114 0.983+0.000 0.974+0.001 0.993+0.000 0.193£0.054 0.460+0.168

SMOTE 0.759+0.035 0.327+0.039 0.913+0.000 0.974%0.001 0.991£0.002 0.200£0.033 0.422+0.055
CDSMOTE 0.736+0.015 0.602+0.045 0.552+0.059 0.549+0.070 0.668+0.018 0.666+0.074 0.579+0.030

1;;;?27 PNS 0.71940.018 0.353+0.051 0.984+0.000 0.97120.000 0.996:0.000 0.166+0.027 0.643+0.114
CBNMS 0.709+0.032 0.309+0.069 0.980+0.000 0.97240.000 0.995+0.000 0.146+0.129 0.47610.171

ADPST 0.968+0.001 0.901+0.003 0.917£0.003 0.899+0.003 0.937+0.006 0.866:0.005 0.918+0.007

ICBNMS 0.991+0.001 0.969+0.001 0.984+0.001 0.969+0.001 0.990+0.001 0.949+0.002 0.984+0.001

NCL 0.909+0.015 0.553+0.057 0.881+0.001 0.972+0.001 0.986+0.001 0.341£0.046 0.511+0.059

SMOTE 0.898+0.010 0.441£0.053 0.873+0.001 0.973+0.001 0.990+0.001 0.239+0.037 0.455+0.102

CDSMOTE 0.958+0.013 0.794+0.073 0.812+0.027 0.842+0.030 0.813+0.017 0.822+0.050 0.138+0.017

yeast4 PNS 0.908+0.015 0.436+0.039 0.983+0.000 0.972+0.000 0.995+0.000 0.207+0.018 0.650+0.087
CBNMS 0.901£0.011 0.447+0.037 0.984+0.000 0.97240.001 0.99620.001 0.215+0.040 0.727+0.076

ADPST 0.967+0.002 0.900+0.003 0.885+0.004 0.881+0.004 0.890+0.008 0.911+0.003 0.918+0.005

ICBNMS 0.996:0.000 0.973+0.002 0.982+0.001 0.976+0.001 0.992+0.001 0.954+0.002 0.987+0.002

NCL 0.984+0.006 0.882+0.017 0.889+0.000 0.89320.000 0.990+0.000 0.792+0.027 0.72520.020

SMOTE 0.977+0.005 0.840+0.031 0.887+0.000 0.891+0.001 0.992+0.001 0.739+0.051 0.750+0.035

CDSMOTE 0.984:+0.008 0.969+0.014 0.940+0.008 0.987+0.000 0.930+0.017 0.958+0.009 0.331+0.015

yeastS PNS 0.984+0.007 0.791£0.042 0.990+0.001 0.985+0.001 0.994+0.000 0.644+0.018 0.850+0.044

CBNMS 0.983+0.010 0.789+0.036 0.989+0.001 0.986+0.001 0.99440.001 0.635+0.054 0.779+0.053
ADPST 0.982+0.006 0.763+0.028 0.989+0.000 0.987+0.000 0.995+0.000 0.602+0.027 0.800+0.036
ICBNMS 0.998+0.000 0.978+0.001 0.991+0.000 0.98620.001 0.992+0.000 0.965+0.003 0.980+0.001

H 2 7 Al AV AE yeast6 BT 4 #Y) F-measure F1 TPR #5851 0% i
(DEFXTUA L 4 AR AT bR 88 4  ICBNMS 5. X0k [ ICBNMS Bk B RAFmy g Gvkae a1 17
BIEARLE A Fe bR LIRS AR EE 3, 0 CBNMS B3k [R50 A AN R 4E B AN [ A5 2 7 Eb 32 10 s
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R RS AUC G-mean F-measure PPV TPR TNR NPV
NCL 0.69740.013 | 0.737+0.048 | 0.806+0.032 | 0.902+0.000 | 0.854+£0.000 | 0.825+0.015 | 0.879+0.042
SMOTE 0.72340.041 | 0.736+0.064 | 0.863+0.000 | 0.852+0.000 | 0.876+0.001 | 0.771¥0.018 | 0.390+0.011
CDSMOTE | 0.972+#0.010 | 0.723#0.020 | 0.769+0.023 | 0.816+0.015 | 0.742+0.046 | 0.819+0.026 | 0.773+0.039
abalone19 PNS 0.94740.038 | 0.877+0.065 | 0.893+0.000 | 0.972+0.000 | 0.882+0.021 | 0.872+0.025 | 0.812+0.062
CBNMS 0.9940.012 | 0.87440.020 | 0.983£0.001 | 0.992+0.000 | 0.979+0.000 | 0.687+0.010 | 0.887+0.001
ADPST 0.995+0.000 | 0.96440.002 | 0.967+0.001 | 0.965+0.002 | 0.969+0.001 | 0.958+0.002 | 0.963+0.001
ICBNMS | 0.999+0.000 | 0.989+0.000 | 0.993+0.000 | 0.990+0.000 | 0.995+0.000 | 0.993:0.000 | 0.983+0.001
NCL 0.936+0.018 | 0.811+0.022 | 0.981+0.000 | 0.969+0.002 | 0.989+0.002 | 0.683+0.028 | 0.908+0.014
SMOTE 0.93440.016 | 0.855+0.025 | 0.97240.005 | 0.971£0.004 | 0.968+0.008 | 0.762+0.044 | 0.714+0.067
CDSMOTE | 0.93440.023 | 0.839+0.016 | 0.975+0.020 | 0.867+0.023 | 0.853+0.018 | 0.8474#0.017 | 0.874+0.012
poker89vs5 PNS 0.939+0.013 | 0.91320.056 | 0.978+0.005 | 0.971+0.006 | 0.984+0.005 | 0.690+0.077 | 0.807+0.082
CBNMS 0.97620.054 | 0.966£0.013 | 0.993+0.004 | 0.972+0.005 | 0.992+0.005 | 0.979+0.001 | 0.976+0.002
ADPST 0.994+0.000 | 0.952+0.003 | 0.989+0.000 | 0.984+0.001 | 0.993+0.000 | 0.978+0.001 | 0.974+0.002
ICBNMS | 0.998+0.002 | 0.983+0.001 | 0.993+0.000 | 0.987+0.000 | 0.999+0.000 | 0.989+0.001 | 0.983+0.001
NCL 0.964+0.011 | 0.782+0.013 | 0.870+0.013 | 0.882+0.011 | 0.896+0.018 | 0.870+0.014 | 0.890+0.019
SMOTE 0.88740.009 | 0.793+0.021 | 0.868+0.011 | 0.850+0.018 | 0.888+0.011 | 0.71240.037 | 0.783+0.021
CDSMOTE | 0.885+0.009 | 0.879+0.003 | 0.968+0.006 | 0.83740.002 | 0.810+0.013 | 0.673+0.005 | 0.805+0.023
shuttle2vs5 PNS 0.980+0.022 | 0.899+0.026 | 0.907+0.031 | 0.895+0.012 | 0.828+0.056 | 0.879+0.015 | 0.830+0.050
CBNMS 0.989+0.004 | 0.955+0.002 | 0.932+0.007 | 0.942+0.006 | 0.934+0.011 | 0.996+0.000 | 0.991+0.004
ADPST 0.992+0.001 | 0.954+0.006 | 0.947+0.003 | 0.951+0.002 | 0.927+0.011 | 0.995+0.001 | 0.996+0.002
ICBNMS | 0.993+0.001 | 0.959+0.002 | 0.968+0.002 | 0.977+0.001 | 0.953+0.002 | 0.997+0.000 | 0.998+0.001
NCL 0.91340.015 | 0.705+0.028 | 0.790£0.000 | 0.987+0.000 | 0.878+0.000 | 0.514+0.035 | 0.552+0.039
SMOTE 0.890£0.011 | 0.73140.036 | 0.766+0.001 | 0.889+0.001 | 0.884+0.002 | 0.565+0.046 | 0.484+0.033
CDSMOTE | 0.873+0.010 | 0.897+0.019 | 0.890+0.001 | 0.893+0.010 | 0.837+0.037 | 0.879+0.012 | 0.743+0.032
yeast6 PNS 0.84240.008 | 0.805+0.031 | 0.910+0.022 | 0.987+0.001 | 0.891+0.001 | 0.802+0.043 | 0.611%+0.063
CBNMS 0.885+0.018 | 0.834+0.036 | 0.991+0.000 | 0.986+0.000 | 0.996+0.000 | 0.742+0.042 | 0.726+0.021
ADPST 0.99340.001 | 0.956+0.004 | 0.979+0.001 | 0.97240.003 | 0.987+0.001 | 0.927+0.008 | 0.965+0.003
ICBNMS | 0.996+0.000 | 0.985+0.001 | 0.989+0.001 | 0.988+0.001 | 0.992+0.000 | 0.987+0.001 | 0.978+0.002
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*8 AEFEEEXERES KR LR ERT SR
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SVM 0.05 0.09 0.37 0.32 0.09 0.09
Ecoli RF 0.53 0.65 1.64 1.44 0.57 0.54
KNN 0.11 0.31 1.34 1.14 0.16 0.20
SVM 10.08 28.59 12.45 12.56 10.57 12.74
Satlmage RF 2.06 7.30 4.64 4.43 2.13 3.12
KNN 24.02 93.95 31.65 36.01 31.08 28.36
SVM 0.17 0.45 0.42 0.44 0.17 0.25
Yest_ME2 RF 0.61 1.29 0.96 1.64 0.54 0.52
KNN 1.34 5.12 2.63 1.54 1.06 1.21
SVM 0.13 0.30 0.55 0.42 0.17 0.15
yeast
RF 0.44 0.91 1.88 1.47 0.56 0.47
1289vs7
KNN 0.61 2.41 2.50 0.87 1.06 1.10
SVM 0.16 0.46 0.48 0.36 0.26 0.24
yeast4 RF 0.51 1.10 1.04 1.26 0.58 0.55
KNN 1.38 5.50 4.42 1.97 2.06 1.89
SVM 0.16 0.41 0.50 0.47 0.17 0.31
yeast5 RF 0.61 0.89 2.96 2.76 0.59 0.53
KNN 1.52 5.08 5.78 2.48 1.06 2.95
Bt 44.49 154.81 76.21 71.58 52.88 55.22
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