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Unbalanced Support Vector Machine Coupling Negative-Samples
Cutting with Asymmetric Misclassification Cost
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Abstract: Optimal hyperplane tendency and a large number of positive sample misclassifications often appear when
the standard support vector machine ( SVM) is employed to classify unbalanced data. So several causes and corresponding
countermeasures for the perspective of SVM misclassifying unbalanced data are discussed. Considering the characteristics of
SVM that optimal hyperplane is only decided by a small amount of support vectors,a novel SVM mathematical model based
on negative boundary sample cutting strategy is constructed. However, this model has better recognition performance on posi-
tive samples only when the “training-cutting” step of negative samples is carried out many times, which is a time-consuming
process. To replace it with the equivalent cutting hyperplane technique which can cut more negative samples at one time,an
unbalanced SVM algorithm coupling negative-samples cutting with asymmetric misclassification cost is proposed. To further
enhance the classification ability of this algorithm on unbalanced data,an improved sine cosine algorithm (ISCA) is presen-
ted to optimize the biased constant of the cutting hyperplane. Experimental results verify the optimized necessity of the biased
constant of the cutting hyperplane , the advanced optimization performance of ISCA algorithm and the outstanding recognition
performance of the proposed algorithm on unbalanced datasets, respectively.
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(o) REITHZ WL FG T () HBYEy=-15.5 102 BN 8T T (9) BB Bop=010 2 WL /3 S8 T I () BT Ey=10010 2 WU 20 J658- 7 T

Frneasure=0.88691, Gmean=0.89219
6

Frneasure=0.88691, Gmean=0.89219

Fneasure=0.94744, G mean=0.94747
6

Fineasure=0.73016, Gmean=0.75829
6

+ NC 6 * NC + NC 0 * NC .
R H B A S
s 2 3 2 . s 2 s 2 -~
> ol > ok / > ok > otk . f@.
< Y > < =

2+ 25 27 2
4 4 1 4 n n L n 4
-5 -5 0 5 -4 2 0 2 4 6 -5 0 5
X, value X, value X, value X, value

() REBI AR P T

(j) BT Hen= -1 (RBF 53 581

(k) TG Ey=0.SHRBFI% /> J5H8- P ifi

(1) # B Hn=2.5FIRBFH 4 25548 1 1

K5 ANREEE R 3R CSVMIN ORI RS 52 1i(C=1,; 2 T A% H g=1,D=3;RBF#% H1g=0.05)

—_

0.8 0.8 0.8
(5] Q Q
=2 2 =2
=06 06 £ 06
o 5 5
=] = =
=) =] =}
o 04 504 ; 041
S, . > . = -
Precision o Precision —— Precision
0.2} —— Sensitivity 0.2} —— Sensitivity 0.2} —— Sensitivity
Specificity Specificity Specificity
1 1 1 1 0 I ! ! L ! 0 1 1 1 1 1
0 2 4 6 -30 -20 -10 0 10 -1 0 1 2 3
X-H YA X-H B Ay X-H 5 {En

(a) ZePERZC S VMBS BT Hin i) 73 S REAE 1L

(b) 2T CSVMBEE EIT by ) 73 2R REAE (L
6  # BT X ANFRZ C3S VMY 43 2 M fE 1B AR 52 i

(b) RBFIZC’'SVMBEA FIT iy 153 JEERER 1L
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HIPE 6 43 M m] 1, (1) C'SVM [ Sensitivity {5 fifi #%
By fR G MG R, 25 o — i (R T S B 2R
BEA I 58 41U, B CPSVM Al F A SVDD 573k iy —
AR (2) HEIRbrBERR Y & n (15544 L I b L
AT ) e Bl a3 - 7E 328 78 W I8 A (B 52 P AR 2, 2R W)
BT 0 BN CTSVM Sk B U e i A
W s TR R HE PR (B X AT P i ey, R W10 B2 3BT A 1) 1
PR COSVM [R5 U3 4 A 5 I 30345 45 b (i 00 P
WO , R W5 BE R BT AR AT COSVM [R5 43 5.
(3) #ITd v Precision $& 4542 4k e Ay i 21, & I
B G B R A B P i e R4 HLAR S TE2R
YA RAE A, 3 BUR R T IE R A B R R0CR. (4)
FF 3 B R COSVM 533k v Z2 30 2% 11 75 1k il 26
TR BED , 0 BT (19738 A B O B8RS RBF #1022 1k
22, BA B LA IE P

AR, B BT RS i g X AR [ R B C'SVM B
AR A RO R P A 22 S 1 S e, K 4R v B
SREA I8 FE AR BT A AT k3% C'SVM Ay 43 281510
AE, P, 3BT R RS B A AR AL B4R 5 CTSVM ik
P ECHE DU 1 R AT b .

5.2 ISCA iR ERED T

IR ISCA S5 B BAF AL PERE , Ve T 6 41 3k ofi
MR R 2, DAL T B 55 7% (Particle Swarm Optimization ,
PSO) ™ A T e B B p: ( Artificial Bee Colony,
ABC) "™ & 56 F 7 1 4k 55 5 ( Multi-verse optimizer,
MVO) " RIfESE SCA L% Ay ok LTIk HEA T 92 36 S e
I R R 15 B L3R 2 (2% sR B H AR S 2 0) , iy
3 4 Ry UG R A AR IR A TA I T R I R S ISR R
3 2y 220 R B LA B0 B 1 A AR R PR BE 5 S B AR (R
EPE.

x2 EAMNKRHER

Function Rangel)im
G = 311 I ) [-10,10]"
fH(x) = i(loﬁ)ﬁx? [ -100,100]'°
) = %l PR
Si(x) = mZx? - HCOS(%) +1 [ - 600,600]"
fs(x) = 2 | x;sin(x;) +0. Lx; | [-10,10]%
=1

fo(x) =

E(O s sin®( /1002 +2%,,) - 0.5 2 [ -100,100]"
. +

i=1

1 +0.001(a? = 2x,x,,, +2%,,)°

i

B RE A T T A A A R R R AR
52 20 Al

2000, 7% 52 56 41 00 73z 47 30 YOI LA SE 5

Gt R EI(E (ave) FRHEZE (std) I K AR (max) Al
e/ ME (min) R HEAR , BARGETTH AR UL 3.

H1% 3 70 A Al 16 25 B/ 22 W N 3o e KA 0 T 2
R ISCA SE L 3 BUR B AL 1Y ave 5 FR K W] ISCA
HA L UL TERE e/ std 45 AR U] ISCA A
A RIERE N B HRIE e max 48 FRUEW] S0
T S AR S 55 0T AT5 B AT A B e vy DL AR A BE | e/
min $5 RIS AR SR 1 I AU P RE. et B3 X
e pR K08 AR IR LAY 4 TR AR, W] ISCA S095 HAT B
GF T SRAE BEFN SR MBI 5 of 22 U R 8, ISCA 4R
PRI AL H8 R, 36 TE 1 X 48 2R 45 ) 18 45 4 1
WAL 5 R AR A 1) R 4y Bk k. B R R BRE T
ISCA Frik By S PERE. T 1 REFI A ISCA 5k e
C'SVM {57 i B i m (1C°SVM) DABGE HAR K B 80
AbFERE

®3 TREEEHLBLE R

f PSO ABC MVO SCA ISCA
ave 3.3 |3.8E-16| 1.2E-2 |6.3E-34 [8.4E -37
| std | 1LLIE+1 [9.5E-17 | 4.4E-3 [2.7E-33 2.7E -36
S max | 5.0E+1 |5.2E-16 | 2.5E-2 | 1.5E-32 |1.2E 35
min | 2.3E-2 |1.5E-16 | 4.9E-3 |2.7E -41 [2.8E -45
ave | 6.1E+4 |9.5E—17 | 1.4E+4 | 1.3E -46 [1.3E -51
| std | 4.2E+4 [3.6E-17 | 1.1E+4 |4.9E -46 [1.0E -51
& max | 1.5E+5 [2.0E-16 | 3.5E+4 |2.5E -45 [3.8E -50
min | 5.2E+3 |4.7E-17 | 1.6E +3 |6.5E -63 [8.0E —65
ave | 2.6E-7 |1.7E~17 | 7.0E-9 | 1.1E -86 |4E -108
std | 4.3E-7 [6.0E-18 | 8.3E-9 |6.1E-86 |2E 107
5 max | 1.4E—6 |[3.1E—17 | 4.4E-8 |3.3E-85 |8E 107
min | 0.0 |5.8E-18|3.9E-10 | 9E-127 |IE-137
ave 4.0 |7.0E-3 | 2.3E-1 | 2.3E-2 |3.1E-3
std 3.4 | 73E-3|6.7E-2 | 7.5E-2 [6.7TE-3
s max | 1.6E+1 | 2.7E-2 | 3.5E—-1 | 3.9E-1 |9.6E-2
min | 8.4E-2 |1.1E-16 | 1.1E -1 0.0 0.0
ave | 2.6E—1 | 1.OE-9 | 9.5E-2 |2.3E-16 [7.2E -23
std | 2.4E-1 | 5.3E-9 | 8.3E-2 | 1.3E-15 [3.4E -22
s max 1.2 | 2.9E-8 | 3.4E-1 |7.0E-15 [L.9E -21
min | 4.2E -2 |4.45E-16| 8.3E-3 |3.1E -39 [1.3E -49
ave 1.0 | 2.1E-1 | 9.6E-1 1.1 |2.4E-1
| std [ 3.1E-1 [ 8.9E-2 | 1.8E—-1 | 3.9E-1 |2.9E -1
s max 1.5 | 3.6E-1 1.3 1.6 1.4
min | 2.0E-1 | 1.5E-2 | 5.3E-1 | 2.0E-1 |7.0E-3

5.3 IC’SVM st3EHfErsima L EaE S 47
SHIAIE 1C°SVM 2 vk Xof 31 449 485 B30 4 64 A 4 R ) 7
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B, L UCH S P2 A1 KEEL B4t P2 1 5 4 AF 35 5 5
YEAE g ST B , oy B PR A R 4510 STVMEY
Over sampling SVM ( OSVM ) 1 Under sampling SVM
(USVM) '™ F1 Smote SVM ( SSVM ) "y % [t 84 g i 47
S

WTF RBF A6 T JC 86 JIH B4 Af 2k ARt
T¥) R0 P A 5 PR LA B 5.1 A5 R e B At A 2
AEFYERE, A 95 LA RBF #% 8 SVM % R &L, 45 Bk h ik
TS5 C MBS g YIikE 7 10 F10.5,SSVM ik
k-NNE4B%CH £ =5,1C°SVM 53k v b e A 85 K
YRS HI M 5 #1100 HLUL G, 8 b5 KA AL
H AR BEALIE B ER A0 1/2 U ZREE T A A A i
A WM e ARk ] G,... (G) \Sensitivity (S) 4 45 il
F e (CF) $8 R, RS IR 25 5 WL 5.

F4 FHEBRBRENMEBMEE

Wahde | HEBIALED | IEBIEL | AR JE kR
3TE 958 332 1.886 9
Cli 540 46 10.739 18
L7D 443 37 10.973 7
E4 336 20 15.80 7
Y5 1484 44 32.727 8

7 : ClimateModelSimulationCrashes ( Cli ) | TicTacToeEndgame ( 3TE ) |
Ecoli4 (E4) \Led7digit _02456789VS1 (L7D) \Yeast5(Y5).

RS SHMEZNIEERILL

Data S’VM 0SVM USVM SSVM IC*SVM

G| 0.862 0.866 0.847 0. 846 0.874

3TE | S| 0.753 0.759 0.807 0.747 0.783
F| 0.848 0.851 0.800 0.819 0.855
G| 0.686 0.686 0.804 0.716 0.864

Chi |S| 0.478 0.478 0.783 0.522 0.870

F| 0.579 0.579 0.429 0.615 0.513

G| 0.850 0.844 0.860 0.850 0.891

L7D | S| 0.737 0.737 0.790 0.737 0.947
F| 0.757 0.700 0.638 0.757 0.514
G| 0.89%4 0.943 0.894 0.889 0.984
E4 |S| 0.800 0.900 0. 800 0. 800 1.0

0.857 0.857 0.889 0.800 0. 800

F
G| 0.213 0.965 0.967 0.968 0.975

Y5 [S| 0.046 1.0 1.0 1.0 1.0

F| 0.087 0.473 0.571 0.489 0.557

HIFE 5 4307 Al 1, 1C7SVM. B3k 5 F0 A ST 1 4 e 38
WAR A G, » 22 W1 BICHE S 3 BA LS IO AR S 15 508
RO P BB R R A A B0 6 RE AR S 400 L B A

1C°SVM B3 JLP- 23R iR AR Sensitivity, BT AAT 8¢
GFRIESE AT 0] AR A — 5 T B b AT A AR v AR i A
A TEZSFUIPERE , A A T R AR S B 0 op PR IE 26 ¢
ARG MG AT AEBUR S G F. K S st Bk m
F rear TR R A PR, P ISCA L LA G, B
KAC AL B bR, 42 1C°SVM 3 531 JF ¥ 45 5 45 79
Forn TERE, FTRE P B R AR 0 O AE B AR B AR IE
1C°SVM Skt IEREA Y 58 43R0 (L 5. 1 4543 #r).
T AE 52 b B, ISCA B33k (9 A0 Ak F AR o] AR s HAA 73

PR EL G o F e FARIREEE B 2255 B E JINAL
TRVR AT AT X BB 3R 6 HLL G 5 F e 172 THAL
A F AR 52 55 45 .
R6 172 fANEMHT Feaure ML R
Data 3TE Cli 17D E4 Ys

1C3sVM 0.855 0.513 0.514 0. 800 0.557

IC3SVMY2 | 0.855+ | 0.604 |0.789 s | 0.857 | 0.750 =
T ICPSVMY2ehiy « bR R HAB T3 5 b HAt uF He a3 vk

H 2 6 S0t Al FEOCAL HAR TR A F o S8 BRI
1C*SVM " 53 RE A 5 1 iy i 1 1C°SVML 3ol 34 4 K5 His
MY IEZE A e 5 1 MR AR = 43 25 4 1 1E 28R
B, FROALESCBRAE ¥ M B A o] AR e HL AR TR R B IS R
BEEMAL B AR LABGE 43 25 a8 W e e fe bn b fg, it — 2
IO B v A S B o AR B A ) R T oK TR
FEE.

25 B RR  1C7 SVM 3 BLAT 5547 1 1R 249 i 5 o 4%
PRI RO 5 1E SR 1) 258 B AR S B iy FH A 5 0 1 o o
oG e P, B0 IE T e Bk X A £ B 1 R R
S RE.

6 ZHig

X S*VM b 3 A 2 A R0 H A TE 28 R AN K A
BEOPBLGE , o3 A R0 HG 0L D R e A T T A
IR A TEZEREAS , BIIE I DR D) fr D - 1 ) e L b
PRACA MG I, 4k S° VM X AR A i 4325
RA 3 iR B AR RO S AR SVM SR AL 73 28
T3 H 20 SR 1) i DR E A R, 4 ) — R 1 90K
SCHF )RR T A 19 gt SVM B 323k, % 8 2
TAAEA R T 22 2 U SN R8T AR A RS
BLIE R 19 B2 i U R B BRI 56 T RE AR R
8 52 S NN - I o R 8 A T e o AT Y —
URPERTY 42 H — b 3 T 58 O 1 B R AR R Y
RIS FRAT S- ST A R & (1 CSVM B3k, I
ISCA A A AS 42 n DASR ey AR S S R dia A
PRPERE , SEEG S5 R IR 1C°SVM B3 Xt =l 24 #4008 1y 4
LRI TERE.
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FIMLH B 4, 32 TR 1 T AR EE 0K MUER 2 B 3 it
PR T AH GBI 5T IE 17128 Lagrange 361~ A A AN BURE AR
JE R 5485 43 FRE ST BIL R 1) 119 26 2R, DA B il A 5080 o 1
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