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Unascertained Support Vector Machine

YANG Zhi-Min* SHAO Yuan-Hai® LIANG Jing?

Abstract In this paper, we propose an unascertained support vector machine (USVM) for classification problem with
unascertained information (a kind of uncertain information). First, based on unascertained mathematics, classification
problems containing unascertained information are converted to solving unascertained chance constrained programming
problems. Then, the unascertained chance constrained programming is converted to its equivalent quadratic programming.
Based on these theories, the algorithm of a unascertained support vector machine is given. Theoretical analysis and

experiments show that the proposed USVM is effective and feasible.
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. FEURILRE EACSCRI T AR AN SRR 1 LSS A
S, BEAT TR RN, OF B EEE se g s 7 Ak
INEEpY g

1 Fi&FIR

ARSI S, BATAT A “ARenfisn g 12490
R A Mgk 19220 JRAT HRoR AR, T iR
iff R0 BRI A B e R I Ak — 5 A, Ay s S A 0 S R
] B A LARHE 2%
EX 1. AMEREHAXE [a,b], a =11 <yp < -+
< yn = b, HERE f(y) WL
Y =Y, Z':L... ;M

T = {0, Yy # i y € [a,0]
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(1)

1(i=1,---,n). HEREF(y) Wit
( 0, y<a
k
F(y): Eaia yk§y<yk+17 ]i':l,,n—l

i=1

@, y=>b
(2)
WFR IR TE] [, b] 55 eREL F(y) #0488 R
WA, A [[a, 0], F(y)]. 5 an [a,0] F1 F(y) 435
AL AT BRSBTS AT X TR
A B A R K
EX 3. WK A = [[x1,2,.], f(z)], B
= Hyluym]ag(y)]a /ﬂ\:qj
r=ux;, t=1,---,n

x # i x € [T, 7, (3)

i=1

9(y) = {gy

Y Bi=80<B<Lj=1,,m (6
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1) 4558 RIAMIIZREE (10), LEHEIE 4 KB A5 K
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o« Ak 22 ) B = min{yul Pl < 0
k=1 n, Kil By U, F(yage-n) AARGA
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i=1 j=1
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f(z) =sgn (Z E o K(z,z;) + b*) (28)
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L RHEN SR MR AL EAE KA (0 < A
< 1) KIHE B ESHuL £ 8, v LR 250k
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f(z) =sgn (Z Eo K (z,x;) + b*) (29)
Usv
Horr, USV 2y AR 01 SR ) S 4 s B &

E 3. ATRHAEIUIZRAE T BT R A0 I i
AOSEH T B =1, WA ISR A bR eI 2k
A BUIN IR S0 SR ) S AL AR Dy A v 258 7028 1) it
R m AL B, RS A ARG R, K
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4 EFEARI R R L, nT RUAE AN [R] R
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1) SMERMFSCFE M BN K (2,2') = - 2/,

2) Z WU AR A SR B K(z,2') =
[(z-2') + % ¢ >0;

3) M AL R ECR A S M B2 K(z,2') =
exp(— ||z — 2 || /20%);

4) Z)RPRE WL R A SR L K (x,2)
= tanh[k(z -2') — ¢], k > 0.

3 LIWHER
3.1 UCI i

B, H 6 A~ UCT (L&D http://www.ics.uc.
iedu/mlearn/MLR epository.html) 2 3LEds4E I
(R SZIR IR A SO tH M BVE A 2. BEx) UCT
PIE I3 R ) R B ., BRATTRE L 23 2 I R B AT
TAEFHE A (LLflh 4:1). XHIZREE, BEML I
73 (50 %) FEAKIAREE, JFAE k 48 (X HEH 10 i
&) 25 AR AR AN AE B, RARMGE A B IUGhR
SEFEA S 10 I AR, FLhESREEA . TERBEA T
TAREFEANZRLL 10 B RFEA R IE . SR
R, Emgs ORFAENEL, I LAAE b AR SCHF
) EEHLAUIZRAE; [RI, R e B S ) LA
VA2 24] SRR SCRE ] AL 7R I 2R SR RN TN 4
SRR AP S C ks o (1t
) JEAZ bR L) UGS LY [1075,106], A € (0, 1].
TEASCTAT 25, FRATE ] 10 748 B UF e $ 4
WS, WAT 2 HUE 0 IR I 25 I 5 i 4
HEAT TR

R 1 g T A R SR AL RO S
1) S ATLAH ACHA S S5 1) LR ] e M AN AR ) HE A% R
e, R 1 ol DURHH, 7ER T PA 2tk e
I D0 N, ARH0 S0 S A ) BEAL R AR R 2 W] 8
TR S 1) EEATLRT A B SR ) AL, T 5 ]
b5 2 B SR ) EE LA RORI S 4 1) BELAH EE, R
FSCRE ) BEHLSE A RO A AT T 20 28 1) R AN 2
PEAS R, TR S LF 70 6 PERE. ARE AR S
L ARARL, M BEBE — 2D Ul B T AR N S ) AL
A2

3.2 A

T AT A B2 W R A AT R RE DL R
i DR A 10 13 FH 92491125260 Sfe b — 5 060 30E R A 0 5
FrEML (F0E) AL

3 L3 P A e N RIAR T R DA i R S 1)
NAE TS B, AR k3 A5 5 A0 A B 5
FRIMAFNKGREA (K S0 73 SRAE A SR BAR 0. LUK
ST 9 A0 IGO0 N DA D aox B, A P 4R
PO AT A Tk s, AL A DX e S A (1 Jk A
57, IR IS BAS E R R T, AR JFLEHR
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Table 1  Comparison of testing percentage accuracy of classifiers on UCI data set (%)
Hdli sk B SRR R AL RS2 ) AL R ERSCHF I R AL

21tk JRLAE 27 JRLAE 27 JEL A

Sonar 73.81 83.33 79.50 84.47 80.95 90.48
(208 x 60)

WPBC 77.50 80.00 82.80 83.05 82.50 85.00
(198 x 34)

Hepatitis 67.74 70.97 72.05 77.25 80.65 80.65
(155 x 19)

Australian 72.46 76.09 70.25 73.69 79.71 80.44
(690 x 14)

Pima-Indian 70.13 70.78 67.48 78.26 74.68 77.92
(768 x 8)

Votes 91.95 93.10 94.21 95.25 93.10 95.40
(435 x 16)

— AN SERE KA, K Welch 4201 JE4T Th it
flivh, d5 e 2 SRR I (Polysomnogram,
PSG) $2£HX 0 Hz ~ 30 Hz SRBLHAT /04T, I DR 1
HO FOAAR T FE il e R A (R A R A D R ik
L DA G A0 A R 1 D A5 45 R 2
AIFRRE. AT BT 04 R 8D 5 A R B R S )
TR ER, A LORBAE R, T IR SR
B A0 R E AT Ge AN A B AN S AR BRI, T RE
SRR KR ZE, FEaave. B Bk, &
AT AR S0 S ) AL FEEAT 7328

SR, AT 60 A, fiHE4L 30 B, 2
@R 30 9], JFHIX 60 MFREAIY AL, —4AEN
Nk, B4 18 M FEAEA KON 17 AN FEREAS R
Horpix 35 MINGRFEA s ZAAREE AR f g, 3
T2 4 T 10 NEAARHE BIREA R, N T
AARBFIE BRI EARE, IR MBOR LR, #E—
o, R B 2 AR R A5 R, B E X 1 it
10 AN FE AT A B o0 A% B2 R, W3R 2RISR
3. Horp AR RN, B HE 12 AN T4 A A SRl

R, HEE 2 FI3R 3, K& A AR A4S B
MR R AWM T ER: S = {(x1,1), (x2,1),-- -,
(-’1725, —1), (-’1726, A1), (-’1727, A2), Ty, (-’1735, Alo)}-

XL BRI AR, o, s SR AT I 1k
WIE, AAFEHZI R ARNNETNTZH C =
100, A = 0.7 Ml o = 2.85. FFA SRR N T e 5
O AR N SR ) SR

xo = (61135,1.2048,53.481,0.75)
x5 = (8582.9,1.5852,44.021,1)
x5 = (37190, 1.1363, 52.595, 0.625)
x19 = (30509, 1.2106, 50.482,0.75)

Zo5 = (22904, 1.2604, 47.408,0.875)

2 SATRTGE R AE RS W Hds

Table 2 The subhealth diagnostic data set with
unascertained information

RE RS Gt IS WA

O LIES A LIES
Al 80585 1.2555 45.561 0.75
A2 81433 1.331 52.32 0.875
A3 32439 1.1092 51.583 0.75
A4 128 660 1.2245 53.626 0.875
A5 32439 1.1092 51.583 0.75
A6 62253 1.3693 50.822 0.875
AT 26 358 1.1702 46.461 0.75
A8 8209.9 1.1402 42.708 0.75
A9 128 660 1.2245 53.626 0.875
A10 32439 1.0092 51.583 0.75

T A R RERsEE R

N T BRARB SRR MR (FE) JbEAR A A
O3 )AL 2 B SRR 1) LR BOR
FF 1m0 AU [RDRE 1R 2500 20 AT U A, ) bl &5 IR
WER 4 s, F 4 b, =F SVM B H 2 5
KIS BRI SE. hE 4 TUEH, AR
B S ) T AT LRV S 4 ) SR AT LIEAT I S5 140 I 1) )
SN 3565 Fil 42.55 s, MR AIVER 2 7351 A 88.00 %
F190.00 Y%; K FH A 5032 5 ) s LBEAT YI 10 B 7]
9 35.71 s, WK HERG A 96.00 %. V- B SR W)
S ATLRIASORY SC s ) S LA AR MR i % Fadh e T
A S0 SCRE 1) E AL, TR) I I S PR IR D)t DK AR
SHEE ALV GRS RO REA S B i &
HRAHE B, - MBS RE M AL 23S A AR A
5 B ARES, F0e YA ETOhR 250, AR 5 P ix
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Table 3  The value corresponding to

the unascertained information

0.2, y=-1 04, y=-1
Hhy) =107 y=1 fo(y) =406, y=1
0, itk 0, Hith
0.7, y=-1 02, y=-1
fa3(y) =403, y= faly) =708, y=
0, ik 0, ik
09, y=-1 02, y=-1
fs(y) =501, y=1 fely) =507, y=1
0, ik 0, A
08, y=-1 0.7, y=-1
f(y) =502 y=1 fely) =703, y=1
0, ik 0, i
01, y=-1 06, y=-1
foly) =409, y= fio(y) =403, y=1
0, Ak 0, A
*Ka4 TR
Table 4 Experimental results
e ZH HiTES e
(%) NI (s)
KHfam SVM o =285X=0.7 96.00 35.71
C =100
FIE SVM oc=8,C =50 88.00 356
B SVM c=1,C=01 90.00 42.55

L L ESCs n BUA Y FEMR RS Boh &
AR HNAE B2 20 e N, B AN SR ) BEHLTG
T M2 20 R TR I 2 27 ST IO RE SR U, 08 22 P AR
IFESHEE-OIRIE SN SR AT/ IR W RIS IPEF S
%ﬂiﬁﬁ%ﬂfﬁﬁ%*A%h%ﬂﬁ%Tgﬁ
AEdE R KA T fiE

4 g

B0 A S0 43 S ) JBL, R SCAE bR v SRR 1) AL
(%) Hamb b, LA BB RO A FO R T H
PR A 0 JEL ARV A, ST T R A0 S B ) AL
(503%). IF BT RS2 ENL (F5) £4

S B AT R DL RAE AR Ak B2 W o (K

H,

10

11

12

13

14
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