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Abstract: Kernel method is an effective approach to solve the nonlinear pattern recognition problems in the field of machine learning.
At present, multiple kernel method has become a new research focus. Compared with the traditional single kernel method, multiple kernel
method is more flexible, more interpretable and has better generalization performance when dealing with heterogeneous, irregular and
non-flat distribution samples. A multi-kernel S°VM optimization model based on L, norm constraint is presented in this paper in
accordance with kernel method of supervised learning. Such model has two sets of parameters including decision functions f,, in
reproducing kernel Hilbert space and weighted kernel combination coefficients, and inherits the non-smooth and non-convex properties
from single-kernel based S’VM. A two-layer optimization procedure is adopted to optimize these two groups of parameters, and an

improved Quasi-Newton method named subBFGS as well as a local search algorithm based on label switching in pair are used to solve

« FEETUH: FR ARREEES(60975050); [ 7R A A H = ST 45 A L 10(2011B090400477); BRI 117 7= 25 B & 11 % 101 % 422011
A050101005, 2012D0501990016); B i 17 H 55 5246 = % BT H (2012D0501990026); HH J iy £ 3 ARMIF I 45 3 & 10 %% 42(20122
11020209); FEARSIR Tl 2 B BHJFIE 42(Y 122028)

WA I TE): 2013-05-21; &5 A): 2013-07-17; & R 1a): 2013-08-27

© HEBEERAET hipd/ www, jos. org. cn



PRHE L, UHARG S RHAFaEIF ) Tk 2523

non-smooth and non-convex problems respectively with respect to f,,. Base kernels and manifold kernels are added into the multi-kernel

framework to exploit the geometric properties of the data. Experimental results show that the proposed algorithm is effective and has

excellent generation performance.

Key words: semi-supervised; support vector machine (SVM); quasi-Newton method; multiple kernel learning; semi-supervised support
vector machine (S*VM)
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Fig.1 Characteristics of loss functions V" and U
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Fig.2 Two-Dimensional projections of G241C and G241D
Kl 2 G241C Rl G241D $dla 4 ¥ — 4y K

51 SHKE
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k(xx;) =k(x,x)+ K] (I +MK) "MK, ,
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Table 1 Characteristics of datasets

£ W€ 1RE - SIbESE (T

LIGE i FEA n r LERES i34 FEAS n r
2MOONS 2 200 0.5 COIL100 241 1500 0.5
G241C 241 1500 0.5 USPST 241 1500 0.2
G241D 241 1500 0.5 TEXT 11 960 1000 0.5

Table 2 Settings of parameter o
®k2 oBHHE

Hi g oI P o Ui

2moons (0.1,0.5,1) COIL100 (0.5,2,4)
G241C (0.5,1,2) USPST (0.1,0.5,2)
G241D (0.5,1,2) TEXT (0.1,0.5,2)

M REE p FHUEN 1 B REGEIE T 0,45 8152 0 R f#; 24 p T ool H br ik B2 5 T
K=2% K, [3EIBCRIZ 82 2] 3CHR[26,28 1 52 56 3 U, B fIE 1y P Bl i A T 1 2 2 180 AR SCHA S e p B
LUWE Ny 5,3%FF, OREAT — %€ (WA B2, 3 n] AR LT (KA B % £ B 80 i IR AL
52 LWER

(1) Transductive SZ%

GRS ru=n ADREA T PRI R AR IR A AR SHe TPk 5005 (0 PR . SEBS N7 20 S0 A A T R4 1
5%A1 10%. K 42 432 Un 37 B IR BB — 3TV g AR ICFEA, R H AS XU UE G vt 25 5503 (1 P 2 R 43 A 0
Ja 3T CARICFEARRN L1, K H AN ZREE T B HLIE AR 236 3 & PR iR 7 R R bmE 2.
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Table 3 Misclassification rates for transductive experiment
% 3 Transductive 525 1R 48 S O

LIEEES 2MOONS G241C G241D COIL100 USPST TEXT i
STvMIE 5.27+1.05 | 18.94+3.01 | 25.36£2.25 | 24.27£3.13 | 13.42+1.02 | 27.72+1.34
LapSVM 4.65+£0.32 | 23.43+3.14 | 26.76+2.67 | 18.53£2.52 | 8.81%£1.73 | 29.45+2.54
TSVME? 4.7240.67 | 17.65£1.21 | 22.54+2.14 | 21.54+2.33 | 11.23%£1.37 | 26.53%£3.52 | 5%

TSVM-MKL | 4.5640.53 | 17.14+1.34 | 22.25+1.67 | 21.2142.06 | 10.57+0.56 | 25.47+2.31
L,-MKL-S’VM | 4.23+0.41 | 15.32+1.15 | 21.23+1.35 | 18.44+1.07 | 9.52+0.51 | 25.36+2.35
STvMIEn 3.52+0.81 | 17.03+2.17 | 18.19+2.43 | 21.73+1.54 | 8.05£1.24 | 24.673.21
LapSVM 2.45+0.33 | 20.15+1.67 | 22.41+2.18 | 15.7442.54 | 4.25+0.73 | 26.06+2.54
TSVMECeP 2.5740.56 | 14.65+1.28 | 15.84+1.28 | 17.26£1.08 | 5.41+0.52 | 24.43+2.92 | 10%
TSVM-MKL | 2.63+0.25 | 14.09+1.42 | 15.76+1.36 | 16.45+1.35 | 5.14+0.46 | 23.78+2.05
L,-MKL-S’VM | 2.04+0.42 | 13.22+1.07 | 14.58+1.05 | 15.42+1.24 | 4.43+0.43 | 22.43+2.65

(2) Inductive SZ¥;
A B 4R 73 O 2R A AR A 1 38 20 R I 2R 4R b SRR C AR AR IS AR AU 270 S 8, LATTGI U X S A A
B 28 R BEAC VP A S0 R M G o N R AR AR 2 B e AR 4, VIR AR A PR AR BE LA 1.
Table 4 Parameter settings for inductive experiment
F 4 Inductive SEI S H i &

LIGRES UEE ] RSN S LGEES UEEN ke
2MOONS 100 100 USPST 800 600

G241C 800 600 COIL100 800 600

G241D 800 600 TEXT 600 400

FERA SR IRATER T 3 AL L A SO FRE AT B ARG REA 1 23 I HUE A I ZREE 6 5%,10%,
15% K 20%,KH] Un 7438 XAE Zr7p K88 i — 37 CAR L FEAA L 10, R AT 2R 4 rp BEHLIE $E 4P L.
3(a)~1& 3(H A FIRAENIREE LXK

98

P 86 = 85
o 84 e
96 g -
& Va < 82 - — -% < 80
= o 7 = o - S |
= A = _ =
e ya LapSV([\éICP 2 78 8—=5— LapSVM ;75 —H&— LapSVM
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Fig.3 Classification accuracies on different datasets
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NP o 52 56 1) 45 TR T LA H K 22 B U0 T, AR SO HE 09 B LU G A B9 B SR A 1) o SRS B AN BTl
LAY 22 RHE B R I N IR T A 3 ) 2 ) ik G T P R B SR K R B 7 — e B R e T R R RIE 4
e bz S v il TR T MR AL 732, S*VMEC? F1 TSVM-MKL (#1455l 23, TSVM-MKL
WAL T STVMECCF LapSVM $T3A1E G241C,G241D LL % Text b FBLE 25 AHAE 15 A FUG Bdis £5 - R DA g
SEH L IX R LapSVM & 75 Ab BEELAT J0 1 &5 44 e 1E 1) B0 4.

FEARF A5 4 USPST b A ST SVE SRS 22 T LapSVML R B AE 1 B/ 0 3R 22 B L A B
H2 25 T3] 120 I FEAR FIX BT LapSVM [R5 288k BE X 1] Re & B A% AE RN G DL T A ' 31003 1)
5 ABA ST B S B H SPVMECS? Al TSVM-MKL # 4f-,

Fmiff o T EAAE G B E K IKEH R 6, 2800 0 80 R B, I A 73 77 G817 I IR 4%, 4 4 1
T AZ il AR o it 2 25 7 LN A 1) 5 A L AT 5 B30 Ak AR 222 DR I S S 4 R WL, S B R 1
TSVM-MKL S AEAN IS 60 LT AN 4% 2% 2§13 VMR Rl LapSVM (115 50

ARSI 2, = A A7 0 )8t 8 0 2w ) AT P A A5 200 1) 348 30 0 A7 P A (LS AR 2R AT 538 A ) 11
Al fe % LL— 2 I R 5005 BRI 48 5 T 505 10 Pk . R AR SCHR H IR B30V R A SR I L I A 55092 B 4 11

Sy ebERE.
6 ZHitTIRE

1o 2 AR SCRIE T 2 B P A 2 20 22 AL IR 2 5 B ] 5 R B0 9 BRAT 280 0 1) A% 2 45 6 s B ]
FFAS— 52 R IUAG L AL Y U TR B AR ST S 5 AR S8 0 1 B S ) L2 20 AR 2 %5 2] B AN ik, 3
T T L, JUBH 20 4% 21 W B SR 1 B AL 2 ) B L,-MKL-S* VM, 5K FH T — ol e gt 480 2= 030 R B X e
REAT W) Joy AR R R AT A AL STHES R JRATT RN I I T FE AL RN T AL, AAE 2% 53 2o e v ) ]
I 69 JLAR] Jeg S 7T LA T . — B SV ) g PR A B9 A R A WA B 8 4 e R I B st & (10 Bl
BB o P e N T e S M IS B G b )0 B S S SRR AIE TSI A R AL 1 20 SRS R R oK
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