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Abstract

The superior performance in pattern recognition [1] and classification have been shown in the Support
Vector Machine algorithm. The Support Vector Machine have been wildly used in many different fields.
However, the Support Vector Machine has it’s own defect, such as the computing efficiency decreases
when Support Vector Machine in the face of higher dimensional data, in other hands, an unique Kernel
function and it’s parameter must been selected at first to make sure that the Support Vector Machine
running properly. In fact, the kernel function and it’s parameter selection is the key of the Support Vector
Machine algorithm.Based on study on working principle and algorithm steps of the traditional support
vector machine, aim to solve the parameter selection of the SVM. Research the SDP-SVM algorithm,
design the SDP-SVM model, elaborate the steps of the algorithm. Then optimize the kernel function using
semidefinite programming method. This method can be used to find the best parameter of the SVM.
Finally simulate the heart scale data in the UCI (University of California Irvine) database with the
SDP-SVM model. After compare the experiment results of the SDP-SVM and the traditional SVM, it
shows that the generalization capability and classification accuracy of the SDP-SVM algorithm do have
been improved greatly.

Keywords: Support Vector Machines, Semi-Definite Programming, Kernel Function, Strip-Steel Defect
Image.

1. Introduction

Support vector machines (SVM)[2-4] is a kind of algorithms which can overcome the inherent defects
of traditional machine learning algorithms based on empirical risk minimization. SVM showing with
better generalization ability than traditional machine learning method. SVM vector can be mapped to
high-dimensional space, then establish a maximum interval hyperplane. The total classification error is
minimum when the distance from points to plane is maximized. So as to deal with data and recognize
with the combination of geometry theory. When nonlinear problems is encountered, in order to solve
complex calculation problems of high-dimensional vector, high-dimensional feature space can mapped
into linearly separable space using SVM algorithm, that is kernel function[5] mapping method.

However, there also exist inherent flaws in the support vector machine (SVM): 1) the operation cost
and operation time of SVM are greatly increased when faced with high order characteristic matrix, it is
difficult to use the traditional SVM on large-scale training sample; 2) the traditional SVM algorithm using
binary classification algorithms, but in the practical application multi classification problems are often
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encountered, generally multiple two class SVM is combined to solve the problem[6];3) when using the
SVM algorithm a specific kernel function and it’s parameter must be selected, but choosing the optimal
parameter has been an important problem of SVM.

It is obvious from the present research that the key to solve the problem of SVM classification is how
to select the parameter, and the key in the parameter selection is how to select the model. So it is urgent
need to find a model making the SVM parameter selection more effective and more intelligent. Due to the
SVM is widely used, continue to study and optimize the model of SVM algorithm is of profound
significance. Considering the inherent flaws in the SVM model and the advantages of semi-definite
programming (SDP) method, it can improve the efficiency of searching for the optimal combination if the
semi-definite programming method is introduced into the SVM algorithm model. Continuously
distinguish parameter effectiveness ,update the kernel matrix and optimize the parameter of kernel
function through the semi-definite programming combination coefficient, so as to improve the
classification accuracy and generalization ability of SVM model. This method effectively solve the
parameter optimal selection problem of SVM, and reduces the size of training samples. The potential
significance of researching the algorithm is profound.

To solve this problem, using semi-definite programming method to find the optimal combination
coefficient of SVM, distinguish the validity of coefficients, improve the performance of SVM.
Semidefinite programming support vector machines (SVM) is applied to heartscale database classification
experiments, then detect and classify the heartscale data.

2. Traditional Support Vector Machine

2.1 SVM principle

SVM theory is based on the structural risk minimization principle[7], appropriately select the subset
function and it’s discriminant function, to ensure that still maintain the classifier error is smaller under the
condition of limited training samples.

SVM is a kind of effective tools used to solve classification problems in actual application, while in
practice the classification problem most non-linear,

Therefore, it is necessary to mapping the nonlinear classification problem into a linear problem in high
dimensional space by means of the transformation, and then find the optimal separating hyperplane
through the linear classification method[8]. Therefore, when solving the problem of nonlinear

classification, first design a nonlinear to linear mapping: X — (o(X); then defined for the Lagrangian

dual as follows:
L(w,b,a)= %HWHZ ->a {yi [(WT x)+ b]—l} (D
i=1
Where @, >0 is the Lagrange coefficient for each sample. Seeking the minimum value of formula

(1) under the constraints conditions:

i-1 (2)
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3,>0,(i=12,...,n) (3

Seeking @; when the value is maximum:

:gai Za Y.y(ﬂ (Yi) 4

| j=1

If there is a function K can make K(xi Y ): (p(Xi)-go(yj ), then equation (4) becomes:

Za _7Za'alylyj (wa )

2im (5)

A support vector machine is obtained by using the optimal classification plane

sgn{Z A x,x)+b*}.

2.2 SVM Algorithm Steps

Before the introduction of the SVM algorithm steps, we first discuss some parameters in SVM.

(1) The penalty factor C

In the case of linear inseparable, seek the optimal classification surface is equivalent to solve the
problem:

Minimize. g(w. &)= o]’ +c(i;j o
The constraint is: Y, [(WTXi)+b]—1+ & 20,((; >0,i =1,2,...,n) P)

Converted by Lagrangian method:

n n

1
Qla)=2a -3 2. aayyelx)-¢ly)
Maximize i=1 ij= (8)
Zn:yiai =0 P
Constraint is; = &2 0,(i=12,.., n) (9

Since C is inversely proportional to a,, so c is also inversely proportional to HWH The smaller

the C is, the greater the classification interval is, the stronger the generalization ability of SVM is.
As a result, SVM algorithm steps[9-11] in practical application are: (I) obtain learning samples

(xi Y ),i =12,...,n; (1) select the appropriate penalty factor c, and further transform the problem into
a quadratic programming problem; CI11) use the algorithm to optimize the problem; (IV) obtain SVM

related parameters a , a, b; classify and predict the test set data.

2.3 Simulate the traditional SMV
The binary data set heart scale which integrated in the libsvm toolbox is selected in this
experiment[12,13], this data set is actually from the UCI (University of California Irvine) database. The

~10~
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UCI database has been widely used in machine learning benchmark test, which is recognized one of the
standard library in the field of machine learning. The heart_scale standard data set contains a total of 270
data samples, each data sample contains 13 latitude. The front 150 samples as a training set and the other
120 samples as a test set to classify. Simulate the data set with the traditional SVM algorithm,
classification result shown in Fig.1, the ROC curve shown in Fig.2.

The visualization of classification
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In the classification result figure of traditional SVM, the plane can only show two attributes of a
sample, so when it comes to multidimensional attribute classification only two of these attributes of the
samples will be chosen to drawing. The horizontal axis and vertical axis in Fig.1 are the fifth and the
eighth attributes inside 13 attributes of the heart_scale data set.The red cross and green asterisk in Fig.1
represent two categories, the blue circle represent support vector.

Zero calibration in the figure is the optimal separating hyperplane,and the samples within a distance
of 1 line before and after the zero calibration are support vectors. It is these discrete samples support the
middle optimal zero calibration. The green lines and blue lines in Fig.2 respectively represent category 1
and category 2 of the data set. It can be seen from the figure that the ROC curve of the traditional support
vector machine algorithm is close to the upper left corner, its classification performance is relatively high.

3 Semi-definite Programming Support Vector Machine(SDP-SVM)

3.1 SDP method principle
The Semi-definite Programming (SDP) [14-16] is a kind of convex optimization problem which
makes the linear function maximal or minimal, the constraint is that affine combination of symmetric
matrix is positive semi-definite.
The basic model of SDP:
min C e X
st.AeX=h i=L..m (10)
X =0

Here b, isareal number, C and A are n order real matrix.
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A s X
Make | BeX | b=(b,b,,....b, )", then the SDP model is converted to:
A e X
minCe X
st AX =b (1D
X =0
Considering the optimization problem, the SDP model is converted to the following form:
min C'-X
st.  F(x)=0 (12)

Here, F(x)>0 represent the semi-definite programming of F(x), that is F(x)zO is a linear

matrix inequality(LMI), the condition is z € R", ZTF(X)ZZO. The commonly used model of

F(X) >0 isasfollows:

min m
ml A(X)

st. . >0 13
A(x) ml

X eR“and meR

In the use of Lagrange the formula (13) generate semidefinite programming duality model:

max b’y
T —

st. Ay+zZ=C (14)
Z>0,yeR"

The optimal conditions for the semi-definite programming are (11) and (14) have strictly feasible

solutions, X is the optimal solution of formula (11), if and only if (X,Z)e S"xS" make the

following formula holds:

AX =b, X >0
Aly+Z=C, Z>0
XZ =0 (15)

3.2 SDP-SVM Model Design

On the classifier parameters setting, better parameter selection can not only maximize the
classification accuracy of SVM, but also can maintain the good generalization ability. Not only that, in
order to simplify SVM operation, you can use the SDP method for selecting parameters to optimize SVM.
In some references discussion, using SDP to optimize SVM kernel function is proposed. On this basis, we
put forward SDP-SVM algorithm, an improved SVM.

~12 ~
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Taking into account a binary classification problem, {Xilyi }h_l represent data set, y, e {—1,+1}

represent classification set. For the SDP-SVM method, it is converted into the following model:

N ) S

min Ere24

sty (wig(x)+b)=1-& (16)
20

The training set X; is mapped to a high dimensional space by the function ¢. C means the

penalty factor of the number of error classification. translate it into the dual problem:

1 S
max —EZyiyjK(Xan)iiaj +2.a
=1

ij=1

N
st. iZZl:aiyi:O a7
0<a <C,Vi

The purpose of K(xi Y ) = ¢5(xi )T ¢(xj) is to get the maximum value of a from the formula (17).

y(x)= f(x,a):sign[ZaiyiK(xi,x)+ b] (18)

In order to introduce the SDP model to the kernel function optimization problems, as one of the most
commonly used means of optimization, kernel function calibration play an important role between the
two kernel or between kernel function and the objective function. An unclassified test data

S= {xi }i”:l, x; € R™ is given, the inner product of two nuclear matrix is defined:

(Ki Ky, :ikl(xilxj)(Z(Xi’Xj) (19
e

Here, K, is the kernel function of sample s. The kernel calibration of the predicted sample s

defined as follows:

A _ (Ki Ka)p
A(S,kl,kZ)_\/<K1,K1>F<K2,K2>F (20)

When the classified sample label y; ==£1, i=1,...,n isunknown, K,=yy" in the condition of

Y=Y, kz(xi,xj): =1, y; # y; . the target kernel function k(xi X ):1. And the nuclear calibration

can be expressed by closeness degree formula of sample S between the ideal kernel function and the
selected kernel function K

~13~
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AS KLy )= Kow’) Koy (21)

KT wyT) my{K, Ky

The greater the value A(S, K,, ny) is, the more closer to the optimal kernel function, based on the

theory and the definition of the kernel calibration above, use SDP to optimize the kernel function and

classification set, the kernel function can be modified using SDP method.
Assuming a sample set S, specify multiple kernels function k,...,k, , respectively calculate the

kernel matrix of K, on the sample set S:

ki(xl’xl) ki(xl’xz) ki(xl’xn)
K, = : : :

ki(xr‘l’xl) ki(xn:xz) e k(x ‘X ) (22)

n!n
Linear combine K, the combination coefficient ,, is obtained, which is between 0 and 1, and

the bigger the combination coefficient is the better the kernel function is.

The combined kernel matrix K, is introduced into the SDP model:

o(K;)=max eTa—%aTG(Ki Ja

st. y'a=0
C-az=0
a=0
O<y <1

(23

::1'ui:1
Here, G(K,)=diag(y)-K,-diag(y), minimized o(K,) and introduce variable t, to make

t> a)(Ki ) so at this time the model, when meeting the constraints, is converted to calculate the minimum

value of t.

3.3 Simulation Experiment

The experimental simulation is still using the heart scale data set, and all the experimental
parameters are consistent with the previous chapter. The model of support vector machine after
semi-definite programming is called SDP-SVM, classification result shown in Fig.3, the ROC curve
shown in Fig.4.

~14 ~
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The visualization of classification ROC
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The description of the classification result is similar to previous chapter, so not details here. The
zero calibration in the figure is the optimal classification hyperplane, two selected properties is 1 and 4.

3.4 Comparative Analysis

It can be seen from table 1 that the SVM kernel optimization combination by SDP method helps to to
improve the SVM classification accuracy and obtain better training model, and can achieve higher
classification prediction effect. SDP-SVM method can get better classification effect compared with the
traditional SVM method.

Table 1 Classification effect comparison between traditional SVM and SDP-SVM

model accuracy AUC time weight
traditional SVM | 88.3333% 0.8534 0.361200 1. 2. 7
SDP-SVM 95.1667% 0.9094 0.280314 5: 4: 1

4 Conclusion

SVM itself has great advantages in classification and identification, but the disadvantage is also clear,
when make full use of the known information the amount of calculation will be increased, and there has
not been an effective unified approach on the kernel function selection. Operating parameter selection of
kernel function is the key factor to influence the generalization ability of SVM classifier.

Using semi-definite programming to determine the effectiveness of operating parameters of the
kernel function, which has a good mathematical theory foundation, the essence of the SVM model is an
optimal combination nuclear model. The SVM with SDP optimize the kernel function make it’s kernel
optimization better, improved it’s classification accuracy and generalization ability.

The simulation experiment result shows the advantages of the SDP-SVM compared to the traditional
SVM. It is obvious that the proposed method in the paper is effective and feasible, and the classification
accuracy of the obtained SDP-SVM model is higher than that of the traditional SVM.
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