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a b s t r a c t

The computation for the inner production of semanteme data and the Support Vector 
Machine (SVM) classification of semantic data are very difficult. In this paper, a novel ker- 
nel-based semante me data classification method is proposed, and the (SVM) is extended to
semantic SVM, called the Semanteme-based Support Vector Machine (SSVM). A new dis- 
similarity definition and a simple inner production computation method for semanteme 
data are presented, and the parameters for optimization selection in SSVM are also dis- 
cussed. In the proposed algorithm, the solving support vector process based on the new 
inner production computation method remains a quadratic program problem but has a
lower computation complexity. The SSVM is insensitive to outliers, and its classification
capability for unbalanced data in actual datasets is analyzed. The experimental results 
demonstrate the average advantage of SSVM over algorithm C4.5, adaptive dissimilarity 
metric, and value difference metric in terms of classification and robust capability, indicat- 
ing that the proposed method has promising performance.

� 2013 Elsevier Inc. All rights reserved.

1. Introduction 

A large number of classification algorithms depend on the similarity or dissimilarity of exemplars, such as Euclidean dis- 
tance and inner production, among others. However, majority of these algorithms only process continuo us-attributed data,
not semantic data. Semantic data are extreme, having disordered and unbalanced distribut ion [1]. The dissimilarity of dif- 
ferent exemplars among data items is very weak, and such exemplars even intersect with each other [2,4]. Therefore, the 
diversity of exemplars is very difficult to measure. The primary metric methods for semantic data at present are the overlap 
metric [2], value difference metric (VDM) [3], adaptive dissimilarity metric (ADM) [4], and hamming distance metric [5].
However, these methods have a number of limitatio ns [6]. The metric methods [3,5,6] are based on the hypothesis that if
the entities are different, the degree of their dissimilarity is the same, that is, the dissimilarity value is either ‘‘0’’ or ‘‘1’’. How- 
ever, such methods do not show the degree of dissimilarity between different exemplar s. The metric methods [4] are also 
based on the hypothesis that the attributes of exemplars are mutually independen t, which does not coincide with actual 
cases. Additionally, numerous kernel-based clustering algorithms and methods, such as Support Vector Machine (SVM),
map data items from the input space into the feature space to expand the distance of exemplars in the input space. The clas- 
sification margin is maximized to improve the capability of classifiers and provide excellent performance in small datasets 
[7–9]. However, such methods fail to compute the inner production of the semantic data [6,10]. Semantic data are found in
various applicati ons, such as in credit data and attributes of blood indices, among others. However , most classification meth- 
ods are unsuitable for classifying semantic datasets.
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This paper presents a simple method for computin g the inner production of semanteme data by giving a new definition of
dissimilarity for this type of data through further studies on kernel function, kernel methods, and SVM. A kernel-based 
semanteme data classification method rooted at the SVM is proposed , called semantem e-based Support Vector Machine 
(SSVM), and this approach exploits new application aspects of SVM, semantic data, and heterogeneous data. SSVM can 
accomplish the classification computation of both semantic and heterogeneous data. Experime nts show that SSVM has 
promising performanc e.

The remainder of this paper is structure d as follows: Section 2 reviews the kernel-bas ed method and function in SVM.
Section 3 discusses the new dissimilar ity and computation method of inner products based on semantic data and describes 
a kernel-based classification method for semantic data. Section 4 presents several examples on standard datasets to demon- 
strate the proposed method and assess its performanc e. Finally, Sections 5 states a number of concluding remarks, as well as
possible avenues for further research.

2. Kernel methodologi es and kernel functions in SVM 

Based on the Mercer kernel theory, the kernel method is an operator that can be used as inner production computation 
function only if an operator satisfies the Mercer kernel conditions [8]. This theorem can solve complex, nonlinear classifica-
tion problems without increasing computational complexity. The famous SVM is a successful application of kernel. The ker- 
nel function in SVM is summari zed into two main types [10], namely, distance-based kernel and inner production-ba sed 
kernel. The correspondi ng styles of such kernels can be formulat ed as (1) and (2), respectivel y.

Kðxi; xjÞ ¼ f ðdUðxi; xjÞÞ; ð1Þ

Kðxi; xjÞ ¼ f ðIðxi; xjÞÞ; ð2Þ

where dU(xi, xj) and I(xi, xj) are the Euclidean distance and Euclidean inner production in input space, respectively ; and the f(�)
is a mapping function from the input space to the feature space.

3. Discontinuous- based inner production and the proposed approach 

No similarity metric or order relationship [11] exists in semantic datasets. The ‘‘distance ’’ in pattern recognition is diffi-
cult to identify, thus making the measure ment of the similarity or dissimilarity of data difficult. Given the existing non-met- 
ric characteristics in semantic data [11,12], a problem on the classification exists. This paper presents a generalized metric 
distance and studies the classification algorithms for semanteme data considering the kernel method.

3.1. Dissimilarity 

Given a dataset xi 2 X, xi = (xi1, xi2, . . ., xid, xi(d+1), . . ., xi(d+m))T, and 1 6 i 6 n , the former d dimensions are semantic attri- 
butes, and the latter m dimensions are continuous attributes, that is, X is a heterogeneous dataset. The dissimilar ity metric 
dsymbolic between the semantic data exemplars is also defined.

Definition 1. The dissimilarity measure dsymbolic(xi, xj) between the semantic entity xi and xj is defined as follows:

sðxi; xjÞ ¼
Xl

p¼1

h xip; xjp
� �

; ð3Þ

hðxip; xjpÞ ¼
1ðxip ¼ xjpÞ
0ðxip–xjpÞ

�
ði–j;1 6 i 6 n;1 6 j 6 n;1 6 p 6 l;1 6 l 6 dÞ;

dsymbolicðxi; xjÞ ¼ ½dims� sðxi; xjÞ�=dims; ð4Þ

where dim s is the total number of dimensions for the semantic attributes. By comparing Definition 1 with the metric meth- 
od of [2–4], the obvious advantages of Definition 1 are summarized as follows:

� The new metric overcomes the absolute metric value of either ‘‘0’’ or ‘‘1’’ in [2] by transforming the dissimilar ity of the 
semantic data into a fuzzy value belonging to the interval [0, 1]. The new metric method is evidently more objective and 
actual than the others.
� The domain [0,1] of dsymbolic(xi, xj) plays an important role in normalization and benefits from being used in combination 

with other metric methods .

Given these definitions, if the Euclidean distance is used to measure the dissimilarity between the continuous-att ributed 
exemplars, then the dissimilarity between the heterogeneous xi and xj can also be defined.
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