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Abstract. In this paper, we define a soft set model on the set of equivalence
classes in an information system, which can be easily applied to obtaining
approximation sets of rough set. Furthermore, we use it to select clustering at-
tribute for categorical data clustering and a heuristic algorithm is presented. Ex-
periment results on UCI benchmark data sets show that the proposed approach
provides faster decision for selecting a clustering attribute as compared with
maximum dependency attributes (MDA) approach.
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1 Introduction

In 1999, Molodtsov [1] proposed soft set theory as a new mathematical tool for deal-
ing with vagueness and uncertainties. Where soft set theory is different from tradi-
tional tools for dealing with uncertainties, such as the theory of probability, the theory
of fuzzy sets, is that it is free from the inadequacy of the parametrization tools of
those theories. At present, work on the soft set theory is progressing rapidly both in
theoretical models and applications. Recently, the relation between the rough set and
soft set has also attracted much attention. Feng et al. [4] investigated the problem of
combining soft sets with fuzzy sets and rough sets. Three different types of hybrid
models were presented, which were called rough soft sets, soft rough sets and soft-
rough fuzzy sets, respectively. Herawan and Mat Deris give a direct proof in [5] that
every rough set is a soft set.

Rough set theory [2], introduced by Z. Pawlak in 1982, is a mathematical tool to
deal with vagueness and uncertainty. It has been widely used in many branches of
artificial intelligence and data mining. The original goal of the rough set theory is
induction of approximations of concepts. The idea consists of approximation of a
subset by a pair of two precise concepts called the lower approximation and upper
approximation. Intuitively, the lower approximation of a set consists of all elements
that surely belong to the set, whereas the upper approximation of the set constitutes of
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all elements that possibly belong to the set. The difference of the upper approximation
and the lower approximation is a boundary region. It consists of all elements that
cannot be classified uniquely to the set or its complement, by employing available
knowledge.

In this paper, we propose a soft set model on information system. The soft set
model is constructed over the set of equivalence class instead of the set of single ob-
ject. Then we apply the soft set model to obtaining approximation sets of rough set.
Furthermore, we use it to select clustering attribute for categorical data cluster and a
heuristic algorithm is presented. Experiment results on UCI benchmark data sets show
that the proposed approach provides faster decision for selecting a clustering attribute
as compared with maximum dependency attributes (MDA) approach.

The rest of this paper is organized as follows. The following section briefly re-
views some basic definitions in rough set theory and soft sets. Section 3 describes the
construction of soft set model on information system. Section 4 shows the application
of the proposed model in Selecting Clustering Attributes. Section 5 makes compari-
son between MDA approach and the proposed technique. Finally, conclusions are
given in Section 6.

2 Preliminaries

The notion of information system provides a convenient tool for the representation of
objects in terms of their attribute values. An information system as in [3] is a 4-tuple
S=(U,A,V,f), where U is a non-empty finite set of objects, A is a non-empty finite
set of attributes, V = Uae AVa , V, is the domain (value set) of attribute a, f: UxA—V

is a total function such that f(u,a)eV,, for every (u,a)e U x A, called information
function. Next, we review some basic definitions with regard to rough set and soft set.

Definition 1. Let S = (U, A, V, f) be an information system and let B be any subset of
A. Two elements x,ye U is said to be B-indiscernible (indiscernible by the set of

attribute B < Ain S) if and only if f(x, a) = f(y, a), for everyac B.

An indiscernibility relation induced by the set of attribute B, denoted by IND (B), is
an equivalence relation. It is well-known that, an equivalence relation induces unique
partition. The partition of U induced by IND (B) in S = (U, A, V, f) denoted by U/B
and the equivalence class in the partition U/B containing x€ U , denoted by [x]p.

Definition 2. Let S = (U, A, V, f) be an information system, let B be any subset of A
and let X be any subset of U. The B-lower approximation of X, denoted by B(X) and

B-upper approximation of X, denoted by E(X ), respectively, are defined by

B(X)={xeUl[x]; c X} and B(X)={xeUl[x]; "X # ¢} (1)
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The accuracy of approximation of any subset X c U with respect to Bc A, de-
noted by oz (X) is measured by

B
aB(X)=B— 2)

Throughout the paper, IX| denotes the cardinality of X.

Definition 3. Let S = (U, A, V, f) be an information system and let G and H be any
subsets of A. G depends on H in a degree k, is denoted by H =, G . The degree k is

defined by

k= ZXEU/G|E(X)| (3)

]

Let U be an initial universe of objects, E be the set of parameters in relation to objects
in U, P(U) denotes the power set of U. The definition of soft set is given as follows.

Definition 4. A pair (F, E) is called a soft set over U, where F is a mapping given by
F: E— P(U)

From the definition, a soft set (F, E) over the universe U is a parameterized family of
subsets of the universe U, which gives an approximate description of the objects in U.
For any parameter ec E , the subset F'(e) U may be considered as the set of e-

approximate elements in the soft set (F, E).

Example 1. Let us consider a soft set (F, E) which describes the “attractiveness of
houses” that Mr. X is considering to purchase. Suppose that there are six houses in
the universe U = {h;, hy, hs, hy, hs, hg} under consideration and E = {e;, e;, €3, ey, es}
is the parameter set, where e; (i =1,2,3,4,5) stands for the parameters ‘“beautiful”,
“expensive”, “cheap”, “good location” and “wooden” respectively. Consider the
mapping F: E — P(U) given by “houses (.)”, where (.) is to be filled in by one of
parameters e€ E . Suppose that F(e;)={h,, h;, hs}, F(e))={h;, hy, hs, he}, F(e;)={hy,
hs}, F(e)={h;, hy, hs}, F(es)={hs}. Therefore, F(e;) means ‘“houses (beautiful)”,
whose value is the set {h;, hs, hg}.

In order to facilitate storing and dealing with soft set, the binary tabular representa-
tion of soft set is often given in which the rows are labeled by the object names and
columns are labeled by the parameter names, and the entries are denoted
by F(e;)(x;),(e; € E,x; €U, j=12,.mx=12,.n) . If x;€ F(e;), then F(e)(x) =1,

otherwise F(e;)(x;) =0. Table 1 is the tabular representation of the soft set (F, E) in
Example 1.
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Table 1. Tabular representation of the soft set (F, E)

U e; e, ez ey es
h; 1 1 0 1 0
hy 0 1 0 1 0
h; 1 1 0 0 0
hy 0 0 1 0 0
hs 0 0 1 0 1
he 1 1 0 1 0

3 A Soft Set Model on Equivalence Classes

There are many applications on information system including computation related to
equivalence classes or attributes. The computation may be intersection, union of the
sets of equivalence classes or dependency degree among attributes. It is inconvenient
to execute these operations directly on the information system; therefore, based on the
basic definition of soft set as in Definition 4, we construct a soft set model over
equivalence classes to facilitate the computation related to equivalence classes and
attributes. The soft set model is defined as follows.

Definition 5. Given S = (U, A, V, f ) be an information system, let U/A denotes the set
of all equivalence classes in the partitions U/a; (a;€ Aand i =1,2,...,1Al). Let U’ =
U/A be the initial universe of objects, E = U/A be the set of parameters, P(U" ) de-
notes the power set of U’, and define mapping F: E — P(U" ), we call the pair (F, E)
a soft set model over equivalence classes.

From this definition, for any equivalence classee E, F(e) cU "is the set of equiva-

lence classes which have some certain relations with e. By defining different mapping
F, we can construct different soft sets to meet various requirements. Table 2 shows
the tabular representation of the soft set over equivalence classes.

Table 2. Tabular representation of the soft set over equivalence classes

U’ e e B en

X; Fle)(xp) Flez)(xp) Fe)(xp) F(en)(x)
X2 Fle)(x2) Flez)( x2) F(e)(x2) F(en)(x2)
X Fle)(x) Fle)(x)  Fle)(x) Fle,)(x)

Xm F(el)( X,,,) F(eZ)( X,,,) F(el)( -xm) e F(em)( X,,,)




20 H. Qin et al.

Because U’ =E, hence in Table 2 e; = x; (i=1, ..., m), where m =IU/Al = |U’1.
F(e;))(x)equal Oor 1.

Based on the proposed soft set model, in detail, we construct two soft sets to com-
pute lower and upper approximation sets of an equivalence class or attribute with
respect to other attributes in rough set.

We define two mappings F;, F,: E— P(U”) as follows,

(1) F;: Subsetof (E)

(2) F,: HasIntersectionWith (E)

For any equivalence classee E, F,(¢) cU’is the set of equivalence classes which
are subsets of e, F,(e)cU ’ is the set of equivalence classes which have intersection
with e. Having the two mappings, we can construct two soft sets (F;, E) and (F3, E).
An illustrative example of the two soft sets is given in Example 2.

Example 2. We consider the information system as shown in Table 3, where U = {x;
=1, x,=2, x3=3, x4=4, xs=5}, A = {a; =Shape, a, =Color, a; =Area}.

Table 3. An information system of objects’ appearance

U Shape Color Area
1 Circle Red Big

2 Circle Red Small
3 Triangle Blue Small
4 Triangle Green Small
5 Circle Blue Small

From Table 3, there are three partitions of U induced by indiscernibility relation on
each attribute, i.e.

U/a;={{1,2,5},{3,4}}, U/ a, = {{1,2}, {3,5},{4}}, U/ as= {{1},{2,3,4,5} }.
We firstly construct the soft set (F;, E). We have
U/A ={{1,2,5},{3,4}, {1,2}, {3,5},{4}, {1},{2,3,4,5}}.

Consequently,
U’ = E = U/A, and then we can obtain

F;({1,2,5}) = Subsetof({1,2,5}) ={{1,2,5},{1,2}, {1} };

F; ({3.4) = Subsetof({3,4}) ={{3.4}.{4} };

Fy ({1,2})) = Subsetofi{1,2}) ={{1,2}.{1} };

Fy ({3,5)) = Subsetof({3,5}) ={{3.5} };

Fy ({4)) = Subsetoft{4}) ={{4}};

Fy ({1}) = Subsetof({1}) ={{1}};

F;({2,3,4,5}) = Subsetof({2,3,4,5}) ={{3,4},{3.5},{4}.{2.3.4,5} }.

The tabular representation of the soft set (F;, E) is showed in Table 4.
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Table 4. The tabular representation of the soft set (F;, E)
U, 6’1{1,2,5} 62{3,4} 6’3{1,2} 6’4{3,5} €s {4} 66{1} 67{2,3,4,5}
x;{1,2,5} 1 0 0 0 0 0 0
x;{3,4} 0 1 0 0 0 0 1
x3{1,2} 1 0 1 0 0 0 0
x4{3,5} 0 0 0 1 0 0 1
x5 {4} 0 1 0 0 1 0 1
xs {1} 1 0 1 0 0 1 0
x7{2,3,4,5} 0 0 0 0 0 0 1
Similarly, we can construct the soft set (F, E). We have
U/A = {{1,25},{3.4}, {1.2}, {3,5},{4}, {1}.{2,3.4.5}}.
U’ = E = U/A, and then we can obtain
F>({1,2,5})=HaslIntersectionWith ({1,2,5}) ={{1,2,5},{1,2}, {3,5},{1},{2,3,4,5}};
F, ({3,4}) = HasIntersectionWith ({3,4}) ={{3,4},{3,5},{4}.{2,3,.4,5} };
F, ({1,2}) = HasIntersectionWith ({1,2}) ={{1,2,5},{1,2},{1},{2,3.4,5}};
F, ({3,5}) = HasIntersectionWith ({3,5}) ={{1,2,5},{3,4},{3,5}.,{2,3,4,5} };
F, ({4}) = HasIntersectionWith ({4}) ={{3.,4},{4},{2,3,4,5} };
F, ({1}) = HasIntersectionWith ({1}) ={{1,2,5},{1,2},{1}};
F>({2,34,5}) = Subsetof({2,3,4,5}) ={{1,2,5}, {3,4},{1,2},{3,5},{4},{2,3.4,5}}.
The tabular representation of the soft set (¥,, E) is showed in Table 5.
Table 5. The tabular representation of the soft set (£, E)
U’ 61{1,2,5} () {3,4} 63{1,2} 6’4{3,5} €s {4} 66{1} 6’7{2,3,4,5}
x {1,2,5} 1 0 1 1 0 1 1
x{3,4} 0 1 0 1 1 0 1
x3{1,2} 1 0 1 0 0 1 1
x4{3,5} 1 1 0 1 0 0 1
x5 {4} 0 1 0 0 1 0 1
xs {1} 1 0 1 0 0 1 0
x{2,3,4,5) 1 1 1 1 1 0 1

Based on the soft sets (F;, E) and (F, E), we build computational model for lower

and upper approximation sets below.
The lower approximation of parameter e; with respect to attribute a; is defined as

a(e;) ={xjxe x, andF(e;)(x;)=Lk=D+1....D+[U/a,} 4)

where D refers to the total number of equivalence classes in the partitions U/a

i—1

(I=1,...,i-1), namely D=Z|U/a,|, X, € U’ is one of the equivalence classes in-

=1

duced by U/a;, Fi(e;)(x;)€ {01} is the entry of the tabular representation of the soft

set (F;, E).
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The cardinality of g, (e;) can be calculated as

DU /a)|

lastep|= D Flete) 5)

k=D+1
The lower approximation of attribute a; with respect to attribute ¢; is defined as

a;(a;)={xJxe () k=D+1...D+U/a} (6)

j-1
where D = Z|U/al| .
I=1
The cardinality of a;(a j) can be calculated as

DU /aj]

laap|= Y o) ™

k=D+1
Similarly, the upper approximation of parameter e; with respect to attribute a; is de-
fined as

a_,.(ej) ={xxe x, andF,(e;)(x;)=Lk=D+1..D+|U/a,} ®)

i-1

where D has the same meaning as in Eq. (4), namely D= Z|U / al| ,
I=1

F,(e j )(x; )€ {0,1} is the entry of the tabular representation of the soft set (F>, E).

The cardinality of a_i(e j) can be calculated as

DU /a)|

lastep|= Y Fate o) | )

k=D+1

The upper approximation of attribute a; with respect to attribute a; is defined as
a;(a;)={xxe Z(ek),k=D+1,...,D+|U/aj|} (10)

j-1
where D = |U/a,|.
I=1

The cardinality of a_,»(a ;) can be calculated as

DU/

arta)= Y

k=D+1

a;(ey) an
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With the computational model, it is convenient to compute the lower and upper ap-
proximation of equivalence class or attribute with respect to other attributes. Let us
reconsider Example 2. Suppose we are required to compute the cardinality of lower
approximation of equivalence class e¢; = {1, 2, 5} with respect to attribute a,, accord-
ing to Eq. (5), we have

5
‘a_z(el)‘ZZF(el)(xk)-|xk|=1><2+0><2+0><1=2.
k=3

Furthermore, if we are required to compute the lower approximation of attribute a;
with respect to attribute a,, we have

a_z(al) ={x|xe a_z(el),a_z(ez)}= {1,2,4}.

4 Application of the Proposed Model in Clustering Attribute
Selection

Rough set theory based attribute selection clustering approaches for categorical data
have attracted much attention in recent years. Mazlack et al. [7] proposed a technique
using the average of the accuracy of approximation in the rough set theory called total
roughness (TR). Parmar et al. [8] proposed a technique called Min-Min Roughness
(MMR) for categorical data clustering. In selecting clustering attribute, the accuracy
of approximation is measured using the well-known Marczeweski—Steinhaus metric
applied to the lower and upper approximations of a subset of the universe in an infor-
mation system [9]. Herawan et al. [10] proposed a new technique called maximum
dependency attributes (MDA) for selecting clustering attribute, which is based on
rough set theory by taking into account the dependency of attributes of the database.
Compared to TR and MMR, MDA technique provides better performance.

In this section, first, we briefly introduce MDA technique, and then propose an al-
gorithm based on the soft set constructed in Section 5, finally the comparison tests
between soft set based algorithm and MDA technique are implemented on two UCI
benchmark data sets.

4.1 MDA Technique

In information system S = (U, A, V, f), given any attribute a;, a;, k, (a;) refer to g;
; J

depends on g; in degree k, is obtained by Eq. (4) as follows

ZXEU/LII»

%)
bl

kq, (a;) = (12)

Next, given m attributes, Max-Dependency (MD) of attribute «;(a; € A)is defined
as

MD(a;) = Max(kal (al-),...,ka/ (a[),...,kam (a;)) (13)
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where a; #a;, 1<i,j<m.

After obtaining the m values of MD(qa;), i =1,2,...,m . MDA technique selects the
attribute with the maximum value of MD as clustering attribute, i.e.

MDA = Max(MD(a,),..., MD(a,),...,MD(a,,)) (14)

4.2 An Algorithm Based on Soft Set (F1, E)

From Eq. (12), it can be seen that only lower approximation is required in MDA tech-
nique, and we can further simplify Eq. (12) as

aj(a[)
k(@) ==

v

We propose the algorithm based on soft set (F;, E) as follows,

15)

Algorithm 1

1. Compute the equivalence classes using the indiscernibility relation on each
attribute.

2. Construct soft set (F,, E).

3. Construct the tabular representation of the soft set (F,, E).

4. Compute the cardinality of lower approximation of an attribute with respect to
other attributes in terms of Eq. (7).

5. Compute the dependency of an attribute with respect to other attributes in
terms of Eq. (15).

6. Select the attribute with the highest dependency as the clustering attribute.

Let us reconsider the Example 2 following Algorithm 1. The first three steps has
been shown in Example 2, we start with the fourth step, namely compute the cardinal-
ity of lower approximation in terms of Eq. (7). We can obtain

la (@] =|ay ()| +|ay(e)| =2+1=3
las(@)| =|as(ep|+[as(en)| =1+0=1
oy (a)| = |y e3)| +|ay ey)] +|ay (e5)| = 0+ 0+0=0
Jas (ay)| =[as e)] +|az e)] +|as(es)| =1+0+0=1
lay(a3)] = ay (eg)| +fay (e = 0+2=2
3

2 (a3)| =[ay (eo)| +|az (e)] = 0+3=3

Next, we compute the dependency degree of an attribute with respect to other at-
tributes in terms of Eq. (15). The results are summarized in Table 6.
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Table 6. The degree of dependency of all attributes in Table 3

W.I.t a a, a3
a; - 0.6 0.2
a 0 - 0.2
as 0.4 0.6 -

Taking a look at Table 6, attribute a; (Area) will be selected as clustering attribute.

5 Experimental Results

In order to test Algorithm 1 and compare with MDA technique in [10], we use two
datasets Soybean and Zoo obtained from the benchmark UCI Machine Learning Re-
pository [6]. The two methods are implemented in C++ language. They are sequen-
tially executed on a PC with a processor Intel Core 2 Duo 2.0GHz. The main memory
is 2 GB and the operating system is Widows XP Professional SP3.

5.1 Soybean Data Set

The Soybean data set contains 47 instances on diseases in soybeans. Each instance is
described by 35 categorical attributes and can be classified as one of the four diseases
namely, Diaporthe Stem Canker, Charcoal Rot, Rhizoctonia Root Rot, and Phy-
tophthora Rot. The data set is comprised 17 objects for Phytophthora Rot disease and
10 objects for each of the remaining diseases. Fig.1 illustrates the executing time of
selecting the clustering attribute.

T 0.08

8

3 0.06 + '\_

9

£ 0.04 +

g’ 0.02 +

§ 0 t t f
m MDA Algorithm

1

Fig. 1. The executing time of MDA and Algorithm lon Soybean data set

5.2 Zoo Data Set

The Zoo data set contains 101 instances, where each instance represents information
of an animal in terms of 16 categorical attributes. Each animal can be classified
into seven classes namely, Mammal, Bird, Reptile, Fish, Amphibian, Insect, and In-
vertebrate. The data set is comprised 41 mammals, 20 birds, 5 reptiles, 13 fish, 4
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amphibians, 8 insects and 10 invertebrates. Fig.2 illustrates the executing time of
selecting the clustering attribute.

0.06
0.05 -
0.04 -
0.03 -
0.02 -
0.01 -
0 t t t
MDA Algorithm
1

e

Executing time(second)

Fig. 2. The executing time of MDA and Algorithm lon Zoo data set

From the above two experiments, it can be seen that Algorithm 1 improves the
executing time of original MDA method.

6 Conclusions

In this paper, we present a soft set model on the set of equivalence classes in an in-
formation system. Based on the proposed model, in detail, we design two soft sets in
order to obtain approximation sets of rough set. Furthermore, we make use of the
proposed model to select clustering attribute for categorical data cluster and then a
heuristic algorithm is presented. Experiment results on UCI benchmark data sets show
that the proposed approach provides faster decision for selecting a clustering attribute
as compared with maximum dependency attributes (MDA) approach.
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