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Abstract: This paper presents the applicability of soft set theory for discovering the preference relation and
inconsistency in multi-valued information systems. The proposed approach is based on multi-soft set. An
inclusion of objects into value set of decision class in soft set theory is used to discover the relation between
objects based on preference relation. Results from the experiment shows that dominance relation based on soft
theory for preference relation is able to identify inconsistency data.
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INTRODUCTION However, these methods are not designed to handle

Cluster analysis is a data analysis tool used to group One of the first attempts to handle uncertainty is
data with similar characteristics. It has been used in data fuzzy K-means [9]. In this algorithm, each pattern or object
mining tasks like unsupervised classification and data is allowed to have membership functions to all clusters
summation. It has also been used widely in many areas rather than having a distinct membership to exactly one
like manufacturing, medicine, nuclear science, radar cluster. An extended of K-modes algorithm by Kim et al.,
scanning  and  research   and   development  planning. [10] uses fuzzy centroids to represent the clusters of
Wu et al. [1] developed a clustering algorithm to handle categorical data instead of the hard-type centroids used
the complexities of gene data that can estimate the correct in the fuzzy K-modes algorithm. The use of fuzzy
number of clusters and find them. Wong et al. [2] present centroids makes it possible to fully exploit the power of
an approach used to segment tissues in a nuclear medical fuzzy sets in representing the uncertainty in the
imaging method known as positron emission tomography classification of categorical data. Rough Set Theory (RST)
(PET). Haimov et al. [3] use cluster analysis to segment by Pawlak (1980s) also deals with uncertainty in the
radar signals in scanning land and marine objects. All of classification of categorical data. Unlike fuzzy
the above clustering methods however, are only for membership, it has no requirement on domain expertise to
clustering data that have attributes with numerical values. assign fuzzy membership but may provide satisfactory
This is due to the fact it is relatively easy to define results of data clustering. Parmar et al. [11] proposed the
similarity. But categorical data have multi-valued MMR algorithm to handle the uncertainty in the
attributes. Thus, similarity can be defined as common clustering process. It require only one input and it is also
objects, common values for the attributes and the based on rough set theory. Herawan et al. [12] proposed
association  between  the two. In such cases horizontal new technique for selecting clustering attribute called
co-occurrences (common value for the objects) as well as maximum of dependency attributes (MDA). It is based on
the vertical co-occurrences (common value for the rough set theory using the dependency of attributes in
attributes) need to be examined [1]. information system. Data are then clustered by divide and

For this purpose, a number of algorithms for conquer method based on the attribute selected.
clustering categorical data have been proposed such as However, there are some certain inherent difficulties in
the work by Huang [4], Gibson et al. [5], Guha et al. [6], rough set theory when dealing with complex decision
Ganti et al. [7] and Dempster et al. [8] to mention a few. tasks [13].

uncertainty in clustering process.
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Soft set theory that was proposed by Molodtsov [13] Definition 1: ([13]) A pair (F, A0 is called a soft set over
provides an effective tool in dealing with inconsistencies U, where F is a mapping given by:
which is free from the difficulties and limitations in
existing methods. As reported in [13], a wide range of F: A  (PU)
applications of soft sets have been developed in many
different fields. There has been a rapid growth of interest In other words, a soft set over U is a parameterized
in soft set theory and its application especially in decision family of subsets of the universe U. For, may be
making. Maji et al. [14] discussed the application of soft considered as a set of -elements of the soft set or as the
set theory in a decision making. Based on fuzzy soft sets, set of -approximate elements of the soft set. Clearly, a soft
Roy and Maji [15] presented a method of object set is not a (crisp) set. As for illustration, Molodtsov has
recognition from an imprecise multi-observer data and considered several examples in [13]. The example shows
applied it to decision making problems. Chaudhuri et al that, soft set can be viewed as a collection of
[16] define the concepts of soft relation and fuzzy soft approximations, where each approximation has two parts:
relation then apply them to solve a number of decision
making problems. Feng et al. [17] introduce an adjustable A predicate ; and
approach  to  fuzzy soft set and investigate the An approximate value-set (or simply to be called
application of the weighted fuzzy soft set in decision value-set).
making. Feng et al. [18] also present the application of
level soft sets in decision making based on interval- We denote
valued fuzzy soft sets. Jiang et al. [19] present an
adjustable approach to intuitionistic fuzzy soft sets based (F, A) = {p  = v , p  = v ,...,p  - v  where is a number of
decision making by using level soft sets of intuitionistic predicates.
fuzzy soft sets.

Although the Molotosv's proposal of soft set has Based on the definition of an information system and
been studied and applied by several authors in the cases soft set, we then show that a soft set is a special type of
of  uncertainty in decision making, the presence of information systems, i.e., a binary-valued information
multiple criteria preference were never yetbeen system.
considered. Only recently, multiple criteria decision
making analysis under soft set theory has been discussed Proposition 2: A pair is a multi-soft set over the universe
in [20]. Isa et al. had introduced a soft-dominance relation U, then is a multi-valued information system.
in decision making analysis in the presence of multiple
criteria evaluation [20]. Thus, in this paper, we are Proof: The above proposition has been proven in [21].
proposing a framework for clustering categorical data in
multi-valued decision system by applying dominance Since the definition of soft sets is based on the
relation based on soft set theory. In the proposed scheme, mapping of value sets to the set of objects, it can then
the decision system is been transformed into the only handle one kind of inconsistency of decision - the
equivalent multi-soft set where in each soft set, the one  related to the inclusion of objects into different
predicates are ordered according to the preference order value-set of attributes, i.e., predicates. While this is
and then the approximations will be obtained using sufficient for classification of taxonomy type, the classical
dominance-based soft set approach (DSSA) to classify soft set approach fails in case of ordinal classification
objects into groups of similarity preferences. with monotonicity constraints [22], where the value-sets

The rest of this paper is organized as follows. Section of attributes are preference ordered. In this case, decision
2 describes the concept of soft set theory for multi-valued examples may be inconsistent in the sense of violation of
information systems. The preference relation based on the dominance principle which requires that an object
soft set theory and the prototype is introduced in section dominating object y on all considered criteria (i.e., having
3. An illustrative example is given in section 4 followed by evaluations at least as good as y on all considered
the conclusion of our work is described in section 5. criteria).

Soft Set Theory: In this section U refers to an initial Preference Relation Based on Soft Set Theory: In this
universe, E is a set of parameters, P(U) is the power set of section, we present the principle of preference relation
U and A E. based on soft set theoryand also the prototype which can
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be used in decision making analysis. As mention the Given a set of soft set P C, the inclusion of x U to
previous section, multi-valued information system S = (U,  is inconsistent with the dominance
A, V, f) can be represented by a multi-soft set, (F, A0 = {F,
a ): 1 i |A|}, where A is a finite set of parametersi

representing the set of attributes in multi-valued
information system. The set A is, in general, divided into
set C of condition attributes and set D of decision
attributes.

The set to be approximated are called upward union
and downward union of classes, respectively:

The statement means “ x belongs to at least

class Cl ”, while  means “x belongs to at mostt

class Cl  ”. Let us remark that t

and . Furthermore, for; t = 2,..,n,

 and 

The key idea of the multiple criteria preference
relation is representation (approximation) of knowledge
generated by decision soft set, using granules of
knowledge generated by criterion soft sets. In preference
relation, the knowledge to be represented is a collection
of upward and downward unions of classes and the
granules of knowledge are sets of objects defined using
a soft dominance relation [20].

Given a set of soft sets P C and, x U the
“granules of knowledge” used for approximation are:

a set of objects dominating x, called P -dominatingsoft

set, D (x) = {y U: yD x}P P
+

a set of objects dominated by x, called P -soft

dominated set, D (x) = {y U: xD y}P P
-

In this cases we will use P -dominating set which is:soft

D (x) = {y U: yD x}P P
+

From the above, it can be seen that the “granules of
knowledge” have the form of upward (positive) and
downward (negative) dominance cones in the evaluation
space. This is the only principlewidely agreed upon in the
multiple criteria comparisons of objects.

principle, then x belongs to  with some ambiguity.

Thus, x belongs to  without any ambiguity with

respect to P C, if  and there is no inconsistency

with the dominance principle. This means that all objects
P -dominating x belong to , i.e., D (x) .soft P

+

In terms of ambiguity, x possibly belongs to

with respect to P C, if x possibly belongs to  with

or without ambiguity.
The P -lower approximation of , denoted bysoft

, are defined as follows (t=1, …, n):

Definition 2: Let (F, A) = {(F, a ): 1 i  |A|}be a multi-softi

set representing information system S = (U, A, V, f) and
 are positive dominance classes in

decision soft set (F, d). The inclusion of object x U into
cluster Cr  for, t = 1,2,..n is defined as follow.t

Experimentation Results: In this section, result from the
experiment using the proposed model is presented. The
start page of the prototype known as ClusSDR system
that is used for the experiment is as in following Figure 1.

Three main sections in this prototype are data view,
data ranking and result view. In the data view (Figure 2),
user can select the data from list of table that will be
eventually extracted from MySQL database. The extracted
data can be viewed as in Figure 2.

In the data ranking option as in Figure 3, the ranking
process can be done by drag and drop according to user
preferences.
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Fig. 1: ClusSDR main page

Fig. 2: Data view Fig. 5: Car data(softcarx2)

Fig. 3: Ranking data

Fig. 4: View Result done.

(a) Before (b) After

Fig. 6: Data ranking

Fig. 7: Multi-Soft Set(softcarx2)

Fig. 8: Dominating Class(softcarx2)

In the result view (Figure 4), the result will be
displayed. The displayed result will include information
prior to the ranking process and after ranking has been
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Fig. 9: Dominating Set(softcarx2) prototype has able eliminate inconsistency in making a

Fig. 10: Lower Appproximation(softcarx2) analysis of gene expression data based on self-

Fig. 11: Cluster(softcarx2) analysis.  IEEE  Transaction  on Nuclear Science,

Based on the data from [23], we then run the data in 3. Haimov,  S.,   M.   Michalev,   A.    Savchenko   and
our prototype. This data which has been included into the O. Yordanov, 1989. Classification of radar signatures
prototype can be selected from the option as shown in by autoregressive model fitting and cluster analysis.
Figure 1. Car data is used to assess cars to be used as IEEE Transaction on Geo Science and Remote
information evaluation in selling the cars. Sensing, 8(1): 606-610.

We will then rank the data according to our 4. Huang,  Z.,  1998.  Extension  to  k-means  algorithm
preferences. For example, fa5 (Figure 6(a)), consists of for clustering  large  data  sets with categorical
med, small and big. By using drag and drop, we rank them values.  Data  Mining  and Knowledge Discovery,
according to our preferences such as small, med and big 2(3): 283-304.
(Figure 6(b)). The result (multi-soft set) of ranking will be 5. Gibson, D., J. Kleinberg and P. Raghavan, 2002.
as in Figure 7. Clustering categorical data: an approach based on

From multi-soft set (Figure 7), we will now determine dynamical systems. The Very Large Data Bases
the dominating classes. In Figure 8, is the example of the Journal, 8(3-4): 222-236.
produced dominance class from the ClusSDR. There will 6. Guha, S., R. Rastogi and K. Shim, 2000. ROCK: a
be 4 decision classes; unacc, acc, good and vgood, robust clustering algorithm for categorical attributes.
according to the decision soft set, fa7(in Figure 7). Information System, 25(5): 345-366.

In car data as in Figure 5, U={1, 2, 3, 4, 5, 6, 7, 8, 9, 7. Ganti, V., J. Gehrke and R. Ramakrishnan, 1999.
10}, is an indication there will be 10 dominating sets which CACTUS - clustering categorical data using
can be determined from intersection of multi-soft set as in summaries. In: Fifth ACM SIGKDD International
Figure 9. Conference on Knowledge Discovery and Data

From dominating class (Figure 8) and dominating set Mining, pp: 73-83.
(Figure 9), the lower approximation are as in Figure 10. 8. Dempster,  A.,  N.  Laird  and  D. Rubin, 1977.

From lower approximation (Figure 10), the result of Maximum likelihood from incomplete data via the EM
classification will be as in Figure 11. We can see the algorithm. Journal of the Royal Statistical Society,
inconsistency in car dataset (Figure 5) where car 10 is no 39(1): 1-38.
better than car 7 and 9 and yet car 10 has better evaluation 9. Ruspini, E., 1969. A new approach to clustering.
than the other two cars. Information Control, 15(1): 22-32.

CONCLUSION

In this paper, we have presented the used of soft set
theory to find preference relation in multi-valued
information system and to find the inconsistency in the
data given by classifying the data according to
preference-ordered decision classes using the prototype.
In this process, we classify the object according to their
similarity preferences. We have shown that the ClusSDR

decision by considering granules of knowledge form
dataset.
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