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Abstract. In previous paper, we introduced a concept of multi-soft sets and 
used it for finding reducts. However, the comparison of the proposed reduct has 
not been presented yet, especially with rough-set based reduct. In this paper, we 
present matrices representation of multi-soft sets. We define AND and OR 
operations on a collection of such matrices and apply it for finding reducts and 
core of attributes in a multi-valued information system. Finally, we prove that 
our proposed technique for reduct is equivalent to Pawlak’s rough reduct. 
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1   Introduction 

Soft set theory [1], proposed by Molodtsov in 1999, is a new general method for 
dealing with uncertain data. In recent years, research on soft set theory has been 
active, and great progress has been achieved, including the works of theoretical soft 
set, soft set theory in abstract algebra, parameterization reduction, decision  
making and forecasting. Let ( )fVAUS ,,,=  be an information system as in [2].  

The “standard” soft set deals with a binary-valued information system 

{ }( )fVAUS ,,, 1,0= . For a multi valued information system, we introduced a concept of 

multi soft-sets [3]. The idea is based on a decomposition of a multi-valued 
information system ( )fVAUS ,,,= , into A  number of binary-valued information 

systems { }( )fVAUS ,,,
1,0

= , where A  denotes the cardinality of A. Consequently, the 

A  binary-valued information systems define multi-soft sets, denoted by 

( ) ( ){ }AiaFAF i ≤≤= 1:,, . In [4], we used the concept of multi-soft sets and AND 

operation for finding reducts in a multi-valued information system. However, the 
comparison of the proposed reduct has not been presented yet, especially with rough-
set based reduct [2,5]. In this paper, we present the notion of matrices representation 
of multi-soft sets. We present a definition of AND and OR operations on a collection 
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of such matrices. Further, we apply the notion of AND operation for finding reducts 
and core attributes in a multi-valued information system. We prove that the proposed 
technique of reduct is equivalent with Pawlak’s rough reduct. 

The rest of this paper is organized as follows. Section 2 describes the notion of 
information system. Section 3 describes fundamental concept of soft set theory. 
Section 4 describes multi soft sets construction in a multi-valued information system. 
Section 5 describes matrices representation of multi-soft sets, AND and OR operations, 
as well a simple example. Section 6 describes applications of matrices representation 
of multi-soft sets for finding reducts and core of attributes. Further, we prove that our 
proposed technique for reduction is equivalent to Pawlak’s rough reduction. Finally, 
we conclude and describe future activities of our works in section 7. 

2   Information System 

Data are often presented as a table, columns of which are labeled by attributes, rows 
by objects of interest and entries of the table are attribute values. By an information 

system, we mean a 4-tuple (quadruple)  ( )fVAUS ,,,= , where { }
U

uuuuU ,,,,
321
L=  is 

a non-empty finite set of objects, { }
A

aaaaA ,,,,
321
L=  is a non-empty finite set of 

attributes, U Aa aVV
∈

= , 
aV  is the domain (value set) of attribute a, VAUf →×:  is an 

information function such that ( )
aVauf ∈, , for every ( ) AUau ×∈,  , called information 

(knowledge) function. An information system can be intuitively expressed in terms of 
an information table (refers to Table 1). 

Table 1. An information system 

U 
1a  … 

ka  … 
A

a  

1u  ( )11 ,auf  … ( )kauf ,1  … ( )
A

auf ,1  

2u  ( )12 ,auf  … ( )kauf ,2  … ( )
A

auf ,2  

M  M  O  M  O  M  

U
u  ( )1,auf

U
 … ( )kU

auf ,  … ( )
AU

auf ,  

 
A relational database may be considered as an information system in which rows 

are labeled by the objects (entities), columns are labeled by attributes and the entry in 
row u and column a has the value ( )auf , . We note that a each map 

( ) VAUauf →×:,  is a tupple ( ) ( ) ( ) ( )( )
Aiiiii aufaufaufauft ,,,,,,,, 321 L= , for 

Ui ≤≤1 . In many applications, there is an outcome of classification that is known. 

Note that the tuple t is not necessarily associated with entity uniquely (refer to objects 
3 and 4 in Table 3). In an information table, two distinct entities could have the same 
tuple representation (duplicated/redundant tuple), which is not permissible in 
relational databases. Thus, the concepts in information systems are a generalization of 
the same concepts in relational databases. 
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This a posteriori knowledge is expressed by one (or more) distinguished attribute 
called decision attribute; the process is known as supervised learning. An information 
system of this kind is called a decision system. A decision system is an information 
system of the form { }( )fVdAUD ,,, U= , where Ad ∉  is the decision attribute. The 

elements of A are called condition attributes. An example of a decision system is 
given in Table 2. 

3   Soft Set Theory 

The theory of soft set [1] proposed, by Molodtsov 1999 is a new method for handling 
uncertain data. The soft set is a mapping from parameter to the crisp subset of 
universe. From such case, we may see the structure of a soft set can classify the 
objects into two classes (yes/1 or no/0). 

Definition 1. (See [1].) A pair ( )AF ,  is called a soft set over U, where F is a 

mapping given by  

( )UPAF →: . 

In other words, a soft set over U is a parameterized family of subsets of the universe 
U. For A∈ε , ( )εF  may be considered as the set of ε -elements of the soft set ( )AF ,  

or as the set of ε -approximate elements of the soft set. Clearly, a soft set is not a 
(crisp) set.  

Based on the definition of an information system and a soft set, in this section we 
show that a soft set is a special type of information systems, i.e., a binary-valued 
information system. 

Proposition 2. If ( )AF ,  is a soft set over the universe U, then ( )AF ,  is a binary-

valued information system { }( )fVAUS ,,, 1,0= . 

Proof. Let ( )AF ,  be a soft set over the universe U, we define a mapping  

{ }nfffF ,,, 21 L= , 

where  

ii VUf →:  and ( ) ( )
( )⎩

⎨
⎧

∉
∈

=
i

i

i aFx

aFx
xf

,0

,1
,  for Ai ≤≤1 . 

Hence, if U Aa a
i

i
VV

∈
= ,  where { }1,0=

ieV , then a soft set ( )AF ,  can be considered as 

a binary-valued information system { }( )fVAUS ,,, 1,0= .          □ 

From Proposition 2, it is easily to understand that a binary-valued information system 
can be represented as a soft set. Thus, we can make a one-to-one correspondence 
between ( )EF ,  over U and { }( )fVAUS ,,, 1,0= . 

Definition 3. (See [6].) The class of all value sets of a soft set ( )EF ,  is called value-

class of the soft set and is denoted by ( )EFC , . 
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4   Multi-Soft Sets Construction in Information Systems 

The idea of multi-soft sets is based on a decomposition of a multi-valued information 
system ( )fVAUS ,,,= , into A  number of binary-valued information systems 

{ }( )fVAUS ,,,
1,0

= , where A  denotes the cardinality of A. Consequently, the A  

binary-valued information systems define multi-soft sets ( ) ( ){ }AiaFAF i ≤≤= 1:,, . 

4.1   Decomposition of Multi-valued Information Systems 

The decomposition of ( )fVAUS ,,,=  is based on decomposition of 

{ }
A

aaaA ,,, 21 L=  into the disjoint-singleton attribute { } { } { }
A

aaa ,,, 21 L . Here, we 

only consider for complete information systems. Let ( )fVAUS ,,,=  be an 

information system such that for every Aa ∈ , ( )AUfVa ,=  is a finite non-empty set 

and for every Uu ∈ , ( ) 1, =auf . For every ia  under i th-attribute consideration, 

Aai ∈  and aVv ∈ , we define the map { }1,0: →Uai

v  such that ( ) 1=uai

v  if 

( ) vauf =, , otherwise ( ) 0=uai

v . The next result, we define a binary-valued 

information system as a quadruple { }( )fVaUS i

i ,,, 1,0= . The information systems 

{ }( )fVaUS i

i ,,, 1,0= , Ai ≤≤1  is referred to as a decomposition of a multi-valued 

information system ( )fVAUS ,,,=  into A  binary-valued information systems, as 

depicted in Figure 1. Every information system ( )fVaUS aii

i ,,,= , Ai ≤≤1  is a 

deterministic information system since for every Aa ∈  and for every Uu ∈ , 

( ) 1, =auf  such that the structure of a multi-valued information system and A  

number of binary-valued information systems give the same value of attribute related 
to objects. 

4.2   Multi-soft Sets in Information Systems 

Based on the notion of a decomposition of a multi-valued information system in the 
previous sub-section, in this sub-section we present the notion of multi-soft set 
representing multi-valued information systems. Let ( )fVAUS ,,,=  be a multi-

valued information system and ( )fVaUS aii

i ,,,= , Ai ≤≤1  be the A  binary-

valued information systems. From Proposition 2, we have 

( )
{ }( )
{ }( )

{ }( )

( )
( )

( )
AA

A aF

aF

aF

fVaUS

fVaUS

fVaUS

fVAUS

,

,

,

,,,

,,,

,,,

,,,
2

1

1,0

1,02
2

1,01

1

MMM

⇔

⇔
⇔

⎪
⎪

⎩

⎪
⎪

⎨

⎧

=

=
=

==  

 ( ) ( ) ( )( )
A

aFaFaF ,,,,,, 21 L=  
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We define ( ) ( ) ( ) ( )( )
A

aFaFaFAF ,,,,,,, 21 L=  as a multi-soft sets over universe U 

representing a multi-valued information system ( )fVAUS ,,,= . 

 
 

U 1a  
2a  … ka  … 

A
a  

1u  ( )
11 , auf  ( )

21 , auf  … ( )
kauf ,1

 … ( )
A

auf ,
1

 

2u  ( )
12 ,auf  ( )

22 ,auf  … ( )
kauf ,2

 … ( )
A

auf ,
2

 

3u  ( )
13 ,auf  ( )

23 ,auf  … ( )
kauf ,3

 … ( )
A

auf ,
3

 

M  M  M  O  M  O  M  

U
u  ( )

1
,auf

U
 ( )

2
,auf

U
 … ( )

kU
auf ,  … ( )

AU
auf ,  

 
Binary-valued information system-1 

1a   

U 11Va  12Va  … 
kVa1  … 

nVa1  

1u  0 1 … 0 … 0 

2u  0 0 … 1 … 0 

3u  0 1 … 0 … 0 

M  M  M  O  M  O  M  

U
u  1 0 … 0 … 0 

M  
Binary-valued information system- A  

A
a   

U 1A
Va  

2A
Va  … 

kA
Va  … 

nA
Va  

1u  0 0 … 1 … 0 

2u  0 0 … 0 … 1 

3u  0 1 … 0 … 0 

M  M  M  O  M  O  M  

U
u  1 0 … 0 … 0 

Fig. 1. A decomposition of information systems 

Example 4. Hiring [7]: an example of a multi-valued information system is presented 
in Table 2. In Table 2, six students are characterized by four conditional attributes; 
Diploma, Experience, French, Reference and one decision attribute; Decision. 

Let { }Decision Reference, French, ,Experience Diploma,=A . Therefore, the multi-

soft set representing Table 2 is given in Figure 2. Note that the class value of every 
soft set is a partition of U. 
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Table 2. Hiring: an information system from [7] 

Student Diploma Experience French Reference Decision 
1 MBA Medium Yes Excellent Accept 
2 MBA Low Yes Neutral Reject 
3 MCE Low Yes Good Reject 
4 MSc High Yes Neutral Accept 
5 MSc Medium Yes Neutral Reject 
6 MSc High Yes Excellent Accept 
7 MBA High No Good Accept 
8 MCE Low No Excellent Reject 

 

 

( )

{ } { } { }{ }
{ } { } { }{ }

{ } { }{ }
{ } { } { }{ }

{ } { }{ } ⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

==
===

==
===

===

=

2,3,5,8Reject,1,4,6,7Accept

,3,7Good,2,4,5Neutral,1,6,8Excellent

,7,8No,61,2,3,4,5,Yes

,4,6,7High,2,3,8Low,1,5Medium

,4,5,6MSc,3,8MCE,1,2,7MBA

, AF  

Fig. 2. Multi soft-sets representing Table 2 

5   Matrices Representation of Multi-soft Sets 

5.1   Matrix Representation 

The concept of matrix representing multi-soft sets is described here. In this sub-
section, the notation ( )AF ,  represents a multi-soft set over universe U of a multi-

valued information system ( )fVAUS ,,,= . 

( )

( )
( )

( )

{ }( )
{ }( )

{ }( )
A

a

a

A

A

A
M

M

M

fVaUS

fVaUS

fVaUS

aF

aF

aF

AF

⇔

⇔
⇔

=⇔

=⇔
=⇔

⎪
⎪

⎩

⎪
⎪
⎨

⎧

⇔
MMM

2

1

,,,

,,,

,,,

,

,

,

,

1,0

1,02
2

1,01

1

2

1

. 

Definition 5. Matrix AiM
ia ≤≤1,  is called matrix representation of soft set ( )1,aF  

over universe U. The dimension of matrices is defined by ( ) ia VaUM
i

×=dim . All 

entries of ][ ija aM
i

=  is belong to a set { }1,0 , where 

( )
( )⎪⎩

⎪
⎨
⎧

=
=

=
1,if,1

0,if,0

α
α

uf

uf
aij , Ui ≤≤1 , iVaj ≤≤1 , Uu ∈  and iVa∈α . 

The collection of all matrices representing ( )AF ,  is denoted by AM , i.e., 

{ }AiM
iaA ≤≤= 1:M . 
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Definition 6. Let Aai
M M∈  be a matrix representation of a soft set ( )iaF ,  over U. 

The value-class of 
iaM , i.e., class of all value sets of 

iaM , denoted 
iaMC  is defined by 

( ){ } ( ){ }{ }1,:,,1,: 1 ===
iia VaM ufuufuC αα L , 

where iVai ≤≤1 , Uu ∈  and iVa∈α . 

Clearly ( )UPC
iaM ⊆ . 

Example 7. The collection of matrices representing ( )AF , ,  is given as 

{ }
54321 aaaaa ,,,, MMMMMA =M , 

where 
 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

010

001

100

100

100

010

001

001

DiplomaM  , 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

010

100

100

001

100

010

010

001

ExperienceM , 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

10

10

01

01

01

01

01

01

FrenchM ,  

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

001

100

001

010

010

100

010

001

ReferenceM  and 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

10

01

01

10

01

10

10

01

DecisionM . 

where 

{ } { } { }{ }6,5,4,8,3,7,2,1
Diploma

=MC , { } { } { }{ }4,6,7,2,3,8,1,5
Experience

=MC , 

{ } { }{ }7,8,61,2,3,4,5,
French

=MC , { } { } { }{ }3,7,2,4,5,1,6,8
Reference

=MC , 

and { } { }{ }2,3,5,8,1,4,6,7
Decision

=MC , 

respectively. 

5.2   AND and OR Operations in a Collection of Matrices 

The AND and OR operation of the matrices are described in this sub-section. 
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Definition 8. Let ][ kla aM
i

= , Uk ≤≤1 ,
iaVl ≤≤1  and ][ mna aM

j
= , Um ≤≤1 , 

iaVn ≤≤1  be two matrices in AM . The AND""  operation 
ji aa MM AND  of matrices 

iaM  and 
jaM  is defined as follows 

][AND pqaaa aMMM
ijji

==  with ( ) ( )jia VaVaUM
ij

××=dim , 

where  

{ }111 ,min mkp aaa = , { }212 ,min mkp aaa = ,…, ( ) { }
jiji VamVakVaVap

aaa ,min=
×

. 

Example 9. Let EMM M∈ExperienceDiploma , , from Definition 8, we have 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

= =

000010000

000000100

100000000

001000000

100000000

000010000

000000010

000000001

010

100

100

001

100

010

010

001

AND

010

001

100

100

100

010

001

001

AND ExperienceDiploma MM , 

where 

{ } { } { } { } { } { }{ }7,5,6,4,8,3,2,1
ExperienceDiplomaAND =MMC . 

Definition 10. Let ][ kla aM
i

=  and ][ mna bM
j

=  be two matrices in AM . The OR""  

operation 
ji aa MM OR  of matrices 

iaM  and 
jaM  is defined as follows 

][OR pqaaa cMMM
ijji

==  with ( ) ( )jia VaVaUM
ij

××=dim , 

where  

{ }111 ,max mkp aaa = , { }212 ,max mkp aaa = ,…, ( ) { }
jiji VamVakVaVap

aaa ,max=
×

. 

Example 11. Let EMM M∈ExperienceDiploma , , from Definition 10, we have 

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

= =

010111000

100100111

111100100

111001001

111100100

010111010

010010111

001001111

010

100

100

001

100

010

010

001

OR

010

001

100

100

100

010

001

001

OR ExperienceDiploma MM , 
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where 

{ } { } { } { } { } { }{ }7,5,6,4,8,3,2,1
ExperienceDiplomaOR =MMC . 

We can see that, since ( ) jia VaVaUM
ij

U×=dim , thus AM  is not closed under 

AND and OR operations, thus ( )AND,AM  and ( )OR,AM  are not groupoids.  

Proposition 12. Let 
iaM , 

jaM  and 
kaM  be matrices in AM . The following 

properties are holds. 
 

a. 
iii aaa MMM =AND ,      idempotent 

b. 
iii aaa MMM =OR ,     idempotent 

c. ( ) ( )
kjikji aaaaaa MMMMMM ANDANDANDAND =  associative 

d. ( ) ( )
kjikji aaaaaa MMMMMM OROROROR =   associative 

 

AND and OR operations are not commutative. 

6   Application 

In this section, we present an application of matrices representation of multi-soft sets 
for dimensionality reduction and finding core attributes. 

6.1   Reduct and Core 

In [4], we presented the application of multi-soft sets for finding reducts. The 
proposed approach is based on AND operation in multi-soft sets [3]. In this sub-
section, we explore the applicability of matrices representation for finding reducts and 
core attributes. We show that the reducts obtained are equivalent with that in [4]. The 
notion of reduct in [4] is redefined and given as follow.  

Definition 13. Let ( ) ( )( )AiaFAF i ≤≤= 1:,,  be multi-soft set over U representing a 

multi-valued information system ( )fVAUS ,,,= . A set of attributes AB ⊆  is called 

a reduct for A if  

( ) ( )AB aaFbbF CC ×××× = LL 11
 and ( ) ( ) BBCC

AB aaFbbF ⊂≠ ×××× *,
1*1 LL , 

where 

( ) ( ) ( )jiji aFaFaaF ,AND,, =× . 

A core of A is defined as  

( ) ( )I AA REDCORE = , 

where ( )ARED  is the set of all reducts of A. 



210 T. Herawan, M.M. Deris, and J.H. Abawajy 

 

Proposition 14. Let AM  be a multi-soft set over U representing multi-soft sets 

( )AF , . A set of attributes AB ⊆  is a reduct for A if only if BaANDMBbANDM ab
CC ∈∈ = :: . 

Proof. It is clear, since every ( )iaF ,  can be represented as 
iaM , Ai ≤≤1  and vice 

versa.               □ 

Example 15. For simple example of soft reduction in multi-valued information 
system, we consider a small dataset as used in [4]. 

Table 3. An information system 

U 
1a  2a  3a  4a  

1 low bad loss small 
2 low good loss large 
3 high good loss medium 
4 high good loss medium 
5 low good profit large 

 
Let { }4321 ,,, aaaaA = , the multi-soft set representing Table 3 is given as 

( ) { } { }{ } { } { }{ }
{ } { }{ } { } { } { }{ }⎟⎟⎠

⎞
⎜⎜
⎝

⎛
=====

====
=

4,3medium,5,2large,1small,5profit,4,3,2,1loss

,5,4,3,2good,1bad,4,3high,5,2,1low
, AF , 

and the matrices representing ( )AF ,  is { }
4321

,,, aaaaA MMMM=M , where 
 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

01

10

10

01

01

1aM , 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

10

10

10

10

01

2aM , 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

10

01

01

01

01

3aM  and 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

010

100

100

010

001

4aM . 

 

Since { }4321 ,,, aaaaA = , then  

⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢

⎣

⎡

=≤≤

000000000000010000000000
000100000000000000000000
000100000000000000000000
000000000000000010000000
000000000000000000000001

41: iANDai
M  

where 

{ } { } { } { }{ }5,4,3,2,1
41:

=
≤≤iiANDaMC . 
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Let, given { }321 ,, aaaB =  and { }43 , aaC = , then we have 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

00001000

01000000

01000000

00000100

00000001

ANDAND
321 aaa MMM  

and 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

010000

000100

000100

000010

000001

AND
43 aa MM  

where   

{ } { } { } { }{ }5,4,3,2,1
321

ANDAND =
aaa MMMC  and { } { } { } { }{ }5,4,3,2,1

321
ANDAND =

aaa MMMC , 

respectively. Thus, we have { }321 ,, aaa  and { }43 ,aa  are reducts of A. Furthermore, 

core is 

{ } { } { }343321 ,,, aaaaaa =I . 

6.2   Equivalence with Pawlak’s Rough Reduct 

In rough set theory [2,5], the aim of dimensionality reduction is to keep only those 
attributes that preserve the indiscernibility relation and, consequently, set 
approximation. The remaining attributes are redundant since their removal does not 
worsen the classification. There are usually several such subsets of attributes and 
those which are minimal are called reducts. While computing equivalence classes is 
straightforward, finding all reducts is NP-hard. This reduction is different in soft set 
theory. The existing techniques of soft parameterization are still based on a binary 
information system [8,9]. Soft parameterization reduction is obtained based on the 
optimal and sub-optimal choice related to each object. Thus, the idea of reduction 
under rough set theory generally cannot be applied directly in reduction under soft set 
theory. In this sub-section, we show that our proposed technique on dimensionality 
reduction in an multi-valued information system is equivalent with that in [2,5]. Let, 
firstly, we recall the notion of rough reduction as follow.  

Let ( )fVAUS ,,,=  be an information system and let B be any subset of A. Two 

elements Uyx ∈,  are said to be B-indiscernible (indiscernible by the set of attribute 

B) if and only if ( ) ( )ayfaxf ,, = , for every Ba ∈ . Obviously, every subset of A 

induces unique indiscernibility relation. Notice that, an indiscernibility relation is an 
equivalence relation. The partition of U induced by ( )BIND  in ( )fVAUS ,,,=  is 

denoted by BU / .  
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Definition 16. Let ( )fVAUS ,,,=  be an information system and let B be any subset 

of A. A subset AB ⊆  is called a reduct of A if B  satisfies the following conditions 
 

a. AUBU // =  
b. { }( ) BbAUbBU ∈∀≠− ,//  

 

A core of A is defined as  

( ) ( )I AA REDCORE = , 

where ( )ARED  is the set of all reducts of A. 

Proposition 17. Soft reduction in Definition 13 is equivalent with rough reduction in 
Definition 16. 

Proof. ( )⇒  It is clear that ( ) ( )fVAUAF ,,,, = , thus ( ) AiaUC iaF i
≤≤= 1,/ . From 

the hypothesis, since B is a reduct of A, then  
 

( ) ( )AB aaFbbF CC ×××× = LL 11
 

( ) ( ) ( ) ( )
AB

aFaFbFbF ,ANDAND,,ANDAND, 11 LL =  

( ) ( ) ( ) ( )AB aFaFbFbF CCCC ILIILI
11

=  

( ) ( )II Ai aFBi bF ii
CC

≤≤≤≤
=

11
 

II Ai iBi i aUbU
≤≤≤≤

=
11

//  

AUBU // =  
 

Say, { },* bBB −=  where Bb∈ , then  
 

 ( ) ( )AB aaFbbF CC ×××× ≠ LL 1*1
 

     { }( ) AUbBU // ≠−  
 

( )⇐  Obvious.              □ 

Example 18. From Table 2, let  
 

{ }Reference French, ,Experience Diploma,=B . 
 

Using rough set approach, we have  
 

{ } { } { } { } { } { } { } { }{ }8,7,6,5,4,3,2,1/ =BU . 
 

Therefore, reduct of B is { }Reference ,Experience* =B . 
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For matrices approach, from Example 7, we have 
 

=ReferenceFrenchExperienceDiploma ANDAND MMMM  

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

001

100

001

010

010

100

010

001

AND

10

10

01

01

01

01

01

01

AND

010

100

100

001

100

010

010

001

AND

010

001

100

100

100

010

001

001

 

The calculation of the above AND operation is given as follows 

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

001

100

001

010

010

100

010

001

AND

10

10

01

01

01

01

01

01

AND

010

100

100

001

100

010

010

001

AND

010

001

100

100

100

010

001

001

 

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

=

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

001000

100000

000001

000010

000010

000100

000010

000001

AND

000010000

000000100

100000000

001000000

100000000

000010000

000000010

000000001

 

⎥
⎥
⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢
⎢
⎢

⎣

⎡

=

00000000000000000000000

00000000000000000000000

00000100000000000000000

00000000000000001000000

00001000000000000000000

00000000000000000000000

00000000000000000000000

00000000000000000000000

0001000000000000000000000000000

0000000000000100000000000000000

0000000000000000000000000000000

0000000000000000000000000000000

0000000000000000000000000000000

0000100000000000000000000000000

0000000000000000000000010000000

0000000000000000000000000000001

 

Thus we have 

{ } { } { } { } { } { } { } { }{ }8,7,6,5,4,3,2,1
ReferenceFrenchExperienceDiploma ANDAND =MMMMC , 



214 T. Herawan, M.M. Deris, and J.H. Abawajy 

 

Therefore, reduct of B is { }Reference ,Experience* =B . It is shown that, using rough 

and matrices approaches, reduct obtained is equivalent. 

7   Conclusion 

The “standard” soft set deals with a binary-valued information system. For a multi-
valued information system, the notion of multi-soft sets has been proposed. The idea 
of multi-soft sets is based on a decomposition of a multi-valued information system 
into binary-valued information systems. In this paper, we have presented the notion of 
matrices representation of such multi-sot sets. The AND and OR operations in a 
collection of matrices sets also presented. The AND and OR operations satisfy 
idempotent and associative properties, neither closed nor commutative. Further, we 
have proven that AND operation can be applied for finding reducts. Finally, we have 
proven that our proposed technique provide the same results with that rough reduct. 
For future research, we further elaborate our approach for finding functional, identity 
and attribute dependencies in information systems. Since, the calculation of matrices 
is complex, we will use MATLAB to solve this problem. We believe that our 
proposed approach can be used for feature selection and data cleansing in multi-
valued information system under soft set theory. 
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