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Abstract: There are many complex issues with incomplete data to make decisions in the field of computer science. These
issues can be resolved with the aid of mathematical instruments. When dealing with incomplete data, rough set theory is
a useful technique. In the classical rough set theory the information granules are equivalence classes. However, in real
life scenario tolerance relations play a major role. By employing rough sets with Maximal Compatibility Blocks (MCBs)
rather than equivalence classes, we were able to handle the challenges in this research with ease. A novel approach to
define matrices on MCBs and operations on them is proposed. Additionally, applied the rough matrix approach to locate
a consistent block related to any set in the universal set.

Index Terms: Rough Matrix (RM), Maximal Compatibility Block (MCB), Matrix approach of MCB Covering

1. Introduction

T Pawlak [1] examines inadequate information systems by introducing the theory of rough sets. The equivalence
classes’ definitions of information granules serve as the foundation for the hypothesis. With the universe serving as their
covering and tolerance relations defining the information granules, the concept is later extended in a variety of ways. J.
Mahanta and P.K. Das introduced Covering Based Rough Sets [2].

MCBs serve as information granules in a covering-based rough set technique defined and explored by the authors,
N. Kishore Kumar, M.P.K. Kishore, and S.K. Vali and Ten additional forms of rough sets based on MCBs are equal to
the types of rough sets stated in [3, 4]. These forms also study the structure of rough approximations in terms of rough
inclusion ordering.

We present the matrix approach based on the papers [5, 6, 7]. Since linear systems can handle matrices with ease,
we would like to introduce the matrix technique employing maximal compatibility blocks on rough sets. Information
systems rely on a variety of databases.

2. Basic Definitions
This section serves as a helpful reminder of the fundamental definitions of covering a universe, rough set on covering,
rough matrix notation, and key operations on rough matrices.

Definition 2.1: Consider a universe set U and a family of subsets of U, denoted by C. If U C = U and none of the
subsets in C are empty, then C is a covering of a universe set.
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Definition 2.2: (Maximal Compatibility Block) Let U be a universe and R be a tolerance relation on U (i.e., R
satisfies solely symmetric and reflexive conditions). Let B < U if every element of B is related to every other element
of B with respect to R and no element of U — B is related to every element of B, then a subset B € U is a Maximal
Compatibility Block (MCB) with respect to R.

Definition 2.3: Let C be a covering {K;, K, ... K, }and R be a tolerance relation on a universe. For any X € U

X=U{KeC/KNX=¢} are known as the upper and lower approximation operators, r X =uU
{K € C/K < XJespectively, and the pair(X, X) is referred to as the rough set.

Definition 2.4: Let matrix M, = (aif)nxm known as a matrix of covering C, where C = {K;,K, ... K,,} to be a
1forx; € K;

Oforx; & K;°

The following example provides a matrix representation of a covering based on the concept given above.

Example2.5:Assuming

C = {{1,2},{1.2,3},{3.4,5}.{2,3}}, R = {(1,2)(2,1)(2,3)(3,2)(3,4)(4,3)(1,3)(3,1)(3,5)(5,3)(4,5)(5,4)} is a tolerance
relation for U = {1,2,3,4,5}. Then, a matrix approach to the covering C

covering of U = {xy, x, ... x,,, }, where a;; = {

000
— 100
Mc = 111
100

R OR R

1
1
0
0
Where rows denote blocks and columns represent elements in the universal set U.

3. Rough Matrix on MCB Covering

This section presents the novel covering Cycp With Maximal Compatibility Blocks (MCB), the matrix strategy for
defining rough sets on Cy g, the matrix approach for a set that is a subset of the universe set, and some rough matrix
observations.

Definition 3.1: A covering labeled as Cycp is formed by the set of all MCBs (specified in definition 2.2), and
it is defined as follows:

Cucg = U {B/ B is Maximal Compatibility Block w.r.t. }.

Definition 3.2: (Matrix on MCB Covering) Let U be a universe R be a universe’s tolerance relation.
Cycs = {B1,B, ... By} be a covering of U with MCBs, and U = {xy,x, ... x;,,},, As a matrix approach of Cycg,
1forx; € B;

Ofor x; € B;

Example 3.3: Suppose U = {1,2,345}. Let R = {(1,2)(2,1)(2,3)(3,2)(3,4)(4,3)(1,3)(3,1)(3,5)(5,3)(4,5)(5,4)} is a

toleracne relation, and Cycp = {B; = {1, 2, 3}, B, = {3,4,5}}. Then a matrix approach of the covering Cy 5 is

define matrixM,, = (bij)nxm, where b;; = {

1 100

0 1 1 1] (From Example 2.5).

Mcy = [(1)

Definition 3.2: (Matrix approach of a set X € U) Let R be a tolerance relation on U = {x;, X ... X;n.}, Cycg =
{B1, B, ... B} be a covering of U with MCB's. Let X < U, define matrix on X as Xy, = (xij)nxm, where

o ={1 if x;,€Xand x; € Bjwhere1 <i<m,1<j<n
Y0 otherwise.
Here Rows represent Blocks and the column represents the elements in the universal set U.
Example 3.5: (continued from example 3.3) Let X = {1, 3,4} € U. Then, Xy, = [é 8 1 2 8
definition 3.4).

Definition 3.6: Let R be a tolerance relation on a universe U
Cycg = {B1,B5 ... B, Where n is finite on U}, be the covering formed by MCB's, for all X € U define

] (By using the
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X*=U{B € Cycg/B N X #* ¢}
as the lower approximation operator and the upper approximation operator, respectively then the pair (X, , X™) is
called Rough Set.
The following two new operations are defined to obtain X, and X~
Definition 3.7: Let A = (xij)nxm and B = (yﬁ)anbe two matrices. We define a new operation ‘*’ as

AxB= (Zij)nxn - {O otherwise.

Definition 3.8: Let A = (xij)nxm and B = (yﬁ)anbe two matrices. We define a new operation ‘®’ as
A®B = (Zij)an = V}lzl (xij A y]l) for1 S] <nl<is<m

Example 3.9: (continued from example 3.3, 3.5) Let the matrix on covering and set, do the above operation as in

definition of 3.7 in the following way from example 3.3 My = [(1) (1) 1 (1) 2 it is of order 2 x5 and from
1 0
1 0 100 [0 0]

example 3.5 X¢y = [0 0 1 1 O] but it is of order 2 X 5 so that take it’s transpose as X%, = Il 11 now it is of
0 1
lo ol

order 5x 2.
Now operate M, and X%, with respect to the operation ‘*’ as

L 0
[0 0]

1 1. 100
MCM*XgMz 00 11 1]*[1 1]
0 1
0 0

0
My * XCTM = [0

1 1 1

V(1A1,1A0,1A1,0A0,0A0)

T _
My ®OXiy = V(0A1,0A0,1A1,1A0,1A0)

1
MCMGXCTM = [1

1 0

0 0

0 0]*|1 }
1

[
lo

1
1l

ol

V(l/\0,1/\0,1/\1,0/\1,0/\0)]
V(0A0,0A0,1A1,1A1,1A0)

H

Definition 3.10: (Matrix approach of Rough set) Let R be a tolerance relation on a universe U = {x;, x5 ... X, }
Cycg = {B1,B3 ... B, Where n is finite on U} be a covering of U with MCB's. For any X < U the lower and upper
approximations are defined in matrix form as (X.),x1 = x;; where x;; =Vj_; ay for 1 <i <n, and (X")px1 = ¥ij
where y;; = Vi_, by for 1 < i < n where ay, € My * X2y and by, € Mcy OXEy.

Example 3.11: (continued from example 3.9)

Since Mgy * Xy = [8 8 ., A MeyOXey = [
X

1 1
1 1y

Since (X.)ux1 = x;; Where x;; =Vi_; ay for 1 <i<n where a; € Mgy * Xl thus (X )nxq = [8] and

(X )nx1 = yij where y;; = Vii_y by, for 1 < i <n where by, € Mey®Xfy  thus (X)) = [ﬂ , it implies X, = @

and X* =U {B,, B,} = {1,2,3,4,5}.
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4. ldentifying Consistent block in Social Networks using Rough Matrix in Cycp

Definition 4.1: Let U be a universe set, R be a tolerance relation defined on , the coverings C,, C,, ... C,, on MCB's
with respect to the tolerance relation R formed in different time slots and X € U. The blocks in the covering C; are
consistent than the other all blocks whcih are in remaining coverings, if the Lower approximationof X is minimum and
it's Upper approximation is Maximum on the covering C; than all lower and upper approximations of X on remaining
Coverings.

Example 4.2: The above lower and upper approximations can be found manually using the set operation (by
definition 3.6). However, if we wish to discover them with a machine in large amounts of data, using set notation may
be difficult. In this case, the matrix approach makes it relatively straightforward to identify lower and upper
approximations in such data. This method works well for large data sets seen in social networks. Consider a social
media network with seven users. The lower and upper estimates of various MCB coverings that take place in various
time slots are shown in the example that follows.

Assume U = {1,2,3,4,5,6,7} and various MCB covering kinds. C¢; = {{1,2,3},{3,4,5},{5,6,7} }, C, =
{{1,2,3},{4,5,6},{5,7} }, C;={ {1,2,3}, {4,5}.{5.6,7} }, C, = { {1,2}, {3,4,5}, {5,6,7} } are taken at
different times ty, t5, t3, t3, and t;. The problem is to find the minimum (Lower Approximations) relationships
between all of the elements in set X with respect to all four of the aforementioned coverings and the maximum (Upper
approximation) relationships between X and the remaining elements (apart from the set X) are necessary if you want
to identify the most consistent block across all coverings. Consider X = {3,4,5,6}.

Let us find
1110000
MC1M=0011100
0000111
and if
X ={34,5,6}
then
0010000
Xem=1(0011100
0000110
Implies
0 0 O
0 0 O
1 0 O
Xtm=10 0 0
0 1 1
0 1 1
L0 0 o
Thus
000
Mew*XEu=1010
000
and
110
MClMOXglM =(111
011
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ovovo 0
Therefore from the definition of 3.10 X, = IOVlVOl = Il] which means there is only one middle block
o0vovo 0
{3,4,5}in C, contained in X therefore X, , = {3,4,5},
1V1ivo 1
Also, from the definition of 3.10 X7, = [1V1V1l = lll which means all blocks in C, intersecting with X.
ovivi 1

Therefore Xz = {1,2,3,4,5,6,7} = U.
Similarly we can obtain

Xc,, = {456}, XEZ ={1,2,3,4,5,6,7} = U,

Xc,, = {45} X¢,={1,234567}=U

and
Xc, = {345} X¢, ={3456,7}= U.
since
Xey, € Xeyoo Xey, € Xy,
and

XC N c Xc4* thus XC3*Z{4,5}

3

is the minimum block than remaining and
* * * *
X, € XC1 = XC2 = XC3.

Thus, the lower and upper approximations of X on the covering C5 are minimal and maximum with respect To
other coverings respectively, when compared to the rest of blocks; hence the block C5 is more consistent in all of the
remaining MCB Coverings.

5. Conclusion

In this paper new matrices defined with respect to blocks and observed how they can be useful in finding
consistent blocks with respect to a given set. This approach can be used to model and solve problems related to social
media networks.
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