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Abstract— Convergence of information and communication
technology has brought a radical change in the way data are
collected or generated for ease of multi criterion decision
making. The huge data is of no use unless it provides certain
information. It is very tedious to select a best option among an
array of alternatives. Also, it becomes more tedious when the
data contains uncertainties and objectives of evaluation vary in
importance and scope. Unlocking the hidden data is of no use to
gain insight into customers, markets and organizations.
Therefore, processing these data for obtaining decisions is of
great challenge. Based on decision theory, in the past many
methods are introduced to solve multi criterion decision making
problem. The limitation of these approaches is that, they
consider only certain information of the weights and decision
values to make decisions. Alternatively, it makes less useful
when managing uncertain and vague information. In addition,
an information system establishes relation between two
universal sets. In such situations, multi criterion decision
making is very challenging. Therefore, an effort has been made
in this paper to process inconsistencies in data with the
introduction of intuitionistic fuzzy rough set theory on two
universal sets.

Index Terms— Rough Set, Solitary Set, Relative Set, Accuracy,
Intuitionistic Fuzzy Rough Set, Multi Criteria Decision Making

|. INTRODUCTION

The rough sets theory introduced by Pawlak [1, 2] is
an excellent mathematical tool for the analysis of
uncertain, inconsistency and vague description of objects.
The rough sets philosophy is based on the assumption
that every object of the universe is associated with a
certain amount of information. This information in the
form of data is expressed by means of some attributes
used for object description. Objects having the same
description are indiscernible with respect to the available
information. The indiscernibility relation thus generated
constitutes a mathematical basis of the rough sets theory;
it induces a partition of the universe into blocks of
indiscernible objects, which can be used to build
knowledge about a real or abstract world. The basic idea
of rough set is based upon the approximation of sets by
pair of sets known as lower approximation and upper
approximation. Here, the lower and upper approximation
operators are based on equivalence relation. However, in
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many real life problems, rough set model cannot be
applied due to the restrictive condition of requirement of
equivalence relation. To this end, rough set is generalized
to fuzzy environment such as fuzzy rough set, and rough
fuzzy set [3]. Further, the indiscernibility relation is
generalized to almost indiscernibility relation with the
introduction of fuzzy proximity relation to study many
real life problems. Based on fuzzy proximity relation, the
concept of rough set on fuzzy approximation spaces is
defined [4]. Rough set on fuzzy approximation space is
further generalized to rough set on intuitionistic fuzzy
approximation space [5]. Different applications in this
direction are studied by various authors [6, 7, 8].

The rough set model is generalized using two distinct
and related universal sets by Wong [9]. Further, Guilong
Liu [10] defined rough set on two universal sets and
fuzzy rough set on two universal sets to study some real
life problems. Intuitionistic fuzzy sets [11] extend the
concept of the membership functions in fuzzy sets [12] to
include the non membership functions and degrees of
hesitation. Keeping this in mind, fuzzy rough set on two
universal sets is extended to intuitionistic fuzzy rough set
on two universal sets by Tripathy and Acharjya [13].
Rough set on two universal sets and intuitionistic fuzzy
rough set on two universal sets is widely studied by
Tripathy and Acharjya [14] and Acharjya [15].

Multi criterion decision making (MCDM) is a process
in which decision makers evaluate each alternative
according to multiple criteria. Many representative
methods are introduced to solve MCDM problem in
business and industry areas. However, a drawback of
these approaches is that they mostly consider the decision
making with certain information of the weights and
decision values. This makes them much less useful when
managing uncertain information. To this end, multi
criteria fuzzy decision making has been studied in [16,
17]. Several attempts have already been made to use the
rough set theory to decision support [18]. The original
rough set approach is not able to deal with preference
ordered attribute domains like product, quality and
market share. For this reason, Greco et al. [19] have
proposed an extension of the rough set theory that is able
to deal with inconsistencies in multi criteria decision
analysis problems. This approach is based on substitution
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of the indiscernibility relation by a dominance relation in
the rough approximation of decision classes. But, in
many real life problems, an information system
establishes relation between two universal sets. Multi
criterion decision making on such information system is
very challenging. This paper discusses how intuitionistic
fuzzy rough set on two universal sets can be employed on
MCDM problems for taking decisions.

To unfold the article, the rest of this paper is organized
as follows: Section 2 presents a traditional rough set
followed by rough set on two universal sets in Section 3.
In Section 4 we present notions and concepts of fuzzy
rough set on two universal sets, intuitionistic its algebraic
properties, topological classification and measures of
uncertainty. Section 4 provides an illustration of the multi
criteria decision making (MCDM) problem. Finally, in
Section 5, we present conclusion and outlines the
directions for future work.

Il. TRADITIONAL ROUGH SET

Rough set [1] was first put forward and established by
Zdzislaw Pawlak (1982) to deal with vague and uncertain
data. The basic definition of rough sets is based upon the
approximation of a set by a pair of sets known as lower
and upper approximation. Let U be the universe of finite
non empty set of objects. Let RcUxU is an
equivalence relation on U. The equivalence relation R
partitions the set U into disjoint classes and it is denoted
as U/R. Let X be a subset of U. Therefore, the target set
X can be described by lower and upper approximation as

below, where RX and RX are R-lower and R-upper
approximations of X respectively.

RX = f{X'eU/R:X'c X} (1)
RX = AX'eU/R:X'nX # ¢} )

Boundary region of the set X, BN, (X), is the objects

in X that can be distinguished neither as a member nor as
a non-member of X employing the relation R. It is

denoted as BN, (X)=RX —RX . A set X is said to be

definable if RX =RX and the target set is a crisp set i.e.,
there is no boundary line objects. Similarly, it is said to
be rough if RX = RX orequivalently BN, (X) = ¢.
Rough set has many applications. But, it has certain
limitations while handling quantitative information
system. It is because quantitative attribute values are not
exactly indiscernible rather almost indiscernible. To
overcome this limitation rough set has extended to rough
set on fuzzy approximation space and rough set on
intuitionistic fuzzy approximation space. Similarly, it is
not applicable if the information system establishes
relation between two universes. For example, relation
between hospitals in a city and patients can not be
processed in traditional rough set. To overcome this
limitation, Liu [10] introduced the concept of rough set
on two universal sets. In the next section, we formally

Copyright © 2015 MECS

state the notions, definitions and concepts of rough set on
two universal sets as discussed by Liu.

I11. ROUGH SET ON TWO UNIVERSAL SETS

An information system provides a means to describe a
finite set of objects called a universe with a finite set of
attributes thereby represents all the available information
and knowledge. But in many real life situations an
information system sets up relation with more than one
universe. This extends the concept of rough set on single
universal set to rough sets on two universal sets. This
eventually extends the scope of rough sets to extract
knowledge. Liu [10] generalized the rough set models
using two distinct universal sets. Let U and V be two
universal sets and R < (U xV) be a binary relation. A
relational system (U, V, R) denotes an approximation
space. For an element x eU , right neighborhood or the
R-relative set of x in U is defined as
r(x)=A{yeV:(x,y)eR}. Similarly, for an element
y €V, the left neighborhood or the R-relative set of y in
Vis defined as 1(y) = AxeU : (x,y) e R}.

For any two elements x, x, eU, x, and x, are said
to be equivalent if r(x)=r(x,). Thus, (x,x,) g, if
and only if r(x)=r(x,) , where E, denotes the
equivalence relation on U. Hence, E;, partitions the
universal set U into disjoint subsets. Similarly for any
two elements y,,y,eV , we say y, and y, are
equivalent if I(y,)=I(y,) . Thus, (y,, V,)<E, if and
only if 1(y,) =1(y,), where E, denotes the equivalence
relation on V and partitions the universal set V into
disjoint subsets. Therefore for the approximation space
(U, V, R), it is clear that E, cR=R=R<E, , where
E, R is the composition of R and E, . For any Y <V
and the binary relation R, we associate two subsets

RY and RY called the R-lower and R-upper
approximations of Y respectively, which are given by:
RY = {xeU:r(x)cY} and 3)
RY = fxeU :r(x)nY = ¢} ()

The R-boundary of Y is denoted as BN.(Y)=
RY —RY . The pair (RY, RY) is called as the rough set of

Y <V if RY = RY or equivalently BN, (Y) = ¢ . Further,

if U and V are finite sets, then the binary relation R from
U to V can be represented as R(X, y), where

1 if(x,y)eR

R(x.¥) = {0 if (x, y) & R

The characteristic function of X —U is defined for each
xeU as follows:
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() = 1 ifxeX
5710 ifxe X

Therefore, the R - lower and R - upper approximations
can also be presented in an equivalent form as shown
below. Here A and v denote the minimum and the
maximum operators respectively.

(RV)x= A (@-R( y)vY(y)) and ®)
(RY)x= v (R(X,Y) AY(¥)) 6

Definition 3.1 Let U and V be two universal sets. Let R
be a binary relation from U to V. If xeU and r(x)=4¢,
then we call x is a solitary element with respect to R.
The set of all solitary elements with respect to the relation
R is called as solitary set and is denoted as S.
Mathematically,

S={xeU:r(x)=¢} @)

IV. Fuzzy ROUGH SET ON TwoO UNIVERSAL SETS

The basic idea of rough sets, introduced by Pawlak [1,
2] depends upon the notion of equivalence relations
defined over a universe U. However, equivalence
relations in real life problems are relatively rare in
practice. Therefore, efforts have been made to make the
relations less significant by removing one or more of the
three requirements of an equivalence relation. A fuzzy
relation is an extension of the concept of binary relation
on any set U . Therefore, fuzzy rough sets by Dubois and
Prade [3] generalize the concepts of Pawlak rough sets.
Further it is generalized to fuzzy rough sets in two
universal sets by Liu [10].

Let U be an universe of discourse and X is a
particular element of U . A fuzzy set X of U is defined as
a collection of ordered pairs (X, z, (X)), where g, (x):
U —[0,1] is a mapping known as the membership

function of X. The family of all fuzzy sets in U is denoted
as F(U). Let U and V be two non empty universal sets.

Let R, be a fuzzy binary relation from U —V . Thus,
(U,V, R.) is called a fuzzy approximation space. For
any Y eF(V) and the fuzzy binary relation R., we
associate two subsets R.Y and R_FY called the R; -
lower and R -upper appgximations of Y respectively. A
fuzzy rough set is a pair (R.Y, R_FY) of fuzzy sets on U
such that for every x eU o

(ReV)X= A (@~ s, (X ) VY (V) ©)
ReY)x= v, (11, (%, Y) AY (¥)) ©
Definition 4.1  Let U and V are two universal sets and

R: is a fuzzy relation from U to V. If xeU and
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e (%, y)=0 for all yeV, then we call x is a solitary

element with respect to R. . The set of all solitary
elements with respect to the fuzzy relation R_ is called as
solitary set and is denoted as S, where

S={x:xeU, s (x,y)=0 VyeV} and (10)
e (X, y) = Minimum (z4, (x), 24, (Y))

The algebraic properties of fuzzy rough set on two
universal sets are widely studied by Guilong Liu [10].

V. INTUITIONISTIC FUzZZY ROUGH SET ON TWO
UNIVERSAL SETS

In fuzzy set theory it is taken into consideration that
there exist a membership value for all the elements of the
set and we do not consider non membership values of the
elements of the set. However, it is not true in many real
life problems due to the presence of hesitation. In fuzzy
set theory, if u(x) be the degree of membership of an
element x, then the degree of non membership of x is
calculated using mathematical formula (1— (X)) with
the assumption that full part of the degree of membership
is determinism and in-deterministic part is zero. This is
not always applicable in real life and hence intuitionistic
fuzzy set theory is better. At the same time, intuitionistic
fuzzy set theory reduces to fuzzy set theory if in-
deterministic part is zero. It indicates that intuitionistic
fuzzy set model is a generalized model over fuzzy set
model. Therefore, intuitionistic fuzzy rough set on two
universal sets is a better model than fuzzy rough set on
two universal sets.

Now, we present the definitions, notations and results
of intuitionistic fuzzy rough set on two universal sets as
introduced by Tripathy and Acharjya [13]. We define the
basic concepts leading to intuitionistic fuzzy rough set on
two universal sets in which we denote g for membership
and v for non membership functions that are associated
with an intuitionistic fuzzy rough set on two universal
sets.

Definition 5.1 [11] Let U be a universe of discourse and
X is a particular element of U . An intuitionistic fuzzy
set X of U is defined as (X, t (X),vx (X)) , where the
function uy (x):U —[0,1] and vy (x):U —[0,1] define
the degree of membership and non membership
respectively of the element xeU . For every element
xeU , 0< uy (X)+vy (x)<1. The amount 1—(uy (X)
+vy (X)) is called the hesitation part, which may cater
either membership value or non membership value or the
both. For simplicity we will use (zy,vy) to denote the
intuitionistic fuzzy set X. The family of all intuitionistic
fuzzy subsets of U is denoted by IFU) . The
complement of an intuitionistic fuzzy set X is denoted by
X' ={< %, vy (¥), 11, (x) > x U}
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Definition 5.2 [11] Let U and V be two non empty
universal sets. An intuitionistic fuzzy relation R,z from

U -V is an intuitionistic fuzzy set of (UxV)
characterized by the membership function HR, and non-

membership function v where

Rip =% ¥), tr . (X, Y)vR, (X, V) [ X €U,y eV}
with 0<yr_(X,y)+vg_(X,y)<1 for every (xy)e
UxV.
Definition 5.3 [13] Let U and V be two non empty
universal sets and R,e is a intuitionistic fuzzy relation
fromUtoV . IfforxeU, s (X, ¥)=0 and v, (X, Y)
=1forall yeV, then x is said to be a solitary element
with respect to R, . The set of all solitary elements with
respect to the relation R is called the solitary set S. That
is,

S={x|xeU, g (X, ¥)=0,v; (X, y)=1VyeV}

Definition 5.4 [13] Let U and V be two non empty
universal sets and R,z is a intuitionistic fuzzy relation

from U to V . Therefore, (U,V,Rjg) is called a
intuitionistic fuzzy approximation space. For Y € IF(V),
an intuitionistic fuzzy rough set is a pair (R,FY,R_,,:Y) of
intuitionistic fuzzy set on U such that fore_very xeU

RigY :{<X1ﬂRi(Y)(X)!VRL(Y)(X)>|XGU} (11)
RieY =40 gy (000 vy () | x €U} (12)
where

Hap o) = A g, (X Y)V 2t (¥)]
Vaeon 0= ¥ [, (6 ) A1y (V)]
Har o) = v Lite, (% Y) A, (¥)] and
Ve = A Ve, (V) vy (V)]

The pair (R,FY,R_,,:Y) is called the intuitionistic fuzzy
rough set of Y with respect to (U,V,R,c) , where Rg,

R : IF(U) = IF(V) are referred as lower and upper

intuitionistic fuzzy rough approximation operators on two
universal sets.

A. Algebraic Properties

In this section, we discuss the algebraic properties of
intuitionistic fuzzy rough set on two universal sets
through solitary set as established by Tripathy and
Acharjya [13]. These are interesting and valuable in the
study of intuitionistic fuzzy rough sets on two universal
sets and are useful in finding knowledge from the
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information system that establishes relation between two
universes.
Let U and V be two universal sets. Let R. be an

intuitionistic fuzzy relation from U to V and further let S
be the solitary set with respect to R . Then for

X,Y e IF(V), the following properties holds:

() Re(V)=U and Re(4)=¢

(b) If X <Y , then Re(X) = Re(Y) and Re(X)
SR (Y)

(© Re(X)=(Re (X)) and R (X) = (R (X))’

(d) Re¢ = S and R_,FV c S', where S' denotes the
canplement of Sin U.

(e) For any given index set J,
X; € IF(V), Rie (U X)) 2 UReX; and
— ield ieJ—
Re(NX) = NReX,.
(f) For any given index set J,
X; e IF(V), R (N X)) = N ReX, and
— ield ie]—

Re (U X;)= URcX;.
iel iel

B. Approximation of Classification

In an information system, the understanding of the
objects and their attributes influencing the objects with a
depicted value are of major concern. The basic
philosophy of rough set is based upon the approximation
of sets by lower and upper approximation of the set. Here,
the lower and upper approximation operators are based
on equivalence relation. But, the requirement of an
equivalence relation is restrictive and may limit the
application of rough set model. Therefore, rough set is
generalized by G. Liu [10] to rough set on two universal
sets. Further, Acharjya and Tripathy [14] generalized the
concepts to intuitionistic fuzzy rough set on two universal
sets. Because we are interested in classifications based on
intuitionistic fuzzy relation, it is interesting to have the
idea of approximation of classifications. It is because
classifications of universes play central roles in rough set
theory. In this section, we introduce the approximation of
classification formally.

Definition 5.5 Let F={Y,,Y,,Y,,---,Y,}, where n>1
be a family of non empty sets defined over V. We say that
F is a classification of V if and only if (Y; NY;) = ¢ for

i=jand iYk:V.
k=1

Definition 5.6  Let F ={Y,,Y,,Y,,---,Y, }be a family of
non-empty classification of V and let R, be a
intuitionistic fuzzy relation from U —V . Then the R -
lower and R -upper approximation of the family F is
given as R F={R.Y, R.Y,,RY; -+, RY,} and
RieF ={§|FY1, ﬁIFYZ, ﬁlFY3, e ﬁqun} respectively.

1.J. Intelligent Systems and Applications, 2015, 04, 26-33
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C. Measures of Uncertainty

This section introduces the concept of measures of
uncertainty such as accuracy and quality of
approximation employing the intuitionistic fuzzy relation
R . We denote the number of objects in a set V by
card (V) . Let F={Y,Y,,---,Y,} be a family of non-
empty classifications. Then the R -lower and R -upper

approximation of the family F are given as R F =
{R.Y,, R.Y,,R.Y,, - ,R.Y,} and RirF ={RiY,
ﬁquz,ﬁleB, ,FhFYn} respectively. Now we define

accuracy of approximation and quality of approximation
of the family F employing the intuitionistic fuzzy relation
R as follows:

Definition 5.7  The accuracy of approximation of F
that expresses the percentage of possible correct decisions
when classifying objects employing the intuitionistic
fuzzy relation R is defined as

_ eard (R,Y,)

= fori=123---,n (13)
2.card (ReY,)

a, (

Definition 5.8 The quality of approximation of F that
expresses the percentage of objects which can be
correctly classified to classes of F by the intuitionistic
fuzzy relation R is defined as

Ycard (R,.Y,)
card (V)
Definition 5.9  We say that F ={Y,,Y,,---,Y,} iS R -

definable if and only if R, =R ; that is R,Y, = R,
fori=1,2,3,---,n.

Ve, (F)= for i=123--,n (14)

VI. AN APPLICATION TO MULTI CRITERION DECISION
MAKING

In this section, we depict a real life application of
intuitionistic fuzzy rough set on two universal sets to
multi criterion decision making. The model application is
explained as intuitionistic fuzzy rough set upper
approximation. Let us consider the multi criteria decision
making in the case of supermarkets in a particular city.
However, it is observed that due to several factors such as
best possible value for customer’s money, quality of the
product, style and the behaviour of supporting staff,
customers depend on more than one supermarket.
Therefore, from customer behaviour it is clear that they
are not happy with one supermarket. Hence, intuitionistic
fuzzy relation better depicts the relation between the
customers and supermarkets.

Let us set the criteria V ={yi, Y5, Y3, Y4, ¥5. Y6t , iN

which y; denotes best possible value of customer’s
money; Y, denotes quality of the product; y, denotes the
behavior of supporting staff; y, denotes the location of
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supermarket; ys denotes availability of items; and y;
denotes offers. Let us consider the decisions U ={d,, d,,
ds, dg, ds}, in which d, denotes outstanding; d, denotes
most welcome; d; denotes more welcome; d, denotes
much welcome; and dg denotes least welcome. Several

variety of customers and professionals are invited to the
survey that only focuses on the criterion of best possible
value of customers money in a supermarket. Therefore,
(U,V, Ry) be an intuitionistic fuzzy approximation
space, where U ={d,d,,d;,d,,d;} and V ={y,V,,
Yar Yar Yo Yol -

If 15% people select “outstanding” and 10% people
select “not outstanding”; 25% select “most welcome” and
20% select not “most welcome”; 35% select “more
welcome” and 5% select “not more welcome”; 10%
select “much welcome” and 20% select “not much

welcome”; and 15% select “least welcome” and 10%
select not “least welcome”, then the vector can be

obtained as (0.15, 0.1; 0.25, 0.2; 0.35, 0.05; 0.1, 0.2; 0.15,
0.1)', where t represents the transpose. Similarly, the
decisions based on other criteria are obtained as follows:
(0.1,0.2; 0.35,0.21; 0.25,0.15; 0.1,0.8; 0.2,0.7)" , (0.55,
0.1;0.15,0.45; 0.2,0.15; 0,0.6; 0.1,0.3)" , (0.1,0.7; 0.1,0.4;
0.4,0.2;0.2,0.3,0.2,0.)' , (0,0.6;0,0.5;0.15,0.3;0.35,
0.1,0.5,0.15)' , and (0.25,0.1; 0.25,0.2; 0.2,0.4; 0.1,0.4;
0.2,0.3)". Based on the decision vectors, the intuitionistic

fuzzy relation R,z from U to V is presented by the

following matrix. We define the intuitionistic fuzzy
relation R € IF(U xV) by the following matrix.

Vi Y, Ys Ya Ys Ye
(01501 0102 05501 0107 006 0.250.1
,| 0.250.2 0.350.21 0.15045 01,04 0,05 0.250.2

0.4,0.2 0.15,0.3 0.2,04
0.2,0.3 03501 0104
0.2,0.1 05,015 0.2,03

.| 0102 0.1,0.8 0,0.6

d
d
R. =d,| 0.350.05 0.250.15 0.2,0.15
d
d,{ 01501 0.2,0.7

0.1,0.3

It is assumed that there are two categories of customers,
where right weights for each criterion in V are
Y, =(<d;,0.35,0.15 >, <d,,0.15,0.3>, < d;,0.2,0.3>,<

d,,0.1,05><d;,0.1,0.4> <dg,0.1,0.2>) and Y, =(<
d,,0.2,0.3>,<d,,04,0.1>,<d;,0.15,04 >,<d,,0.1,0.3

> < dg,0.1,0.3>,<dg,0.05,0.5 >) respectively. Thus, by
using upper approximation we have:

Hemowy (d,) = y\e/v['uR": (di, y) A Hy, (1
=[0.15A0.35]v[0.1A 0.15] v[0.55A 0.2] v
[0.1A0.1]v[0A0.1]v][0.25A0.1]

=0.15v0.1v0.2v0.1v0v0.1
=0.2

1.J. Intelligent Systems and Applications, 2015, 04, 26-33



Multi Criterion Decision Making using Intuitionistic Fuzzy Rough Set on Two Universal Sets 31

Vero @)= AV, @) vy, ()]
=[0.1v 0.15] A[0.2Vv 0.3] A[0.1v 0.3] A
[0.7v 0.5]A[0.6 Vv 0.4] A]0.1v 0.2]
=0.15A0.3A0.3A0.7A0.6 0.2
=0.15
He—w) (d)= y\e/v['uR'F (d,, y)A Hy, (1
=[0.25A0.35]v[0.35A0.15] v[0.15A 0.2] v
[0.1A0.1]v[0A0.1]]v[0.250.1]
=0.25v0.15v0.15v0.1v0v 0.1
=0.25
Vae ) (d,) = y/e\V[VR'F (d,,y) v Yy, (y)l
=[0.2v0.15] A[0.21v 0.3] A[0.45Vv 0.3] A
[0.4v0.5]A[0.5Vv 0.4]A[0.2v0.2]
=0.2A0.3A045A05A05A0.2
=0.2
Hes o (d;) = y\e/v['uR'F (d3, y)~ Hy, (1
=[0.35A0.35]v[0.25A0.15] v[0.2 A 0.2] v
[0.4A0.1]v[0.15A0.1]v[0.2A0.1]
=0.35v0.15v0.2v0.1v0.1v0.1
=0.35
Vﬁ(m(ds) = y/E\V[VR,F (d3,y)v Yy, (y)l
=[0.05v 0.15] A[0.15v 0.3] A[0.15Vv 0.3] A
[0.2v 0.5] A[0.3v 0.4]A[0.4v0.2]
=0.15A0.3A0.3A05A0.4A0.4
=0.15
Hamovy (d,) = y\E/\/[,UR,F (d,.y) A Hy, (y)l
=[0.1A0.35]v[0.1A0.15]v[0A0.2] v
[0.2A0.1]v[0.35A0.1] v[0.1A0.1]
=0.1v0.1v0v0.1v0.1v0.1
=0.1
Vac oy (d,) = y/E\V[VR'F (d,,y)v Yy, (Yl
=[0.2v0.15] A[0.8v 0.3]A[0.6 v 0.3] A
[0.3v0.5]A[0.1v 0.4] A[0.4v0.2]
=0.2A0.8A06A05A04A04=0.2
Hemoy (dg) = y\e/v[‘uR'F (ds, y) A Hy, (Yl
=[0.15A0.35]v[0.2A0.15] v[0.1A 0.2] v
[0.2A0.1]v[0.5A0.1]v[0.2A0.1]
=0.15v0.15v0.1v0.1v0.1v 0.1
=0.15
Ve (@)= ATV, (5, 9) v, (9]
=[0.1v 0.15] A[0.7v 0.3] A[0.3v 0.3] A
[0.1v0.5] A[0.15v 0.4] A[0.3Vv 0.2]
=0.15A0.7A0.3A0.5A0.4A0.3
=0.15
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Hence, the upper approximation for Y, is given as:
R.Y, ={<d,,0.2,0.15>,<d,,0.250.2 >,
<d,,0.35,0.15>,<d,,0.1,0.2 >, < d,,0.15,0.15 >}
Similarly, for the set Y, we get the following:
Hem ) (d) = y\e/v[luR,F (dy, y) A Hy, (1
=[0.15A0.2] v[0.1A 0.4] v[0.55 A 0.15] v
[0.1A0.1]v[0A0.1]v[0.25A0.05]
=0.15v0.1v0.15v 0.1v0v0.05
=0.15
Ve (@) = AV, (@) v vy, (V)]
=[0.1v 0.3]A[0.2Vv 0.1] A[0.1v 0.4] A
[0.7v0.3]A[0.6 v 0.3] A[0.1v 0.5]
=0.3A02A04A0.7A0.6A05
=0.2
He— v, (d,)= y\e/v[yR'F (dy, y) A Hy, (vl
=[0.25A0.2] v[0.35A0.4] v[0.15A0.15] v
[0.1A0.1]v[0A0.1]v[0.25A0.05]
=0.2v0.35v0.15v0.1v0v0.05
=0.35
Ve ) (d,) = y/e\v[VR'F (d,,y) v Yy, (y)l
=[0.2v0.3] A[0.21v 0.1] A[0.45Vv 0.4] A
[0.4v0.3]A[0.5v0.3]A[0.2v0.5]
=0.3A0.21A0.45A04A05A0.5
=0.21
Hap iy () = v [t (A3, ) A, (Y)]
=[0.35A0.2]v[0.25A0.4] v[0.2 A 0.15] v
[0.4 A0.1]v[0.15A0.1] v[0.2 A 0.05]
=0.2v0.25v0.15v0.1v 0.1v 0.05
=0.25
Var o) (dy) = y/e\v[VR'F (d, y)v vy, (y)l
=[0.05v 0.3] A[0.15Vv 0.1] A[0.15v 0.4] A
[0.2v0.3] A[0.3v0.3]A[0.4Vv0.5]
=0.3A0.15A0.4A0.3A0.3A05=0.15
He o) (d,) = y\e/v['uR'F (dg,y) A Hy, (y)l
=[0.1A0.2]v[0.1A0.4] v[0 A0.15] v
[0.2A0.1]v[0.35A0.1]v[0.1A0.05]
=0.1v0.1v0v0.1v0.1v0.05
=0.1
Ve (@) = A Ve, @) v, ()]
=[0.2v0.3]A[0.8v 0.1 A[0.6 v 0.4] A
[0.3v0.3]A[0.1v0.3] A[0.4V0.5]
=0.3A0.8A0.6A0.3A0.3A0.5
=03
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Haroy (Gs) = v [ite, (ds. ¥) A iy (V)]
=[0.15A0.2]v[0.2A0.4]v[0.1A0.15] v
[0.2A0.1]v[0.5A0.1] v[0.2 A0.05]
=0.15v0.2v0.1v0.1v0.1v 0.05
=0.2
Var (Yz)( 5) = [VR (ds,y) v Vy, (vl

=[0.1v 0.3] A[0.7v0.1JA[0.3v0.4] A
[0.1v 0.3]A[0.15v 0.3] A[0.3V 0.5]
=0.3A0.7A04A03A0.3A0.5
=0.3
Hence, the upper approximation for Y, is given as:

R.Y, ={<d,,0.15,0.2>,<d,,0.35,0.21 >,

<d,,0.25,0.15>,<d,,0.1,0.3>,< d,,0.2, 0.3 >}

From the above analysis, according to the principle of
maximum membership, the decision for the first category
of customers is “more welcome” whereas the decision for
the second category of customers is “most welcome”.

VII. CONCLUSION

This paper extends the concepts of intuitionistic fuzzy
rough sets on two universal sets further by defining
approximation of classifications. We have also defined
the accuracy of approximation and quality of
approximation of classifications on two universal sets
employing intuitionistic fuzzy relation. Multi-criterion
decision making employing intuitionistic fuzzy rough set
on two universal sets is stressed upon. We have shown
how decision changes from one category of customers to
another category of customers. The main objective of this
paper is to provide the larger audience the concept
application of intuitionistic fuzzy rough set on two
universal sets. Further research is planned to generalize
the study of approximation of classification and measures
of uncertainty in the context of intuitionistic fuzzy rough
set on two universal sets.
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