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ABSTRACT. In this paper, we introduce intuitionistic fuzzy rough re-
lation on a set and then it is to be proved that the collection of such
relations is closed under different binary compositions such as, algebraic
sum, algebraic product etc. Also the definitions of reflexive, symmetric,
anti symmetric, transitive and anti transitive intuitionistic fuzzy rough re-
lations on a set are to be defined and a few properties of them are to be
investigated. Lastly, we define an operation ‘(©)’ which is a composition of
two intuitionistic fuzzy rough relations, with the help of ‘o’(maxmin rela-
tion) and ‘¢»’(minmax relation). Thereafter it is shown that the collection
of such relations is closed under the operation ‘() .
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1. INTRODUCTION

Theory of fuzzy sets and rough sets are powerful mathematical tools for modeling
various types of uncertainty. In 1965, Prof. L. A. Zadeh [11] initiated the concept of
fuzzy set theory, thereafter in 1982, the concept of rough set theory was first given
by Pawlak [8]. The concept of fuzzy relation on a set was defined by Prof. L. A.
Zadeh [12] and several authors have considered it further. In fact, all these concepts
have good applications in other disciplines and real life problems.

Nanda and Majumdar (1993) [6] introduced the notion of fuzzy rough sets. In 1998,
Chakrabarty et al.’s [2] approached intuitionistic fuzzy rough sets(IF rough set),
they constructed an IF rough set (A,B) of the rough set (P,Q), where A and B are
both IF sets in X such that A C Bie. ua<pup and vap>vp.

From this point of view the lower approximation A and the upper approximation B
are both IF sets. Jena and Ghosh (2002)[4] reintroduced the same notion.
Samanta and Mondal (2001)[10] also introduced this notion but they called it a
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rough IF set. They also defined the concept of IF rough set according to them an
IF rough set is a couple (A,B) such that A and B are both fuzzy rough sets (in
the sense of Nanda and Majumdar[6]) and A is included in the complement of B
according to Samanta and Mondal (2001)[10] an intuitionistic fuzzy rough set (A,B)
is a generalization of an IF set in which membership and non-membership functions
are no longer fuzzy sets but fuzzy rough sets A and B. On the other hand, for
Chakrabarty et al.[2], an intuitionistic fuzzy rough set [13] (A,B) is a generalization
of a fuzzy rough set in which upper and lower approximation are no longer fuzzy
sets but IF sets A and B. Rizvi et al.(2002)[9] described their proposal as “Rough
intuitionistic fuzzy set” in which the lower and upper approximations themselves
are not Intuitionistic fuzzy sets in X but intuitionistic fuzzy sets in the class of
equivalence classes. Recently Gangwal and Bhaumik (2012)[3] defined Intuitionistic
fuzzy rough relation and applied it to some medical applications. But the theories
of Intuitionistic fuzzy rough relations have not been developed there.

In this paper, we introduce the intuitionistic fuzzy rough relation on a set in a
different approach. It is to be proved that the collection of such relations is closed
under different binary compositions such as, algebraic sum, algebraic product etc.
We also define reflexive, symmetric, anti symmetric, transitive and anti transitive
intuitionistic fuzzy rough relations on a set and investigate a few properties on them.

We now give some ready references for further discussion. After the introduction
of the concept of fuzzy set by Zadeh [8], several researchers were conducted on the
generalization of the notion of a fuzzy set. The idea of “Intuitionistic fuzzy set” was
first published by Atanassov [I].

Definition 1.1 ([11]). Let U be a non empty set. Then a fuzzy set A on U is a set
having the form A={(x, pa(x)): x € U} where the function p4:U—[0,1] is called
the membership function and pa(x) represents the degree of membership of each
element x € U.

Definition 1.2 ([I]). Let U be a non empty set. Then an intuitionistic fuzzy set
(IFS for short) A on U is a set having the form A={(x, p14(x), va(x)): x € U} where
the functions p4:U—[0,1] and v 4:U—[0,1] represents the degree of membership and
the degree of non-membership respectively of each element x€U and 0<pa(x)+
v4(x)<1 for each x€U.

Let U be a nonempty set of universe and R be a equivalence relation on U, then
(U, R) is called approximation space. The product space is also an approximation
space, which is (UxU,S) , where the indiscernibility relation SCUXU is defined by
((x1,y1),(x2,y2))€S if and only if (x1,y1)€R and (x2,y2)€R, for each x1,y1,x2,y2€U. It
can be easily verified that S is an equivalence relation on U. The elements (x1,y1) and
(x2,y2) are indiscernible in S if and only if the elements x; and x5 are indiscernible
in R and so yi, y2 are in R. This implies that the equivalence class containing
the element (x, y) with respect to S denoted by [x,y]s and should be equal to the
Cartesian product of [x]r and [y]g.

The concepts of rough set can be easily extended to a relation, mainly due to
the fact that a relation is also a set, i.e. a subset of a Cartesian product. So, let
(U,R) be an approximation space. Let XCU. A relation T on X is said to be a rough
relation [5, 7] on X if T#T, where T and T are lower and upper approximation
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of T, respectively defined by T = {(z,y) € U x U : [z,y]s X x X # @} and
T={(z,y) €U xU:z,yls CX x X}.

2. INTUITIONISTIC FUZZY ROUGH RELATIONS

In this section we introduce Intuitionistic Fuzzy Rough Relation on a set and
study their basic properties. Before we can prepare a hybrid theory, it is necessary
to check the origin of all ingredients, for they can have an important influence on
the flavor of the resulting product.

Let A=(U,R) be an approximation space and XCU be a rough set in A. Let Y be
a fuzzy set in U with membership grade py: X—[0,1]. Then Y is said to be fuzzy
rough set in (U,R) if the following condition holds:

(i) py (x)=1, VxeX

(i) py (x)=0, ¥xe(U\X)

(iii) 0<py (x)<1, ¥x€(X)\X).

Let A=(U,R) be approximation space and XCU be be a rough set in A. Let Y
be a fuzzy set in A characterized by the membership function py:U—0,1]. Then the
product Y x Y is defined by the membership function py xy (x,y)=min{uy (x),uyv (v)},
V(x,y)eUxU.

A Fuzzy Rough Relation Ry on A is a fuzzy subset of YXY

ie. ¥(x,y)eUxU, pugr, (x,5)<py xy (X,y), satisfying the following:

<i> KRy (X’Y) =1, V(X’Y)EX x X

(i) g, (x,y)=0, V(x,y)€[UxU\X x X]

(iii) 0<pr, (x,y)<L, V(x,y)€[X x X\X x X]
where X x X={(x,y)eUxU: [x,y]s € XxX } and
X x X={(x,y)eUxU: [x,y]s [ XxX # &}.

Definition 2.1. Let A=(U,R) be approximation space and XCU be be a rough set
in A. Let Y be a IF set in A characterized by the membership function py:U—[0,1]
and non-membership functionvy: U—[0,1], Then the product Y x Y is defined by
the membership function py x v (x,y)=min{uy (x),uy (v)} and the non membership
function vy xy (x,y)=max{vy (x),vy(y)}, V(x,y)€UxU.

An Intuitionistic Fuzzy Rough Relation(in short IFR relation)R; on Y is an IF
rough subset of YXY

Le. V(xy)eUxU, pg, (xy) < py xy(xy) and v, (x,y) > vy xy(xy), satisfying
the following;:

(i) pr, (x,y)=1 and vg, (x,y)=0, ¥(x,y)€X x X

(ii) pr, (x,y)=0 and vg, (x,y)=1, ¥V(x,y)€[UxU\X x X]

(iil) O<pr, (X,¥), VR, (x,¥)<1, ¥(x,y)€[X x X\X x X].
where X x X={(x,y)eUxU: [x,y]s C XxX }

X x X={(x,y)eUxU: [x,y]s[| XxX # &} .

The pair [pg,,VR,] is called the IFR relation on XCU w. r. t. (UxU,S).

Definition 2.2. If [ugr,,vg,| and [pR,,VR,] are two IFR relations on XCU, then for
every (x,y)€UxU, we define

[i} [NR1 ’VR1]g [MRz 7VR2] < KR, (X7Y)§MR2 (Xa}’) and vg, (X7Y)2VR2 (X’Y)'

[11] Union: [I’LRI ’VRl]\/[MRz’VRz]:[MRl VMRQ YRy /\VRQ]

where (/LR1 VIU‘R2 ) (X7Y):NR1 (X7Y)\/HR2 (X7Y): max{p’lﬁ (X7Y)’ MR (X7Y)}a
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(VRI /\VR2>(X7Y):V31 (X7Y>/\VR2 (X7y): min{I/R1 (X’Y)’ VR, (XaY)}'

[lll] intersection: [I’LRI ’VRI]/\[I’LR2’VR2]:[IU/R1 /\Msz VR, \/VRQ]
where (g, Apr,) (X.y)=1r, (X,¥) AR, (x,y)= min{ur, (x,y), e, (x,y)},

(V1 Vi) (523) =y (3.3 Ny (5,3) = max (v, (5.3), Vs (5,3}

[iV] Algebraic Product: [;U'Rq 7VRl]'[NR2 7VR2] :[/'LR1 "MRy VR, 'VR2}
where (/’LRI MRy ) (X7Y)::U’R1 (X’Y) ‘MR, (Xay)’

(VRl 'VRz)(X7Y):VR1 (X’y)'VRz (va)'

[V] Algebraic Sum: [/J’Pu ’VRJEB[/LRz 7VR2] :[,UR1 DR VR, 'VRQ]
where (/LR1 DPUR, ) (X7Y):NR1 (X7Y)+:U‘R2 (va) - KRy (XaY) ‘KR, (X7Y)a

(VRl 'VRz)(XVY):Vfﬁ (va)'VRz (X’Y)‘

[vi] Arithmetic Mean: [ug,,Vr,|Q[1R,,VR,] =[tr, QUR, VR, QVR,]
where (MR1 @NR2 ) (X7Y):(MR1 (X7Y)+:U’R2 (X’y)>/2’

(VRl@VRz)(X7Y):(VR1 (X’Y)+VRQ (X7Y))/2'

[vi] Geometric Mean: [ur, VR, )i[1tR, VR, =[1r b1iR, VR BV R,
where (MRl ﬁ/JRz)(XaY):\/IU’Rl (.’L‘, y) " KR, (.’IJ, y) and
(VRl uVRz)(X7y):\/VR1 (1‘7 y) * VR, (1177 y)
Proposition 2.3. Union and intersection of two IFR relations on XCU are also an
IFR relations on X C U.

Proof. Let (g, VR, ] and [pr,,VR,] are two IFR relations on XCU and let
N/:MRl ViR, V/:VR1 AVR, -
Then 1o/ (x,y)=(pr, Viir, ) (x,y)= max{pug, (x,y), pir, (x,y)}. Since

[/’631 ’VRI] and [NRz 7VR2}

are two IFR relations, therefore
Ry (Xy)=1=ppr,(xy), V(x,y)€ X x X = max{ug, (x,y), pr,(x,y)}=1
= u/ (x,y)=1, V(x,y)€ X x X.
Also, since [ug,,VR,] and [pur,,VRr,] are two IFR relations,
= fiRr, (%,y)= 0 =pr, (x,y), V(x,y) E[UxU\X x X]
therefore max{ug, (x,y), tr,(x,y)}=0
= 1/ (x,y)=0, ¥(x,y)€[UxU\X x X].
Again since 0<pp, (x,¥).1r, (x.y) <1, V(x,y)€[X x X\X x X]
= O<max{ug, (X,y),4r, (X,y)}<1.
Thus 0<p/ (x,y)<1, ¥(x,y)€[UxU\X x X]|.

and v/ (x,y)=(v AV, (y)= min{v, (5,3), v, (x:3)}-

Now since [ug,,Vr,| and [ugr,,Vr,] are two IFR relations,

therefore v g, (x,y)=0=vg, (x,y), V(x,y)€X x X

= min{vg, (X,y), Vg, (x,y)}=0.

Thus v/ (x,y)=0, ¥(x,y)€X x X.

Also since [ug,,VR,] and [ur,,Vr,| are two IFR relations,

therefore vg, (x,y)=1=vg, (x,y), Y(x,y)€[UxU\X x X]

= min{VRl (X7Y)’ VR, (X7y)}:1'

Thus v/ (x,y)=1, ¥(x,y)€[UxU\X x X].

Again since 0<vpg, (x,y), Vg, (x,y)<1, V(x,y)€[X x X\X x X
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= 0<min{vg, (x,y), VR, (x,y)}<1.
= 0<p/ (x,y)<1, V(x,y)€[UxU\X x X].

Thus [/ v/] i.e. [ugr,,vr, |V I[tr, VR, is an IFR relation on XCU.

Similarly we can prove that intersection of two IFR relations on XCU is also an
IFR relation on XCU. O

Proposition 2.4. Algebraic product of two IFR relations on XCU is also an IFR
relation on XCU..

Proof. Let (g, ,VR,] and [uRr,,VR,] are two IFR relations on XCU and
let p/ =g, firy, V' = VR, VR, Then p/ (x,y)=pir, (x,) 1R, (X.Y)-
Since [pg, ,Vr,] and [pur,,VR,] are two IFR relations,
= Wr, (xy)= 1= pr,(xy), V(x,y)€X x X
therefore g, (x,y) g, (x,y)=1
= p/ (xy)=1, V(x,y)eX x X.

Also, since [pg, VR, ] and [pr,,VR,] are two IFR relations,
= pir, (x,y)= 0 = pg,(x.y), V(xy)E[UXU\X x X]
therefore MRy (X7Y)'IU’R2 (XaY):O
= 1/ (x,y)=0, V(x,y)€[UxU\X x X].
Again, since 0<pg, (X,y), pr, (x,¥)<1, V(x,y)€[X x X\X x X
= 0 < pr, (%Y)-p, (xy) <1
= 0 < ¢/ (xy)< 1, V(x,y)€[UXU\X x X]
and v/ (x,y)=vp, (x.y) VR, (x,y)
Now since [pr,,Vr,| and [Rr,,VR,]| are two IFR relations,
= VR, (x,y)= 0 = vp,(x,y), V(x,y)eX x X
therefore vg, (x,¥) VR, (x,y)=0.
= v/ (x,y)=0, V(x,y)€X x X.
Also since [pg,,Vr,| and [pgr,,VR,| are two IFR relations,
= vry(5y)= 1 = v, (), Y(x3) EUXU\T X X]
therefore v, (x,y) VR, (x,y)=1.
= v/ (xy)=1, V(x,y)€ [UxU\X x X].
Again, since 0 < vy, (X,¥), VR, (x,7)< 1, V(x,y)€[X x X\X x X
=0 < v, (xy)VR,(xy) < 1
=0 < v/ (xy) <1, V(x,y)€[UxU\X x X].
Thus [u/,v/] i.e. [ur,Vr,]-[lr,sVR,] is an IFR relation on XCU. O

Proposition 2.5. Algebraic sum of two IFR relations on XCU is also an IFR
relation on XCU.

Proof. Same as above. O

Proposition 2.6. The arithmetic mean and geometric mean of two IFR relations
on XCU are also IFR relations on XCU.

Proof. Obvious. g
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Definition 2.7. An IFR relation [ug,,Vg,] on XCU is said to be reflexive IFR
relation if pg, (x,x)=1 and vg, (x,x)=0, Vx€U.

Definition 2.8. An IFR relation [ug,,Vg,] on XCU is said to be reflexive IFR
relation of order a>0, if ug, (x,x)>« and vg, (x,x)<a, Vx€U.

Definition 2.9. An IFR relation [ug,,Vg,] on XCU is said to be weakly reflexive
IFR relation if pg, (x,x)>pr, (x,y) and vy, (x,x)<vg, (xy) , Vx,y€U.

Definition 2.10. An IFR relation [ug,,Vr,] on XCU is said to be w-reflexive IFR
relation if g, (x,x) > py(x) and vg, (x,x) < vy(x) , V xeU.

Theorem 2.11. Intersection and union of two reflexive IFR relations on XCU is
also reflexive IFR relations on XCU.

Proof. Let (g, ,VRr,] and [ttr,,VR,] be two reflexive IFR relations on XCU and let
N/:NRl AR, s v/= VR, VR,
Then 1/ (x,y)=(ptr, Arir,) (x,y)= min{ur, (xy), i, (x.y)}
and v/ (X7y):(VRl \/VRZ)(XVY): maX{VRl (X7Y)7 VR, (X,y)}.

Since [pgr,,VR,] and [pr,,Vr,] be two reflexive IFR relations,

therefore pg, (x,x)= 1 = pg,(x,x) and vg, (x,x)= 0 = vg,(x,x) Vx € U

= min{pug, (x,X), 4R, (x,x)}=1 and max{vg, (x,x), Vg, (x,x) }=0.

Thus x/ (x,x)=1 and v/ (x,x)=0, ¥V x € U.

Hence [ur, VR, |\[ltRy:VR,] is reflexive IFR relation on XCU. Similarly we can
prove that union of two reflexive IFR relations on XCU is also reflexive IFR relation
on XCU. O

Proposition 2.12. Algebraic product of two reflexive IFR relations on XCU is also
reflexive IFR relation on XCU.

Proof. Obvious. O

Theorem 2.13. The arithmetic mean and geometric mean of two reflexive IFR
relations on XCU are also reflexive IFR relations on XCU.

Proof. Let (g, VR, ] and [pr,,VR,] are two reflexive IFR relations on XCU and let

w =pr, Qupg, and v/= vg, Qug,

Then VYxeU,

! (xX)= (i, Qpr, ) (x,%) =(nr, (xX)+ur, (x,x))/2=1,

[since [pR,,VR,]| and [pR,,VR,] are two reflexive IFR relations

= LR, (xX)=1=R, (xX), Vx€U]
and v/ (x,x)=(vr, Qug, ) (x,X)=(VRr, (x,X)+V R, (x,x))/2=0,

[since [pR,, VR,] and [pR,, VR,| are two reflexive IFR relations

= VR, (x,x)=0=rpg, (x,x), Vx€U].

Thus arithmetic mean of two reflexive IFR relations is also reflexive IFR relation.
Similarly we can prove that geometric mean of two reflexive IFR relations is also
reflexive IFR relation. O
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3. CoMPOSITION OF TWO IFR RELATIONS

Definition 3.1. Let [ug,,vr,] and [ug,,Vr,] are two IFR relations on XCU. Then
composition of two IFR relation denoted by [pg, ,Vr,|©[tRr,:VR,] is defined by
([ILLRl 7VR1]©[:“R2 7VR2])(X7Y) = [(,U'R1 OH R, ) (Xay)v(VRl OI/RQ ) (X7Y)]
where (i, oftr, ) () =maxue min{ e, (%), fim, (1.y)}
(VR, OVR, ) (x,y)=min,epmax{vg, (x,u), Vg, (1,y)}, Vx,yeU.
Property:
(1) Commutative: [MRNVRJ@[MRz?VRz] :[/’LRwsz]@[:uRl’VRJ
(ii) Associative:
[:U‘Rl 7VR1]©([:“R2 7VR2]©[NR3 7VR3]):([MR1 7VR1]©[NR2 aVRz])©[,uR3aVR3]'

Theorem 3.2. Let [ur,,Vr,] and [ur,,Vr,] are two IFR relations on XCU. Then
Jr, VR, J©[uR, VR, ] is also an IFR relation on XCU.

Proof. Let M/:MRloﬂRg and v/ = VR, QVR,-
Then M/ (X7Y):(/“’LR1 ONRQ)(va):maXUGUmin{NRl (x,u), MRy (u7y)}'
Since [pg,,Vr,] and [ur,,Vr,] are two IFR relations,
implies that pg, (x,y)=1 = ug,(x,y), ¥(x,y)eX x X.
Therefore max, cymin{ug, (x,u), pr,(0,y) =1,
implies p/ (x,y)=1, V(x,y)eX x X.
Also, since [pg, VR, ] and [pgr,,VR,] are two IFR relations,
implies ug, (x,y)= 0 = pgr, (x,y), V(x,y)€[UxU\X x X].
Therefore max, cymin{ug, (x,u), pr,(w,y)}=0,
implies p/ (x,y)=0, V(x,y)€[UxU\X x X].
Again since 0<pp, (X,¥), pr, (x,y)<1, V(x,y)€[X x X\X x X]
implies 0<max, cpmin{pg, (x,u), ptr,(0,y)}<1, ¥V(x,y)e[X x X\ X x X
implies 0<pu/ (x,y)<1, V(x,y)€[X x X\X x X
and v/ (x,y)=(vr, OVr, ) (x,y)=min, c ymax{vg, (x,u), vg,(1,y)}.
Since [pg, ,VR,] and [pr,,VRr,] are two IFR relations,
implies that vg, (x,y)= 0 = vg,(x,y), V(x,y)eX x X.
Therefore min, c ymax{vg, (x,u), vg,(u,y) }=0,
implies p/ (x,y)=0, V(x,y)eX x X.
Also, since (g, ,Vr,] and [fr,,VRr,] are two IFR relations,
implies vg, (x,y)= 1 = vg,(x,y), V(x,y)€[UxU\X x X].
Therefore min, c ymax{vg, (x,u), vg,(u,y)}=1,
implies v/ (x,y)=1, V(x,y)€[UxU\X x X].
Again since 0<vpg, (x,y), Vg, (x,y)<1, V(x,y)€[X x X\X x X
implies 0<min, cymax{vg, (x,u), Vg, (1,y)}<1, V(x,y)€[X x X\X x X
implies 0< v/ (x,y)<1, ¥(x,y)€[X x X\X x X].
Thus [r, VR, |©[tRr, VR, is IFR relation on XCU. O

Theorem 3.3. Let [ugr,,vr,] and [ur,,Vr,] be two reflexive IFR relations on XCU.
Then [ur, VR, JO© /1R, VR,] s also reflexive IFR relation on XCU.

Proof. Let M/:M&OMRZ and v/ = VR, OVR,.
Then VYxeU

W (x.x)
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(1, oty (x,%)
=maXy e Umin{MRl (X7u)7 KRy (u,x)}
=max, {max, =, min{pg, (x,u), pr,(0,x)}, max,z,min{pg, (x,u), pr, (0,x)}}
:maxu{min{,u’R1 (XaX)a KRy (X7X)}7 maxu?éfﬁmin{lu’}h (Xvu)a KR, (U,X)}}:L
[Since [ur,,Vr,] and [ur,,Vr,] be two reflexive IFR relations,
= ugr, (x,x)=1 = g, (x,x), VxeU]

and v/ (x,x)
:(VRI <>VR2)(X7X)
=min, cymax{vg, (x,u), Vg, (1,x)}
=min, {min, —,max{vg, (x,u), Vg, (1,x)}, min, 2, max{vg, (x,u), vr,(1,x)}}
= min, {max{vg, (x,x), Vg, (x,x)}, min,»x,max{vg, (x,u), pr,(u,x)}}=0,
[Since [pR,,VR,] and [R,,VR,| be two reflexive IFR relations,
= MR, (XvX): 0= fiR, (X’X)v VX€U}.
Thus (g, VR, |©[lR,.VR,] is reflexive IFR relation on XCU. O

Definition 3.4. An IFR relation [ug,,Vr,] on XCU is said to be Symmetric IFR
relation if MRy (XaY):/J/Iﬁ <Y7X) and VR, (XaY):VRl (y7x>7 VXQ’EU-

Definition 3.5. An IFR relation [ug,,Vg,] on XCU is said to be Anti-Symmetric
IFR relation if pug, (x,y)# 1R, (v.X) or pr, (x,y)=pr, (yx)=0 and vg, (x,y)#Vr, (v.x)
or Vg, (x,y)=Vvg, (y,x)=1, Vx,yeU.

Definition 3.6. An IFR relation [pg,,Vg,] on XCU is said to be Transitive if
[ILLRI 7VR1]©[:“R1 71/R1]g[ﬁ"31 7V31]'

Definition 3.7. An IFR relation [ug,,vr,] on XCU is said to be Equivalence IFR
relation if it is reflexive, symmetric and transitive IFR relation.

Definition 3.8. An IFR relation [ug,,Vr,] on XCU is said to be Equivalence IFR
relation of order « if it is reflexive of order «, symmetric and transitive IFR relation.

Definition 3.9. An IFR relation [pug,,Vg,| on XCU is said to be IFR order relation
if it is reflexive, anti-symmetric and transitive IFR relation.

Definition 3.10. An IFR relation [ug,,Vg,] on XCU is said to be IFR order relation
of order « if it is reflexive of order «, anti-symmetric and transitive IFR relation.

Theorem 3.11. If [ug,,vg,] be a symmetric and transitive IFR relation on XCU.
Then [ur, VR, /] is weakly reflexive IFR relation on XCU.

Proof. Since [pg,,Vr,] be a symmetric IFR relation,
implies that pg, (x,y)=pr, (v.x), Vx, yeU.
Again since [ug,,Vr,]| be a transitive IFR relation, Vx,y€U, we have
oy (%) 20, crmin i, (x,), i, (1)}
VR, (x,y)<min, c ymax{vg, (x,u), Vg, (0,y)}.
Taking y=x, we get
o, (5.9)
>maxy, cymin{ug, (x,u), pr,(1,x)
=max, cymin{ g, (x,u), tr, (x,u)
:maXuEU{:U‘Rl (X7u)}

A
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ZMR1 (X7Y)7 VX>y€U

and vg, (X,X)
<min, ¢ ymax{vg, (x,u), Vg, (1,x)
=min, cymax{vg, (x,u), Vg, (x,u)
=min, ey {Vg, (x,u)}
<vg, (x,y), Vx,yeU.
Thus [ur,,VR,] is weakly reflexive IFR relation on XCU. O

}
}

Proposition 3.12. If [ug, Vg, [ and [ur,,Vr,] are two w-reflexive IFR relations on
XCU. Then /IU’R17VR1] V /:LLRwVRz] C /IU’R17VR1]©[:U’R27VR2/'

Proof. We have Vx,yeU
(/’LR1 O/’LRz)(X7Y)
=maxycpmin{pr, (x,u), pr,(0,y)}
> min{jim, (x,%), fir, (5)}
>min{py (x), fir, (<)} (25 [, wm,] 35 woreflexive).
Again, pr, (X,y)Spy xy (x,y)=min{uy (x), py ()} <py (x),
S0 (MR1 OMRz)(Xv}I)Z KRy (X7Y)a vx,y€eU.
Therefore, pr, <pr,opr,. Similarly, we can show that pur, <pr,opg,.
Hence pig, \/1tr, <{tR,OlR,-
Also (vg,Qvr,)(x,y)
=min, cymax{vg, (x,u), vg,(1,y)}
< max{vg, (x,x), Vg, (%,y)}
< max{vy (x), Vg, (x,¥)}, [as [ur,,VR,] is w-reflexive]
Again, Vg, (x,y)2vy xy (xy)=min{vy (x), vy (y)} 2 vy (x),
S0 (VR1 <>VR2)(X7Y)2VR2 (X7Y)a VX7y€U~
Therefore, v, >Vg, OVR,. Similarly, we can show that v, >vg, OGvg,.
Hence vr, AVR, >VR, OVR,-
Thus [/JR1 ’VR1]\/[MR2 ’VRz] g[/’”ﬁ ’VR1]©[IU’R27VR2}' O

Proposition 3.13. Let X is an intuitionistic fuzzy rough set [[13]] of universe U,
where 1 is the membership function and v be a non-membership function on U. Also
let [ugr,,vr,] be an equivalence IFR relation of order a. Then for each z€ U, there
exist an intuitionistic fuzzy rough subset (ugr, ,vr,) of X determined by membership
function pr, and non-membership function vg_, satisfying the following:

(i) pr, (t)>a and vr, (v)<a,

(it) pr, (y)=pr, (x) and vg, (y)=vr, (z)

(iti) pr, (y)>B, kR, (2)>6 = pr, (2) > B, 0<B<1

and Vg, (y)<A, VR, (2)<\ = VR, (2)<A, 0<A<1

(iv) pr, (y)=0 and vg, (y)=1 = {(ur, vr,)Ntr, VR,) =2

Proof. For each x€U, we define ug, (y)=pr, (x,y) and vg, (y)= vg, (x,y), ¥yeU.

Since g, (x,y) < min{u(x),(y)} and v, (xy) > max{v(x)w(y)}, VxyeU.

We note that

pr, (¥)=pr, (x.y)< min{u(x),u(y)}< p(y)

and Vg, (y)=vr, (xy)> max{v(x) w(y)}>0(y), ¥yeU.

Therefore the intuitionistic fuzzy rough set determined by (ug,,Vg,) is an intu-
itionistic fuzzy rough subset of X.
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(i) pr, (x)=pr, (xx)2a

and vg, (x)=vg, (x,x)<q, [ since [ug,,VR,]| is reflxive IFR relation of order «].
(i) pr, (v)=pr, (y)=pr, (v.X)=pg, (x)

and vg, (y)=Vr, (X,y)=VR, (y;X)=VR, (X), [as [4R, ,Vr,] is symmetric IFR relation].
(iii) Let pr, (y)>p and pg, (z)>06

= MR, (va)a MRy <Y7Z)>ﬁ

= min{ugr, (xX,¥), g, (7,2)}>0 cooeenne. (1)

Since [pg,,VR,] is transitive,

KRy (XaZ)

>maxy e Umin{:uRl (Xﬂl), HRy (U,Z)}

Zmin{/“ﬁ (X7Y)7 KRy (y7Z)}>,3, [by (1)]

= ugr, (z2)=pgr, (x,2)>0.

Again, we suppose vg, (y)<A and vg, (z)<A

= VR, (X7Y)7 VR, (Y7Z)<)‘

= max{Vg, (X,y), VR, (¥,2) } <A coeiriiinnn. (2)

Also by transitive of [ug,,Vg,],

VR, (%,2)

<min,ecymax{vg, (x,u), vgr,(1,2)}

< ma‘X{VR1 (X7Y)’ VR, (Y7Z)}</\7 [by (2)]

= vp, (2)=vg, (x,2)< A.

(iv) Let pug, (y)=0 and vg,_(y)=1.

Now we have to show that (ur,,vr,) \(tr, Vr,)=2

ie. (ur, A\ pr,)(W)=0and (vg, \ vr,)(n)=1, YucU.

If possible let 3 zeU, such that

(1R, Aitr,)(2)>0

= minyin, (2), pr, (2)}>0

= 1R, (2), pr,(2)>0

= 1in(2), . (¥)>0, [using (i)

= g, (y) > 0, [using (iii), puting 3=0]

This contradicts pg, (y)=0. Thus (ur, Air,)(1)=0, YueU.
Also if possible let 3 t€U, such that

(VvayRy)(t)<1

= max{vg, (t), vg, (t)}<1

= Vg, (t), vg,(t)<1

= v (8), v, (y)<1, [using (i)

= vg, (y)<1, [using (iii), puting A=1]

This contradicts vg, (y)=1. Thus (vg,\ vr,)(u)=1, VueU.
Hence (ur, ,Vr,)\{tR, VR,)=2. O

Definition 3.14. An IFR relation [ug,,vr,] on XCU is said to be Anti-Transitive
if [/’I’Rl 7VR1}Q[NR1 ’ VR1]©[.UR1 ;VRl]-

Theorem 3.15. If [ug, Vg, ] be a w-reflexive IFR relation on XCU. Then [ur, VR, ]
is an Anti-Transitive IFR relation on XCU.

Proof. Vx,yeU, we have

(R, opR, ) (X,Y)
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=ImaXy e Umin{MRl (X7u)7 KR, (uaY)}

zmin{/’LRl (va)’ MRy (va)}

>min{py (%), pr, (%,¥)}, [as [1r, VR, is w-reflexive]

Again, g, (x,y)<py xv (xy) = min{py (x), py ()} <py (%),
SO UR, (XaY) < (MR1 OUR,y ) (X7Y)7 Vx,yeU.

Therefore, ur, <pr,olr,-

AISO, (VRl <>VR1 )(X7Y)

:minueUmaX{VRl (Xvu)7 VR, (u7Y)}

Smax{le (X7X)a VR, (XaY)}

<max{vy(x), Vg, (x,y)}, [as [ur, VR, ] is w-reflexive]

Again, vg, (x,y) vy <y (xy) = max{vy (x), vy (y)} >vy (%),
S0 (VRl <>VR1)(X7Y)SVR1 (X7Y)a Vx,yEU.

Therefore, v, >vR, OVR, .

Thus [IU’RI 7VR1]Q[IUJR17 VRl]@[:uRQ?VRl]' O

4. CONCLUSIONS

Rough sets and IF sets both capture particular facets of the same notion-imprecision.
In this paper, it was shown how they can be usefully combined into a single frame-
work. Here we introduced intuitionistic fuzzy rough relations in a different approach
and established some important properties. In future the generalization of the above
concepts will be done.
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