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ABSTRACT. In this paper the concept of interval valued intuitionistic
fuzzy soft set relations (IVIFSS-relations for short) is proposed. Our re-
lations on interval valued intuitionistic fuzzy soft sets is an extension of
the relations on intuitionistic fuzzy soft sets, introduced by Mukherjee and
Chakraborty in 2009. The basic properties of the IVIFSS-relations are also
presented and discussed. It is seen that the sub collection of the family of
IVIFSS-relations form a relational topology. Also various types of IVIFSS-
relations are presented. Then a solution to a decision making problem
using IVIFSS-relation is presented. Finally the lower and upper soft inter-
val valued intuitionistic fuzzy rough approximations of a IVIFSS-relation
with respect to a soft interval valued intuitionistic fuzzy approximation
space are presented.
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1. INTRODUCTION

The vagueness or the representation of imperfect knowledge has been a prob-
lem for a long time for the mathematicians and philosophers. However, recently it
became a crucial issue for computer scientists, particularly in the area of artificial
intelligence. To handle situations like this, many tools have been suggested. Some
of them are probability theory, fuzzy set theory, rough set theory etc. In 1999,
Molodtsov [10] introduced soft set theory which is a completely new approach for
modeling vagueness and uncertainties. In soft set theory, there is no limited condi-
tion to the description of objects; so researchers can choose the form of parameters
they need. Research works on soft set theory are progressing rapidly. Maji et al.[6]
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defined several operations on soft set theory. Based on the analysis of several op-
erations on soft sets introduced in [6], Ali et al.[2] presented some new algebraic
operations for soft sets and proved that certain De Morgan’s law holds in soft set
theory with respect to these new definitions. Aktas and Cagman|I] introduced the
basic properties of soft sets, compared soft sets to the related concepts of fuzzy
sets[12] and rough sets[11], pointed out that every fuzzy set and every rough set
may be considered as a soft set. Combining soft sets with fuzzy sets[12] and intu-
itionistic fuzzy sets[3], Maji et al. [7, 8] defined fuzzy soft sets and intuitionistic
fuzzy soft sets which are rich potentials for solving decision making problems. As a
generalization of fuzzy soft set theory, intuitionistic fuzzy soft set theory makes de-
scription of the objective more realistic, more practical and accurate in some cases,
making it more promising. The notion of the interval-valued intuitionistic fuzzy set
was first introduced by Atanassov and Gargov [4]. It is characterized by an interval-
valued membership degree and an interval-valued non-membership degree. In 2010,
Y. Jiang et al.[5] introduced the concept of interval valued intuitionistic fuzzy soft
sets which is a combination of an interval valued intuitionistic fuzzy set theory and
a soft set theory. The concept of relations on intuitionistic fuzzy soft sets was intro-
duced by Mukherjee and Chakraborty[9] in 2009. The concept of IVIFSS-relations
together with their basic properties on interval valued intuitionistic fuzzy soft sets
is introduced in this paper. It is to be shown that the sub collection of the family of
IVIFSS-relations forms relational topology. Also various types of IVIFSS-relations
are presented. Then a solution to a decision making problem using IVIFSS-relation
is presented. Finally the lower and upper soft interval valued intuitionistic fuzzy
rough approximations of a IVIFSS-relation with respect to a soft interval valued
intuitionistic fuzzy approximation space are presented.

2. PRELIMINARIES

Definition 2.1 ([12]). Let X be a non empty set. Then a fuzzy set (F'S for short)
A is a set having the form A={(x, pa(x)): x € X} where the function p4: X—[0,1]
is called the membership function and p4(x) is called the degree of membership of
each element xeX.

Definition 2.2 ([10]). Let U be an initial universe and E be a set of parameters.
Let P(U) denotes the power set of U and AC E. Then the pair (F, A) is called a
soft set over U, where F is a mapping given by F: A— P(U).

In other words, a soft set over U is a parameterized family of subsets of U. For
e€A, F(e) may be considered as the set of e-approximate elements of the soft set (F,

A).

Definition 2.3 (|7]). Let U be an initial universe and E be a set of parameters. Let
F(U) be the set of all fuzzy subsets of U and ACE. Then the pair (F, A) is called a
fuzzy soft set over U, where F is a mapping given by F: A — F(U).

Definition 2.4 ([3]). Let X be a non empty set. Then an intuitionistic fuzzy set
(IFS for short) A is a set having the form A={(x, pa(x), va(x)): x € X} where
the functions pu: X—[0,1] and v4: X—[0,1] represents the degree of membership
and the degree of non-membership respectively of each element xeU and 0<u 4 (x)+
v4(x)<1 for each xeX.
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Definition 2.5 ([8]). Let U be an initial universe and E be a set of parameters. Let
IF(U) be the set of all intuitionistic fuzzy subsets of U and AC E. Then the pair (F,
A) is called an intuitionistic fuzzy soft set over U, where F is a mapping given by F:
A — IF(U).

Definition 2.6 ([4]). An interval valued intuitionistic fuzzy set A over an universe
set U is defined as the object of the form A={<x, pa(x), va(x)>: x€U}, where pa:
U— Int([0,1]) and y4: U— Int([0, 1]) are functions such that the condition: Vxe€U,
suppa(x)+ supya(x)<1 is satisfied.

The class of all interval valued intuitionistic fuzzy sets on U is denoted by IV-
IFS(U). Let A, BEIVIFS(U). Then

e the union of A and B is denoted by A\/B where

AVB={(x, [max(infy (x), infup (x)), max(supjea (x), supyup(x))], [min(infy 4 (x),
infyp(x)), min(supya(x), supyp(x))]): x€U}

e the intersection of A and B is denoted by AAB where

AAB={(x, [min(infu4(x), infyp(x)), min(suppa(x), suppp(x))], [max(infy4(x),
infy p (x)), max(supya(x), supys(x))): x€U}

Atanassov and Gargov shows in [4] that A\/B and A/AB are again IVIFSs.

Definition 2.7 ([5]). Let U be an initial universe and E be a set of parameters. Let
IVIFS(U) be the set of all interval valued intuitionistic fuzzy sets on U and A CE.
Then the pair (F, A) is called an interval valued intuitionistic fuzzy soft set (IVIFSS
for short) over U, where F is a mapping given by F: A — IVIFS(U).

Definition 2.8 ([11]). Let R be an equivalence relation on the universal set U.
Then the pair (U, R) is called a Pawlak approximation space. An equivalence class
of R containing x will be denoted by [x]g. Now for XCU, the lower and upper
approximation of X with respect to (U, R) are denoted by respectively R.X and
R*X and are defined by

R.X={xeU: [x]pCX},

R*X={x€U: [x]gnX#£2}.

Now if R,X=R*X, then X is called definable; otherwise X is called a rough set.

3. RELATIONS ON INTERVAL VALUED INTUITIONISTIC FUZZY SOFT SETS

Definition 3.1. Let U be an initial universe and (F, A) and (G, B) be two interval
valued intuitionistic fuzzy soft sets. Then a relation between them is defined as a
pair (H, AxB), where H is mapping given by H: AxB—IVIFS(U). This is called an
interval valued intuitionistic fuzzy soft set relation (IVIFSS-relation for short). The
collection of relations on interval valued intuitionistic fuzzy soft sets on AxB over
U is denoted by py(AxB).

Remark 3.2. Let U be an initial universe and (Fy, A1), (Fa, Ag),...,(Fn, Ay) be
n numbers of interval valued intuitionistic fuzzy soft sets over U. Then a relation p
between them is defined as a pair (H, A; xAsx...xA,,), where H is mapping given
by H: AjxAsx.... xA,— IVIFS(U).

Example 3.3. (i) Let us consider an interval valued intuitionistic fuzzy soft set (F,
A) which describes the ‘attractiveness of the houses’ under consideration. Let the
565
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universe set U={hj, hs, h3 ,hy, h5} and the set of parameter A={beautiful(e;), in
the green surroundings (e3)}.

Then the tabular representation of the interval valued intuitionistic fuzzy soft set
(F, A) is given below:

U | Beautiful(e;) | In the green surroundings(es)
by | ([.1,.7], [.1, .3]) ([-3, 4], [.2, .5)
hy | ([.3, .5], [.3, 4]) ([-2, .3], [4, .5])
hs | ([.2, 6], [.1, .3]) ([-1, .3], [.2, .3])
hy | ([.3, 4], [.1, .5]) ([-1, .6], [.2, .3])
bs | (11, .3), [2, 3]) (L4, 5], [, .4)

(ii) Now let us consider the interval valued intuitionistic fuzzy soft set (G, B)
which describes the ’cost of the houses’ under consideration. Let the universe set
U={hy, ho, h3 ;hy, hs} and the set of parameter B={costly(ez), moderate(es)}.

Then the tabular representation of the interval valued intuitionistic fuzzy soft set
(G, B) is given below:

U Costly(e2) Moderate(ey)
hl ([23 6]; [37 4]) ([2a 4}7 [37 5])
ho | ([.1, .2], [4, .6]) | ([4, .5], [.1, .3])
hs | ([4, 6], [.2, .3]) | ([.2, .5], [1, .3])
hy | ([.1, .3], [.3, -6]) | ([.3, 4], [.2, .5])
hs | ([.3, .5], [.2, 4]) | (-4, .5], [.3, .4])

Let us consider the two IVIFSS-relations P and Q on the two given interval valued
intuitionistic fuzzy soft sets given below:
(1) P= (H, AxB):

U (e1, e2) (e1, eq) (e3, e2) (e3, e4)

[ (L 6], 1.1, 30) | (12, 4] 3, 5) | (2. 6], 13, 4] | (2 3], .3, .6))
ho | ([.3, 4], [[3, 4]) | ([4, .5], [.1, .3]) | ([.3,.5], [4, .5]) | ([4, .7], [1, .3])
hy | ([.2, 3], [5,.6]) | ([.2,.6].[.2,.3]) | ([.2, .5], [:3, .4]) | ([.2, .5.[.3, .4])
hy | ([.3, 4], [.3,.5]) | ([-3, 4], [4,.5]) | ([-3, 4], [.2, .3]) | ([.3, 4], [.3, -5])
hs | (L1, 3102 4D | (13, 5] [2, 4]) | (13, 5], [2.4]) | (.3, 6], [.3, .4])

(2) Q= (J, AxB)

U (e1, e2) (e1, eq) (e3, e2) (e3, e4)

(5 8 L 2) [ (02 5L 13 4D | (3 7, L 2D | (2 4, 12, 3)
he | ([4, .5], [2, 4]) | ([4, .6], [.1, .3]) | ([.3, .5], [4, .B]) | ([4, .8], [1, .2])
hg | ([.2, .6],[.1, 4]) | ([-2,.7], [1,.3]) | ([.2, 6], [.2, .3]) | ([-3, .5], [2, .3])
hy | (13, 5], 13, 4]) | (13.4], [4, 3) | (L7, 8] L1, 2]) | (4, 6], [2, .4])
by | (L1, 4L [120) | (13, 6], [2,.3]) | (03, 6], [2 3)) | (13, .7]. [.1, .3])

The tabular representations of P and Q are called relational matrices for P and
Q respectively. From above we have, fif(e, e,)(h1)=[0.1, 0.6] and 7 j(c, ¢,)(h2)=[0.2,
0.4] etc. But this intervals lie on the 1st row-1st column and 2nd row-1st column
respectively. So we denote fifr(e, e,)(h1)](1,1)=[0.1, 0.6] and 7 s(c, e,)(h2)|(2,1)=[0.2,
0.4] etc to make the clear concept about what are the positions of the intervals in
the relational matrices.
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Definition 3.4. The order of the relational matrix is (a, ), where a=number of the
universal points and S=number of pairs of parameters considered in the relational
matrix. In example 3.3, both the relational matrix for P and Q are of order (5, 4).
If a=(, then the relation matrix is called a square matrix.

Definition 3.5. Let P, Qepy (AxB), P=(H, AxB), Q=(J, AxB) and the order of
their relational matrices are same. Then we define

(i) PUQ=(H®J, AxB), where H¢J: AxB— IVIFS(U) is defined as (H#J)(e;,
e;)=H(e;, €;)\/J(e; €;) for (e;, e;)€AxB, where \/ denotes the interval valued intu-
itionistic fuzzy union.

(i) PNQ=(HeJ, AxB), where HeJ: AxB— IVIFS(U) is defined as (HeJ)(e;,
ej)=H(e;, e;)AJ(e;, ¢;) for (e;, ¢;)€AxB, where A denotes the interval valued
intuitionistic fuzzy intersection.

(iii) P¢ =(~H, AxB), where ~H: AxB—IVIFS(U) is defined as ~H(e;, e;)=[H(e;,
e;)]* for (e;, e;)€ AxB, where § denotes the interval valued intuitionistic fuzzy com-
plement.

Example 3.6. Consider the interval valued intuitionistic fuzzy soft sets (F, A) and
(G, B) given in example 3.3. Let us consider the two IVIFSS-relations P; and Q;
given below:

(1) Py= (H, AxB):

U (e1, €2) (e1, eq) (es3, €2) (es3, €4)

hy | ([.1, .5], [.1, .3]) | ([.2, 4], [.3, .5]) | ([.2, .6], [.1, .4]) | ([.2, .3], [.3, .6])

hy | ([.3, 4], [3,4]) | ([4, 5], [1,.3]) | ([:3,.5], [4, .5)) | ([-1,.7), [1, .3])

hs | ([.2,.3], [.5,.7]) | ([.2, .6], [.2, .3]) | ([.2, .5], [.3, -4]) | ([.2, .5], [.2, -4])

hy | ([.3, 4], [.2,.5]) | ([-3, 4], [4, .5]) | ([.3, 4], [.2, .4]) | ([.3, 4], [.3, -5])

hs | ([.1,.3], [.2, .4]) | ([.3, .5], [.2, .4]) | ([.3, .5], [.2, .4]) | ([.5, .6], [.3, .4])
(2) Qi= (J, AxB)

U (61, 62) (61, 64) (63, 62) (637 94)

hy | ([.3, 4], [.1,.2]) | ([.2, .3], [.3, -4]) | ([.3, .5], [.1, -2]) | ([.2, 4], [.2, -3])

ho | ([4, .5], [.2,.5]) | ([.4, .6], [.1,.3]) | ([.3, .5], [4, .5]) | ([.4, .6], [.1, .2])

hs | ([.2, .6], [.1, .4]) | ([.2, 4], [.1,.3]) | ([.2, .6], [.2, -3]) | ([-3, .5], [.2, .5])

hy | ([.3, 4], [[3, 4]) | ([.3, 4], [4, .5]) | ([.7, .8], [.1, .2]) | ([4, .5], [2, 4])

hs | ([:3, 4], [2,.5]) | ([-2, .6], [2, .3]) | (['5, 6], [2, .3]) | ([:3,.7], [[1, .3])
Then (i) P1JQ1

U (e1, e2) (e1, e4) (es, €2) (es, e4)

hy | ([.3,.5], [1, .2]) | ([.2, 4], [.3, 4]) | ([.3, .6], [.1, .2]) | ([.2, 4], [.2, .3])

hy | ([4, 5], [2,.4]) | ([4, 6], [1,.3]) | ([3,.5], [4, .5)) | ([4, .7}, [1, .2])

hs | ([.2, .6], [.1, .4]) | ([.2, .6], [.1, .3]) | ([.2, .6], [.2, -3]) | ([-3, .5], [.2, -4])

hy | ([.3, 4], [.2, .4]) | ([.3, 4], [4,.5) | ([.7, .8], [1, .2]) | ([-4, .5], [.2, .4])

hy | ([.3, 4], [.2, .4]) | ([.3, .6], [.2, .3]) | (5, .6], [.2, .3]) | ([-5, .7], [.1, .3])
(i) P1NQ1
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U (e1, e2) (e1, eq) (e3, e2) (es, es)

hy | ([1, 4], [, .3]) | (1.2, 3], [:3, .5]) | (.2, 5], [.1, .4]) | (.2, -3], [.3, -6])
he | ([.3, 4], [.3, .5]) | ([-4, 5], [.1, .3]) | ([.3, 5], [4, .5]) | ([.1, -6], [.1, .3])
hy | ([.2, 3], [5, .7]) | ([-2, 4], [.2, .3]) | ([.2, 5], [.3, 4]) | ([.2, .5], [2, .5])
hy | ([.3, 4], [[3, .5]) | ([-3, 4], [4, .5]) | ([.3, 4], [.2, 4]) | ([.3, 4], [3, .5])
hs | ([.1, 3], [2, .5]) | ([-2, -5, [-2, 4]) | ([:3, 5], [-2, 4]) | ([.3, -6], [.3, -4])

(iii) P, ¢ :

U (e1, e2) (e1, eq) (e3, e2) (e3, eq)

hy | ([.1,.3], [.1, .5]) | (1.3, 5], [.2, 4]) | ([.1, 4], .2, .6]) | ([.3, .6], [.2, .3])
hy | ([.3, 4], [[3, 4]) | ([1, .3], [4, .5]) | ([-4,.5], [.3,.5]) | ([.1, .3], [.1, .7])
hs | ([.5,.7], [2, .3]) | ([-2, 3], [-2, .6]) | ([.3, 4], [.2, .5]) | ([.2, 4], [.2, .5])
hy | ([.2, 5], [:3, 4]) | ([4, 5], [.3, 4]) | ([-2, 4], [.3, 4]) | ([.3, 5], [.3, -4])
hs | ([-2, 4], [1, .3]) | ([-2, 4], [-3, 5]) | ([-2, 4], [-3, .5]) | ([.3, 4], [.5, -6])

Theorem 3.7. Let P, ), Repy (AxB) and the order of their relational matrices
are same. Then the following properties hold:
(a) (PUQ)C =P“NQ°C.
(b) (PNQ) =P°UQ“.
() PUQUR)=(PUQ)UR
(d) PNQNR)=(PNQ)NR
(e) PN(QUR)=(PNQ)U(PMR)
(f) PUQNR)=(PUQ)N(PUR)

Proof. (a) Let P=(H, AxB), Q=(J, AxB). Then PUQ=(H4#J, AxB), where H$J:
AxB—IVIFS(U) is defined as (H#J)(e;, e;)= H(e;, ¢;)\VI(e;s, ¢;) for (e;, e;)€AXB.
So (PUQ)® =(~H4eJ, AxB), where ~H#J: AxB — IVIFS(U) is defined as
(~H#J)(ei, €5)
= $(H(es, €;)\VI(ei; €5))
ﬁ({<hk /*LH (eq e,)(hk) ’YH(P PJ)(hk)> hk S U}
Vs 1o (hi)s Y (enseyy (i) = hy, € UY)
= ﬁ({<hk7 [mam(znqu(e e,)(hk) an,uﬂ] (eq 67)(hk))
max(SUPMH(e e )(hk) SUPHL j(e; ej)(hk))L
[mln(znf’yH (eq 67)(h‘k‘) an’YJ(e 67)(h’k7))
Min(SupYe (e, e;) (h)s SUPYs(er ;) (hi)l) : hi. € UY)
= {<hk [mm(meH(e e])(hk) an’YJ (e; e])(hk))
mln(sup’YH(e ej)(hk) Sup’YJ(e ,€5) hk))]
[max(lnf:uH (e; e])<hk) anﬂ](e ,€5) hk))
max(sup,uH(e ej)(h’k) sup:u](e e])(hk))D hk? € U}
Now P°(NQ¢ = (~ H,Ax B)(\(~ J,A x B), where ~ H, ~ J : Ax B —
IVIFS(U) are defined as

~ H(eivej) = [H(eiaej)]ﬁ and ~ J(eiaej) = [J(eivej)]ﬁ

for (e;,e;) € A x B. We have (~ H,Ax B)(\(~ J,Ax B) = (~ He ~ J, A x B).
Now for (e;,e;) € A x B,
(~ He ~ J)(ei,e;) =~ Hlei e5) \ ~ J(ej, e5)
= {<hkaryH(ei,ej)(hk)a,uH(e“e]')(hk» thy € U}
568
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AP, Ycere;) (hi)s g (ese) (hi)) = hie € U}
= {{hw, [min(infye e, ;) (hr), i fV(ese,) (Pk))s
MIn(SUPYH (e,,e;) Mk )5 SUDYV I (es,e;) (Pi))],
[max(infum e, e;)(Pr), infiie, ;) (k)
Maz(SUPILE (e, e;) (Mh)s SUDI I ey e;) (hi))]) = P € U}
Consequently, (PJQ)¢ = PN Q°.

(b) Proof is similar to (a).

(c) Let P=(H, AxB), Q=(J, AxB) and R=(K, AxB). Then P |J Q=(H4J, AxB),
where H$J: Ax B — IVIFS(U) is defined as (H#J)(e;, ;)= H(e;, €;)V J(es, €;)
for (e;, e;)€ AxB. So (PUQ)UR = ((H#J)#K, Ax B), where (H¢J)#K: AxB —
IVIFS(U) is defined as for (e;, e;)€ AxB, ((H®J)#K)(e;, ¢;)=(H (es,¢;) \V J(ei, €5))
V K (ei,e5). Now as (Heire;) \ Jleiren)) V K (es,e3)=H (e, ) V(J(er, ;)

V K (e;,e;)), therefore ((H#J)4K)(e;, e;)=((HO#(J#K))(e;, e;). Also we have
PUQUR)=(H4(J#K), AxB). Consequently, P J(QUR) = (PUQ)UR.

(d) Proof is similar to (c).

(e) Let P=(H, AxB), Q=(J, AxB) and R=(K, AxB). Then QUR=(J¢K, AxB),
where J#K: AxB— IVIFS(U) is defined as (J#K)(e;, e;)= J(e;, €;)V K(e;j €;) for (e;,
e;)€ AxB. Then P (QUR)=(He(J4K), AxB), where He(J4K): AxB— IVIFS(U)
is defined as for (e;, e;)€ AxB, (Ho(J#K))(e;, ej)=H (es,e;) N(J(ei,e;)) V K(es, €5)).
Since

Hieirej) N(J(eise) V K(ei, e5))=(H (eir e5) N\ J(ei ¢5)) V(H (e, e5) N K(eis e5)),
we have (H o (J#K))(er e)=(H(es,ej) A J(er e)) V(H(ei, ) A K(ene;)). Also
(PNQAUPNR) =(HeJ, AxB)J(HeK,Ax B). =((HeJ)4(H o K),Ax B)
Now for (e;,e;) € Ax B, (HeJ)#(HeK))(e;,¢e;) =(HeoJ)(e;,e;) \V(HeoK)(e;,e;)
=(H(ei,ej) N J(ei,e;)) V(H(ei ej) N K(eie;)) =(Heo(J4K))(e;, e;). Consequently,
PN(QUR)=(PNQ)U(PNR).

(f) Proof is similar to (e). O

Definition 3.8. Let P, Q €py(AxB) and the order of their relational matrices are
same. Then PCQ iff H(e;, e;)CJ(e;, €;) for (e;, ej)€ A x B where P=(H, AxB) and
Q= (J, AxB).

Example 3.9. In the example 3.3, P C Q.

Definition 3.10. Let U be an initial universe and (F, A) and (G, B) be two interval
valued intuitionistic fuzzy soft sets. Then a null relation between them is denoted
by Oy and is defined as Oy = (Hp, A x B) where Hop(e;, ej)={< hy,[0,0],[1,1] >:
hi, € U} for (e;, e;)€ AxB.

Example 3.11. Consider the interval valued intuitionistic fuzzy soft sets (F, A)
and (G, B) given in example 3.3. Then a null relation between them is given by:

U (el, 62) (el, 64) (63, 62) (63, 64)

hy | ([0, 0], [1, 1)) | ([0, O], [1, 1)) | ([0, 0], [1, 1]) | ([0, 0], [1, 1])
hy ([07 0]7 [17 1]) ([07 0]» [17 1]) ([07 0]7 [17 1]) ([07 0}7 [17 1])
hg | ([0, 0], 1, 1]) | ([0, 0], 1, 1]) | ([0, O], 1, 1]) | ([0, O], [1, 1])
hy | ([0, 0], [1, 1]) | ([0, 0], [1, 1]) | ([0, 0], [1, 1]) | ([0, O], [1, 1])
hs | ([0, 0], [1, 1)) | ([0, 0], [1’36]% ([0, 0], [1, 1]) | ([0, 0], [1, 1])
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Remark 3.12. It can be easily seen that P|JOy = P and POy = Oy for any
PEpU(AXB).

Definition 3.13. Let U be an initial universe and (F, A) and (G, B) be two interval
valued intuitionistic fuzzy soft sets. Then an absolute relation between them is de-
noted by Iy and is defined as Iy = (Hy, A x B), where Hy(e;, e;)={(hs, [1,1],[0,0]) :
hi € U} for (e;,ej) € A x B.

Example 3.14. Consider the interval valued intuitionistic fuzzy soft sets (F, A)
and (G, B) given in example 3.3. Then an absolute relation between them is given
by:

U (617 62) (el, 64) (63, 62) (63, 64)

hy | ([1,10,[0, 0]) | ([1, 1], {0, O) | ([L, 1], [0, 0]) | ([1, 1], [0, O])
hy | ({1, 1], 10, 0]) | ([1, 1], [0, O]) | ([1, 1], [0, 0]) | ([L, 1], [0, O])
hg | ({1, 1], 0, 0]) | (1, 1], [0, O) | ([1, 1], [0, 0]) | ([L, 1], [0, O])
hy | ({1, 1, 10, 0]) | ([1, 1], [0, OI) | ([1, 1], [0, 0]) | ([L, 1], [0, O)
hs | ({1, 1], 0, 0) | ([, 1], [0, 0) | ([t 1], [0, 0)) | ([L, 1], [0, O])

Remark 3.15. It can be easily seen that P|JIy = Iy and P(\Iy = P for any
PGpU(AXB).

Definition 3.16. Let 7 be a sub-collection of interval valued intuitionistic fuzzy
soft set relations of the same order belonging to py (AxB). Then 7 is said to form a
relational topology over py (AxB) if the following conditions are satisfied:

(1) OU7 Iy et

(i) If Py e 7 for A€ A, then |J, Py €7

(iii) If Py, Py € 7, then Py (P € 7 .
Then we say that (py(AxB),r ) is a conditional relational topological space.

Example 3.17. Consider example 3.3. Then the collection 7 = {Oy, Iy, P,Q}
forms a relational topology on py(AxB).

4. VARIOUS TYPES OF INTERVAL VALUED INTUITIONISTIC FUZZY SOFT SET
RELATIONS

Definition 4.1. Let Pepy(AxB) and P=(H, AxB) whose relational matrix is a
square matrix. Then P is called a reflexive IVIFSS-relation if for (e;, e;)€ A x B
and hy, € U, we have, tig (e, e;)(hi)l(mn)=[1, 1] and v (e, ;) (ht)|(m,n)=[0, 0] for

m=n=k.

Example 4.2. Let U={h;, hy, hs, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) and (G, B) where A = {ej,e3} and B = {ez,e4}
Then a reflexive IVIFSS-relation between them is

U (el, 62) (61, 64) (63, 62) (637 64)

hy | ([1, 1], [0, 0)) | ([.2, .4], [.3, .5]) | ([.2, -6], [.3, .4]) | ([.2, .3], [.3, .6])
hy | ([:3, 4], [.3,.4]) | ([1, 1], 0, 0)) | ({4, .5], [.1, .3]) | ([:4,.7], [.1, .3])
hg | ([-2,.6},[.1, 4]) | ([:2, 6], [.1,.3]) | ([1,1],[0,0]) |([2,.5],[2 3])
hy | (13, 4], 13, 5) | (13, 4], [4, 5) | (13, 4], [2,3) | (1L, 1], [0, 0])
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Definition 4.3. Let Pepy(AxB) and P=(H, AxB) whose relational matrix is a
square matrix. Then P is called an anti-reflexive IVIFSS-relation if for (e;, e;)€AxB
and hipe U,

we have, p’H(ei,ej)(hk)km,n):[oﬂ O] and fYH(ei,ej)(hk)‘(m,n):[la 1] for m=n=k.

Example 4.4. Let U={hy, hs, h3, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) and (G, B) where A={eq, es} and B={eq, e4} Then
an anti-reflexive IVIFSS-relation between them is

U <e1, 62> (61, 64) (83, 62) (eg, 64)
hy | ([0, 0, [1,1]) | ([-2, 4], [.3, .5]) | ([-2, 6], [.3, .4]) | ([.
h2 (['37 ~4]a ['37 4}) ([07 0]7 [1 1]) ([~4a'5]’ ['17 3]) ( .
hs | ([.2, .3],[.1, 4]) | ([-4,.5], [.1,.3]) | ([0, 0], [1,1]) | ([.2,.5],[2, .
hy | ([.3, .6], [.3, .4]) | ([.3, 4], [4, .5]) | ([.2, .5], [.2, .5]) | (][O, O], [1, 1])
Definition 4.5. Let Pepy(AxB) and P=(H, AxB) whose relational matrix is a
square matrix. Then P is called a symmetric IVIFSS-relation if for each (e;,e;) €
Ax Band h, € U, 3(ep,eq) € Ax B and by € U such that pig(e,.c,)(hr)lmmn) =
BH (ep.eq) P (nm) a0 VE (e ;) (hE) | (mon) = VH(ep.eq) (P [(n.m)-

Example 4.6. Let U={h;, hy, hs, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) and (G, B) where A={e1, es} and B={eq, e4}. Then
a symmetric IVIFSS-relation between them is

U (61, 62) (61, 64) (63, 62) (6‘37 64)

by | (01, 2], (2, -6]) | ([2, AL 3, 5) | ([ 6], .3, 4) | ([, 3], .3, -6))
ho | ([2, 4], [3,5) | ([0,0], [1,1]) | ([4, 5], [1,.3]) | ([3, 4], [4, .5))
hs | (12, 6,11, 4) | ([4, 5], [1,3) | (13, 4], [.2,.5) | (2, 5], [.2, .3))
by | (12,3, [3, 6)) | (3, 4, [4, 5) | (2, .5, [2, 3]) | (5, 6], [.1, 3])

Definition 4.7. Let Pepy(AxB) and P=(H, AxB) whose relational matrix is a
square matrix. Then P is called an anti symmetric IVIFSS-relation if for each
(ei,e;) € Ax B and hy € U, I(ep,eq) € A X B and hy € U such that either
NH(eq;,ej)(hk)l(m,n) 7& /J'H(ep,eq)(hl”(n,m) and 7H(ei,ej)(hk)|(m,n) 7é 7H(ep,eq)(hl)|(n,m)
or NH(ei,ej)(hk)‘(m,n) = NH(ep,eq)(hl)|(n,7rL) =[0,0] and ’YH(ei,ej)(hk”(m,n) =
’YH(ep,eq)(th(n,m) = [1’ 1]

Example 4.8. Let U={hy, hs, h3, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) and (G, B) where A={eq, es} and B={ez, e4}. Then
an anti-symmetric IVIFSS-relation between them is

U (61, 62) (61, 64) (63, 62) (63, 84)

hy 1 ([1,.2), (.2, .6]) | ([-2, 4], [.3,.5]) | ([-2, 6], [.3,.4]) | ([0, O], [1, 1])
ho | (.3, 5], [.2,4) | (L1, 4], [1, 4) | ([4, 5], [1,.3) | (3, 4], [4, .5))
hs | (14, 5], [1,3) | (15, 6], [2, 4]) | (1.3, 4], [2,.5) | ([0, 0], [1, 1])
hy | ([0, 0], 1, 1)) | ([2, 3], [[5,.6]) | ([0, 0], [1,1]) |([5,6],[1,.3])

Definition 4.9. Let Pepy(AxB) and P=(H, AxB) whose relational matrix is a
square matrix. Then P is called a perfectly anti symmetric IVIFSS-relation if for
each (e;,ej) € Ax B and hy, € U, 3(ep, eq) € Ax B and hy € U such that whenever
infu'H(ei,ej)(hk”(mm) > 0 and Z.nf’YH(ei,eJ')(hk”(mm) >0, ,uH(ep,eq)(hl”(mm) = [Oa 0]
and 'YH(ep,eq)(hl)‘(n,m) = [1’ 1]

=
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Example 4.10. Let U={hy, ho, hs, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) and (G, B) where A={e;, es} and B={es, e4}. Then
a perfectly anti-symmetric IVIFSS-relation between them is

U (61, 62) (el, 64) (63, 82) (63, 84)

hy 1 ([1,.2), (.2, .6]) | ([-2, 4], [.3,.5]) | ([0, 0], {1, 1]) | ([0, O], [1, 1])

hy | ([0, 0], [1,1]) | (1.1, 4], [, .4]) | ([4,.5], [, .3]) | ([0, 0, [1, 1])

hg | ([:2,.5], [.1,.4]) | ([0, 0], [1,1]) | ([.3, 4], [.2,.5]) | ([0, .5], [0, -2])
hy | ([:2, 4], [5, .6)) | ([:2, 3], [:5, .6]) | ([0, 3], [0, .5]) | ([5,6],[1,.3])

Definition 4.11. Let P, Qepy(AxA) and P=(H, AxA), Q= (J, AxA) and the
order of their relational matrices are same. Then the composition of P and Q,
denoted by P*Q, is defined by PxQ=(Ho J, AxA) where HoJ: AxA— IVIFS(U)
is defined as (H o J)(e;, ej) = {<hk,,LL(HOJ)(ei_’ej)(hk),'Y(HOJ)(eivej)(hk)> : hy, € U},
where fi(to0.7)(e; ;) (hi) = [mazi(min(inf g e, ) (hi), N fl(ere;) (Pr))),

mazy (min(Supip (e, e) (P ), SUPK 5 (e, e;) (hr:)))] and

V(Ho.])(e,;,ej)(hk) = [minl(max(infpyH(ei,el)(hk)7inf’yJ(el,ej)(hk))%

ming (maz(SUpye e, er) Pk ), SUPY.1(ere;)(Pi)))] for (es,e5) € A x A.

Example 4.12. Let U={hy, ho, h3, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) and (G, A) where A={e;, ea}. Let P, Q €py(AxA)
and P=(H, AxA), Q= (J, AxA) where P:

U (e1, 1) (e1, €2) (e2, €1) (e2, €2)

hy | (-3, 4], [.3, 4]) | ([.2, 4], [.3,.5]) | ([.2, .5], [.3, 4]) | ([.2, .3], [.3, -6])

b | (L1, (0,0) | (11, 2] [0,0]) | (4. 5] [ 3]) | (4. 7] [1, 3])

hg | ([-2,.6], [1, .4]) | ([-2, 6], [.1,.3]) | ([-2, .3], [4, .6]) | ([-2,.5], [.2, .3])

hy | ([.2, 4], [.3, .5]) | ([.3, 4], [4,.5]) | ([.3, 4], [.2, .3]) | ([0, .2], [4, .5])
Q:

U (e1, e1) (e1, e2) (e2, €1) (e2, e2)

hy | ([.5, 8], [.1,.2]) | ([.2, .3], [.3, .6]) | (.1, 4], [.3, .B]) | ([.2, 0.4], [.2, .3])

hy | ([-4,.5], [.2,.4]) | ([-4, .6, [.2,.3]) | ([-1,.5], [4, .5]) | ([4,.5], [1,.2])

hs | ([.2, .3], [.5, .6]) | ([-3, 4], [4,.5]) | ([.7, .8], [.1, .2]) | ([.3,.5], [3, -4])

hy | ([.3,.5], [.3, 4]) | ([.3, 5], [.2, .4]) | ([.2, 4], [.2,.3]) | ([.3,.7], [.1,.3])

Then, PxQ:

U (e1, 1) (e1, €2) (e2, €1) (e2, €2)

hy | (.3, 4], [.3, 4]) | ([.2, 4], [.3,.5]) | ([-2, .5], [.3, 4]) | ([.2, .3], [.3, -6])

ho | ([4, .5], [.2, 4]) | (.1, .6], [.1, .2]) | ([-4, .5], [.2, 4]) | ([4, .5], [.1, .3])

by | (2. 6], [, 3]) | ([2, 5 (3, 4) | (2. 5] (2 3) | (2 5] 3, 4])

hy | ([:2, 4], [3,.5]) | (I:3, 4], [.3, .5]) | ([:3, 4], [.3, .4)) | ([:3, 4], [2, 4])
Definition 4.13. Let P €py(AxA) and P=(H, AxA). Then P is called a transitive

IVIFSS- relation if P*P CP.

Example 4.14. Let U={hy, ho, hs, hy}. Let us consider the interval valued intu-
itionistic fuzzy soft sets (F, A) where A = {e1,e2}. Let P €py(AxA) and P=(H,
Ax A) where P:
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U (e1, 1) (e1, €2) (e2, €1) (e2, €2)

hy | ([.3, 4], [.3, .4]) | ([.2, 4], [.3, -6]) | ([.2, .5], [.3, -4]) | ([.2, 4], [.3, -6])
hy | ([1, 1], [0, 0]) | ([1,.2], [0,0]) | ([4,.5], [1,.3]) | ([4, .7}, [1, .3])
hs | ([.2, 6], [.1, 4]) | ([.2, .6], [.1, .3]) | ([-2, .3], [4, .6]) | ([2, .5], [.2, .3])
hy | ([.3, 4], [3, .4]) | ([.2, 4], [.3, .5)) | ([.2, .5], [3, -4]) | ([.2, .4], [3, .5])

Then PxP:

U (e1, e1) (e1, e2) (e2, e1) (e2, e2)

hy | ([.3, 4], [3, .4]) | ([.2, 4], [.3, .6]) | ([.2, .4], [3, .4]) | ([.2, .4], [3, .6])
he | ([1, 1], [0, 0]) ([.1, .2], [0, 0]) | ([.4,.5], [.1, .3]) | ([4,.7], [1, .3))
hs | ([.2, .6], [.1, 4]) | ([.2, .6], [.1, .3]) | ([-2, .3], [4, .6]) | ([.2, .5], [.2, -3])
hy | ([3, 4], [3, 4]) | ([.2, 4], [3,.5]) | ([2, 4], [.3, .4]) | ([-2, 4], [.3, .5])

Thus, PxPCP and so P is a transitive IVIFSS- relation.

5. SOLUTION OF A DECISION MAKING PROBLEM

The concept of interval valued intuitionistic fuzzy soft relations can be used effec-
tively for solving a wide range of decision making problems. Using the interval valued
intuitionistic fuzzy soft relations there is an inherent reduction in the computational
effect. This fact is illustrated by the following real life problem:

Let U={hy, ha, hs, hy, hs} be the set of five houses and E={e;(expensive),
es(wooden), es(beautiful), e4(cheap), e5(in the green surroundings), eg(concrete),
e7(in the main town), eg(moderate)} be the set of parameters. Let us consider the
four soft sets (F1, A1), (Fa, Ag), (Fs3, As), (F4, As) which describes the ‘cost of the
houses’, ‘attractiveness of the houses’, ‘physical trait of the houses’, ‘characteristic
of the place where the houses are located’ respectively. Now suppose that Mr. X
is interested in buying a house on the basis of his choice of parameters ‘beautiful’,
‘wooden’, ‘cheap’, ‘in the green surroundings’. This implies that from the available
houses in U, he will select the house which satisfies with all the parameters of his
choice.

Step-1: Let the tabular representations of the above soft sets are given by respec-
tively: (F1, Aq):

U el €4
([0.2, 0.6], [0.3, 0.4]) | ([0.2, 0.4], [0.3, 0.5])
hs | ([0.1, 0.2], [0.4, 0.6]) | ([0.4, 0.5], [0.1, 0.3])
([0.3, 0.6], [0.2, 0.3]) | ([0.2, 0.5], [0.1, 0.2])
([ ], [ 1)
(I ] [ )

h

hz ([0.1, 0.3], [0.3, 0.5]) 0.3, 0.4/, (0.3, 0.5

hy ([0.5,0.7], [0.1, 0.2]) 0.6, 0.8/, [0.1, 0.2
(FQ7 AQ)Z

U €3 €s

h; ([0.5, 0.6]7 [0.17 0.2]) ([0.2, 0.3], [0.4, 0.6])

hy | ([0.2, 0.4], [0.3, 0.4]) | ([0.6, 0.7], [0.1, 0.2])

hs | ([0.3, 0.5], [0.3 , 0.4]) | ([0.4, 0.6], [0.3, 0.4])

hy | ([0.1, 0.3], [0.4, 0.5]) | ([0.5, 0.6], [0.1, 0.3])

hy ([0.6,0.8], [0.1, 0.2]) ([0.1, 0.2], [0.5, 0.6])
(F3, A3):
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U e e
([0.6, 0.7],2[0.1, 0.2]) | ([0.2, 0.5],6[0.3, 0.4])
hs | ([0.2, 0.5], [0.2, 0.4]) | ([0.6, 0.8], [0.1, 0.2])
hs | ([0.4, 0.6], [0.1, 0.4]) | ([0.3, 0.6], [0.3, 0.4])
( ([ ], [ 1)
(l ], [ D

by | (0.3, 0.4], [0.4, 0.5)) | ([0.1, 0.2], [0.5, 0.7

bs | ((0.2,0.3], [0.3, 0.7]) | (0.5, 0.6], [0.2, 0.3
(Fa, Ag):

U €5 er

Ly | (04, 0.5], [0.3, 04]) | ([0-5, 0.6], [0.2, 0.3

( (I I, [ 1)
hy | ([0.2,0.4], [0.3, 0.4]) | ([0.1, 0.4], [0.2, 0.5])
([0.1,0.3], [0.5 , 0.6]) | ([0.4, 0.6], [0.1, 0.2])
hy | ([0.3,0.5], [0.2, 0.4]) | ([0.1, 0.3], [0.4, 0.6])
hs | ([0.5,0.7], [0.1, 0.2]) | ([0.2, 0.3], [0.5, 0.7])

Step-2: To solve this problem let us consider a soft set relation p=(F, A;xAgxAj
xAy), where F: AjxAyxAsxAy — IVIFS(U) is defined by

F((es, ej)a (ex,€1)) = {<h)\’ [min(infﬂFl(ei)(hA)ﬂ inf/"F2(€j)(h>\)ﬂ inf:qu(ek)(h/\)v
I flE (o) (B2)), min(suppp, (e,) ("), SUPLLE, (e;) (h), SUPRE (er) (h)s SUPKE, (e) (BA))]
[min(inf’YF1 (es) (h)\)7 inf/YFQ(Ej) (h)\)7 inf'ng(ek) (h)\)v inf7F4(el)(h)\))7
MAN(SUPYE, (e;) () SUPYE, (e;) () s SUPVE; (1) (h), 8UPYERy(er) (BA))]) + B € U}
where e;€A1, e;€A,, e, €As, €Ay, Then we have,

F((eq,e€3), (e2,€5)) = {< h1,[min(0.2,0.5,0.6,0.4), min(0.4,0.6,0.7,0.5)],
[min(0.3,0.1,0.1,0.3), min(0.5,0.2,0.2,0.4)] >, < ha, [min(0.4,0.2,0.2,0.2),
min(0.5,0.4,0.5,0.4)], [min(0.1,0.3,0.2,0.3), min(0.3, 0.4, 0.4, 0.4)] >,
< hs, [min(0.2,0.3,0.4,0.1), min(0.5,0.5,0.6,0.3)], [min(0.1,0.3,0.1,0.5),
min(0.2,0.4,0.4,0.6)] >, < ha, [min(0.3,0.1,0.3,0.3), min(0.4,0.3,0.4,0.5)],
[min(0.3,0.4,0.4,0.2), min(0.5,0.5,0.5,0.4)] >, < hs, [min(0.6,0.6,0.2,0.5),
min(0.8,0.8,0.3,0.7)], [min(0.1,0.1,0.3,0.1), min(0.2,0.2,0.7,0.2)] >}
ie.,

}7‘((647 63), (627 65)) = {< hl, [02, 04], [01, 02] >, < ho, [02,04}7 [01703} >,
< h3,[0.1,0.3],[0.1,0.2] >, < ha, [0.1,0.3],[0.2,0.4] >, < hs, [0.2,0.3],0.1,0.2] >}.

Step-3: We define the score of h; (denoted by S(h;)) by: Vh;€U, S(h;)=the total
number of times so that supp(h;))>suppu(h;)) for j#i, h;eU.

Then we have, S(hl):4, S(hg):4, S(hg)ZQ, S(h4):2, S(h5):2

Step-4: Now we define the decision set as D={h;€U: S(h;) is maximum}.

Then we have D={h;, ho}. So Mr. X will buy any one house between h; and h,.

6. LOWER AND UPPER SOFT INTERVAL VALUED INTUITIONISTIC FUZZY ROUGH
APPROXIMATIONS OF AN IVIFSS-RELATION

Definition 6.1. Let Repy(AxA) and R=(H, Ax A). Let ©=(f, B) be an interval
valued intuitionistic fuzzy soft set over U and S=(U, ©) be the soft interval valued
intuitionistic fuzzy approximation space. Then the the lower and upper soft interval
valued intuitionistic fuzzy rough approximations of R with respect to S are denoted
by Lwrg(R) and Uprg(R) respectively, which are IVIFSS- relations over AxB in U
given by:
Lwrg(R)=(J, Ax B) and Uprg(R)=(K, AxB) where
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J(eis ex)={<x, [Ae;eal(infpim e, e;) (X) Ainflif(e,) (%), Aejea(Suppin (e, e;) (x)A
supfif (e,) (X)]; [ Nej e a(infya e e,) VY f ) (%)); Aejea(SUDVH (e e5) (%)
V supyg (e, (x))]>: x€U},

K(e; , er) ={<x, [Ae;ealinfum e, e;) ()Vinfpy e, (%)), Ae;ea(sSuppim e, e;) (%)

Vsuppg e ()]s [ Aejea(infym e, ) (AN £(e,) (%), Aej ca(supVa e, e ) (%)

A supvs(e,)(x))]>: x€U}, for e; €A, epeB.

Theorem 6.2. Let ©=(f, B) be an interval valued intuitionistic fuzzy soft set over U
and S=(U, ©) be the soft approximation space. Let Ry, Ro€py (AxA) and R1=(G,
A xA) and Ry=(H, A xA). Then

(i) L’U)’f's (OU):OU

(i)  Uprs(lv)=Iv

(111) R1CRy=Lwrg (Rl) CLwrg (RQ)

(iV) RiCRy= Up’f‘s (Rl) - Up?”s (RQ)

(v)  Lwrs (Ri(\R2)Z Lwrs (R1 )\ Lwrs (R2)

(vi) Uprs (Ri(\R2)S Uprs (R )\Uprs(Rz)

(vii) Lwrs(Ry)|J Lwrs(R2)C Lwrs (R1|JR2)

(viii) Uprs (Ri)JUprs (R2)S Uprs (RiURz2)

Proof. (i)-(iv) are straight forward.

(v) Let Lwrg(R1 (R2)=(S, A xB). Then for (e; , ex)€ Ax B, we have

S(ei7 ek):{<X’[/\€j eA(infu(G.H))(ei7€j)(X)/\infﬂf(Ek)(X))7
/\ej EA(Sup:LL(G.H)(Ei,ej) (CU)ASUPHf(ek)(X))]»[ /\6,‘ EA(iner(GOH))(ei,ej) (X)\/inf’}/f(ek) (X)),
Neje aA(SUPY(Gart)(ese;) () SUDYf (e (%))]>: x€U}

={< 2, [Ae,camin(inf pee,e,) (@), inf pip e, e;) (@) Ninf e, (2)),

/\ej EA(min(supNG(ei,ej) (x)a SUPHH (e;,e;) (LE)) /\ supuf(ek)(:c))],

[/\ej eA(mam(inf'YG(e,y,ej)(x)’ inf’yH(ei,ej) (1')) \/ infvf(ek)(x))’

/\ejEA(max(Sup’YG(ei,ej)(m)7 SUPVH (e;,e,) (%)) V) 8UPYf(er) ()] >: 2 € U}

Also for Lwrg(Ry) (| Lwrs(R2) = (Z,A x B) and (e;,er) € A x B, we have,
Z(eier) = {< @, [min(A\,,ca(infrc e, ) (@) Ninfipen)(®)), Ae,calinf e, e;) (@)
Ninfigie (@), min(N\,, e a(suppic e, ;) (@) N\ supiip(e,) () Ne,ea(SUPLH (e, e ;) ()
A suptig ey (2)))], [maz (A, e a(@0f VG ese,) (T) Vi f Vs (e (@), Ae,ea(f Vi 1 e5) ()
Vinfyie, (@), maz(N,, e a(5upvG(ese;) (€) V supVp(er) (2)); A e a(SUDVH(es e ) (7)
V supysien(x)))] >: z € U}

Now since min(inf,u'G(ei,ej)(x)’ infMH(Ei,ej)(x)) < inqu(Ei,EJ)(x) and
min(infMG(ei,Ej)(x)7 inf/’LH(ei,ej)(a:)) < inf/’['H(ei,ej)(m)) ;we have
Ne;ea(min(inf nc e, e, (@), inflip e, e;) (@) Ninf e, (@) <

MR (N, e (i1 G e (2) N 3T 15 ) (D) A, (0 B e (2)
Ninfigee(@)))-

Similarly we can get A, ¢ 4 (Min(Supiic (e, e;) (%), SUDLI(ere,)(2)) A 5UDILf 00 (@) <

min(A, e 4 (SUPKG e, ;) (T) N suptise)(€)), Ao, e a(SUPLE (e1,05)(®) N\ SUPLLE(e)) (7))
Again as ma'r(ianG(ei,Ej)(x)v inf’YH(ei,eJ-)(x)) 2 inf’YG(ei,ej)(x) and
ma'r(infﬂ)/G(ei,ej)(m)v inf’YH(ei,eJ-) ($)) 2 ?:nf’YH(Ei,Ej)(m)) ;we have
Ne,ea(maz(infyaie, e, (), infyu(e ;) (@) Vinfrpee) () =
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max(/\ej eA(inf'YG(ei,ej) (x) \/ infvf(ek)(m))v /\ej GA(inf'YH(ei,ej)(x)

Vinfypien (2)))-

Similarly we can get A\, ¢ 4 (Maz(supyc(e; e;) (€), SUPYH (es,e5)(®)) V supV (e, () =
max(A., e a(SUPYG(ese;) (@) V 5uDVf(er) (2)), Ao, e 4 (SUPVH(e1,e5) (%)

V supvs(e,)(®)))-

Consequently, Lwrg(R;(\Rz2)CLwrg(Ry)(Lwrg(Rz).

(vi) Proof is similar to (v).

(vii) Let Lwrg(Ry U R2)=(S, A xB). Then for (e; , ex)€ Ax B, we have

S(ei, ex)={<x,[Ae; ca(infrc e my)(es e;) X)NILLf (e (%)),

Ne; € A(SUDL(G @ ) ) (e1,e;) (X) ASUDELF (e) (X))],
[Ne;ea(infycemy)ies ;) (@) Vinfys e, (%),
Ne; e A(SUD V(G o)) (eire;) (X SUPYf(ep) (X))]>: x€U}

:{< €L, [/\ejeA(max(infﬂ'G(euej) (l‘), Z.nf/'l/H(ei,ej) ($)) /\ Z.nf,uf(ek) ($)),

/\ej eA(max(sup,uG(ei,ej)(x)? Sup/’[’H(ei,Ej)(x)) /\ Sup,uf(ek)(m))])

(Ne,;ca(min(infvG e, e;) (@), infVr(ese;)(2) Vinfypen) (@),

Ne,ea(Min(supyc e, e;) (%), SUPYH(e1,e5) (%)) V SUPYf(er) (2))] > 2 € UL
Also for Lwrg(Ry) |J Lwrs(Re) = (Z, A x B) and (e;,e) € A x B, we have,
Z{esrer) = 1< 2, [, e A0 Fere) (@) A0 F 15 @), A, a1 111000 e) ()
Ninfppee (@), maz(A,, e a(suptice, e;) (@) N suppipie,) (@), A, ea(suptisie; e;) (@)
A suppip(e,) (@)], Imin(A, e a(inf G ese;) (@) Vinfvpe) (@) Ae,eainf Ve, e;) (@)
Vinfgie,) (@), min(A., e a(SupVG es,e;) (@) V supy(e,) (), Ae,ca(5upVH (e e5) (2)
V supyg(e,)(x)))] >z € U}
Now since maz(infiuce, e;) (%), inf e (e, ;) () = inflige, e, (x) and
G046 er ) (s 0P 1) () > 0 1 (0)) W6 Bive
/\ejeA(max(inf,uG(Ei,e]')($>7 inf/’[’H(Ei,ej)(x)) /\infﬂf(exc)(x» >
max(/\ej eA(Z'nf:U/G(ei,eJ')(x) /\ inf/”'f(exc)(x))v /\e]- eA(inf,uH(ei,e]-) (x)
Ninfpgien (€)))-

Similarly we can get

P4 (POL(SUDIG e ) () SUDIH (v (2)) A\ 5UBML (3 (2)) 2
maT( Ny, 4 (SUPHG(er 009 () A SUPIS ) (2)s Ay 4 (SUPILH er ) (2) A\ 5B ey ()
Again as min(inf'YG(el',ej)(x)7 inf’YH(ei,ej)(x)) < inf’YG(ei,e]')(‘r) and
min(inf'YG(ei,ej)(x)J inf’VH(ei,ej)(x)) < inf’YH(Ei,ej) (.’L‘)) ;we have
/\e]»eA(min(inf'VG(ei,e]')(‘r)v ianH(ei,ej) (.%‘)) \/ inf'yf(ek)(aj» <
min(A, ;e a(infYGes,e;) (@) Vinf e (@) Aejea S Vm e ()
Vinfvs e (@)))-
Similarly we can get /\ejeA(min(supvg(ei’ej)(x), SUPYH (e;,e;)(T)) V 8UDV(ep) (7)) <
min(A,, e 4 (5uUPVGese;) (@) V 5uDVp(e) (2))s Ao, ea (SUPTVE (e; ) (7)
V supys(en) (2)))-

Consequently, Lwrg(R;1)J Lwrg(Rz)CLwrs(R1(JR2).
(viii) Proof is similar to (vii). O
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7. CONCLUSION

In the present paper we extend the concepts of relations on intuitionistic fuzzy
soft sets to interval valued intuitionistic fuzzy soft set relations (IVIFSS-relations
for short). We also made an attempt to form the topological structure based on
IVIFSS-relations. We have discussed various types of IVIFSS-relations with suitable
examples and presented a solution to a decision making problem. It is expected that
the approach will be useful to handle several realistic uncertain problems. Lastly
we have studied the lower and upper soft interval valued intuitionistic fuzzy rough
approximations of an IVIFSS-relation.
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