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INTERVAL-VALUED INTUITIONISTIC FUZZY SOFT GRAPHS WITH
APPLICATION

U. MONDAL', M. PALY™, K. DAS?, §

ABSTRACT. The concept of interval-valued intuitionistic fuzzy soft sets and fuzzy graphs
structure together constitute a new structure called an interval-valued intuitionistic fuzzy
soft graph. The definitions of interval-valued intuitionistic fuzzy soft subgraph and strong
interval-valued intuitionistic fuzzy soft graph are introduced with suitable examples. The
degree of the good influence of a parameter in a fuzzy network and there is no influence by
an interval number in the same system. Similarly, the effectiveness and non-effectiveness
of the other fuzzy system on other parameters is measured by the concept of soft graphs
in this article. Also, several different types of operations, including Cartesian product,
strong product and composition on interval-valued intuitionistic fuzzy soft graphs are
presented. Some related properties of these operations are investigated. Finally, we give
a real-life application of interval-valued intuitionistic fuzzy soft graphs on social media
and find out the most affected person in social media.

Keyword: Interval-valued intuitionistic fuzzy soft set, interval-valued intuitionistic fuzzy
soft graph, Operations on interval-valued intuitionistic fuzzy soft graphs.

AMS Subject Classification: 05C72.

1. INTRODUCTION

It is seen in the maximum time that graph theory is found as an essential part of con-
nectivity in some fields of geometry, algebra, topology, number theory, computer science,
operation research as well as optimization. Fuzzy graph theory is finding an increasing
number of applications in real-time modelling systems where the level of information in-
herent in the system varies with different levels of precision. The notion of the fuzzy graph
was first initiated by Rosenfeld [44]. Mordeson and Nair [31] defined the concept of the
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complement of the fuzzy graph and studied some operations on fuzzy graphs. Vertex cov-
ering problem on fuzzy graph studied by Bhattacharya and pal [9]. In [36, 37, 38, 39, 40]
Islam et al. studied Wiener index, hyper-Wiener index, first Zagreb index, F-index and
hyper-connectivity index for fuzzy graph. Moderson and Peng [30] introduce various op-
erations on fuzzy graphs.

Many important applications in different fields are handled with fuzzy soft sets. To deal
with vague and imprecise parameters, classical soft sets are not appropriate. Maji et al.
[24] represented the generalization of the standard soft sets in the form of initialization
of the notion of fuzzy soft sets. Some characteristics of the said notion are investigated
by Maji et al. [24, 25, 26]. Also, several researchers have used the idea on various
mathematical and algebraic structures [2, 5, 14, 15, 20, 21].

In 1983, Atanassov [6] introduced the concept of intuitionistic fuzzy set as a generali-
sation of fuzzy sets and Maji et al. [27] introduced the concept of intuitionistic fuzzy soft
set and presented some operations on intuitionistic fuzzy soft sets. Akram and Shahzadi
[4] introduced the concept of intuitionistic fuzzy soft graphs combining the notion of in-
tuitionistic fuzzy soft sets with graphs. Also, Shyla and Varkey [51, 54] gave the concept
of the intuitionistic fuzzy soft graph and discussed some properties of this graph.

One extension of fuzzy set [57] is an interval-valued fuzzy set, initiated by Zadeh [58]
in 1975, in which the measure of membership grades are intervals instead of the numbers.
Interval-valued fuzzy sets are more flexible than traditional fuzzy sets of some descrip-
tion of uncertainty. Some researchers thoroughly studied the interval-valued fuzzy sets.
Many works have been done on interval-valued fuzzy sets as well as on interval-valued
fuzzy graphs [1, 7, 22, 23, 32, 35, 41, 56]. Later, the notion of interval-valued fuzzy soft
sets was initiated by Yang [56], which is a more realistic model of uncertainty compared
to a fuzzy set. In 2015, Tripathy and Sooraj [52] gave on interval-valued fuzzy soft sets
and their application in group decision making, Jiang et al. [21] provided interval-valued
intuitionistic fuzzy soft sets and their properties. Some new operations on interval-valued
intuitionistic fuzzy soft sets were initiated by Wang and Tang [55]. Tripathy and Panigrahi
[53] gave interval-valued intuitionistic fuzzy parameterized soft set theory and its appli-
cation in decision-making. Motivated enough above these works and to the best of our
knowledge, there is no work available on interval-valued intuitionistic fuzzy soft graphs.
For this reason, based on the basic concepts of intuitionistic fuzzy graphs, interval-valued
fuzzy graphs and fuzzy soft theory; we develop interval-valued intuitionistic fuzzy soft
graphs.

For other interesting work on fuzzy graphs see [10, 11, 12, 13, 16, 17, 18, 19, 33, 34, 45,
46, 47, 42, 43, 48, 49, 50, 28|.

In this paper, the concept of interval-valued intuitionistic fuzzy soft sets and graph
structure are combined, which induced a kind of fuzzy graph called interval-valued in-
tuitionistic fuzzy soft graph. The definitions of interval-valued intuitionistic fuzzy soft
subgraph and strong interval-valued intuitionistic fuzzy soft graph are introduced with
suitable examples. Also, several different types of operations, including Cartesian prod-
uct, strong product and composition on interval-valued intuitionistic fuzzy soft graphs, are
presented. Some related properties of these operations are investigated. Finally, we give a
real-life application of interval-valued intuitionistic fuzzy soft graphs on social media and
find out the most affected person in social media.

Motivation: Many people are connected on a social media. Some people have good
influence in his/her life by social media and there is a little bit no influence by the same
social media. For other people, the influence may be reversed. It is tough to measure
good influence as a point. So one can represent it by an interval. The degree of the good



U. MONDAL, M. PAL, K. DAS: IVIF SOFT GRAPHS WITH APPLICATION 3

TABLE 1. The list of abbreviation

Abbreviation Meaning Abbreviation Meaning
FS Fuzzy set IFS Intuitionistic fuzzy set
SS Soft set IVIF Interval valued intuitionistic fuzzy
FG Fuzzy graph IFG Intuitionistic fuzzy graph
MS Membership IVFS Interval valued fuzzy set
NMS Non membership

influence of a person by social media is [0.2,0.4] and there is no influence by the same
social media on the person is considered as [0.1,0.2]. Similarly, the effectiveness and non-
effectiveness of the other social media on other people is measured. To find out the most
affected person from a particular group of persons who are connected by social media, we
have used the model of interval valued intuitionistic fuzzy soft graph. For this combined
concept, anyone can analysis the range of characteristic together with membership and
non-membership fact in a certain way. For this reason, we are interested to work with this
concept. Also, it is very interesting to develop and analysis such combined graphs with
examples and related theorems. These definitions and theorems are definitely improve
the existing concepts of fuzzy soft graphs and more reliable for solving any complicated
real-life problem.

2. PRELIMINARIES
Some essential notions recall here which are needed for the article.

Definition 2.1. [57] Taking T as a universal set, then a FS A over T is meant as A =
{(u,pa(u)) :ueT}, where pa : T — I. Here, pa(u) is the measure of MS of u in A and
I=10,1].

In 1965, the concept of F'Ss and fuzzy relations was initiated by Zadeh and later, Rosen-
feld took fuzzy relations on FSs and improved the concept of FGs in 1975.

Definition 2.2. [44] Let G = (V,o,u) be a FG, where V is non-empty set (called set
of vertzces), jointly with two functions o : V = I and T V x V = I such that for all
w,v €V, p(uww) < min{o(u),o(v)}, p is a symmetrical fuzzy relation on o and I = [0,1].

In 1986, Atanassov [6] included a new type of uncertainty in F'S, which is a measure of
NMS function and gave a new definition name of IFS.

Definition 2.3. [6] Taking T as a non-empty set, an IFS A over T is defined by A=
{(u,pz(u),vz(w)) : we T}, where p;(u) € I is the measure of MS of u in A and vi(t)el
is the measure of NMS of u in A with the condition 0 < p;(u) +vz(u) < 1.

Here, S7(u) = 1—(p3(u)+v4(u)) is the measure of suspicion of v in A, which excludes
the measure of MS and NMS.

Definition 2.4. [3] An IFG is denoted by G = (V,pu,~) where i = (p1, p2),y = (71,72)
and (a) pi : V = I and o V — I denote the measure of MS and NMS of the vertex
u e V respectively and 0 < py(u) +p2(u) < 1 for everyu € V. (b) y1: VxV = I and y, :
VxV — I, where v, (uv) and vy2(uv) denote the measure of MS and NMS value of the edge
wv respectively such that v (uv) < min{pg(w), pi(v)} and v (uwv) > max{pz(u), p2(v)},
0 < yi(uv) + y2(uv) < 1 for every uv.
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In 1999, Molodtsov [29] proposed SS theory, generalization of FS theory to deal with
uncertainty in a parametric manner.

Definition 2.5. [29] A pair (¢, Q) is called a SS over X, where X and Q are a universal
set and set of parameters respectively and ¢ is a mapping of @ into a power set of X.

In another way, a SS over X is a family of a parametric subset of X. For e € Q, ¢(e)
can be taken as the set of e-elements of the SS (¢, Q).

Definition 2.6. [26] Suppose (¢,Q), (¢, R) be two SSs on a universe X. Then we tell
that (¢,Q) is a soft subset of (¢, R), if it satisfies (i) Q@ C R, and (ii) ¢(e) and ¢(e) are

identical approrimations, for all e € Q).

In an interval-valued fuzzy set, the measure of membership grades are intervals instead
of a number. The MS degree of each element on an IVFS is defined on a closed sub-interval
I. Let L(I) be the set of all closed sub-intervals of I.

Definition 2.7. [58] An IVFS A, on the universe T(# ¢), is a set such that A =
{(t,pnz(t) = [u;l(t),u;fl(t)]) 1t € T}, where the function piz : T — L(I) is called the
MS function and pi;(t) and ,u}(t) are the lower and upper MS wvalues of t to T where
0<pz(t) <pi(t) <1

Atanassov and Gargov [7] first proposed the IVIF set. It is characterized by an interval-
valued MS degree and an interval-valued NMS degree.

Definition 2.8. [8, 7] An IVIF set on a universe T is an object of the form A =
{(t,pz(t),v4() : t € T}, where ps(t) : T — L(I) and yz(t) : T — L(I) satisfy the
condition: for allt € T, sup pu z(t) +supvy;(t) < 1.

A combination of IVIF set with a soft set, called IVIF soft set, was given by Jiang et
al. [21] in 2010. Let IVIFT be the IVIF power set of 7.

Definition 2.9. [21] Let T be an initial universe, Q be a set of parameters and Ac Q.
Let us define a mapping ¢ from A to IVIFT as : ¢ : A — IVIFT. Then (¢, A) is
called IVIF soft set over T and is defined by {(ti, [r“fi(ti) ,u%(tl)] [’yA( )75 Yt)]) : vt €

T Va; € A}, where ,ufi T — 1, ,ug T — 1, ’YA T—1 (md’yU T — I are such that
U U
0< () +1 () < 1
3. INTERVAL VALUED INTUITIONISTIC FUZZY SOFT GRAPHS

In this section, we introduce IVIF soft graph, IVIF soft subgraph and strong IVIF soft
graph.

Definition 3.1. Let I' = (V, E) be a crisp graph. An IVIF soft graph with underlying
set V is denoted by I = (T*, ¢, 9, A) such that

(i) A be a non-empty parameter set, (i) (¢, A) be an IVIF soft set on V,
(iii) (¥, A) be an IVIF soft set on E, (i) (¢(e),1(e)) be an IVIF graph for all e € A.

That is
Mi(e)(xy) < (Mé(e)(l’) Aué@(y)),ui@(my) (uﬁf(e (z) A g (y))
%ﬁ(e) (zy) = (’Yé(e) (z) v ’Ydf(e) (y)),ﬁ(e) (zy) = (’Yg(e (z) v éf ()
U

for allzy € V x V and ui(e)(my) = ug(e)(a:y) =0, ’yd)(e)(a:y) 7¢(e)( y) = 0 for all
zy € VxV\E. Note that (¢, A) is called an IVIF soft vertex and (v, A) is called an IVIF

IN
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soft edge. Here, '%Ls(e) (z) and ui(e) (xy) denote the degree of lower MS of the vertex © and
edge xy respectively corresponding to parameter e, ug(e) (x) and ,ug(e) (zy) denote the degree
of upper MS of the vertex x and edge xy respectively corresponding to parameter e, '75(@) (x)
and 75(6) (xy) denote the degree of lower NMS of the vertex x and edge xy respectively

corresponding to parameter e, ’yg(e) (x) and fyg(e)(:cy) denote the degree of upper NMS of
the vertex x and edge xy respectively corresponding to parameter e. Here, ¢(e) and 1(e)
represent the IVIF soft vertex and edge set respectively and M (e) = (¢(e),v(e)) represents
the IVIF graph corresponding to parameter e.

Throughout this paper, we indicate I'* = (V,E) a crisp graph, M(e) = (¢(e),(e))
an IVIF graph and T' = (I*, ¢, 9, A) = ((¢, A), (¢, A)) an IVIF soft graph. An IVIF soft
graph is a parameterized family of IVIF graphs of I'*.

Let us consider an example of IVIF soft graph as follows :

Example 1. Take I* = (V, E) such that V = {t1,ts,t3,ta,t5} and E = {t1to, tats, t3ts,
tats, tst1}. Consider A = {e1,es} be a parameter set and (¢, A) be an IVIF soft set over
1% defined by

o(e1) = {(t1,[0.2,0.4],[0.3,0.5]), (¢2,[0.1,0.3],[0.4, 0.6]), (¢3, [0.2,0.5],[0.1,0.4])

(t4,[0.4,0.5],[0.2,0.5)), (¢5,[0.2,0.3],[0.3,0.4]) }

o(e2) = {(t1,[0.1,0.4],[0.2,0.6)), (t3,[0.2,0.3],[0.3,0.5]), (5, [0.3,0.5], [0.2,0.4]) }

Now let (1/},%1) be an IVIF soft set over E defined by

w(er) = {(t1t2,[0.1,0.2],[0.5,0.7]), (tats, [0.1,0.3], 0.4, 0.6]), (t3t4, [0.2,0.4], [0.3,0.5]),

(tats, [0.1,0.2],[0.4,0.6]), (tst1, [0.2,0.3], [0.4,0.5])}

P(e2) = {(t1t3,[0.1,0.2],[0.3,0.7]), (tsts,[0.2,0.3],[0.4,0.6]), (t5t1, [0.1,0.4],]0.3,0.6]) }

It is clearly seen that M(e1) = (¢(e1),v(e1)) and M(e2) = (p(e2),v(e2)) are IVIF
graphs corresponding to the parameters e1 and eg respectively, as displayed in Figure 1.

Hence T = (F*,qﬁ,zb,/i) is an IVIF soft graph.

g\il ((0.3.0.2140.5.071) * T,

(10.1,0.41,[0.2,0.6])

s T (10.2,0.31,[0.4,0.6]) fa
([0.3,0.5].[0.2,0.4]) ([0.2,0.3] [0.3,0.5])

ty
(10.4,0.5],[0.2,0.5])

M(e,) corresponding to parameter e,. M(e,) corresponding to parameter e,

FIGURE 1. Interval valued intuitionistic fuzzy soft graph I.

2

Definition 3.2. Let Ty = (I, ¢1, 91, A) and Ty = (T*, ¢, 2, B) be two IVIF soft graphs
of T*. Then T is said IVIF soft subgraph of Ty if (i) A C B and (ii) My(e) = (¢1(e), 11 (e))
is a partial IVIF subgraph of Ma(e) = (¢o(e), 1ha(e)) for all e € A.



6 TWMS J. APP. AND ENG. MATH, V.14, N.1, 2024

Example 2. Take the IVIF soft gmph r = (T*, &, 1, ) as taken in E:L“ample 1. Let
B = {e1, ez} be a parameter set, (¢1,B) be an IVIF soft set over V and (¢1,B) be an
IVIF soft set on E defined by ¢1(e1) = {(t2,]0.1,0.2],[0.4,0.5]), (3, [0.2,0.3],[0.2,0.5]),
(t4a [017 04]7 [037 06])7 (t57 [027 05]7 [01, 05])}: ¢1(61) = {(t2t3¢ [017 02]7 [047 06])7
(tst4,[0.1,0.2],[0.4,0.6]), (tats,[0.1,0.4],[0.3,0.6])}, ¢1(e2) = {(t1,[0.3,0.6],]0.1,0.4]),
(t3,[0-2,0.4],[0.3,0.6])},¢1 (e2) = {(t1t3,[0.1,0.3],[0.3,0.7))}

([0.1.0.2],[0.4.0.5]) ([0.2.0.3], [0205}) ([0.3.0.6].[0.1.0.4])
he (0.1.0.2].[0.4.0.6]) —1" ¢
([0.1.0.41.[0.3.0.6]) - N

5 @, ty
([0.2,0.5],[0.1,0.5]) ([0.1,0.4]‘[0.3,0#6]] ([0.2,0.4].[0.3,0.6])

Iv11(e1) corresponding to parameter e, I\f11(e2) corresponding to parameter e,

FIGURE 2. Interval valued intuitionistic fuzzy soft graph ﬁ

It is clearly seen that My(e1) = (p1(e1),v1(er)) and My(ez) = (¢1(e2),v1(e2)) are IVIF
gmphs correspondmg to the parameters e1 and eg, respectively as shown in Figure 2. Also,
= (T, 1,91, ) is an IVIF soft graph. Hence T'y is an IVIF soft subgraph of I.

Theorem 3.1. LetT; = (T, o1, 11, A) and Ty = (T, ¢a, 1, B) be two IVIF soft graphs of
. Then Ty is an IVIF soft subgraph of Ty if and only if ¢1(a) C ¢a(a) and ¥1(a) C 1a(a)
for all a € A.

Proof: Suppose that T, is an IVIF soft subgraph of Ty. Then A C B and M;(a) is an
IVIF subgraph of My(a) for all a € A.

Conversely, suppose that ¢1(a) C ¢2(a) and 91(a) C ¥a(a) for all a € A. Since fvl is an
IVIF soft subgraph of T'*, Mj(a) is an IVIF subgraph of I'* for all a € A. Since f; is an
IVIF soft subgraph of T'*, My(a) is an IVIF subgraph of T'* for all a € B. Thus, M, (a) is
a partial IVIF subgraph of Ms(a) for all a € A. Hence, T, is an IVIF soft subgraph of T.

Definition 3.3. A IVIF soft graph [ = (T, ¢,¢,A) is called strong IVIF soft graph if
Mi(e) (zy) = (ﬂg(e)(fﬁ) N Né(e) (¥)), ufi(e) (zy) = (Ng(e) (z) A Mg(e) ()

Vo) @) = (Vo) (@) V Vo) ), Y010y (1) = (Y50 (@) V 150y (1)
for all e € A and Ty € E.

Example 3. Let I* = (V, E) such that V = {t1,ts,t3,t4} and E = {t1tg, tats, taty, tst1}.
Also, let A = {e1,e2} be a parameter set and (gb,A) be an IVIF soft set over V defined by
d(er) = {(t1,]0.2,0.4],[0.1,0.3), (t2, [0.1,0.5], [0.2, 0.4]), (¢3, [0.3,0.4], [0.4, 0.6]),
(t2,0.1,0.5],[0.3,0.5))} ¢ (e2) = {(t1,[0.1,0.5], [0.4,0.5]), (£2,[0.2,0.3], [0.3,0.4]),
(t3,[0.4,0.5],[0.2,0.4]), (4, [0.1,0.4],[0.2,0.4])} Now, let (), A) be an IVIF soft set over E
deﬁned by ¢(€1) == {(tltg, [O ]_ O 4] [0 2 0. 4]) (tgtg, [0 1 0. 4] [O 4 0. 6])
(tst4,[0.1,0.4],[0.4,0.6]), (t4t1, [0.1,0. 4]7 [0.3,0.5))}, ¢(62) = {(tltg, [0.1,0.3],[0.4,0.5]),
(tats, 0.2,0.3], [0.3,0.4] ), (t5ta. [0.1,0.4], [0.2, 0.4]), (tat1, [0.1,0.4], [0.4, 0.5))

Obviously, M(e1) = (¢p(e1),v(e1)) and M(e2) = (p(e2),v(e2)) are IVIF graphs. Here,

the edge MS wvalues corresponding to parameter ey are given by
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([0.%.0.4].[0.1.0‘3]) ([0.1.0.5].[0. 210 4)) ([D 1.0.5].[0.4.0.5]) ([0.1.0.3).[0.4.05])
ts
- ([0.1.0.4],[0.2.0.4]) — :] ([0.2.0.3].[0.3.0.4]) -
w =] 5 =
S S S S
= < = «
= =3 = =3
= = = =
S 2 = =
= - — o
= = = =
e ([0.1.0.4].[0.4.0.6]) ) ([0.1,0.4],[0.2.,0.4]) T
£y ; ,
([0.1,0.5).[0.3.0.5]) ([0.30.4],[0.4.06])  ([0.1,0.4].[0.2.0.4]) ([0.4,0.5).[0.2.0.4])
M(e,) corresponding to parameter e, M(e,) corresponding to parameter e.,.

FIGURE 3. Strong interval valued intuitionistic fuzzy soft graph L.

o ta) = (e (B1) A il (1)) = (02) A (0.1) = 0.1, w8 (i) = 0.4

71%(61)(751752) (7¢(61)(t1) '7¢L>(e ( 2)) = (0.1) v (0. 2) =02 ’Yg( )(tltZ) =04,
similarly, M¢ (t2t3) 0.1, )(t2t3) =04 ’Yw(e )(t2t3) = 0. 477¢( )(t2t3) = 0.6;

Mw(el)(t3t4) =0. 1 ,uw (t3t4) O 4, 'yw( )(t3t4) 0.4 71/)(61)(753754) = 0.6; and

,Uw(el)(téltl) =0.1 Nw(el)(t4t1) =04 7¢(61)(t4t1) = 0-3»'75(61)(t4t1) =0.5.
Again, the edge MS values corresponding to parameter eo similarly are given by

Mi(e (tite) = 0-1’,“2{(@2)(751@) = 0‘3775(62)(751752) =04 ’Y¢(52)(751752) =0.5;
Hi(e (tats) = 0-27ﬂg(62)(7§2t3) = 0-37')’5(62)@27&3) = 0. 3»'Yw(62)(t2t3) =0.4;
Mw(e2)(t3t4) =0.1 Ng(@)(t:’)t@ =04 'Yqi(eg)(t:%tzl) 0.2 ’Y¢(62)(t3t4) =04
Mw(e )(t4t1) =01 N¢(62)(t4t1) =04 'Yw(ez)(tzltl) =04 ’Y¢(52)(t4t1) = 0.5.

By routine computations, evidently I = (T*, &, 1, ) is a strong IVIF soft graph of T'* as
shown in Figure 3.

4. OPERATION ON INTERVAL-VALUED INTUITIONISTIC FUZZY SOFT GRAPHS

Definition 4.1. TakeI; = (Fl, 1,91, ) and Ty = (I3, P2, 12, ) be two IVIF soft graphs
of E@e cris&gmphs Iy = (Vl,/gl) and I' = (VQ,EQ) respectively. The C"artes/wn/pmdifct
of T'1 and T'y is indicated by Ty X Ty = (T, @, ¥, A x B) where T = (V1 x Vo, By X E»)
and is defined by

L L _(,L L U U _ (U
(b 1) X e (1 £2) = (i ey (1) My ) (82)): (i e0) X Hig ) 1 2) = (bt e (B
H (e (2))

L L _ L L U U — U
(Vgrten) * Vantea)) (B 82) = (Vg e0) BV Vg 9) (82D (Vg (e0) X Vi) (B2 82) = (Y ey (F1)V
752(62)(152)), for all (t1,t2) € Vi x Vo, e1 € A and ez € B.

(Hil(el) XM52(62))((75,152)(757U2)) = (Mél(el)(t)AM52(62)(752U2)), (“31(61) Xﬂg2(ez))((t,t2)(t,u2))
- (Mgl(el)(t) A #2{2(62)@2“2))

Fyil(el) X7£2(€2)>((t’t2)(t’u2)) = (751(61)( )\/7’52(62)(7521112)) (71/11(81) 7111{2(62)>((t7t2)(tau2))
- (’qu&]l(el)(t) V’VgQ(eZ)(tguz)) forallt € Vi, tous € Es, e1 € A and 5 € B.

(K5, (1) % Hify (o)) (B0, 0) (w1, 0)) = (il oy (Brun) A 0y (0)), (B o1y X B (o)) ((F1,0)
(u1,v)) = (Mgl(el)(tlul) /\ng(@)(“))

(V(er) X Vapageay) (10D (i, 0)) = (0 01y (B1un) V9 0 (0), (0 e0) X Vo)) ((F1,0)
(ug,v)) = (’ygl(el)(tlul) \/752( (v)) for all v € Vg, tiuy € El, e1 € A and e5 € B.

Here (t1,t2) and ((t,t2)(t,u2)), ((tl, v)(u1,v)) represent the vertex and edges respectively
Of Fl X FQ.
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Example 4. Consider two graphs I'f = (V]_,El) and I'y = (VQ,EQ) such that V; =

{tl,ul,vl,wl} E1 = {tlul,vlwl} and V2 = {tQ,UQ,UQ,’LUQ} E2 = {tQUQ,UQWQ} Take
= {61} be a parameter set and take (¢1,A) and (1, A) be two IVIF soft sets over Vi

and El, respectively, defined by

é1(e1) = {(t1,[0.1,0.4], [0.2,0.3]), (u1, [0.2,0.4], [0.3, 0.5), (v1, [0.4, 0.6], [0.3, 0.4]),

(w1, [0.3,0.5],[0.3,0.5])}

¢1(€1) = {(tlul, [0.1,0.4],]0.3,0.5]), (viw1, [0.3,0.5], [() 3,0.5))}

Now, take B = {es} be parameter set and take (¢o, B) and (o, B) be two IVIF soft sets

over Va and Eg, respectively, defined by

(10.1.0,40.2.03)) (0.1,0.41.0.3,0.5]) ([0-2.0.4].(03.0.5]) (10:3.05].10:2.04]) (10.1,0.3].,(0.2,0.5]) ([0-10.3].[0.2.05])

@ @ U

W @ o Wy @

([D‘S.D.E]IDSADE]) ([0.3,0.5],[0.3.0.5]) ([D‘4AD.6].[E3‘.6‘4]) ([0.4,0 5].'[0 1,0.5]) ([0.2,0.5],[0.1,0.5]) ([D‘Z.Dﬁ.‘[s‘l.OS])

FIGURE 4. Interval valued intuitionistic fuzzy soft graphs T; and s

¢a(e2) = {(t2,[0.3,0.5],]0.2,0.4]), (ue, [0.1,0.3],[0.2,0.5]), (v2, [0.2,0.7],[0.1, 0.3]),
(w2, [0.4,0.5],[0.1,0.5]) }
a(e2) = {(taus,[0.1,0.3],]0.2,0.5]), (vows, [0.2,0.5],]0.1,0.5]) }

It is easy to see that, M(e1) = (d1(e1), wl(el)) and M (e2) = (¢2(e2),12(e2)) are IVIF
graphs. Hence I'y = (I}, ¢1,v1, ) and Ty = (T'5, 2, 12, B) are IVIF soft graphs of '} and
I, respectively as shown in Figure 4. The Cartesian product of I'y and I'y is as shown in
Figure 5a.

Theorem 4.1. Ifﬁ and f; are two IVIF soft graphs, then the Cartesian product f‘lef; =
(T*, ¢,1, A X B) is also an IVIF soft graph.

Proof: Let I'; = (I, ¢, 11, A) and rz = (I}, ¢2,12, B) be two IVIF soft graphs of
simple graphs I'f = (V1, E) and I = (Vg,Eg) respectively. From Definition 4.1, for all

el € A and ey € B, there are three cases.
Case(i) If t; € V4 and t9 € V3, then

(Nél( RS M£2(62))(t17t2) = min(ﬂél(el)(tl)aN£2(62)(t2)) = min{(ﬂél(el) X M£2(62))(t1)’
L L
('udn( 1) H¢2(62))(t2)}
(,%Ugl(el) X Mg2(62))(t17t2) = min{(ugl(el) N¢2 (e2) )( 1), ( (e1) = M¢2(62))(t2)}
(%51( 0 X V(e (11, 82) = max(yg, ) (01), 7, ey (F2)) = X{(%l(el) Voa(ea) (B1);

L
(’Y¢1(61) ’7¢2(62))(t2)}
(Vouter)  Vontea) (1 £2) = max{ (95, (1) X Vgeq)) (1)s O er) X V(e (22)}
Case(ii) If t; € V) and toug € Eo, then

(2, o1y X M (en)) (85 t2) (8 u2)) = min(pg, o) (8), 117, (o) (B2u2))
<min{ (g, oy (4)), min(pf, o) (t2), 15,y (42)) }
= min{min(ug, ., (1) 11g, (o) (t2)) min(ug, ., (1),
1y o) (12))}
=min{ (1], o,y X 15, (e)) (E82), (115 01y X 1y (e0)) (Eu2) }
(M (o) % Hty (o)) (s t2) (tu2)) < mind(ud) (o) X 1, 00)) (Et2), (05 (o) X 1O, (o)) (E u2) }
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(%ﬁl(el) X 752(62))((7% t2)(t, u2)) :max(’yqfl(q)(t),7752(62)(7521@))
> max{(%ﬁ(el) (1)), maX(v£2(e2> (t2), 7{;—?2(@2) (uz2))}
= maX{maX(Vél(el) (t), 752(62) (t2)), max(y, (en) (),
’752(62)(1‘2))}
:max{(’m%l(el) X 752(62))(757t2) (’Y¢1(61) X 7@(@2))@ uz)}

(Wa(er) X Va(er)) (b 2) (8 u2)) = max{ (3] ey X Vg (e)) (B £2)s (95, ea) X Vo(en)) (b u2)}
Case(iii) If v € VQ and t1u; € E1, then in the similar way we can prove that

(“51(61) '“wz (e)) ((t1,0) (U1, 0)) = min{(ﬂél(el) X M¢2 (e2)) (t1, V), (M¢1 (e1) Méz(@))(ul,v)},
(/%1 (e1) uwz (o)) ((t1,0) (w1, 0)) <min{ (i) o,y X 15, (0)) (E1,0), (u¢1 (e1) X Hn(en)) (U1, 0)},
(v, bi(er) Wz (e2)) ((t1, ) (u1,v)) = maX{(ﬁl(el X 7¢2(eg))(tlvv)a( b1(e1) 752(62))@1,”)},
(Vo (er) X Ven(en)) ((E1,0) (1, 0)) = max{ (75 (o) X Vo)) (11, 0)s (Vg (1) X Vo (e)) (U1, 0)}

Therefore, Fl X Fg is an IVIF soft graph.
Definition 4.2. Let ' = ('3, 91,91, A) and Ty = (T3, P2, 12, ) be two IVIF soft gmphs
of crisp graphs I'T = Vl,E,l and 'S = VQ,EQ respectively. The strong product 0fF1 and
of 9 2 Y g
T, is indicated by I'y ®F2 (FZ, b, 0, A x BL) and is deﬁg,ed by .

(M¢1(el) ® N¢2(62))(t1> ta) = (qul(el)(tl) N N¢2(62)(t2))7 (M¢1(61) ® M¢2(62))(751» ta) =
(M¢U51(€1)(t1) A ’U’gz(@)(tQ))

L L _
(7¢1(61) ® ’Y¢2(52))(t17 ta) = (’7¢1(61)(t1) N ’Y¢2(62)(t2)) (’Y¢1(el) ® '7¢2(€2))(t1’ ta) =
(W(bl(el)(tl) Y 7(;52(@2 (ta)) for all (t1,ts) € Vi x Vi, e1 € A and e € B.

('uwl(el) ® M¢2(€2))((t’t2)(t’u2)) - (Md)l(el)( ) A ’uw2(82)(t2u2))’
(Mgl(el) ® Mgz(ez))((t’t2)(t’ up)) = (Mgl(el)(t) A Miz(e2)(t2u2))
(751(61) ® 752(82))(“’ t2)(t, u2)) = (751(61)@) v 752(@2)@2”2))’ , .
('ywl(el) ® 7¢2(62))((t to)(t,uz)) = ('7q[5]1(e1)(t) \Y% 752(62)(t2u2)) for all t € Vi, taus € Eo,
e1 € A and es € B.

(K5, (1) @ Hify (o)) (B0, 0) (w1, 0)) = (il o) (B1un) A i 00 (0)),

Y1(e1) Pa(e2) p2(e2)

0 S ) un) = () AL ()
e @ (1, ) 01,0) = (o (1) V1) | |
(77(/{1(61) ®’ygz(62))((t1, )(ul,v)) ( g (tlul) \/7@(@2 (v)) for all v € Vo, tiu; € Ey,
el cA andegEB.

(M"vLZ’l(el) ® MiQ(ez))((tl,Ul)(UhW)) - (Mil(eﬂ(tlul) A ’U’$2(62)(Ulv2))’
(1Y, (o) © 1Y, o)) (B, 01) (ur,v9)) = (6 () (rua) A pll () (0102))

Y1(e1) Y2 (e2) Y1 (e1) Ya(e2)
(Vg (e2) @ Va(en)) (B2 01) (111, 02)) = (0 00) (100) VY ) (0192)); (W e0) DV en) (1, 01)
(u1,v2)) = (vV oy (t1un) vAY oy (V102)) for all tyuy € El, v1Vg € Eg, e1 € A and es € B.

P1(e1) Yo (e2)

Example 5. Consider two IVIF soft graphs T = (T3, ¢1, 91, A) and Ty = (T3, p2, 12, B)
have already been shown in Example 4. The strong product of 'y and I's is as displayed
in Figure 5b.
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(t1,t2) (1, u2) (t1,v0) (1, wo) (t1,t2) (t1,u0) (t1,v2) (t1, wo)

(w1, t2) (u, up) (w1, v2) (uy,wy) (uy, t2) (1, up) (u1,v2) (w1, ws)

(v1,t2) (v1,u2) (v1,v2) (v1, w) (v1, t2) (v1,u2) (v1, v2) (v1,w9)

(w1, t2) (w1, u2) (w1, v2) (w1, wy) (w1, t2) (w1, us) (w1, v2) (w1, ws)

(A) Cartesian product of interval valued intu- (B) Strong product of interval valued intuition-
itionistic fuzzy soft graphs F1 and Fg istic fuzzy soft graphs I'y and T's.

FIGURE 5

Theorem 4.2. Ifﬁ and f; are two IVIF soft graphs, then so is ﬁ ® f;

Proof: The proof is similar to Theorem 4.1.

Definition 4.3. Let f; = (T3, ¢1, @Z)l,A) and f; (T3, P2, 12, ) be two IVIF soft gmphs
fO\]icrisp graphs I“l‘j (‘ﬁl Ey) and T3 = (‘/2’, Es) respectively. The composition of Ty and
[y is indicated by T'y o Ty = (I, ¢, 1, A X B) and is defined by

(’U’él(el) © ’U’é2(€2))(t1’t2) - (Mﬁlf;l(el)(tl) A M£2(€2)(t2))’ <Ngl(el) © ’U’¢1{2(82))(t1’t2) -
(15, ey (1) A BG, (o) (t2))
(751(61) © '7¢L,2(62))(t17t2) = ('751(61)@1) v '752(62)@2)) ('755]1(61) ’7;{2(62))(151,@)
(’yé{l(el)(tl) vV 7(11{2(62)(152)) for all (t1,t2) € Vi x VQ, e1 € A and es € B.

('u"vLZ’l(el) ° MlLl)z(@))((t’tQ)(t’ up)) = (’u’¢1(81)(t) A M¢2(62)(t2u2))’
(Hgl(el) © NZQ(@))((t’tQ)(t’uQ)) - (ugﬂel)( ) A ng(ez)(t2u2))
(751(61) 0752(62))((15,152)(75»“2)) = (’Y¢L,1(61)( ) V7w2(62)(t2“2)) (71111(61) 7¢2(62))((t,t2)(t,uQ))
= (’ygl(el)(t) v%(@)(tm)) for allt € Vl, toug € E2, e1 € A and es € B.

('uwl(el) M¢2(€2))((t1’v)(u1’v)) - (Mdfl(el)(tlul) /\M¢>2(62)(U))’

() © P (1, 2)01,0) = (08, (010) A )0

o () s, ) = O ey V2 0y (00 (011990 (11,0 0, 0)
(7¢1(61)(t1u1) '7;5]2( (v)) for allv € Va, tiuy € E1, e; € A and ey € B.

(“wl(el MW (o)) (1, 01) (u1,v2)) = (1, oy (Brun) Al ) (V102)),
(M3 (o) /% )((tl, vi)(u1,v2)) = (U] oy (Frun) A pl, o (V102))
(Vi (ex) © Vinten) )((tlvvl)(ulvv2)> = (W e (111) V W) (0102)): (05 () © Ve ((F15 1)
(ug,v2)) = (le(el)(tlul) \/71(/{2(62)(1)1212)) for all tiuy € E1, vivg € By, e1 € A and es € B.
U('ulel(el) ° Miz(ez))((tl’vl)(ul’vﬂ) - (’ulil(el)(tlul) A ’uﬁlf;2(62)(v1) A u¢€2(€2)(v2))’ (/’Lgl(el) ©
M’l/&(ez))
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((t1,v1)(u1,v2)) = (U, oy (Frun) A p, oy (01) A pd, ) (v2))

(Vi (1) Vin(e)) (1 01) (W1, 02)) = (V] (1) 10 VAL, (o) (VD VAL 00y (02))s (V) (1) O Ve (e))
((t1,v1)(u1,v2)) = (’ygl(el)(tlul) v 7;{2(62)(111) Y 752(62)(1)2)) for all tyuy € Ey, v1,vz € Va
such that v1 # vy and for all ey € A and e3 € B.

Example 6. Consider two IVIF soft graphs I = (%, ¢1, 91, A) and Ty = (T3, qbg,wg,B)
have already been shown in FExample 4. The composition of I'y and I's is as shown in
Figure 6.

(v1,t2) (v1, uz) (v1,v2) (v1, w2)

(w1, t2) (w1, uz) (w1, v2) (w1, w2)

F1GURrE 6. Composition of interval valued intuitionistic fuzzy soft graphs
Fl and FQ.

Theorem 4.3. Ifﬁ and f\; are two IVIF soft graphs, then so is ﬁ o f‘;

Proof: The proof is similar to Theorem 4.1.

5. APPLICATION OF INTERVAL-VALUED INTUITIONISTIC FUZZY SOFT GRAPHS IN SOCIAL
MEDIA

Nowadays, many people are connected by social media. The connected people are
affected (positively or negatively) by social media like news, advertisement, gossip, fake
news, videos, messages, etc. We consider some people who are connected by social media
like WhatsApp, Facebook, Instagram, Twitter, etc. We aim to find out the most affected
person by social media.

Let us consider each person as a vertex whose MS and NMS degree represent how much
they are affected and not affected by social media in a particular time interval. The edges
represent the connection between two persons. Each edge’s MS and NMS degree represent
how much affected and not affected on each other by social media in a particular time
interval.

We consider a time interval as one week. In a week, many people are connected on a
social media. Some people have a good influence in his/her life by social media and there
is a little bit no influence by the same social media. For other people, the influence may
be reversed. It is tough to measure good influence as a point. So one can represent it
by an interval. The degree of the good influence of a person by social media is [0.2,0.4]
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TABLE 2. Vertex membership values of IVIF soft graph

10) Ratan Suchismita Suparna

€1 ([0.1,0.5],[0.2,0.2]) ([0.2,0.4],]0.1,0.2]) ([0.4,0.5],0.2,0.3])
e (10.2,0.3],0.2,0.2]) (10.1,0.6],]0.1,0.1]) (10.4,0.4],]0.2,0.3])
es3 ([0.1,0.2],[0.1,0.1]) ([0.1,0.3],[0.1,0.2]) ([0.2,0.2],[0.2,0.2])
10) Hirak Nilkamal Chandra

e1 ([0.2,0.4],[0.1,0.3]) ([0.1,0.5],[0.3,0.4]) ([0.4,0.5],[0.2,0.3])
e (10.3,0.6],[0.1,0.2]) ([0.1,0.4],[0.1,0.2]) ([0.4,0.6],[0.2,0.3])
es ([0.1,0.2],[0.1,0.2]) ([0.2,0.3],[0.1,0.1]) ([0.3,0.3],[]0.1,0.3)

and there is no influence by the same social media on the person is considered as [0.1,0.2].
Similarly, the effectiveness and non-effectiveness of the other social media on other people
is measured.

For finding the most affected person in social media, we consider some people who are
connected in the social media say Ratan, Suchismita, Suparna, Hirak, Nilkamal and Chan-
dra. The vertex set for this members is consider as V = {Ratan (z), Suchismita (z),
Suparna (z3), Hirak (x4), Nilkamal (x5), Chandra (xg)}. The vertices represent persons
and edges represent connection between two persons. Let the set of attributes be A=
{e1 = WhatsApp,ea = Facebook,es = Twitter}. An IVIF soft graph I' = {M(e)
(¢(e),p(e)) : e € A} is given by Table 2 and Table 3. An IVIF graph M(e;) =
(¢p(e1),1(e1)) with respect to ep is displayed in Figure 7 and tabular representation of
this graph are given in Table 2 and Table 3.

([0-1,0.5],[0.2,0.2]) ([0-2,0.4],[0.1,0.2])
Ratan Suchismita

[0-2,0.3])
[0.2,0.3])

= Chandra

Suparna

5]
([0-4,0.5]

([0-4,0

Nilkamal Hirak
([0-1,0.5],[0.3,0.4]) ([0.2,0.4],[0.1,0.3])

FI1GURE 7. Interval valued intuitionistic fuzzy graph corresponding to at-
tribute e;.

The IVIF graphs M(e2) = (¢(e2),v(e2)) and M(e3) = (¢(es),1(e3)) with respect to
eo and e3 are displayed in Figure 8. Tabular representations of these graphs are given in
Table 2 and Table 3.

For finding the most affected person in social media, the core values are calculated by
the following steps:

Step 1: The average of lower MS and upper MS values of each vertex (persons) with

respect to ey, es and e3 are calculated by the formula S4(z;) = %[Z?:1(M£(ej)(xi) +

ug(ej)(xi))] ....... (1), for each i = 1,2,---,6, where S4(x;) is average MS value of the

vertex x; and Mé(ej)(xi) and ug(ej)(:c,-) are the lower and upper MS values of the vertex
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TABLE 3. Edge membership values of IVIF soft graph

Y L1T2 L1x3 L1T5
el ([0.1,0.3],[0.2,0.3]) ([0.1,0.4],[0.2,0.3]) ([0.1,0.5],]0.3,0.4])
IZ) T1Te6 T2T3 ToXy
er ([0.1,0.5],0.2,0.3]) (0-2,0.4],0.2,0.3]) (0-2,0.4],]0.1,0.3])
¢ T2Zg T3Ts T34
e1 (10.2,0.4],[0.2,0.3]) ([0.1,0.5],0.3,0.4]) (10.2,0.4],0.2,0.3])
Y T3T6 T4Ts5 T5T6
el (10.3,0.5],[0.2,0.3]) ([0.1,0.4],0.3,0.4]) ([0.1,0.5],[0.3,0.4])
Y T1T2 T1T4 T1Zg
e ([0.1,0.31,[0.2,0.2]) ([0-2,0.3],[0.2,0.2]) ([0.2,0.3],[0.2,0.3])
Y ToT3 T2Ty Tols
e (10.1,0.4],[0.2,0.3]) (10.1,0.5],[0.1,0.2]) (10.1,0.4],[0.2,0.2])
v ZL2T6 T3T4 3T
e (10.1,0.6],[0.2,0.3]) (10-3,0.4],[0.2,0.3]) (10.4,0.4],[0.3,0.3])
P T4y T4Z6 T5Tg
es (10.1,0.4],[0.1,0.2]) (10-3,0.6],[0.2,0.3]) (10.1,0.4],[0.2,0.3])
P T1T2 123 124
es (10.1,0.2],[0.1,0.2]) (10.1,0.2],[0.2,0.2]) (10.1,0.2],[0.1,0.2])
1/) T1Te6 ToXg Tols
es (10.1,0.2],[0.1,0.3]) (10.1,0.2],[0.1,0.2]) (10.1,0.3],[0.1,0.2])
'(/) T3T4 T35 TyTs
es (10.1,0.2],[0.2,0.2]) (10-2,0.2],[0.2,0.2]) (10.1,0.2],[0.1,0.2])
(U T4Tg T5T6
es (10.1,0.2],[0.1,0.3]) (10-2,0.3],[0.1,0.3])
([0-2,0.3],{0.2,0.2]) ([0-1,0.6].[0.1,0.1]) ([0-1,0.2]{0.1,0.1]) ([0-1,0.3],[0.1,0.2])
Ratan Suchismita Ratan Suchismita
%:Chandra Supar %Chandra Suparna‘\::‘:»
Nilkamal Hirak Nilkamal Hirak
([0.1,0.4],[0.1,0.2]) ([0-3.0.6].[0.1,0.2]) ([0-2,0.3],[0.1,0.1]) ([0-1,0.2],[0.1,0.2])

FIGURE 8. Interval valued intuitionistic fuzzy graph corresponding to at-
tributes e and e3 respectively.

x; with respect to parameter e;. From equation (1), we have determined the average

effectiveness of each person due to using social media e;, eo and e3. For i = 1, SA(xl) =

%[2321(#£(ej)($1) +Mg(ej)(x1))] = %[(Né(el)(xl) +Mg(el)(x1)) + (Mé(@)(xl) + #g(eg)(afl)) +

(ué(eg)(xl) + udU)(eS)(xl))] = %[(0.1 + 0.5) + (0.2 + 0.3) + (0.1 4+ 0.2)] = 0.7. Similarly,
SA(x9) = 0.85,54(x3) = 1.05,5%(x4) = 0.9,54(25) = 0.8,S4(w) = 1.25. These values
are shown in Table 4.

Step 2: We evaluate the average of lower NMS and upper NMS values of each ver-

tices with respect to ej, ey and eg, using the formula SZ(z;) = %[Z?:l(’Yé(e-)(xi) +
J
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TABLE 4
SA(J?1) SA(itg) SA($3) SA(JJ4) SA(JT5) SA(IG)
0.7 0.85 1.05 0.9 0.8 1.25
TABLE 5
SB(Il) SB(IQ) SB(173) SB($4) SB(:CE;) SB(I(;)
0.5 0.4 0.7 0.5 0.6 0.7

y(g(ej)(xi))] ....... (2) for each i = 1,2,3,4,5,6 and the calculated values are given by the
Table 5, where SP(x;) is average NMS value of the vertex z; and ’yé(ej)(xi) and 7¢L>[(ej)(xi)
are the lower and upper NMS values of the vertex z; with respect to parameter e;. From
equation (2), we have determined the average non-effectiveness of each person due to using
social media eq, es and eg.

Step 3: Here, we evaluate the sum of average (lower and upper values) MS values of
each vertices, affected by another vertices, with respect to the parameters e; (Figure 7), es

(Figure 8) and e3 (Figure 8) using the formula S (z;) = 2?21[%{Zle,l#(ﬂi(q)(%xl) +
ug(ej) (ixy)) Hewenoo (3) for each i = 1,2,3,4,5,6. Any two vertices x and y are not connected
by social media, then there is no edge between them. So, its MS and NMS values are 0,
ie, ,ui(ej)(a:y) =0, ug(ej)(a:y) =0, fyqi(ej)(a:y) =0, ’yg(ej)(:z:y) = 0. This sum of average
MS value of each vertex x; is denoted by S¢(z;). Here ui(ej)(xixl) and ,ug(ej)(xixl) are
the lower and upper MS values of the vertex z; affected by the vertex x; due to using
social media e, es and e3. For i =1,

6

3
§€ () = S50 (e (orm) + i (ar))]

j=1 7 1=2

[a—

6 6
1
= 32 (e @120 + ey (2120 + 1 015 ) (2120) + By (@12)]
=2

=2

l\D

6
1
52 i (e5) (2120) + ) (2120))]
=2
1
= S {1 ey (@1202) + piiyey ) (T172))

9 +
+ (1 (1) (®125) + ey (2125)) + (1 ey (331906) + i ey (@126)) }
{1 (o) (w12) + Mw(@)(fﬂ@) (115 (o) (T120) + 150y (2124))
+ (1 (o) (T176) + Mw (o) (@126)) } + {10y (@172) + 11005 (2122))
+ (11 o) (T13) + Mw e) (@173)) + (1 (o) (T124) + 1) (w174))
)

+ (1) o) (B176) + 1oy (T176))}]

(1 e0) (@123) + (e, (1273))

= %[{(0.1 +0.3) 4+ (0.1 +0.4) + (0.1 +0.5) + (0.1 + 0.5)} + {(0.1 + 0.3)+

(0.240.3) +(0.240.3)} +{(0.14+0.2) + (0.1 + 0.2) 4+ (0.1 +0.2) + (0.1 4 0.2) }]
= 2.35.
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TABLE 6
S (z1) 5 (x2) S (a3) S(z4) S (x5) S (we)
2.35 2.65 3.05 3.2 2.7 3.55
TABLE 7
SD(IL'l) SD($2) SD(xs) SD($4) SD(IL‘E)) SD($6)
2.45 2.45 2.75 2.65 2.7 3.0
TABLE 8
F(z1) F(x9) F(x3) F(z4) F(xs) F(x6)
0.1 0.65 0.65 0.95 0.2 1.1

Similarly, S¢(z9) = 2.65, 5 (x3) = 3.05, 5% (x4) = 3.2, 5 (x5) = 2.7,5%(x6) = 3.55.
These core values are listed in Table 6.

Step 4: Sum of average (lower and upper values) NMS values of each vertices, affected
by another vertices, with respect to the parameters e; (Figure 7), es (Figure 8) and
e3 (Figure 8) are calculated by the formula SP(z;) = Z?Zl[%{Z?:Ll#(’yi(ej)(wixl) +
’Yg(e].)(fvz’l“l))}] ....... (4) for each i = 1,2,3,4,5,6. In Table 7, the score values are given.
This sum of average NMS value of each vertex z; is denoted by S (x;). Here 75( )(xixl)

€j
and fyg(ej) (x;2;) are the lower and upper NMS values of the vertex x; affected by the vertex
x; due to using social media e;, e2 and es.

Step 5: The final score value of the vertex z; is calculated by subtracting non-
effectiveness score values from effectiveness score values using the equations (1), (2),
(3) and (4), by the formula F(x;) = (S4(z;) + S (x:)) — (SB(x;) + SP(x;)) for each
i=1,2,3,4,5,6. In Table 8, this score values are listed.

By Table 8, it is meant that the highest scoring value occurs by Chandra, which is 1.1.
The second-highest scoring value is occurred by Hirak and the third is occurred by both
Suchismita and Suparna. Hirak, Suchismita, Suparna, Nilkamal and Ratan score values
are 0.95, 0.65, 0.65, 0.2 and 0.1, respectively. Hence the most affected person in social
media is Chandra, second-most is Hirak, third-most are Suchismita and Suparna, fourth
is Nilkamal and fifth is Ratan in a week.

6. CONCLUSION

In this article, new concepts of combining some graphs are introduced. Special types
of IVIF soft graphs which is a combine representation of interval valued fuzzy graphs,
intuitionistic fuzzy graphs and soft set theory in a new way, have been introduced and
elaborately discussed throughout the paper. We have defined an IVIF soft graph and
shown the new concepts about their properties as well as the proof of some theorems based
on their aspects. The concept of IVIF soft graph is applied to a real-life application to find
out the most affected person from a particular group of persons using social medias. In the
application part of this paper, for this combine concept, any one can analysis the range of
characteristic together with MS and NMS fact in a certain way. This analysis process is
giving more efficient result with fuzziness than other existing fuzzy soft graphs. In future,
we want to incorporate our research using the concept of soft set theory on bipolar fuzzy
hyper-graphs and bipolar intuitionistic fuzzy graphs. As, bipolar sense includes positive
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as well as negative sense of any parameter; so introducing such new fuzzy soft graphs will
be very interesting and helpful to solve many real-life problems with uncertainties and
vagueness as well.

Acknowledgments The authors are highly thankful to the honorable Editor in Chief
and anonymous reviewers for their valuable suggestions which significantly improved the
quality and representation of the paper.

Disclosure statement No potential conflict of interest was reported by the authors.

Ethical approval This article does not contain any studies with human participants
or animals performed by any of the authors.

1]
[12]
13
[14]
[15]
[16]
17)
18]
[19]
[20]
21]

[22]

REFERENCES

Akram, M., Alshehri, N. O., Dudek, W. A., (2013), Certain types of interval-valued fuzzy graphs,
Journal of Applied Mathematics, 2013, 1-11.

Akram, M., Nawaz, S., (2016), Fuzzy soft graphs with applications, Journal of Intelligent & Fuzzy
Systems, 30, 3619-3632.

Akram, M., Davvaz, B., (2012), Strong intuitionistic fuzzy graphs, Filomat, 26(1), 177-196.

Akram, M., Shahzadi, S., (2016), Intuitionistic fuzzy soft graphs with applications, J. Appl. Math.
Comput., 55, 369-392.

Ali, M. L., Feng, F., Liu, X., Min, W. K., Shabir, M., (2009), On some new operations in soft set
theory, Computers and Mathematics with Applications, 57(9), 1547-1553.

Atanassov, K. T., (1986), Intuitionistic fuzzy sets, Fuzzy Sets and Systems, 20(1), 87-96.
Atanassov, K., Gargov, G., (1989), Interval-valued intuitionistic fuzzy sets, Fuzzy Sets and Systems,
31(3), 343-349.

Atanassov, K. T., (1999), Intuitionistic fuzzy sets: Theory and Applications, Studies in fuzziness
and soft computing, Physica-Verlag, ISBN 3-7908-1228-5.

Bhattacharya, A., Pal, M., (2021), Vertex covering problems of fuzzy graphs and their application
in CCTYV installation, Neural Computing and Applications, 33, 5483-5506.

Bhattacharya, A., Pal, M., (2021), Fifth Sustainable Development Goal, Gender equality in India:
Analysis by Mathematics of Uncertainty and Covering of Fuzzy Graphs, Neural Computing and
Applications, 33(1).

Bhattacharya, A., Pal, M., (2021), Optimization in business strategy as a part of sustainable economic
growth using clique covering of fuzzy graphs, Soft Computing, 25, 7095-7118.

Borzooei, R.A., Rashmanlou, H., Samanta, S., Pal, M., (2016), A study on fuzzy labeling graphs,
Journal of Intelligent and Fuzzy Systems, 30(6), 3349-3355.

Borzooei, R.A., Rashmanlou, H., Samanta, S., Pal, M., (2016), Regularity of vague graphs, Journal
of Intelligent and Fuzzy Systems, 30(6), 3681-3689.

Cagman, N., Enginoglu, S., Citak, F., (2011), Fuzzy soft set theory and its applications, Iranian
Journal of Fuzzy Systems, 8(3), 137-147.

Garg, H., Agarwal, N., Tripathi, A., (2016), Fuzzy Number Intuitionistic fuzzy soft sets and its
properties, Journal of Fuzzy Set-Valued Analysis, 3, 196-213.

Ghorai, G., Pal, M., (2016), Faces and dual of m-polar fuzzy planar graphs, Journal of Intelligent
and Fuzzy Systems, 31(3), 2043-2049.

Ghorai, G., Pal, M., (2016), A study on m-polar fuzzy planar graphs, International Journal of
Computing Science and Mathematics, 7(3), 283-292.

Ghorai, G., Pal, M., (2016), Some isomorphic properties of m-polar fuzzy graphs with applications,
SpringerPlus, 5(1), Article no. 2104.

Ghorai, G., Pal, M., (2017), Certain Types of Product Bipolar Fuzzy Graphs, International Journal
of Applied and Computational Mathematics, 3(2), 605-619.

Jana, C., Pal, M., (2016), Application of new soft intersection set on groups, Annals of Fuzzy
Mathematics and Informatics, 11(6), 929-944.

Jiang Y., Tang Y., Chen Q., Liu H., Tang, J., (2010), Interval-valued intuitionistic fuzzy soft sets
and their properties, Computers & Mathematics with Applications, 60, 906-918.

Mahapatra R., Samanta S., Pal M., (2020), Generalized neutrosophic planer graphs and its applica-
tion, Journal of Applied Mathematics and Computing, 65(12), https://doi.org/10.1007/s12190-020-
01411-x.



23]
[24]
[25]
[26]

[27]
28]

[29]
[30]
31]
32]
33]
34]
[35]
[36]
37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]

U. MONDAL, M. PAL, K. DAS: IVIF SOFT GRAPHS WITH APPLICATION 17

Mahapatra, T., Sahoo, S., Ghorai, G., Pal, M., (2021), Interval valued m-polar fuzzy planar graph
and its application, Artif. Intell. Rev., 54, 1649-1675.

Maji, P. K., Biswas, R., Roy, A. R., (2001), Fuzzy soft sets, Journal of Fuzzy Mathematics, 9,
589-602.

Maji, P. K., Roy, A. R., Biswas, R., (2002), An application of soft sets in a decision making problem,
Computers & Mathematics with Applications, 44(8-9), 1077-1083.

Maji, P. K., Biswas, R., Roy, A. R., (2003), Soft set theory, Computers & Mathematics with Appli-
cations, 45(4-5), 555-562.

Maji, P. K., Biswas, R., Roy, A. R., (2001), Intuitionistic fuzzy soft sets, J. Fuzzy Math., 9, 677—691.
Mandal, S., Sahoo, S., Ghorai, G., Pal, M., (2018), Genus value of m -polar fuzzy graphs, Journal of
Intelligent and Fuzzy Systems, 34(3), 1947-1957.

Molodtsov, D., (1999), Soft set theory first results, Computers & Mathematics with Applications,
37(4-5), 19-31.

Mordeson, J. N., Peng, C. S., (1994), Operations on fuzzy graphs, Information Sciences, 79(3-4),
159-170.

Mordeson, J. N., Nair, P. S.; (2001), Fuzzy Graphs and Fuzzy Hypergraphs, STAM Review, 43(1),
214-215.

Pal, M., Samanta, S., Ghorai, G., (2020), Modern Trends in Fuzzy Graph Theory, Springer, Singa-
pore, https://doi.org/10.1007/978-981-15-8803-7.

Pramanik, T., Samanta, S., Pal, M., Mondal, S., Sarkar, B., (2016), Interval-valued fuzzy ¢-tolerance
competition graphs, SpringerPlus, 5(1), 1981.

Pramanik, T., Samanta, S., Sarkar, B., Pal, M., (2017), Fuzzy ¢-tolerance competition graphs, Soft
Computing, 21(13), 3723-3734.

Pramanik, T., Samanta, S., Pal, M., (2016), Interval-valued fuzzy planar graphs, International Jour-
nal of Machine Learning and Cybernetics, 7, 653-664.

Islam, S. R., Maity, S., Pal, M., (2020), Comment on “Wiener index of a fuzzy graph and application
to illegal immigration networks”, Fuzzy Sets Syst., 384, 148-151.

Islam, S. R., Pal, M., (2021), First Zagreb index on a fuzzy graph and its application, Journal of
Intelligent and Fuzzy Systems, 40(6), 10575-10587.

Islam, S. R., Pal, M., (2021), Hyper-Wiener index for fuzzy graph and its application in share market,
Journal of Intelligent and Fuzzy Systems, 41(1), 2073-2083.

Islam, S. R., Pal, M., (2021), F-index for fuzzy graph with application, TWMS J. App. Eng. Math.
(Accepted).

Islam, S. R., Pal, M., (2021), Hyper-connectivity index for fuzzy graph and application, TWMS J.
App. Eng. Math. (Accepted).

Rashmanlou, H., Pal, M., (2013), Antipodal interval-valued fuzzy graphs, International Journal of
Applications of Fuzzy Sets and Artificial Intelligence, 3, 107-130.

Rashmanlou, H., Samanta, S., Pal, M., Borzooei, R. A., (2015), Intuitionistic Fuzzy Graphs with
Categorical Properties, Fuzzy Information and Engineering, 7(3), 317-334.

Rashmanlou, H., Samanta, S., Pal, M., Borzooei, R. A., (2016), Product of bipolar fuzzy graphs and
their degree, International Journal of General Systems, 45(1), 1-14.

Rosenfeld, A., "Fuzzy graphs”, in Fuzzy Sets and Their Applications, Zadeh, L. A., Fu, K. S.,
Shimura, M., Academic Press, New York, (1975), 77-95.

Sahoo, S., Pal, M., (2017), Product of intuitionistic fuzzy graphs and degree, Journal of Intelligent
and Fuzzy Systems, 32(1), 1059-1067.

Sahoo, S., Pal, M., (2017), Intuitionistic fuzzy tolerance graphs with application, Journal of Applied
Mathematics and Computing, 55, 495-511.

Sahoo, S., Pal, M., Rashmanlou, H., Borzooei, R. A., (2017), Covering and paired domination in
intuitionistic fuzzy graphs, Journal of Intelligent and Fuzzy Systems, 33(6) 4007-4015.

Samanta, S., Pramanik, T., Pal, M., (2016), Fuzzy colouring of fuzzy graphs, Afrika Matematika,
27, 37-50.

Samanta, S., Pal, M., Rashmanlou, H., Borzooei, R. A., (2016), Vague graphs and strengths, Journal
of Intelligent and Fuzzy Systems, 30(6), 3675-3680.

Samanta, S., Sarkar, B., Shin, D., Pal, M., (2016), Completeness and regularity of generalized fuzzy
graphs, SpringerPlus, 5(1), 1979.

Shyla, A. M., Varkey, T. K. M., (2016), Intuitionistic Fuzzy Soft Graph, Intern. J. Fuzzy Mathemat-
ical Archive, 11(2), 63-77.



18 TWMS J. APP. AND ENG. MATH, V.14, N.1, 2024

[62] Tripathy, B. K., Sooraj, T. R., (2015), On Interval-valued Fuzzy soft sets and their Application in
Group Decision Making, Conference: NCMAC 2015.

[63] Tripathy, B. K., Panigrahi, A. (2016), Interval-valued intuitionistic fuzzy parameterized soft set
theory and its application in decision-making, 10th International Conference on Intelligent Systems
and Control (ISCO).

[64] Varkey, T. K. M., Shyla, A. M., (2019), Some Properties of Intuitionistic Fuzzy Soft Graph, Int. J.
Math. And Appl., 7(2), 59-73.

[65] Wang, J., Tang, S. (2015), Some new operations on interval-valued intuitionistic fuzzy soft sets,
Italian Journal of Pure and Applied Mathematics, 34, 225-242.

[56] Yang, X. B., Lin, T. Y., Yang, J. Y., Li, Y., Yu, D., (2009), Combination of interval-valued fuzzy set
and soft set, Computers & Mathematics with Applications, 58(3), 521-527.

[67] Zadeh, L. A., (1965), Fuzzy sets, Information and Control, 8(3), 338-353.

[68] Zadeh, L. A., (1975), The concept of a linguistic variable and its application to approximate
reasoning-I, Information Sciences, 8, 199-249.

" Uttam Mondal is a research scholar in the department of Applied Mathematics with
Oceanology and Computer Programming, Vidyasagar University, India. His research
~ interests include fuzzy graph theory, soft graph theory, graph theory.

Dr. Kalyani Das is an Assistant Professor in the department of Mathematics, Belda
College, India. Her research interests includes algorithmic graph theory, fuzzy graph
theory.




