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1. Introduction and Preliminaries

Molodtsov [6] introduced the concept of soft set that can be seen as a new mathematical theory for dealing with uncertainties.
The soft set theory has been applied to many different fields with greatness. P. K. Maji [11] worked on theoretical study of
soft sets in detail. The most appreciate theory to deal with uncertainties is the theory of fuzzy sets, developed by Zadeh
[8] in 1965. But it has an inherent difficulty to set the membership function in each particular cases. The generalization of
Zadeh’s fuzzy set, called intuitionistic fuzzy set was introduced by Atanassov [4] which is characterized by a membership
function and a non-membership function. The first definition of intuitionistic fuzzy graph was introduced by K. T. Atanassov
[5] in 1999. M. G. Karunambigai and R. Parvathy [9] introduced intuitionistic fuzzy graph as a special case of Atanassov’s
intuitionistic fuzzy graph. In 2015, Sumit Mohinta and T. K. Samanta [13] introduced the concept of Fuzzy Soft Graph.
We presented the definition of Intuitionistic Fuzzy Soft Graph [2]. We present a novel framework for handling intuitionistic
fuzzy soft information by combining the theory of intuitionistic fuzzy soft sets with graphs. We presented the notions of
Intuitionistic Fuzzy Soft graph, Strong intuitionistic fuzzy soft graph, Complete intutionistic fuzzy soft graph in our previous
paper. In this article, we introduce some new concepts of intuitionistic fuzzy soft graph, explain notion of ifs-complement
of an intuitionistic fuzzy soft graph and ifs-¢-complement of an intuitionistic fuzzy soft graph with example. Finally, we

investigate the properties of ifs-complement and ifs-¢-complement of an intuitionistic fuzzy soft graph.

Definition 1.1. A Fuzzy Set of a base set V.= {v1,v2,...,vn} (non-empty set) is specified by its membership function o;

where o : V — [0,1] assigning to each v; € V, the degree or grade to which V € o.
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Definition 1.2. A Fuzzy graph G = (o, ) is a pair of function o : V — [0,1] and p: V xV — [0, 1], where for all v;,v; € V
we have p(vi,v;) < o(vi) Ao(vj) for each (vi,v;) €V x V. Here o and u are respectively called fuzzy vertex and fuzzy edge

of the fuzzy graph G = (o, ).
Definition 1.3. An Intuitionistic Fuzzy Graph is defined as G = (V, E, u,~y) where

(1) V. =A{v1,v2,...,vn} (non-empty set) such that p1 : V. — [0,1] and v, : V — [0, 1] denote the degree of membership and

non-membership of the element v; € V' respectively and 0 < p1(vs) +y1(vi) <1 for everyv, €V, i =1,2...n

(2) ECV xV where ua : VxV = (0,1 and 72 : V x V — [0,1] are such that

(a) p2(vi,v;) < min{u(vi), p1(vy)}
(b) v2(vi,v5) < maz{vyi(vi), 71 (v;)} and

(c) 0 < pa(vi,vy) + y2(vi,v;) < 1, 0 < pa(vi,v)),72(vi,v5), w(viv5) <1, where m(vi,v;) = 1 — pa(vi,v5) —

v2(vi,v5) for every (vi,v;) € E, 4,7 =1,2,...,n
Let U be an initial universal set, P be a set of parameters, #(U) be the power set of U and A C P.

Definition 1.4. A pair (F, A) is called a softset over U if and only if F is a mapping of A into the set of all subsets of

the set U.

Definition 1.5. A pair (F, A) is called fuzzy soft set over U , where F is a mapping given by F : A — IV; IV denotes the

collection of all fuzzy subsets of U; A C P.

Definition 1.6. A pair (F', A) is called an intuitionistic fuzzy soft set over U, where Fisa mapping given by F:A— IFY;

IFY denotes the collection of all intuitionistic fuzzy subsets of U; A C P.

2. Intuitionistic Fuzzy Soft Graph

Definition 2.1 ([2]). Let G = (V,E) be a simple graph, V. = {vi,v2,...,v,} (non-empty set)) E C V x V,

P(parameter set) and A C P. Also let

(i) p1 is a membership function defined by
p1: A— IFY(V) (IFY(V) denotes collection of all intuitionistic fuzzy subsets in V)
a— pi(a) = pia (say), a € A and
Hia @V —[0,1]
Vi > piia(vs)
(A, p1) Intuitionistic fuzzy soft vertex of membership function and
y: A= IFY(V) (IFY(V) denotes collection of all intuitionistic fuzzy subsets in V)
a— y1(a) = v1a (say), a € A and
YoV = [0,1]
i = Y1a(vi)
(A, v1) Intuitionistic fuzzy soft vertex of non-membership function such that 0 < piq(vi) + v1a(vi) < 1 for every v; €

V,i=1,2...n and a € A.



T. K. Mathew Varkey and A. M. Shyla

(i) p2 is a membership function defined on E by

po i A= IFY(V x V) (IFY(V x V) denotes collection of all intuitionistic fuzzy subsets in E)

a— p2(a) = p2a (say), a € A and
,u,ga:VXV—>[0,1]
(vi,v5) = p2a(vi, v;)

Y2 is the non membership function defined on E by

Yo : A— IFY(V x V) (IFY(V x V) denotes collection of all intuitionistic fuzzy subsets in V x V)

a— y2(a) = v2q (say), a € A and
’yga:VXV—>[(),1]

(vi, v5) = Y240 (v, vj)

where (A, u2),(A,v2) are Intuitionistic fuzzy soft edge of membership function and non- membership function satisfying

(a) p2a(vi,v;) < min{pia(vi), pra(vs)}

(b) 720 (v, v5) < maz{yia(vi), 11a(v;)} and

(c) 0 < p2q(vi,v5) + Y20 (vi,v5) < 1, 0 < p2a(vi,v5), v2a (vi, v5) < 1, forevery (vi,v;) € E 4,5 =1,2,...

,nand a € A.

Then Gu vig = (V. E, (A, 1), (A,m), (A, p2), (A,72)) is said to be the Intuitionistic Fuzzy Soft Graph (IFSG) and this

IFSG is denoted by Gy v k-

Note 2.2. For every Intuitionistic fuzzy soft graph G4 v g, the degree of indeterminacy of the vertex v; € V' for the parameter

a € A is €1a(vi) =1 — p1a(vi) — y1a(vi) and the degree of indeterminacy of the edge (vi,v;) € E for the parameter a € A is

€24 (i, v5) = 1 — paa(vi, v;) — Y24 (i, v5).

Example 2.3. Consider a simple graph G = (V,E) where V. = {vi,v2,v3} and E = {(vi,v2), (v2,v3), (v1,v3)}. Let

A = {a1,a2,a3} be the parameter set. Then the Intuitionistic Fuzzy Soft Graph (IFSG), G4 v = (V,E,(A,u1), (A,m),

(A, p2), (A,v2)) is described in Table 1 and Figure 1.

(a) (b) (c) (d)
Mia|v1| v2 |v3 Yia| v1 | v2 | v3 H2a | (v1,v2) | (v1,v3) | (v2,v3)| |V2a|(v1,v2)]|(v1,v3)]|(v2,v3)
ai; 0.8/ 0.6 | 0 a; [0.1]02] 0 al 0.1 0 0 al 0.1 0 0
az [0.9/0.65|0.5 a2 [0.05/0.25] 0.4 az | 0.15 0.25 0.1 as 0.2 0.1 0.2
a3 [0.2/10.75/0.8 a3z | 0.6 | 0.1 [|0.15 a3 0.01 0.1 0.2 as 0.5 0. 2 0.01
Table 1:
n(08,0.) 11(0.9,0.05) v1(0.2.0.6)
(0.1,0.1) (0.15,0.2) (023,0) (0.01,0.5)
(0.1,02) (02,001)
1(06.02) 15(0.65,0.25) 13(0.5,0.4) 15(0.75,0.1) 13(0.8,0.15)

1(a) TFSG corresponding to the

1(b) IFSG corresponding to the
parameter aj.

parameter ap.

Figure 1:

1(c) IFSG corresponding to the

parameter a3.
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Definition 2.4 ([3]). Ifs-order of an intuitionistic fuzzy soft graph Gh v.g = (V. E,(A4,m), (A,m), (A, p2), (A,72)) is
defined as

OGave) =D | D ma) |3 | D va(wi)

a€A \v; eV a€A \v; eV

for every v; € V and for every a € A .

Definition 2.5 ([3]). Ifs-size of an intuitionistic fuzzy soft graph G% v,z = (V, E, (A, p1), (A, 1), (A, p2), (A,72)) is defined

as

S(Gave)= | Do mzalvivg) |y > za(vi,vg)

a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v;

for every (vi,v;) € E and for every a € A .

Example 2.6. Ifs-order of the intuitionistic fuzzy soft graph G4 v g of Example 2.3 is

O(Gh,v.r) = (((0.6+0.8)+(0.94-0.65+0.5)4(0.24-0.75+0.8)), ((0.14+0.2)4(0.054-0.25+0.4) 4+ (0.6 40.14-0.15)) )= (5.2, 1.85)
Ifs-size of the intuitionistic fuzzy soft graph G v of Example 2.3 is

S(Gav.e) = (((0.1) + (0.15+ 0.1 4 0.25) + (0.01 4+ 0.2 + 0.1)), ((0.1) + (0.2 + 0.2 4 0.1) + (0.5 4 0.01 + 0.2)))= (0.91, 1.31)

3. Basic Definitions of an Intuitionistic Fuzzy Soft Graph and Some
of its Properties

Definition 3.1. An edge (vi,v;) € E in an Intuitionistic Fuzzy Soft Graph G v, g is said to be an ifs-effective edge for some
parameter a € A if p2q(vi,v;) = min{p1a(vi), p1a(v;)} and v2q (vi, v;) = max{vyia(vi), y1a(v;)} for (vi,v;) € E and for a €
A.

Definition 3.2. A node in an IFSG G v g is called an end node for some parameter a € A if it has atmost one strong

neighbour in G v g for a € A.
Definition 3.3. An edge for some a € A in an IFSG joining a vertex to itself is called an ifs-loop.

Definition 3.4. In an IFSG G’ v, if for every a € A,there is more than one edge joining two vertices, then Gy v p is
called an intuitionistic fuzzy soft pseudo graph (ifs-pseudo graph) and these edges are called intuitionistic fuzzy soft multiple

edges (ifs-multiple edges).

Definition 3.5. An IFSG is said to be Intuitionistic fuzzy soft simple Graph if it has neither ifs-loop nor ifs-multiple edges

for every parameter a € A.

Definition 3.6. In an IFSG G7, v g, if two vertices have an edge joining them for some a € A, then they are called ifs-
adjacent vertices for a € A and if two edges are incident on a common vertex for some a € A, then they are called ifs-adjacent

edges.

Definition 3.7. An IFSG Hg v g = (V' E', (A, 1), (A, 1), (A, 13), (A,73)) is said to be Intuitionistic fuzzy soft subgraph
(IFSSG) of Gave = (V,E, (A, 1), (A7), (A p2), (A,72)) if BC A, V' CV and E' C E. In other words, if BC A ,
#ia(vi) < p1a(vi); Yia(vi) > Y1a(vi) and pha(vi,v5) < pr2a (Vi v5); Yaa (Vi v5) > Y20 (viy v5) for every v; € V', (vi,v;) € E

and for every a € B.

Definition 3.8. An Intuitionistic fuzzy soft subgraph Hy v, g of an IFSG Gy v g is said to be Spanning intuitionistic fuzzy

Soft subgraph if p,(vi) = p1a(vi) and viq(vi) = Y1a(v:) for every v; € V and for every a € A.
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Example 3.9. Consider the Intuitionistic fuzzy soft graph in Example 2.3, here the IFSG

Hy vig = (VB (B, 11),(B,1).(B, p2),(B,72)),where V' = {vi,v2,v3}, E' = {(v1,02), (v2,v3), (v1,v3)} and B =
{a1,a2} be the parameter set described in Table 2 and Figure 2 is an Intuitionistic fuzzy soft subgraph (IFSSG) of the
IFSG G vp = (V, E, (A, u1),(A,m),(A, p2),(A, v2)) described in Table 1 and Figure 1.

(a) (b) (c) (d)
Hia|v1| v2 |v3 Via|v1 | V2 | V3 p2a | (v1,v2) | (v1,v3) | (v2,v3)| |v2a|(v1,v2)]|(v1,v3)]|(v2,v3)
a; [0.2/04]0 ay |0.2/0.2| 0 a1 0.1 0 0 al 0.1 0 0
as |0.7/0.65]0.2 az [0.1/0.3]0.6 az 0.2 0.2 0.1 as 0.3 0.3 0.5
Table 2:
11(0.2,0.2) v1(0.7,0.1)

(0.1,0.1) (0.2,0.3)

(0.1,0.5)
v2(0.65,0.3) v3(0.2,0.6)

v2(0.4,0.2)

2(a) IFSSG corresponding to the

2(b) IFSSG corresponding to the
parameter a;.

parameter a;.

Figure 2:

Here Hp i = (V', E', (B, 11),(B,71),(B, i2),(B, %)) is an Intuitionistic fuzzy soft subgraph (IFSSG) of IFSG G v, =
(V,E, (A, 1), (A,m), (A, p2), (A,72)) of Example 2.3.

Definition 3.10. An intuitionistic fuzzy soft graph G7 v g is said to be Semi-pq-strong Intuitionistic Fuzzy Soft Graph if

t2a(vi, v5) = min{pia(vi), pia(vj)} for every (vi,v;) € E and for every a € A.

Definition 3.11. An intuitionistic fuzzy soft graph G v, g is said to be Semi-vy,-strong Intuitionistic Fuzzy Soft Graph if

Y24 (Vi, v;) = maz{yia(vi), y1a(vj)} for every (vi,v;) € E and for every a € A.

Definition 3.12. An intuitionistic fuzzy soft graph G2 v g is said to be Complete-pq-strong Intuitionistic Fuzzy Soft Graph

if p2aq(vi,v5) = min{pia(vi), p1a(v5)} and y2a (vi, v5) < max{y1a(vi), v1a(v;)} for every vi,v; € V and for every a € A.

Definition 3.13. An intuitionistic fuzzy soft graph G v g is said to be Complete-y,-strong Intuitionistic Fuzzy Soft Graph

if p2a(vi,v5) < min{pia(vs), p1a(v;)} and y2q (vi, v;) = maz{y1a(vi), Y1a(v;j)} for every vi,v; € V and for every a € A.

Definition 3.14 ([2]). An intuitionistic fuzzy soft graph G* = (V, E, (A, u1), (A,71), (A, p2), (A,2)) is said to be Strong
Intuitionistic Fuzzy Soft Graph if p2(vi, v;) = min{pia(vi), p1a(vj)} and vaa (vi,vj) = maz{yia(vs), v1a(v;)} for every
(vi,vj) € E and for every a € A and is said to be Complete Intuitionistic Fuzzy Soft Graph if pse(vi,v;) =

min{pia(vi), t1a(v;)} and 26 (vi,v;) = maz{yia(vi), v1a(v;)} for every vi,v; € V and for every a € A.

Definition 3.15. Let G = (V,E) be a simple graph, P(Parameter set). Also let V1,Vo C V, E1,E; C E, A/B C

P and GTA,Vl,El = (‘/17E17(A7M1),(A7’Yl), (A7M2)) (A772)) and G*B,VZ,EQ = (V21E27(B7M/1)7(B77{)) (Bal'L/Q)y (A7fyé)) be
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two intuitionistic fuzzy soft graphs. An isomorphism between G% v, g, and Gp v, g, denoted by G v, g, = Gp v, 5, if
there exists a bijective mapping h : Vi — Va which satisfies p1a(vi) = pia(h(v:)), Y1a(vi) = Yia(h(v:)) and p2e(vi,v;) =

Haa (h(:), B(v;)), V2a(Vi,0;) = Yoo (h(v3), h(v;)) for every vi,v; €V and for every a € A.

4. Ifs-complement of an Intuitionistic Fuzzy Soft Graph and Some of
its Properties

Definition 4.1. Let G v.g = (V. E, (A, 1), (A,m1), (A, p2), (A,72)) be an IFSG. The ifs — complement of IFSG G v,
is deﬁned as é*A,V,E = (Vv Ea (A7ﬁ1)7 (A771)! (A7ﬁ2)7 (A,WZ)) where
(i). Ty (Vi) = 1a(Vi); F14(vi) = Y1a(vs) for every v € V and for every a € A.
L min{pia(vi), p1a(vi)} — p2a(vi,v;)  if poa(vi,v;) #0, a € A
(i) Foq (vi, v5) =
min{/ia(vi), p1a(v;)} if p2a(vi,v;) =0, a € A
_ max{y1a(vi), 1a(v;)} — Y24 (vi,v5)  if y2a(vi,v5) #0, a € A
Voo (V35 05) =
max{7y1a(vi), y1a(v;)} if Y2a(vi,v;) =0, a € A

for every vi,v; € V' and for every a € A.

—*

Theorem 4.2. For any IFSG, G% v, G Gave

|

AV,
Proof. Let Give = (V,E, (A, 1), (A,7), (4, p2), (A, ~2)) be an Intuitionistic fuzzy soft graph. Then by Definition 4.1

E
a AVE (Va Ea (Aaﬁl)7 (Aa§1)7 (Aaﬁz)v (Avﬁz))v where

(i) T (Vi) = Ty, (vi) = paa(vi) and 7, (v;) = F1,(vs) = Y1a(v;) for every v; € V and for every a € A.

.. — min{ﬂla(vi)7 ﬂla(vj)} - ﬂ?a(vh Uj) if ﬁQa (Ui’ Uj) # 07 ac A
(i) Figq (v, v5) =

min{7; o (vi), 14 (v5)} if fiyq(vi,v) =0, a € A

_ max{¥y,(vi), V14 (Vj)} = Fou (vi,v5) i oo (vi,v5) #0, a € A
Yaa (Vi, v5) =

max{ila(v’ixﬁla(vj)} lf 72(1(’01'7 'Uj) = 07 ac A

ﬁZa(U’ivvj) #0, a € A then,

= (ony) = min{p1q(vi), pr1a(v;)} — (Min{pia(vi), 1o (vs)} — (B2a(vi,v5))  if p2a(vi,v;) #0, a € A

0 if poa(vi,v;) =0, a € A

/Lza(’(}“l}j) if (’Ui,’l)j) eFE

0 if (’l)Z',U]') gé E

That is, fise (vi,v;) = p2a(vi, v3),if p2a(vi,v;) # 0. Also if Ty, (vi,v;) =0 = min{uia(vi), p1a(vs)} — (424 (vi,v;) = 0 =
p2a(Viy v;) = min{pia(vi), p1a(vj)} = Hoy (vi, v;). Thus fy, (vi,v;) = p2a(vi,vj) for every (vi,v;) € E and for every a € A.
Similarly we can prove that 7, (vi,v;) = v2a(vi,v;) , for every (vi,v;) € E and for every a € A. Thus ?A,V,E =

"
Gav,e-

Example 4.3. Let G v = (V,E, (A, 1), (A7), (A, p2), (A,72)) be an IFSG described in Table 3 and Figure 3, where
V = {v1,v2,v3,v4,v5} be the vertex set, E = {(v1,v2), (vi,v3), (v3,v4), (v3,v5)} be the edge set and let A = {a1,az2} be
the parameter set. Then the ifs-complement of G’ v, i be represented as éZ,V,E = (V,E,(4,1,), (A7), (4,0,), (4,7,)),
which is described in Table 4 and Figure 4.
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Mia|v1 |v2 [v3 | V4 | V5 ||Y1a| V1 [v2 |v3 | va | U5 | [M2a]|(v1,v2) | (v1,v3)|(vs,v4) |(v3,v5)| |V2a|(v1,v2)|(v1,v3)|(v3,v4) | (v3,v5)
ap [0.2/0.3]/0.3] 0 | O a1 10.3(0.2/0.5] 0 | 0 al 0.1 0.2 0 0 ay 0.2 0.3 0 0
az [0.3/0.2/0.4/0.6|0.1|| az [0.4]/0.5/0.1/0.1|0.1| | a2 0.2 0.3 0.3 0.1 as 0.1 0.1 0.1 0.1

Table 3:
12(0.3,0.2) v1(0.3,0.4) v3(0.4,0.1)
(0.3,0.1)
(0.1,0.2) (0.2,0.1) (0.1,0.1) (0.3,0.1)
(0.2,0.3) vs5(0.1,0.1)
11(0.2,0.3) v3(0.3,0.5) v2(0.2,0.5) v4(0.6,0.1)
3(a) IFSG corresponding to the parameter 3(b) IFSG corresponding to the parameter
al. ar
Figure 3:
(a) (b)
ﬁla v1 |v2 | v3 | V4 | U Wla v1 |v2 | v3 | V4 | U
ai |0.2/0.3|10.3] 0 | O aj |0.3/0.2|0.5] 0 | O
as [0.3/0.2/0.4]0.6]/0.1 az |0.4/0.5/0.1{0.1]0.1
(c)
Fiog | (v1,v2) | (v1,v3) | (v1,v4) | (V1,95) | (v2,v3) | (v2,v4) | (v2,v5) | (v3,v4) | (va, v5)
ay 0.1 0 0 0 0.3 0 0 0 0
as 0 0 0.3 0.1 0.2 0.2 0.1 0.1 0.1
(d)
Toa | (v1,v2) | (v1,v3)| (v1,v4) | (v1,V5) | (v2,v3) | (v2,v4) | (v2, v5) | (v3, va) | (va,V5)
ay 0.1 0.2 0 0 0.5 0 0 0 0
a2 0.4 0.3 0.4 0.4 0.5 0.5 0.5 0 0.1
Table 4:
4,(03,02) v4(0.3,0.4) (0,0.3) v5(0.4,0.1)
(0.2,0.5
0.04) (0.1,0)
(0.3,0.4)
(0.3,0.5) (0.2,0.5)
(0.1,0.1)
¥,(02,08) (0.1,0.4) v,4(0.6,0.1)
(0.1,0.5) (0.1,0.1)
v;(0.2,03) (0,02) v,(0.3,05) v5(0.1,0.1)
ifs — complement of IFSG ifs — complement of IFSG
corresponding to the parametera, corresponding to the parameter as
Figure 4:

Proposition 4.4. The ifs-complement é;yvj of an IFSG G’ v, satisfies the following properties.

(i). O(Gav,5) = O(Ghv,p)
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(ii). If the crisp graph corresponding to every parameter a € A is complete, then

(a). ST pa(viv) |+ S Taa(vivy) | <2 > (min{pa(vi), pa(v)})

a€A \v;,v;EV,v;7#v; a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v;

for every (vi,v;) € E and for a € A and

(b). Z Z Yoa (Vi,v5) | + Z Z Voa(vi,v5) | <2 Z Z (maz{y1a(vi), v1a(v5)})
acA

a€A \v;,v;EV,v;7#v; a€A \v;,v;EV,0;70; 0,0 EVvi#v;
for every (vi,v;) € E and for a € A.
Proof.
(i). From the definition of G4 v 7, O(GavE) = O(G4,v,p)-
ii). (a). If the crisp subgraph corresponding to every parameter a € A is complete, then there exists an edge joining every
g g g g
pair of vertices. That is p24(vi, v5) 7# 0 or Y24 (vs,v5) # 0 for every (vs,v;) € E and for every a € A. Then
t2aq (Vi v5) < min{pia(vi), p1a(vy), for every (vi,v;) € E and for every a € A,
Faq (Vi v5) = min{paa (vi), pa(vs)} — pza(vi, v5) and
Fiog (0, v5) < min{pia(vi), p1a(vy)} for every (vi,v;) € E and for every a € A,
" 20 (Vi V) F Toq (vi, v5) < 2(min{pia(vi), paa(vs)}) for every (vi,v;) € E and for every a € A,
Now,
> o hza(vivy) |+ Y. Faalviv) | <237 Y. (min{uia(vi), pa(v))})
a€A \v;,v;EV,v;#v; a€A \v;v;EV,v;#v; a€A \v;,v;EV,v;#v;
for every (vs,v;) € E and for every a € A. Similarly we can prove that (ii)(b),
Z Z Y2a U’HUJ +Z Z Y2a U’HUJ <2 Z Z (max{’yla(vi)771a(vj)}) )
a€A \v;,v;EV,v;7v; a€A \v;,v;EV,0;#v; a€A \vi,v;EV,0;#v;
for every (v;,v;) € E and for every a € A. O

Example 4.5. Consider Example 2.3,

OGavzE) = (((0.840.6) + (0.9 + 0.65 + 0.5) + (0.2 + 0.75 + 0.8)), ((0.2 + 0.1) + (0.05 + 0.25 + 0.4) + (0.6 + 0.1 + 0.15)))
= (5.2,1.85)

= (O(GTLX,V,E)

Also,

> > (n20(vi,v)) + Tigg (vi,05)) | = ((0.1) + (0.15 4 0.1 4 0.25) + (0.01 + 0.2 4 0.1))
a€A \v;,v;EV,0;7v;

+ ((0.5) + (0.5+ 0.4 + 0.25) + (0.194+ 0.55 4+ 0.1)) = 3.4

2> > (min{pia(vi), pa(v;)}) | | = 2((0.6) + (0.65 + 0.5+ 0.5) + (0.2 + 0.2 + 0.75)) = 6.8

a€A \vi,v;EV,v;#v;

Thus ) > (n2a(vi, ) + g (vi,05)) | <2 D0 > (min{pia(vi), pra(v;)})

a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;7#v;

)

)
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Also,

> > (12a(vi,v5) + Faa(vis ) | = ((0.1) + (0.2+ 0.2+ 0.1) + (0.5 + 0.01 + 0.2)+
a€A \v;,v;EV,v;#v;

((0.1) 4 (0.05 + 0.2 + 0.3) 4 (0.1 + 0.4 + 0.14)) = 2.6

2 (Z ( > (maz{yia(v), yla(vj)})) ) =2(((0.2) 4+ (0.25 4 0.4 + 0.4) + (0.6 + 0.6 + 0.15))) = 5.2

a€A \v;,v;EV,v;7v;

Thus » ( > (M2a(vivvj)+uga(vi,vj))) <2 (Z ( > (mm{ula(vi)yma(v;‘)})>>

a€A \v;,v;EV,v;#v; a€A \vi,v;EV,0;#v;
Note 4.6. For an IFSG, the inequality (ii) of Proposition 4.4 is not generally true. The Example 4.7 illustrates the situation.

Example 4.7. Consider the IFSG and its ifs-complement in Example 4.3,

O(Ghve)=((02+03+03+0+0)+(0.3+0.2+ 0.4+ 0.6+0.1),(0.3+ 0.2+ 0.5+ 0+ 0) + (0.4 4 0.5+ 0.1+ 0.1+ 0.1))

=(24,2.2)
=0(GavE)
Also,
> S (n2a(vi,v) + Tige (vi,05)) | = ((0.140.2) + (0.2 + 0.3+ 0.3 4 0.1) + (0.1 + 0+ 0.3)
a€A \v;,v;EV,v;#v;
+(0+04+0140.1+01+01+03+0.2+0.2)) =27
2> > min{pia(vi), pra()}) | | =2(((0.240.0.2) + (0.2 + 0.3+ 0.4+ 0.1))) = 2.8
a€A \v;,v;EV,0;7v;
Thus ) S (n2a(vi,v) + e (visv) | <2 D > (min{pia(vi), pra(vs)})
a€A \vi,v;EV,0;#v; a€A \v;,v;EV,0;#v;
But > (920 (Vi v5) + Faa (viyv5)) | = ((0.240.3) + (0.1+ 0.1+ 0.1+ 0.1)+
a€A \v;vjEV,v;#v;
(0.1+0.240.5)+(04+05+01+0+0.34+04+0.54+04+0.5)) =4.8
Also,

2> > (maz{ya(v), ma(v;)}) | | =2(((0.340.5) + (0.5+0.4+0.1+0.1))) = 3.8

a€A \v;,v;EV, 0705

Thus ) Do (2avivs) F Vaa (Wi vg)) | £2( D > (maz{ma(vi), 11a(vs)})

a€A \v;,v;EV,0;7v; a€A \v;,v;EV,0;#v;
Proposition 4.8.
(i) The ifs-complement of a semi-pq-strong IFSG is a semi-piq-strong IFSG.
(#) The ifs-complement of a semi-vyq-strong IFSG is a semi-yq,-strong IFSG

Proof.
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(i) Let G4,y i be a semi-fi,-strong IFSG and let éz,vj be its ifs-complement. Since G7 y g is a semi-pq-strong IFSG,
p2a (vi,v5) = {min(pia(vs), p1a(vs)} for every (vi,v;) € E and for every a € A. Then for every (v;,v;) € E and for
every a € A.

B min{pia(vi), p1a(vy)} i p2a(vi,v;) =0, (vi,v;) € E, a € A
Figq (Vi vs) =
0 if poqa(vi,v5) #0, (vi,v;) €E, a€ A

Thus Ty, (vi,v;) = {min(f,, (vi), Fa(vj)} for every (vi,v;) € E and for every a € A = G4y is a semi-p,-strong

IFSG.

(ii) Similarly, let G v, i be a semi-y,-strong IFSG and let 62775 be its ifs-complement. Since G v, is a semi-y,-strong
IFSG, Y24 (vi,v5) = {maz(y1a(vi),Y14(v;))} for every (vi,v;) € E and for every a € A. Then for every (v;,v;) € E and
for every a € A.

_ maz{y1a(vi), M1a(vs)} i Y2a(vi,v5) =0, (vi,v;) € B, a € A
’YQa(v’i?Uj) =
0 if v2q(vi,v;) #0, (vi,v;) €E, a€ A

Thus Fy, (vi,v;) = {min(F,,(v:), 1, (v;)} for every (v;,v;) € E and for every a € A = G4 v.5 is a semi-y,-strong

IFSG. O

Theorem 4.9. If an Intuitionistic fuzzy soft graph be a strong intuitionistic fuzzy soft graph, then its ifs-complement is also

a strong intuitionistic fuzzy soft graph.

Proof. Let G4y g be a strong IFSG and let ézyvj be its ifs-complement. Since G% v g is strong, poa(vi,v;) =

{min(pia(v:), p1a(v;)} and y24 (vi, v5) = {maz(v1a(vs), 112 (v;)} for every (vi,v;) € E and for every a € A. Then

(1) Bra(vi) = p1a(vi); F14(vi) = Y1a(vs) for every v; € V and for every a € A.

o min{pia(vi), p1a(v;)} i p2a(vi,v;) =0, (vi,v;) ¢ B, a € A
(i) Fgq (vi, v5) =
0 if pog(vi,v5) #0, (vi,v;) €EE, a€ A

_ maz{y1a(vi), v1a(v;)} if V2a(vi,v;) = 0, (vi,v) ¢ E, a € A
Vaa(vi,v5) =
0 if y2q(vi,v5) #0, (vi,v;) €EE, a € A
That is Ty, (vi, v;) = min{p1a(v:), p1a(v;)} and Fy, (vi, v;) = max{yia(vi), y1a(v4)} for every (vs,v;) € E and for every

a € A. Thus él,vf is a strong IFSG. O

Definition 4.10. Let G7% yrp be an IFSG. The ifs — ¢ — Complement of G}y p is defined as ae =

AV? E?
7P 5P — — — —
(V7 E", (A D), (A7), (A D), (A7) where
(i) T, (0i) = p1a(vi); 72, (0s) = Y1a(v:) for every v; € V and for every a € A.

- min{pia(vi), p1a(vi)} — p2a(vi,v;) if p2a(vi,v;) #0, a € A
(i) B3q(vi,v;) =
0 if p2a(vi,v;) =0, a € A

L maz{y1a(vi), 11a(v5)} — 20 (vi,v;5)  if v2a(vi,v5) 0, a € A
V2a (i, v5) =
0 if’yga(vi,vj) =0, a€ A
0

Example 4.11. The ifs-p-complement of the IFSG G v g of Example 4.8 is represented as éAVd’ o =

(V¢,E¢, (A, T, (A,70), (A,7D), (A,72)), which is described in Table 5 and Figure 5.
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1,(0.3,0.2) v1(0.3,0.4) v3(0.4,0.1)
(0,0.3)
(0.1,0.1) (0,0.4) (0.1,0)
(0,0.2) v5(0.1,0.1)
v1(0.2,0.3) v3(0.3,0.5) 12(0.2,0.5) v4(0.6,0.1)

5(b) ifs-¢-complement of IFSG

5(a) ifs-¢ - complement of IFSG
corresponding to the parameter a,

corresponding to the parameter a; .

Figure 5:
(a) (b) (c) (d)
70 v [va | vs [va |vs | |30, | w1 | v |3 | va|vs a5, | (v1,v2) [ (v1,v3) | (v3,v4) | |75, | (v1,v2) | (v1,v3) | (v3, va)
ai |0.210.3]0.3] 0 | O ap |0.3/0.2|0.5] 0| O ay 0.1 0 0 al 0.1 0.2 0
as 10.3/0.2/10.4]0.6/0.1| | as |0.4]/0.5/0.1]0.1]0.1 as 0 0 0.1 as | 0.4 0.3 0
Table 5:

—?
Note 4.12. For any IFSG G4 v, G ¢ ave’ 7° 2 Gay,g. Consider the IFSG G} v, and GA o B of Example /.11,

. ¢
consider the edge (vs,vs) in Gj’vq; F5 ﬁ2a (v3,vs) not equal to pi2a(v3,vs) in G4 v g for the parameter az.

Proposition 4.13. The ifs-¢-complement G** AT ES of an IFSG G’ v g satisfies the following properties.
(i) O( Av"’ E«s) O(Ghv,e)-

(ii) S @) |+ S malvivy) | =) > (min{pia(vi), pra(vy)}

a€A \v;,v;EV,v;#v; a€A \v;,vjEV,v;#v; a€A \v;,vjEV,v;#v;
and, > (Voa (wisvs) | + > vea(viyvy) | = > (maz{y1a(vi), y1a(vs)}
a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v;

for every (vi,v;) € E and for every a € A.

(#ii) Vertex set of GA v B is same as the vertex set of Gy v k.

(w) The number of elements in the edge set of GA v T is less than or equal to the number elements in the edge set in

Gave-
(v) If the crisp subgraph corresponding to every parameter a € A is complete, then 6205?4; zo and éZ,VE are same.
Proof.

(i) From the definition of G’y vo 54, O(Gy e 0) = O(G',v.)-
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i > PR CACRHEEDY S (min{pra(vi), pra(vy)} — p2a(vi,v5))

a€A \v;,vjEV,v;#v; a€A \v;,v;EV,v;#v;
=> > (min{pa®:), pra(v)}) | = > > (n2a(vi,v9))
a€A \v;,v;EV,v;#v; a€A \v;,vjEV,v;#v;
=Y PO ACRDE ESY S (n2a(vivy) | =D > (min{pra(vi), pra(v;)})
acA vi,vjEV,'uiyé'uj acA Vi, Vj EV,'Ui;é'Uj acA Vi,V EV,vi¢vj

=Y > (@ (0i,v5) + p2a(vivy) | =D > (min{pia(vi), pra(vy)}

a€A \vi,vjEV,v;#v; a€A \v;,vjEV,v;#v;

Similarly, Z Z (ﬁga(vi,vj) + Y20 (vi,v5) | = Z Z (maz{vyia(vi), y1a(v5)}

a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v;

" —*¢ .
(iii) From the definition of GA,V¢,E¢ itself.

(iv) Example 4.11 illustrates the property. O
Definition 4.14. An IFSG is said to be ifs-self complementary if G v p = 62,7,@-

Theorem 4.15. Let G} v g be an ifs-self complementary IFSG, then

S0Y k) = S [ X tinfme)ma(en)) | | and
a€A \v;,vjEV,v;#v; a€A \v;,v;EV,v;#v;
S X ] = 5[ X tmertne) )

a€A \v;,vjEV,v;#v; a€A \v;,v;EV,v;#v;
for every (vi,v;) € E and for every a € A.

Proof. Let G4 v g be a self complementary IFSG, then G% v g = éZ,V,E- Then there exists an isomorphism h: V — V
such that 7i;,(vi) = p1a(h(vi)), Y14 (vi) = Ma(h(vi)) and Ty, (R(vi), h(v;)) = p2a(vi, v5) and 7y, (h(vi), h(v5)) = Y2a(vi, v5)
for every vi,v; € V and for every a € A. By the definition of ifs-complement of an IFSG, 7i,,(h(v:), h(v;)) =

min(pia(h(vsi), pia(h(v;)) — p2a(h(vs), h(v;)) for every v;,v; € V and for every a € A.

= H2a(vi,v5) = min(pia(vi), pra(vy)) — paa(vi, vy)
= Yo halviv) | =) Yo min{pa),pma@)) | = D0 D p2alviy)
a€A \v;,vjEV,v;#v; a€A \v;,vjEV,v;#v; a€A v;,v; EV,v;#£v;
=2 S malvivy) | =) > (min{pia(vi), pra(v;)})
a€A \v;,vjEV,v;#v; a€A \v;,vjEV,v;#v;
1 .
= > S palvivy) | = 5 > > (min{paa(vi), pra(vs)})
a€A \vi,vjEV,v;#v; a€A \v;,vjEV,v;#v;

Also, ¥y, (h(vi), h(vy)) = maz(y1a(h(vi), Y1a (R(v5)) — Y24 (h(vi), h(v;)) for every v;,v; € V and for every a € A.

= Y24 (vi, v5) = maz(y1a(vi), ¥1a(v5)) — V24 (i, v5)

= > > realvnu) | =)0 > (maz{ma(v),1a(w)}) | =D Do y2alvisv)
a€A \v;,v;EV,v;#v; a€A \v;,vjEV,v;#v; a€A \v;,vjEV,v;#v;

=2 ST v | = > (maz{ma(vi), y1a(v5)})
a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v;
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=Y X )| =33 Y ez mae)))

a€A \v;,v;EV,v;#v; a€A \v;,v;EV,v;#v;

O

Remark 4.16. The condition in the theorem 4.15 is not sufficient for an IFSG to be self complementary. The Example
4.17 illustrates this.

Example 4.17. Consider the IFSG G vp = (V. E, (A, p1), (A, m), (A, p2), (A,72)) described in Table 6 and Figure 6,
where V- = {v1,v2,v3} be the vertex set, E = {(v1,v2), (v1,v3), (v2,v3)} be the edge set and let A = {a1, a2} be the parameter
set. The ifs-complement of G% v g is 5217,5 = (V,E, (A1), (A7), (A1), (A,7,)), which is described in Table 7 and

Figure 7.

v1(0.3,0.4) v1(0.4,0.6)
(0.1,0.3) (0.1,0.2)
(0.1,0.1) (0.1,0.1)
v2(0.2,0.1) 12(0.2,0.4) v2(0.4,0.6) v3(0.3,0.2)

6(a) IFSG corresponding to the para- 6(b) TFSG corresponding to the

meter aj. parameter a.
Figure 6:
(a) (b) (c) (d)
Pia|v1 | v2 |vs Yia|v1 |v2 | vs p2a | (v1,v2) | (v1,v3) | (v2,v3) Y2a | (v1,v2) | (v1,v3) | (ve,v3)
ar [0.3]0.2(0.2 a1 [0.4/0.1]0.4 ay 0.1 0 0.1 al 0.3 0 0.1
a2 |0.410.4]0.3 a2 [0.6/0.6/0.2 az 0.1 0.3 0.1 a2 0.2 0.6 0.1
Table 6:
Figure 7:
v1(0.3,0.4)
v1(0.4,0.6)
>
(0.1,0.1)
(0.3,0.4)
(0.1,0.3)
12(0.2,0.1) v3(0.2,0.4) (02,05
v2(0.4,0.6) v3(0.3,0.2)
7(a) Ifs-complement of IFSG 7(b) Ifs-complement of IFSG correspond-
corresponding to the parameter ing to the parameter a;.
aj.
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(a) (b) (c) (d)
Hla | V1 V2 | V3 VYla| V1 | V2 | V3 p2a | (v1,v2) | (v1,v3) | (v2,v3) Y2a | (v1,v2) | (v1,v3) | (v2, v3)
ap |0.310.2]/0.2 ap [0.4/0.110.4 al 0.1 0.2 0.1 ay 0.1 0.4 0.3
az [0.4]0.4(0.3 az |0.6/0.6|0.2 as 0.3 0 0.2 as 0.4 0 0.5
Table 7:
In this example,
> > p2a(viv) | =01+01401+0.140.3=07
a€A \v;,v;EV,v;#v;
1 . 1
3 Z Z (min{pia(vi), p1a(v5)}) | = 5(0.2+0.2—|—0.4+0.3—|—0.3) =0.7.
a€A \v;,v;EV,v;#v;
Also,
> > qea(viv) | =03+01+02+0.6+01=13
a€A \v;,v;EV,v;7£v;
1 1
32 Y (maz{ma(v).ma(v;)}) | = 5(04+0.4+06+0.6+0.6) = 1.3
a€A \v;,v;EV,v;#v;
Thus

Y X )] =53 X minfue)mae))) | and

a€A \v;,v;EV,v;#v; a€A \v;vjEV,v;#v;

1
> > malviy) | = 5 > > (maz{ya(v), ya(v;)})
a€A \v;,vjEV,v;#v; a€A \v;,vjEV,v;#v;

But G v g is not an ifs-self complementary intuitionistic fuzzy soft graph.

Theorem 4.18. If Ghvg be an IFSG such that pza(vi,v;) = 3(min{pia(vi), p1a(vs)}) and ~v2a(vi,v;) =

L (maz{v1a(vi),Y1a(vj)}) for every (vi,v;) € E and for every a € A, then G’ v be an ifs-self complementary IFSG.

Proof. Let Giyp be an IFSG such that po.(vi,v;) = S(min{pia(vi), pa(v;)}) and  yoea(vi,v;) =
2 (maz{v1a(vi),71a(v;)}) for every (vi,v;) € E and for every a € A. Then Gy p = G vz by the identity map
on V. O
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