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Innovative Study on Complex Fuzzy Soft Graph
and its Properties

R Suresh, V Veeramani and R Thamizharasi

Abstract - This study aims to present complex fuzzy soft
graphs (cfsg). We also obtain regular cfsg, strong cfsg,
spanning cfsg, and complex fuzzy soft graph (cfsg) along with
the definitions of the cfsg 's for path, bridge, strength, regular
order and size. Furthermore, examples are provided for the
union, intersection, complement, and Cartesian product of the
cfsg procedures. This study also addresses the potential
applications of the cfsg and energy of the cfsg.

Index Terms— Complex fuzzy soft set, complex fuzzy graph,
complex fuzzy soft graph (cfsg), regular cfsg, spanning cfsg,
and strong cfsg, energy of cfsg.

I INTRODUCTION

Due to the existence of uncertainty, graphs were
extended into fuzzy graphs by Kaufmann [1] in 1973.
Azriel Rosenfeld [2] developed a relation called fuzzy
relation on fuzzy sets in 1975. Connectivity of fuzzy graphs
is discussed in [3]. Later on, partial fuzzy sub graph, fuzzy
spanning sub graph, complete fuzzy graph, fuzzy tree and
fuzzy bridges were introduced and investigated as
numerous fields, including environmental science, social
science, geography, linguistics science and technology use
fuzzy graphs.

Molodtsov [4] widespread this concept to other domains
such as function consistency, game theory, optimization
techniques, possibility and measurement theory. As a
consequence, numerous investigators are growingly
engaged on soft set research. Maji et al [5, 6] established
the concept of soft sets with fuzzy elements in 2001, which
is a mixture of fuzzy set and soft set. By combining soft
sets and fuzzy sets, Zhicai [7] created applications for the
decision-making model. The definitions of fuzzy graph
theory, fuzzy relations and their applications—such as
cognitive analysis and decision-making problems—can be
found in [2] and [3].

Fuzzy soft sets and fuzzy soft graph (FSG) are clearly
defined in [4,8] and [9] respectively. Also, some of its
applications were discussed such as two-dimensional
membership, uncertainty and the period. Incorporating
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uncertainty and periodicity together into applications is a
complex issue. To resolve this issue, Ramot et al. [10]
presented an interesting extension, called Complex Fuzzy
Sets (CFS), in which the membership function is complex-
valued, as contrasted with fuzzy complex numbers.
Operations of the complex fuzzy sets, their properties and
applications were discussed in [11, 12] and also
membership of a CFS function is comprised into functions:
an amplitude function and a phase function.

For multidimensional (Uncertainty, Periodic) data
inside a single set of data, CFS manages uncertainties with
degrees whose ranges have been extended from the real sub
sets to the complex subgroup with the unit disc.
Thirunavukkarasu et al. [13] pioneered the concept of the
complex fuzzy graph (CFG) which capitalizes on these
features. A complex fuzzy soft set (CFSS) was introduced
in [14] and its applications were discussed in [15]. Soft sets
are employed in the complex fuzzy sets both to describe
periodical behavior and to represent in two-dimensional
membership functions. A complex intuitionistic fuzzy
graph and its properties were presented in [2] and the
applications of complex dombi fuzzy graph were debated in
[16]. Most of the authors referred the study [1] for
extending the studies of complex fuzzy graphs like complex
intuitionistic graphs, complex neutrosophic graphs, and the
complex Pythagorean fuzzy graphs. Despite the fact that the
concept of CFG is derived in [12], not enough details were
given in this study. As a result, we sought to develop
explicit notions of complex fuzzy graphs with an example.
We also aimed to generate a complex fuzzy soft graph
(cfsg) by improving the concept of complex fuzzy graph
which was originally proposed in[12]. The complex
intuitionistic fuzzy graphs and its soft graphs developed in
[2,9]. Since the characteristics and the parameters of a
complex intuitionistic fuzzy graphs were not discussed in
this field, we aimed to extend the discussion over these
concepts. Yoti hetty et al [17] introduced egularity in the
semi-graph which results the concept of cfsg. The current
investigation expands the mathematical notion of the
complex fuzzy soft sets towards cfsg and also establishes
the ideas of strong cfsg, complete cfsg, regular cfsg, and
spanning cfsg. Further, we identify the possible applications
of cfsg.

In this study, we discuss the existing concepts of cfsg in
section I. In section I, an overview of the complex fuzzy
sets and the complex fuzzy soft sets are presented with
examples. Complex fuzzy soft graphs (cfsg), properties and
the various types of cfsg are discussed in section IlI. In
Section 1V, operations such as union, intersection and
complement of cfsg are proposed and the energy of the cfsg
is discussed as well. We concluded with some potential
directions for future research.
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1. COMPLEX FUZZY GRAPH & COMPLEX FUZZY
SOFT SET

Definition 2.1 Ramot et al. [9] suggested a complex fuzzy
set in which the existing membership functionz;, rather

than being a one-dimensional membership function with the
range [0,1], has been replaced by a complex-valued
membership function or two-dimensional membership
function with a range of the form

1s0) = pg(wel 7 j= 1,
where p, () is amplitude term, @, (u) is phase term of the

complex membership function and both are real valued,
resulting in the range as the complex plane's unit circle. The
phase term holds significance in complex fuzzy sets, as
demonstrated in [16].

Definition 2.2 Let G be a given graph of the form G =
(V,6,E,®) is said to be a CFG, where V is a set of

vertices and E < VXV is a set of edges, such that
(i) The membership function of vertices defined by

6:V —>[0,1]2 is a multifaceted function of the
membership which is mapping from end points. i.e.

o is the process through which is the degrees of
complex membership or two-dimensional
membership functions which are assigned to the

members of V, 5:E - [01? is a function which maps
elements of form & < E : (u, V) - [0.5%, Where 1,V eV .
(if) The complex membership function of the edge uv,
s (w) < Minfog (u), o5 (V)}
= Min{ps (u),as (v)Je M M7 WS O3,
Here complex membership function of the vertices
U,V is defined by, &g (u) = pg(u)el@s @,

o5 (V) = g (el s ().

o) =04e""7 p(u,v)=05¢"7" o(v) = 08¢/
u vV
o(u,w) =037 (v, x) = 0.4¢7"77
w X
a(w)= 0.8¢/1°7 o(w,x) = 0.6e/037 a(x)=1 0e/077

Fig. 1 Complex Fuzzy Graph

Definition 2.3 A graph representation H is of the form

H = (V,5,E,@)is said to be a sub graph of the CFG, such

that

(i) ps(U) < g5 (v) &@g(u) <vg(V), here complex
membership function of the vertices U,V in H defined

by 55 (U) = pS (u)ejws (U), 5_5 (V) — qs(v)ejvs (v)
(iiyH = (V, 6, E, @) itself satisfies the properties of CFG.

a(u)= 0.2¢/ 057 @(u,v)= 0.2¢/57 a(v)= 0.5¢/17
u v
@ w) = 0.1e/%57 F(v, x) = 0.4¢/037
w @(w,x) = 0.6e7°47 X

&(w) = 0.6e/%7 Jo3%

Fig.2 CFG H =(V,6,E, @)

G(x)=0.8¢

It clearly shows that H = (V,&,E, @) is a complex fuzzy
sub graph of G = (V, 6, E, 9) (Fig.2)

Definition 2.4 [14] Let Q be an initial set, P, represents a
set of attributes that is not empty. Let w(Q) is a power set
in complex membership functionQ . A pair (w,A) is called
a complex fuzzy soft set over Q , where A CPaand  is
a mapping given by  : A —> w(Q). w(e)can be written as

vie)= {(u’ll///\(u))’u cldec PA}' where %, (u)1s

the membership grade of an objectU .

Example 2.1: Let Q= {C; C, Cs, C,} represent the
countries India, Russia, UK and USA respectively and it
refers a Universe or Initial set. Consider P, =
{e1(Unemployment rate) e,(share market index) es(Inflation
rate) e4(Population growth)} be the parameters set for
growth rate of countries and A < P, ,i.e. A={ey, e}, then
complex fuzzy soft Set (y ,A)where y: A —-w(Q), as
represented in (2.1). Here complex fuzzy soft set (v ,A)
represents the membership grade for the parameters of
unemployment rate and population growth with respect to

countries. Phase terms play a significant role in
representing the country’s current situation of growth.

v, A) =
2(e1)=0.4e1%77  y(e;) =0.8¢ 157
N c,
V)= ;((el)=0.8ej1'5” ;((el)zl.OejOJS” ’
Cs ’ Ca (2.1)
7(e4)=0.3e10%7  y(e;)=0.9e 1087
G C2
VEOT e 20765 ey =0751758
C3 ’ C,

Phase term takes values that lie between 0 and2z. The
USA is a developed country with a small population
whereas India is a developing country with the largest
population. So, we could not measure both the countries in
some parameters like growth rate, unemployment rate,
Inflation rate and etc. For assigning phase values in
membership grade, we consider the particular nation’s
current situation of developing growth. 0 is considered for
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a low developing rate and 27 is considered for highly
developing. So, we only add phase term for each
membership function and its values lie in between 0 and 2z

1. COMPLEX FUZZY SOFT GRAPH

Definition 3.1. Let G =(V, E) be a simple graph. Let pp
be a non-empty set of parameters. Then, (S, (a),Sg (a)) for

all @ € p, iscfsg over G 3,

(1 (SV ,pA) is a complex fuzzy
soft set over V(Vertices),
(SE ,pA)iS a complex fuzzy soft set over E (Edges),

(i) Sg (@)(v) < Min{Sy (@)(1), Sy (B)(V)} =
Min{ps (0), s (0) Je M8 s D}

Sy (@)(u) =
. J@g (U ~ N Jve (v
ps (el 7S sy @) = g5 (e,

Yu,v eV , For convenience, complex fuzzy

soft graph (Sy/(2),Sg (2)) is denoted by C ¢g (C~5) .
Example 3.1. Consider the vertices in the simple graph
represented by the countries India, Russia, UK and USA as
V={66,.656  and E ={ci6,,6:63:6,64,636,1be the
set of edges. i.e., relations between these countries. Let
Pa ={e1,e2,e3,e4}be represent the parameters of

unemployment rate, share market index inflation rate and
population growth respectively and

5, () = bllej0.77z-,0.7ej1.77r,_7ej1.57t71_OejO.757z} <
depicted as complex fuzzy soft membership function of

Unemployment rate of the four countries ¢, ¢0,63,64
respectively , <

52 :{ 0.3¢ 0.4¢1057 | 0.5¢ 10 6”} be
5159 354 $254

the relative membership function of unemployment rate

with respect to the countries, then the complex fuzzy soft

graph Cs (é(el)) = (SV (el),SE(el)) is represented as

follows.

S (Cey) = 0407077
Cy

j0.47x j0.4x

0.3e
$1°3

SEC.Co)ep = 037037 5, (0h)e) = 076177
C,

0.3¢/047
0.56/067

Sg(€1.C3)(e)
__.CJ )ey)

Sg(Cy

o]

C
S7(Cy)ep) = 1.0e/ 0737

Fig. 3 cfsg — C 5(G(ey))

Sp(C3)(ep) = 0.8¢/15 51.(C5.Cy)ep) = 0327047

Definition 3.2. The cfsg C 5 (H) = (S7(8) Sz (&) is said
to be a sub-graph of C fs (é) = (SV (a), SE @), if

(D) rs(U) < tg(v) , 75 (U) < (V)
where S (a)(u) = r;(W)e ™™ | s~ (@)(v) =tg(v)eles™,
forall u,veVand a € Py.

(ii)CfS(I:|)itseIf satisfies the properties of the complex
fuzzy soft graph.

Definition 3.3. Let c ¢ (G) =(Sy (a),Sg (a)) is cfsg. The
degree of the vertex u in c(G) is defined as

o= 5 [Se (i)
g () ygvl (% Y)|

= Dg(¥)
and | is defined by, | = &V 7 heren = |\/|
n
Example: 3.2.
Sp(Cle) = 0.36/0-67
Cy

031 3
540y Co )= 02677 5;5(Cy)ep) = 050708

C

5, J037

) = 0.2
) = 03¢/ 037

(Cy.C

S£(C).C

(o]
08
- 'Sl'f

3

. . 0.5 3z 0.5
55(Cs)ey) = 0.4/ 057 5:C3. ) =026/ S5(Cy)e =0 6e/037

Fig. 4 cfs(ﬁ(el))=[s\7 (el),Sé(el)]
Here C ¢ (H (el)):[s\; (el)’sé (el)J is a sub graph

of C15(G(e))).
Example3.3. From Example 2.3, Dy(C;) =0.59, Dy(C,) =
0.79, Dy( C,)=0.69, Dy( C, )=0.89, Dy (X) =2.96, for all

> Dg(x)

XxeV, and | = XV~ _074< 1, obtained from
n

above mentioned formula.
Definition 3.4. If‘Dg (x)—l\ <e,VXxeV, 0<e<],

(eis small number), then C ¢ ((S) is regular.

From the Fig. 5, ‘Dg (x)— I‘ <e<1.Hence Fig. 5 is regular

cfsg.
Example: 3.4.
2(C) = 047077 7(C1.Cy) = 026707 7(Cy) = 0.8¢/157
C C2
8 -
= S
~ ~
& b
= =
I I
S g
S S
= =
(&) 'l

7(C5)=0.8¢/157 2(C3,C4)=0.5¢/ 067

Fig. 5 Regular cfsg
Definition 3.5. A cfsg C(G(8)) is said to be strong cfsg, if

|SE @)W = Min{sy (E)@),|Sy @) |.for all e pa,
uv e E.

2(Cy)=1.0e/077
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Example: 3.5
0.6 j0.37 .
S5 (€)e) =0.3¢7 707 5£(C1.CyXep)=0.2777 57 (C)ep) = 0.5¢70 5%
C Cy
& ?.
“@ o8]
< =
S 3
N 12!
= S
I I
_ ~
< '
= =
(gl <t
“ “
— o
& S
I oy
el (ol
C a
S5(Ca)le) =0.4¢7%57 §5(C3.C4)e) = 026037 S(Cplep) ~0.6¢/0-57

Fig.6 C¢g (é(el))— Strong cfsg

From Fig.6,

SE (C1.Cp)(ey) = MinfSy, (Cy)(e). Sy (Co)(ey)
= Min{0.3e /%77 0.8e 1067}

— Min{0.3,0.8le MIn0.7.06]

_ O.3ej0'6”
Similarly,

SE(C3.C4)(ep) =0.3e1%47 s (Cq,Ca)(e) = 0.3¢ 1947,

SE(Cp,Cq)(eq) = 0.5¢ 1067
Hence Fig. 3.4 is Strong cfsg.

Definition 3.6. Let (Sy (a),Sg (a)) be the vertex and the

edge set of a cfsg over G. Then the order of a cfsg is
denoted by O(G) is defined as:

i Yos)
0 =| Tpstape i <

ujeVv

The size of a cfsg over G is defined by,
i Yap@)W)
A . UVi e E
S(6) =| Yup@e T
ujvjeE
Definition 3.7. Let (Sy(a),Sg (a)) be the vertex and the

edge set of a cfsg over G. The degree of an edge
Ujlj € Sg (@) is as defined

dg i) =d o ) G;),
Where,
dmja(a)(uiuj):dwja(a)(ui)"‘dwja(g)(uj)
—2us_ (@) (Giuj)
I X asgq)(Uiy)
o liljese @)
= X us@ e
Uil €sg @)
k]
I X asg@(ujuy)
C o ikese@
+ X psg@(Ujuge
UjlkSse @)
ki

Definition 3.8. A cfsg Cfs(é(ﬁ)) is said to be complete, if
S (B)()| = Min{sy @)W}y @)}, V& e p, and
u,v € V.Fig. 7 illustrated for represent the complete cfsg.

Definition 3.9. A cfsg Cfs(é(a)) is said to be empty, if
ISe(@)(Uv)|=0,vaepyand U,VeV.

Definition 3.10. A cfsg Cfs(é(?i)) on a given set V and
Vg, V,, be two given vertices such thatn e N, then a distinct
sequence of vertices P: Vg,Vp,Vo,....Vpin Cy (5(5)) is
called a path of length n from vy tov,.

Definition 3.11. A cfsg C, ((5(5)) on a given set V and v;,
vjbe two given vertices such thati> jand i, jeN, then
Max {Sg (B)@)|fin C,(G(@))is called the strength
between v; and v;.

Definition 3.12. A cfsg C (G(8)) on a given set V, then
an edge UVin Cfs(é(é)) is called the bridge, if the
strengths of each path P from UtoV, not involving UV,
were less than [Sg ()(UV)|, Vaep, andu,veV.
From Fig.7, C,C4 is the bridge in the path- C{C2C3Cy4 .

Definition 3.13. The complex fuzzy soft sub-graph
Cg(H)= (3\7 @), SE(é)) is said to be spanning sub graph

of Cs(G(@@)). if Sy, (4) =Sy (%)) for all x; eV, ecA.

Fig. 8 illustrated for representing spanning sub graph of
cfsg,

Sy (C1)q) = 03¢/ 077

SE(CLCoXe) =03¢I%%7 5, (Cy)(ey) = 0867067
Cy 'y

C3

0.3¢/047
0‘58_70.6:

6 T

& & g

- % c

S < $

& |2 e

c c
o o 2, J04n o . 10.47 G < J0.757
Sy (C3)(e)) = 03¢0 sp(C3.Co)ep) = 03647 Sy (Cy)ep) = 0.5¢)

Fig. 7. Complete cfsg

Sp(Ce) =04/ Sp(Cr.Ca)e) =026 5 (€5 )(ep) = 0.867187

1 C2

0307047
0.5¢/067

2:C4)e)

SE(C1.C3)ep)

Sg(C

]

C,
S (C3)iep) = 0864157 (03, C)ep) = 04157 S (Cy)ep) = 1027 0T

Fig. 8 spanning cfsg of Fig. 6
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Theorem 3.1. Let G =(V,E) be a simple graph. Let p, be
a non-empty set of parameters. Then, (Sy (a),Sg (a)) for all

a e pp iscfsgonacycle graphC . Then

205 (Ui) = 2.dg (Ui, lisa)

UjeVv ujujeE

Proof. Let (Sy(a),Sg (a)) be a cfsg and let C be a cycle

UyUp.. Linty - Then Zd (Ui, Ujyg) = Zd LT )(ui’ui+1)
=1

Consider,
n

Zd

Uoug)+....
~ ,ueJa( (U2u3)

= (U| |+1)=d/JeJC((’é’)(ulu2)+dﬂeJa(’a")
+d (Untq)

1% @)
. . - 2jase (3) (Ul
4 i) U0+ o (02)-2dsg (3 igig)e” “SE @) (12
. 2jasg (3)U2u3)
+dyeja(a)(u2)+d E(@)

+...

11 (3) (U3)-2dgp (z)(U2u3)e

+d (Up)+d ~)(U1) 205 (@) (Untine 2jasg (a)(Unui1)

el @ e b
2i Z asg (3) (Uiti+1)
=2 d Ja(~)(U|) ZZHSE(a)(UIUI+1)e i=1
ujeE

ujeE

,ueja(é) (U|)
2i Z asg (@) Uili+1)

*ZZﬂSE(a)(Uluwl)e i=1
i=1

2i Z asg () (Uili+1)
=2 d jo g )(U )+22ﬂsE(a)(U,u,+1)e i=1
UjeE €
2i Z asg (a) (Uili+1)
_ZZﬂSE(a)(U Uisp)e =L

n
Zdﬂeja(a) (Uivui+1) = Z

i=1 uj eE
Definition 3.14. Let C5(G)=(Sy (3)@),S@)@)), for

(u;)

1 1% (a@)

all aepp,ueVis a complex fuzzy soft graph. The
adjacency matrix A of a cfsg, in order N x N can be written
as two adjacent matrices, one is membership values that are
amplitude function of Sg(a)(U) and the other is adjacency
matrix containing the membership values of phase function

of SE@)(U).
e, A(CTs9)= A s @)X, A{ -~ (a)(x)J
Definition 3.15. The eigen values of an adjacency matrix of
A(cfsg) is defined as (14, AP | ), where ap; P | is the set
of eigen values of Alusg @)X, A(iaSE (@)(x)

2z

respectively.

Definition 3.16. The energy of an complex fuzzy soft graph
Cts (G) s defined as [Z‘/{ S . j , Where iw is defined

as an energy of the Amplitude matrix and i‘zpl‘is an
=

energy of the Phase term matrix.
Example: 3.6

For a complex fuzzy soft graph Cfs(é) in Fig.9, the

adjacency matrices of C g (é) are

0 03 03 0
A(,uSE(é')(X)]: 03 0 0 05]|and
03 0 0 03
0 05 03 0
0 015 02 0
A{—asE(a)(X)j— =015 0 0 03
02 0 0 02
0 03 02 0
Eigen values of A(#SE (5)(5()J ={-0.716228, 0.716228, -

0.0837722,- 0.0837722}
Eigen values of A{LQSE@(X)]: {-0.43325, 0.43325,
2

-0.0692441, 0.0692441}; Energy of A(#SE @(;OJ =16

Energy of 5 1 =vrxy | = 1.005.
A{Z” aSE (a)(X)j

IV. OPERATIONS AND APPLICATIONS OF COMPLEX FUZZY
SOFT GRAPH

Definition 4.1. Let C t5(G) = (Sy (@)(u).S (@)(1)) , for all

a e pp,U eV isacfsg, then the union of two cfsg
1 1 1 2
ST :((pAl,sVe),(pAl,sEe)) Gy T2

- ((PA2 S5 (0ay SE )

is defined by 2 3 3
Vel =((g.sve),(g.sEe)

[0 <Vopp pa, € pars=pa Uppy T3 =T1UT,

)(say), where

and

3 (x)=sL (x ,
SVe (x,)—S\/e (xj) forall Vg €PN \pA2 andxj eI\ Iy,
=0 forallVg €PN \pA2 and xj e I'p \ 17,

S\lle(xi)forallve e pag \ Py aNd X €T (T,

s\fe (xj)forallVg € pp, \ pp andx;j T\ Ty,
=0 forallVg €PA \,oAl and xj e I3 \ I,
= S&e (xj) for all Vg €PAy \ppﬂ_ andxj eIp NIy, =
Max{s\ll (xi),S\E (xi)}forallveepA1 ﬁ,oA2 and xj eI NIy,
e e

1
:Sve(xi),VVe €PN ﬂpAz & xj eI\ Iy,

:S\Z(Xi)yvve €PN ﬂpAz &xj eIp \I,and
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3 (. _cl ;

SEe(x,,xj)—SEe(xi,xJ—)lf EeepAl\pA2
and(xi,xj)e(l“lxl“l)\(l"le“z),

=0 if Eg e,oAl\pA2 and (xi,xj)e(l“le"z)\,(l"lxl"l),

<l .

_SEe(x,,xj)forallEeeppi\pA2
and(xi,xj)e(leFl)ﬂ(szFZ),

_ o2

_SEe(xi,xj)forallEeepAz\pA1
and(xi,xj)e(F2xF2)\(F1xF1),

=0ifEeepAZ\ppﬂ_and(Xi,Xj)e(rlxrl)\(rzxrz)

a2

_SEe(Xi,Xj)fOI‘a"EeepAz\pA&

and(xi,xj) e ([ xI) \(I'p xTy),

= 1 .\ <2 ]
Max{SEe (X')’SEe (xJ) }forall Ee €PN ﬂpAz
and(xi,xj) e (I x)NTH xIy),
:SlEe (xj) forall Eg €pn ﬂpA2
and (xi,xj)e(rlel)\(Fz xI),
=Sée (xj) forall Eg €PN ﬂpA2
and (xi,xj) € (I'p xI'p) \ (I xI77).

Definition 4.2 Let C t5(G) = (Sy (8)(u), Sg (B)(U))
forall a e pp,ueV andlet I;,I, cV LPALPA, € PA

The intersection of two complex fuzzy soft graphs

1 1 1
Gpﬁqu —((Ppg_vsve)v(PpirsEe)j’
¢’ a2~ ((pAZ,SVZe >,(pA2,S,§e))
is defi 2 3 3 h
is defined by o2, :((gy $$ )52, ))(say), where

¢=pa Npa, Ts=T1NT, aNd
3 (i) = mind ol 2

SVe (%) = M|n{8ve (Xi)’SVe (xj)}in eleegand

Sée(xi,xj)

= Min{ st (%, X5) 52 (X, X:) 7 VXi,X: elh,eeg
Ee"J’EeI‘J"’J3‘ '

Remark 4.1: Union of two strong complex fuzzy soft graph

need not be a strong complex fuzzy soft graph.

Remark 4.2: Intersection of two strong complex fuzzy
soft graph is a complex fuzzy soft graph.
Definition 4.3 Let C t5(G) = (Sy (a)(@), S (a)(@)), for all

a e pp,U eV isacomplex fuzzy soft graph.
Then the complement of ¢ ¢ (G) is defined by C_(G) =

(Sy (@)(@),Sg @E)@)) , such that

Sy (Cs)e) = 0.8¢/157

W fv|=|]

(i) 45, @00 " O

jas @)X
= s, (@0 N
vxeV,

(i) s _ (@)0pe’“E P

Ot usg @)0)e 7sg 0

_ - Minfas, B)0,a5, )}
= Minfus,, G)(0.us,, @V
jas _ (@)(Xy

Jagg (@)( y)=o,vx,yev

i s @0)e

Example: 4.1.
Sy Ce) =04e" "7 Sp(0. o)) =03/ 5 (€ )ep) = 0.8¢
C1 Ca
& b
= 2
& o
& o
5 i
Ox &
- -
< S
5 )
& o
C Ci

Sp(C3)ep) = 0.8e 157 5p(C3,C)e) = 0367047

Fig. 9 cfsg-1

Sy (C4)ep) =1.0e7

Sp(C5)ep) = 0,430 37 j0.67

Cs

SE(Cy.C5)(ep) = 0.5e Sy (Cy)(e) = 0.8e

C2

Sg (Cs, Cg)lep) = 0.3¢
SE(C3.Cq)ey) =0.56/067

C,

el

Sy (CeXep) =056/ sp(cy.Coxep) = 0367047

Fig. 10 cfsg-2

Sy (Ca)ey) = 1.0

Sp(Cep) = 0467077 SE(CLCa)ep) = 037037

Sy (Ca)ey) = 0.8e/187
(&) £%1

SE(Ca.Cs)ep) = 1567037

SE(C1,C3)ep) = 0367047 SE(Cy.Cy)ep) = 0.5e
Cs <G Cox=03/T g

Cy Cy

SE(C3,Cy)e) = 0367047 Sy (Cy)ep) =1.0¢’

Union of cfsg
Fig. 11 (cfsg-1 U cfsg-2)

Cs SE(Cy.Cy }191\20‘59-;0'6-‘ Cy

j0.757

Sp(Cy)(e) = 08187 Sp(Cy)iep) = 1.0e

Fig. 12 Intersection of cfsg
(cfsg-1 [ cfsg-2)
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Sp(C)ey) = 0.47 077
C

Sp(Ca)e)=08e/ 57

Cs C
Sy (C3)(e) = 0.8e/137 S3(Cy)ep) :1_0€j0.7577
Fig. 13 Complement of cfsg-1

Cartesian product of cfsg

The cartesian product of complex fuzzy soft graphs
Cts(G1).Cts(Gy)is defined as Ct5(G))xC1s5(Gy) =
Cs(G)=(Sy @)(U),Sg(@)@)), forall Ae pp,ieVisa
complex fuzzy soft graph.

() (svl @y, (a)j(ﬁl, 0,) =

min {rl(ﬁ]_)1 r2 (JZ)}X emin(Tl(ﬁl)’TZ (62))

y fOI’ l]l,ﬁz eV
(ii)(sE1 @)=Sg, (a)j((u,ﬁz),(u,vz» -
min{rl(u), R, (u)}x emin(rl(u)’w2 (u)),
where R, (u) < min {rz(ﬁz), r2(\72)};
@5 (u) < min{ry (@), 7 (7,) ] forall u € Sy,
and (0‘2,\72)6 SE,
(i (s e, @)xSg, (a)j«ﬁl,ux(‘v*l,u)) -

. where
min {Rl(u): ry (U)}x emln(wl(u), 75 (U))

Ry(u) < min{ry (@), 1 (7) s @7 (U) < min{ey (Gp), 7, () |
forall U e SV2

and (ﬁl,Vl)e Sg, -

Applications of cfsg in Decision Making Problems

As mentioned in the example 2.1, Let Q= {C; C,, C3, C4}
be represent the countries India, Russia, UK and USA
respectively. Let e; and e, be the unemployment rate and
population growth of the given countries. By using the cfsg,

we compare the unemployment rate and population growth
of between the countries.

Sy (Cy)ep) =0.4¢/0 77
C,

Sp(Cy.CyXep) = 0367067

C,
k

13 =}

= =
< ~
3
: [=]
= I
Il —
— —
— D
= o S =
n J <G S
Q -~ S .
o A ‘g s
O < 5uip S
N oS =
fy B K
%) )

c <y

Sp(C3)e) = 0867 sp(Cy Cade) =037 e ) =10070757

Fig. 14 cfsg — Representation of Unemployment Rate

Sy (CyNeq) =03e7047 SE(CL,Ca)ey) = 0267037 Sp(C)ley) = 09¢708

Cy C,

SE(Cp,C3)(ey) =0.267037
2
&)
‘?
SE(Cy.CyXey) =0.7¢7067

o]

Sy (C3)(e) = 0.7e/157

SE(C3.C4)ey) = 0.66/037 Sy (Cy)eg)=0.756/0-757

Fig. 15 cfsg — Representation of Population growth

The complex fuzzy soft set theory has numerous
applications in dealing with uncertainties, the periodic
occurrences, and the parameterized sets from everyday
concerns. For example, we can identify the growth rates of
the countries with respect to the parameters using the figure
14 and 15. This membership grade is helpful to find the
growth of each country. In Quantum theory, the graph's
energy is used by connecting the graph edges to the electron
energy of certain kinds of molecule which motivates the
further study. Energy of complex fuzzy soft graph is more
efficient since it yields accurate results while dealing with
periodicity, uncertainties in the parameterized sets. In the
near future, we plan to derive the Eurlerian and
Hamiltonian cycles which are identified from this complex
fuzzy soft graph. Also, we plan to develop a Hamming

index of the product of the two complex fuzzy soft graphs
as mentioned in [18].

V. CONCLUSION

As part of this study, we explored few graph-theoretic
concepts and integrated a hypothesis on energy of complex
fuzzy soft graph. In specific, we developed a new concept
called complex fuzzy soft graph, as well as its path, strength
and the bridge. The energy of the adjacency matrix of the
complex fuzzy soft graph is examined together with the
illustration of wvarious operations such as union,
intersection, complement and the Cartesian product of a
complex fuzzy soft graph. As a result, the complex fuzzy
soft graph appears to be promising and opening up a wide
range of opportunities for any further study.
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