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Abstract: Real-time problems involving uncertain or indeterminate information
can be effectively addressed using fuzzy graphs (FGs). However, the problems in
which the edge membership values have a significant impact due to the combination
of its corresponding vertices remain unsolved. To address this, inverse fuzzy graph
(IFG) was introduced. In this article, the energy (E') and the Laplacian energy
(LE) on inverse fuzzy graph (IFG) G have been newly introduced. Further, various
lower and upper bounds are derived for E(G') and LE(G'). Additionally the
sharp bound is estimated for E’(G') which aids in determining the minimum and
maximum bounds for E7(G'). Furthermore, for the newly defined I— regular IFG,
the equality condition E!(G') = LE(G) holds true.

Keywords and Phrases: Inverse fuzzy graph; [— Regular Inverse fuzzy graph;
Energy; Laplacian Energy.
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1. Introduction
Real-time problems possessing ambiguous information employ Fuzzy graph (FG)
theory introduced by Rosenfeld [21]. Due to its efficient approach towards
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uncertain problems, FG has been widely applied in data mining, social network,
signal processing, decision-making problems, scheduling theory, etc. Mordeson and
Chang-Shyh [15] discussed various operations on FG. Following this, the concept
of regularity on FG has been implemented by Gani and Radha [9]. Recently, Josy
et al. [11] studied neighborhood connectivity index in FG. Further, Islam and
Pal [10] proposed second zagreb index in FG with an application in mathematical
chemistry.

Table 1: Summary on IFG

Authors Title
Borzooei, R.A., Almallah, R., Inverse fuzzy graphs
Jun, Y.B. and Ghaznavi, H. [7] with applications
Poulik, S. and Ghorai, G. [17] New concepts of inverse fuzzy

mixed graphs and its application

Borzooei, R.A. and Almallah, R. [§] Inverse fuzzy multigraphs
and planarity with application
in decision-making

Almallah, R., Borzooei, R.A. Domination numbers of inverse
and Jun, Y.B. [2] fuzzy graphs with application
in decision-making problems

Mondal, R. and Ghorai, G. [14] Inverse fuzzy mixed planar
graphs with application

Keerthana, R., Venkatesh, S., Inverse fuzzy-directed graph with an
Gobithaasan, R. U. and Salah, J. [13] application in traffic flow problem

Keerthana, R. and Venkatesh, S. [12] A systematic study of intercropping
agricultural system using fuzzy and
inverse fuzzy hypersoft hypergraph

Graph energy has been extensively applied in the field of molecular chemistry and
it is further extended to FG by Anjali and Mathew [3]. The notion of energy in
intuitionistic FG was introduced by Praba et al. [18]. Rahimi and Fayazi [19]
studied the Laplacian energy in FG and it was further extended by Basha and
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Kartheek [5]. Naz et al. [16] defined the energy on bipolar FG with an application
in decision-making problems. The energy on pythagorean FG was proposed by
Akram and Naz [1]. Recently, Shi et al. [22] investigated various energies on picture
FG. Atheeque et al. [4] utilized the Laplacian energy of g— rung orthopair FG for
electricity production management. Reddy et al. [20] introduced the Laplacian
energy in hesitancy FG. For further study, readers can refer to [6], [23]. There are
various real time problems possessing uncertain, indeterminate information can be
effectively solved by FGs. However, problems in which edge membership values are
significantly influenced by the combination of their corresponding vertices remain
unsolved. To address this, inverse fuzzy graph (IFG) was introduced by Borzooei
et al. [7] and is summarized in Table 1.

1.1. Motivation and Novelty of the research work

From the literature, we observe that the energy and the Laplacian energy have
not been introduced under inverse fuzzy environment. Motivated by this, the
energy E(G!) and Laplacian energy LE(G') on inverse fuzzy graphs are newly
defined along with various lower and upper bounds. Further, [-regular IFG (I-
RIFG) is defined and various bounds are evaluated in both EX(GY) and LE(GT).
The structure of the paper is organized as outlined, with a focus on the following
key points:

1. Introduction of the concept of the energy and Laplacian energy in inverse
fuzzy graph.

2. Subsequently, various upper and lower bounds are evaluated for E(G!) and
LE(G"). Further, the sharp bound for E!(G') is also computed.

3. In addition, /- RIFG is newly defined along with the evaluation of various
bounds. Also, it is proved that both E!(G!) and LE(G!) are equal in [-
RIFG.

2. Preliminaries

Definition 2.1. [21] A fuzzy graph G = (o, 1) is an ordered pair with underlying
crisp graph G* = (V*, E*) along with the membership functions o : V* — [0, 1]
and p: V* x V* — [0, 1] such that p(se,y) < min{o(sx),o(y)} for every edge in
G.

Definition 2.2. [7] Consider a simple graph G* = (V*, E*) and o' : V* — [0, 1]
and p' : E* — [0, 1] are two fuzzy subsets on V* and E*. An inverse fuzzy graph
G! = (o1, 1) is defined by ! (3+,5) > min{o" (), 0" (4)}, V(¢,y) € E*.
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Definition 2.3. [7] Let G be an inverse fuzzy graph. The degree of a vertex is
defined by

d'(=)= Y w'(xy)
(se,y)EE*
Definition 2.4. [3] The adjacency matriz A of a fuzzy graph G = (V*,0,u) of
orderr is an rxr matric defined as A = [a;;] where a;; = u(s, »;). The eigenvalues
of A are called eigenvalues of G. The spectrum of A is called the spectrum of G.

Definition 2.5. [3] Let G = (V*,0,u) be a fuzzy graph and A be its adjacency
matrixz. The Energy of G is defined as the sum of absolute values of eigenvalues of

G.

Definition 2.6. [19] The degree matriz D = [d;;] of a fuzzy graph G of order r is
ar X r diagonal matriz given by

oo JaGa),iri=j
v 0, otherwise
Definition 2.7. [19] Let A be the adjacency matriz and D be the degree matrix of
a fuzzy graph G. Then, L = D — A is called the Laplacian matriz of G.

Definition 2.8. [19] Let G be a fuzzy graph with r vertices and Ay > Ny > ... > A,
be the Laplacian eigenvalues of G. The Laplacian enerqgy of G is defined by

(28 1cser ) ‘

T

LE(G) =)

t=1

Ay —
r

The comprehensive list of notations used in

Table 2: Comprehensive notation summary for inverse fuzzy graph

Notation Description

G! = (V,o!, u?) | Inverse fuzzy graph

ol Vertex membership function
ut Edge membership function
d (uy,) Degree of vertex uy, in G*
l Average degree or constant used in spectral relation

[-RIFG [-regular inverse fuzzy graph
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Al Adjacency matrix of G*
D! Degree matrix of G!
L' = DI — Al Laplacian matrix
A k-th eigenvalue of A’
Al k-th eigenvalue of L’
i k-th eigenvalue of S’
r Order of the matrix (number of vertices)
ET Energy of inverse fuzzy graph
LE Laplacian energy
D ey A (ug) Sum of degrees (handshaking identity LHS)
D () B p(ug, u;) | Sum of edge memberships

3. Energy of Inverse Fuzzy Graph

In this section, the energy of G is defined and various bounds are discussed for
the energy of IFG and [— RIFG. Further, the sharp bounds for E7(G') are also
estimated.

Definition 3.1. The adjacency matriz Al of IFG G! of order r is a r x r matrix

of the form Al = [al,], where [al,] = p! (3, 50) and k,t =1,2,...,7.

Definition 3.2. The eigenvalues of Al are the eigenvalues of G! and denoted by
M k=1,2,...,r. The spectrum ST(G') of G' is a set of eigenvalues {\}, N, ...\
of Al

Definition 3.3. The energy of GT, E1(G!) is the sum of absolute eigenvalues of
G' and is given by ET(G") =", | [ML].

Example 3.1. For the IFG G in Figure 1, the adjacency matrix is given by,

[0 0 07 0 107 0 0]
0 0 0 040 07 04 0
07 0 0 0 0 0 1 07
0 04 0 0 1 0 0 07

Iy __

AEI=11 0 0 100 0 0
07 07 0 0 0 0 0 0
0 04 1 0 0 0 0 0
(0 0 07070 0 0 0

The spectrum S7(G) is {1.92594765, 1.01942319, 0.76383715, 0.49790778,
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—0.04560095, —1.07129484, —1.41157945, —1.67864053} and E!(GT) = 8.414232.

Figure 1: Inverse fuzzy graph G'

Theorem 3.1. If Xl > X > ... >\ are the eigenvalues of AT of GI, then
LY A =0
2. Z;=1<)‘£>2 =2 21§k<t§r(ﬂl(%k7 7))?

Proof.

1. Since A’(G') is a symmetric matrix with zero as its trace, then >, Af =0
and it is real.

2. By the property of trace of a matrix,

T

tr(A! (52, ) = S (AL’

k=1
But, tr(A s, 54))” =2 > (4 (5, 22))
1<k<t<lr
Hence, “(M)*=2 Y (4 (4, 54))
k=1 1<k<t<r

Theorem 3.2. Consider an IFG G! with its corresponding adjacency matrix
AL(GT), then

2 Y (W Ga)? +rir = DIAF S E(G) < J2r Y (0 (a4)),

1<k<t<lr 1<k<t<r
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where |A| is the determinant of AT(G').

Proof. Applying Cauchy-Schwartz inequality to the r numbers (1,1, ...

(AL AL, - IR,

T

> I < <r>%<2<rm>2>%

T

O IMD? ZW +20) 0 MA

k=1 k=1 1<k<t<r
Comparing the coefficients of (A')"=2) in the characteristic polynomial,

r

[TV =M = 1a%(@") - A1

k=1
then,

SN == Y (W Gan )

1<k<t<r 1<k<t<r

From the equations (3) and (2),

Z \ =2 Z Lo, 34))

k=1 1<k<t<r

From the equations (4) and (1),

Z|Af|< 22 Y (W) =20 Y (4 (a 5a))?)R

1<k<t<r 1<k<t<r

Thus,

N|=

ElGH < (27" Z (HI(%k’%t))z)

1<k<t<r
For any IFG G,

T

(B'(G")? zw DR PEPTPY

k=1 1<k<t<r

2r(r —1
—2 3 () + 2 v (AL

2
1<k<t<r

1
2

43

,1) and
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AM(IMMD) > GM(IMMD), 1<k <t<r
k7't k7't

N[

B > (2 S (4 ot ) 1 — DEM(NN, |>)

1<k<t<r
But,
GM(|A£A{|>=( 11 |A£Af|)
1<k<t<r
: .
_ (H(MD”)
k=1
r 2
=(H<|A£|>) _|af?
k=1
Thus,

ELGY > <2 > (Mf(%k,%t))2+r(r—1)|A\?>2.

1<k<t<r
Definition 3.4. An IFG G! is said to be l-reqular IFG(I-RIFG) if the degree of a
verter, d (sq,) = [,Vsq, € V¥ bk =1,2,...,7.

Theorem 3.3. For any IFG G, Y, .. d'(34,) = 2> o) w! (sx, 541).
Proof. By definition, the degree of a vertex s € V* in inverse fuzzy graph is
given by

d'Ga)= Y p(a )

n EV*, s Fony
Summing over all vertices, we get

Dod'Ga)= Y Y WGam)

wpEV* u €V* s, EV* | s F#

Since p! (s, 2¢,) = ! (54, »4,) for an undirected IFG, each edge (54, »4,) contributes
twice in the above double summation: once as ! (3, 3¢) and once as p! (34, s,).

Therefore, 35 . d'(3a) = 232, yeme 1 (52, 54).
The following theorem yields the sharp bounds for E7(G7).

Theorem 3.4. For any IFG G! with energy E'(G?), we have

(X wean?) <EE) <2 ¥ ibam)

1<k<t<r 1<k<t<r
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Proof.

ZW +20) MM

1<k<t<r

>2 Y (W Gan)? +2 Y (| = 1 (o, o))

1<k<t<r 1<k<t<r

—4 Y (4l (a )

1<k<t<r

Thus,Ef(Gf)z2( > (uI(%k,%t)V)

1<k<t<r

N|—=

From the theorem 3.2,

Hence,
2
(2 X (b)) <G <2 X wbam
1<k<t<r 1<k<t<r

Theorem 3.5. Let G! be I-RIFG of order r with energy ET, then ET(GT) <lr.
Proof. By theorem 3.3, for any s, € V*

dod'Ga)=2 Y pm )

neV* (5¢1,5¢t ) EE™

But, >, cv- d!(sq,) = Ir, then 2D o) B wl(se, ) = Ir
By theorem 3.4, for any graph G?,

BI(G) <2 3 i)

1<k<t<r

=[r.
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Thus, EX(GT) <lr.

Lemma 3.1. Let GT be an inverse fuzzy graph such that

ol (5q,) + ol (54)
2

Zal(%k) >1 and u (54, ) >

for all (s, 5) € E*. Then,
Z (1! (52, 70,)) >Za ) — 1.
1<k<t<r

Proof. From the hypothesis,

ol(5aq,) + O'I(%t)'
2

HI(%/W %t) >

Squaring both sides gives

(,UI(%k: %t>)2 > (UI(%k> + O-I(%t)y.

4
Summing over all 1 < k <t < r, we obtain
1
> (W (s, 22))* > 1 > (0 Ga) + o' (32))%.
k<t k<t

Expanding,

(0 (5a) + 0" (30))* = (0" (5))* + (0 (5))* + 20" (3a) 0" (52,).
Thus,

Z(al(%k) +0l(a))? = (r—1) 2 4 220 )0 (3).

k<t k:l k<t

Using the identity
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we get

Z(al(%k) +0l(4))? = (r —2) (Za 4, > .

k<t k=1

Hence,
1 . i
Z(MI(%M ))? > 1 (r—2) (ZU 7y, )
k<t k:l
Since Y, _, o/ (54,) > 1, the right-hand side is strictly greater than >, _, o/ (¢)—1.

Therefore,
Z( (5¢k, 5)) >ZO’ (5r) — 1.

k<t

Theorem 3.6. If G! is IFG without isolated vertices, then

ENGY) > 2(2 ol (s4) — 1>

N

ol (oe)+0! (5ar)

provided >, _, 0 (55,) > 1 and p! (5a, 5) > 5

Proof.

Case 1. G' is connected.

If G' is connected, Y ,_,0'(3) > 1 and p! (5, 5¢) >
lemma 3.1, we have By the Lemma, we have

Z ( (5ex, 5%1)) >ZO’ »,) — L.

1<k<t<r

w then, from

From Theorem 3.4,

1/2
El(Gf>zz< > (um,m»z) .

1<k<t<r

Therefore,

r 1/2
EIG!) > 2 (Z ol (34,) — 1) .
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Case 2. G' is disconnected.

Suppose that G! contains ¢ components GI, G1, ..., Gé having 7‘1,7"2, ...,Tq vertices
such that 7“1 +719+ .. —{—Tq =r, >4 6 >1 whereeach §; => ;" ,0l,1=1,2,..,¢q
and o{;, +04, +...+0,, = o} and each component of G' satisfies membershlp values

of the edges given, we have

ENGY) > 2 zq:(éi — 1)) 5

k=1 k=1 k=1
1 L () Tq L 2 %
1
“o( (et 0 G-t - )
k=1 k=1 k=1
1 ) T2 . Tq )
=2 (Za{k—l)i—l—(Zaék—l)?—k +<Zaék_1)§
k=1 k=1 k=1
- 3
S %zazk—né)
<m k=1 k=1

SIS

(-]

From the previous steps, we obtain

, 1/2
EI(GI)22(201(%k)—1+(q—1)2> :

k=1

Since (¢ — 1)? > 0, it follows that

Y o'Ga) =1+ (-1 =) o) - L.

k=1 k=1

- 1/2 . 1/2
. (z o(8) ~ 1+ (4 1>2) > (z () - 1) |
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Hence,

. 1/2
EIGH) > 2 (Z ol (sg,) — 1) .

k=1

From the above, it is immediate to get

[NIES

ENGY > 2(275 ol (5,) — 1>

k=1

4. Laplacian Energy of Inverse Fuzzy Graph

In this section, various upper and lower bounds are calculated for the Laplacian
energy of G!. Further, for a [— RIFG, it is proved that the LE(G') and E(G') are
equal.

Definition 4.1. The degree matriz D'(G') = [dL,] is a r x r diagonal matriz of
the form

o {df(%k), ifk =t
kt

0, otherwise

Definition 4.2. Let G’ be an IFG. The Laplacian matriz L'(G") is given by
LG = DI(GT) — AL(GT), where DY(GT) and AT(G') are respectively the degree
matriz and adjacency matriz of GI. The spectrum SLY(G') are the set of eigen-
values of LY(GY).

Definition 4.3. The Laplacian energy of IFG G' is defined as

r

LE(G") =)

p=1

A —
P r

(2 Zl§k<t§r MI(%k; %t)) ‘

where AL, AL ..., AL are the Laplacian eigenvalues of GT.

Definition 4.3. Let G! be an IFG. Then,

2 T

1<k<t<r k=1

ML= Z ([LI(%kv%t))Q +lz<dl<%k) . (2 21§k<t§7~/~t (%lm%t)))

Example 4.1. For an IFG in Figure 2, the adjacency matrix A/(G') and the
degree matrix D!(G') are given by,
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[0 04 07 1 1 04 0 0]
04 0 1 04 0 1 07 0
07 1 0 07 0 0 04 1
o |1 0407 0 07 0 0 07
AGE)I=11 0 0 07 0 0 0 o0
04 1 0 0 0 0 0 0
0 0704 0 0 0 0 0
0 0 1 07 0 0 0 O]
B35 0 0 0 0 0 0 0]
035 0 0 0 0 0 0
0 0 38 0 0 0 0 0
o 10 0 0 35 0 0 0 0
D=1 0 0 0 17 0 0 o0
0 0 0 0 0 14 0 0
0 0 0 0 0 0 L1 0
0 0 0 0 0 0 0 17|

The Laplacian matrix L(G) is given by,

(35 —04 —07 -1 -1 —04 0 0
—04 35 -1 —-04 O -1 —07 0
-07 -1 38 —07 0 0
-1 —-04 —-07 35 —07 0 0 —0.7
-1 0 0 —-07 17 0
—04 -1 0 0 0 1.4 0 0
0 —-07 —04 0 0 0 1.1 0
0 0 -1 —-07 0 0 0 1.7

LI(GT) =

e(0.7)

Figure 2: Inverse fuzzy graph G’



Energy and Laplacian Energy on Inverse Fuzzy Graph 51

Then SLY(G') = {5.074,4.553,4.065, 3.020, 1.418,1.167,0.899,0} and the Lapla-
cian energy LE(G') = 13.228.

Theorem 4.1. If Al > Al > ... > Al are the Laplacian eigenvalues of G', then
L. 22:1 Ai =2 Zl§k<t§r p (521, )
2. 22:1 (Ai)Z =2 Zl§k<t§r(ul(%’i‘7 ))? + Zzzl(dl(”fk))Q

Proof.

1. Since L!(G') is symmetric having non-negative Laplacian eigenvalues then,

T

Z(AI ZdI ) =2 Z w! (5a,, 241

k=1 1<k<t<r
d'(541) o = (5r135,)
2. From L!(G"), we have
—ul(oe3e1) ... d(se)

Then,

tr(L")? = ((d"(50))* + (' (sa152))* + (1! (3e13))? + o+ (1! (52152,))?)
+ (1! (20))? + (A (52))? + (1 (322563))? + oo+ (1! (525%,))?)
+ e (W (50))? +(u1(%r%2)) + (! (5r503) + oo+ (A (54))°)

=2 Z (ul(%k, %t))2 + Z(dl<%k))2

1<k<t<r

Theorem 4.2. Let Al > AL > ... > AL be the Laplacian eigenvalues of G and

(2 Zlgk<t§r NI(%Im%t))
T = | Ak -

" , then
1.3 =0
2. 22:1(715)2 =2M'
2
I Al It
where MT =37, oy (1 (5o, 54))* + 3 20524 (dl(%k) - (221§k<t§7~r# - ))) .

Theorem 4.3. Let Al > AL > ... > Al be the Laplacian eigenvalues of G!, then
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E(G") < (27“ Z (:ul(%k,%t))Q—i_% (dl<%k)—(2 2iheter H (%kv%t))> )

r
1<k<t<r

Proof. Apply Cauchy-Schwartz inequality to (1,1,...,1) and (|7{|, |74, ..., [7¥2]),

then . :
> P <> il
k=1 k=1
where

= (2M'r)?

l\)\»—‘

E(G") < ( Zlv

2
I Ky,
and M’ = Zl§k<t§r(:u[(%k7 1)) + % PO (dl(%k> - (2219@5:# o ))> Then,

E(GT) < (27’ Z (ul(%k,%t))2+%z<dl(%k)—(2 2 iherer 1 (%kv%t))> )

r
1<k<t<r k=1

Theorem 4.4. Let G! be an IFG and A{ > Aé > > A1{ be the Laplacian
eigenvalues of G!, then

B(G") 2 2( > mfwk,m))?%Z(df(m)- (2% i 1 w,m))) )

r
1<k<t<r k=1

Proof. From the definition of Laplacian energy, we have

(LE( GI (Z |7k )
= Z P +2 Y il
k=1

1<k<t<r

> AM?!

1

LE(G') > 2( Z (MI(%k,%t))2+% (dl(%k) — (221§k<t§r“ (%ka%t))> )

r
1<k<t<r k=1
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Theorem 4.5. Let G' be an IFG and Al > A) > ... > Al be the Laplacian
eigenvalues of G, then

LE(G") <7 + ((7” -1 (2 Y (G m)P+

1<k<t<r

) (dfw) & ZIS’““;“ < %”)) - W))

k=1

Proof. Apply Cauchy-Schwartz inequality to (1,1,...,1) and (|v4|, [42], ..., |17E]),

then
DI CES WLk
k=2 k=2

LB —of < ((r= D - 6i)

1
2

2
r 2 < T (ot o0t
But, MY = Y, e, (1 G52+ 5 S (d%m—( Easperse ”) Then,

LE(G") < + ((T -1 (2 Y (WG a)) P+

2 (d%m - Pt %t))) - W))

k=1
Theorem 4.6. Let G! be a I-RIFG and Al > AL > ... > AL be the Laplacian
eigenvalues of G!, then

LE(G') <m + ((7’ - 1) (2 Y (W Gasa)? — (7f)2>>

1<k<t<r

N

NI

Proof. Since G' is a [-RIFG, then

2 Zl§k<t§r :u](%k’ ;)
r

= dl(%k) =
Using (5) in theorem 4.5, we get

> (w (o 5m))* - (7{)2>)

1<k<t<r

LE(G") <l + ((r -2
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Theorem 4.7. If G! is I-RIFG, then LE(G') = E(G).

Proof. Let G! be an [— RIFG of order r. Then, by Definition 3.4, the degree
of each vertex is constant, i.e., d/(»4) = I, Vg € V*. Hence, the degree ma-
trix satisfies DI(GT) = [I. From Definition 4.2, the Laplacian matrix is given by
LY(G" = DI(GT) — AI(GT) = 1T — A(G"). Let Al be an eigenvalue of the adja-
cency matrix AT(G') with corresponding eigenvector v, i.e., AT(G')v = AMv. Then,
LY (GNv = (1T — AH(G"))v = lv — Mv = (I — M\)v. Thus, the Laplacian eigenvalues
are given by AL =1 —\._;.,. Since G! is a [-RIFG, then

— 2 Zl§k<t§r MI(%kv %t)
T

l

and
I 2 Zl§k<t§r /LI(%k, %t)

Vi ’ = Ak, B=1,27
1 2 ke W Gnoon) | A
o " = | T Ar—k+1
! 2 Z r :ul(%k’ %t> -
Z ’yé o 1§k<t§r = Z _)\T‘—k‘-i-l
P k=1

Thus, LE(G!) = E(G?).

Example 4.2. For the [— RIFG in Figure 3, S/(G!) = {1.4,—1,-0.4,0} and
EI(GY) = 2.8. Also, SLY(G') = {2.4,1.8,1.4,0} and LE(G') = 2.8. Thus,
LE(G") = E(G"). From the above theorem, we have, Al =1 — \,_;,;. For the
first Laplacian eigenvalue Al = 2.4 and eigenvalue A\l = 1.4, we have Al = 2.4 =
1.4 — (—1.0) holds true for k — 1. Similarly, for k = 2, AL = 1.8 = 1.4 — (—0.4), for
k=3,Al=14=14—0,for k=4,Al=0=14—14.

a(0.1) 0.5 b{(0.2)
92
0.7 0.7
d(0.5) 0.5 c(0.3)

Figure 3: [— RIFG
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5. Conclusion

In this article, the notion of energy (E?) and Laplacian energy (LE) for the IFG
G' have been newly introduced and various upper and lower bounds are derived.
Also, the sharp bound for the E7(G') is newly evaluated. Furthermore, [— regular
IFG is newly defined and E'(G') = LE(G?) is true only if G' is [— regular. The
IFG is new in the area of fuzzy graph theory, there are various energy related
concepts, Zagreb energy, Randic energy can be further explored on IFG for future
work.
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