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Abstract

This paper aims to explore and develop innovative multi copies fuzzy derived graphs and
their corresponding product graphs. Derived graphs are characterized by vertices weighted
based on the ratio of a generalized exponential function, while edges are identified through
the differentiation and integration of this function. This study provides a comprehensive
analysis of the regularity and irregularity properties of multi copies fuzzy product graphs,
supported by illustrative examples. Key aspects investigated include the impact of various
generalized exponential functions on vertex weighting, the influence of different differentiation
and integration techniques on edge identification, and the topological properties of multi copies
fuzzy derived graphs. Additionally, a comparative analysis is conducted to highlight the
advantages and applications of multi copies fuzzy derived graphs in contrast to traditional
graph structures. Through detailed case studies, the practical applications of multi copies fuzzy
derived graphs in fields such as network analysis, data clustering and decision-making processes
are demonstrated. This research contributes to the existing body of knowledge in fuzzy graph
theory and lays the groundwork for future studies and applications in this domain.

Key words: Multi Copies Fuzzy Graphs, Derived Graphs, Generalized Exponential Function,
Product Graphs
AMS classification: 05C72, 05C90, 68R10, 03E72.

1 Introduction

The authors, Santhimaheswari N.R and Sekar C (2016), focus on
the behaviours of irregular fuzzy graphs and explore the concept of the d,, degree
of vertices [16]. Moreover, the introduction of (m,k) regular fuzzy graphs and
further investigations into totally (m,k) regular fuzzy graphs have opened avenues
for comparing different classes of fuzzy graphs. By defining key concepts like
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the d, degree and exploring regularity conditions, the field continues to evolve,
offering insights into the complexities of uncertain information in graph theoretical
frameworks.

In[9], author clarifies how two different types of irregular fuzzy graphs
neighbourly and highly irregular can be considered equivalent and establishes
foundational results for the study of neighbourly irregular fuzzy graphs. To better
understand, how these different types of fuzzy graphs interact and differ in their
support neighbourly properties. The basic concepts of fuzzy graph is discussed in
[11]. The transmission problem on graphs and digraphs are studied in[10]. In[4], the
authors discussed how to investigate the solution of the difference equation. Also, the
authors explore the properties of a newly defined extorial function and use it to solve
a higher order difference equation with constant coefficients within the framework of
discrete calculus.

The paper includes examples to validate the results. Furthermore, the
authors introduce a novel function, called the extorial function, which is defined
by polynomials with polynomial factorials. Here we introduce generalized extorial
function by adding shift values. We derive identities involving difference operators
and generalized extorial function. Some interesting results on the relationship among
generalized extorial function, as well as its sums are obtained. This study also
describes how to use the generalized extorial function to arrive at fuzzy delta graphs
and their product graphs. By choosing the right value on x, such as for electron
charge in molecular structures, we can obtain applications in the field of physical

science because the generated graph’s structure is similar to chemical bonds.

2 Preliminaries

In this section, we present basic concept of delta operator.
Definition 2.1 The falling polynomial function " =¢(r —1)(r —2)---(t — (n—1)).
Definition 2.2 The forward delta operator A on real valued function f is defined as
Af(r) = f+1)—f()

Example 2.3 If f(r) =t then
At = (4 1) — @) =t +1)(r) —2(t — 1) = 2:(V).

(I").Iournal of Computational Mathematica Page 37 of



2456-8686, ix(i), 2025:036-059
https://doi.org/10.26524 /cm204

In general, Ar(") = pr("=1)

~1
Definition 2.4 The inverse delta operator, denoted as A is defined as if Af(t) = g(z)
-1
then f(z) = A g(t) + ¢, where ¢ is a constant
-1 +(2)

Example: At =211 = A (D) = -

m

Theorem 2.5 If A=! f(t) exists, then ¥, f(t+m—r)=A"1f(t+m+1)—A"1f(1), for
m={1,23,}. 0
Proof: From the definition of delta operator defined in definition (2.2), we have Let
Af(r) = f+1)—f()
Taking A~ £(1) = g(t) = f(r) = Ag(r)
which gives, f(t) =g(t+1)—g(t)
Hence
o) +g@) =g(r+1) (1)
Replacing ¢ by 7+ 1 in equation (1)), we find
fl+1)+g(t+1)=g(t+2)
Substituting g(t+1)given by equation in the above expression, we get
fle+1)+5()+8() =gt +2)
Again replacing t by 1+ 1 gives
fa+2)+ft+1)+gt+1)=g(t+3)

Substituting equation in above relation, we arrive

fa+2)+ [+ 1)+ f(0)+8(t) = 8(t+3)

In general, we deive
fe+m)+ ft+m—1)+--+f(t) +g(1) =gt +m+1)
ie) f(t)+ft+ 1)+ -+ flt+m) =A"f(t+m+1)—A" f(t)
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The above equation can be expressed
m

Y fle+m—r)=A""ft+m+1)— AT f(1) 2)

r=0

In the following theorem we derive second order summation formula related to A=2.

Theorem 2.6 Let A~ (1) and A=2f(t) exists

Y (rt D) f(ttm—r)=A2f(t+m+2) —A2f(t) — (m+2)A f(1) ¥ meZ" Proof
g}(f) equation (2) , we have
T fltm—r) = A7t mt 1) A7 £ )
Applying A~! on both sides,
AT O +AT e+ D) -+ AT m) = AT f(tHm 1) = AT f(r)

Put m = 4 in equation (2) to get

FO+fE+D)+ft+2)+f+3)+fe+4) =A"f+5) - A f(1)
Put m =3 in equation (2) to arrive

FO+fe+D)+fe+2)+ f(e+3)=A""ft+4) A" f(r)
Put m =2 in equation (2), we find

FO+fe+D)+fe+2)=A""f+3) A" f(r)
Put m =1 in equation , to derive

FO+fle+1)=A""f(r+2) = A7 f(r)
Put m =0 in equation

SOy =A"1f(+1) = A7 f(r)

0=A1f(r) — AL £()
Adding the above equations, we find
S5F()+4f(t4+1)+3f(t4+2)+2f(t+3)+ f(t+4)
=A2f(1+6) =8 2f (1) —6A () (m+ 1) f(1) +mf(t+ 1)+ (m—1)f(t+2)+---+ f(t+m)
=Af(t+m+2) = A f(1) — (m+2)A” f(1)
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Therefore, the above expression can be written as

m

Y (r+D)f(t+m—r)=A2f(t+m+2)—A2f(t) — (m+2)A" f(1) (3)
r=0

In the following theorem we derive third order summation formula related to A™3.

Theorem 2.7 If A=!£(¢), A2f(t) and A=3f(t) exists, then for +ve integer m
m(r+ 2)(2)
r=0 2

flt+m—r)=A3ft+m+3)—A3f(t) — (m+3)A2f(t)

(m+3)2

A~ f(D).
Proof: By equation (3), We have

Y () ft+m—r) = A2f(t+m+2) — A2(t) — (m+2)A~ £(7)

Put nrai4 in equation (3) to get
FlE4+4)+2f(+3)+3f(t+2)+4f(1+ 1) +57() = A2 f(1+6) —A2f(1) — (6)A~ ' £ ()
Put m =3 in equation to arrive
fE+3)+2f(t+2)+3f(t+ 1) +4f(1) = A2f(t+5) = A2 f(6) = (5)A™ (1)
Put m =2 in equation (3), we find

fE+2)+2f(t+ 1) +3f(1) = A2 f(t +4) = A2 f(1) = (4)A~ f(r)
Put m =1 in equation , to derive

fe+1)+2f(0) = A2 f(t+3) = A2 f(1) = (3)A™ ' f(1)
Put m =0 in equation

fO)=A2f(t+2) = A2 f(r) = (A f(1)

0=A2f(t+1)=A2f(t) = (A~ f(t)

0=A2f(r) = A2f(1) = (0)A~' f(1)
Adding the above equations, we find
fl+4)+A+2)f+3)+(1+2+3)f(+2) +(1+2+3+4)f(t+1) e

7

+(14243+445)f(0) = A7 f(t+m+3) = A f (1) = (m+3)A2f (1) = = — A~ f(1)
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Therefore, the above expression can be written as
m(r+ 2)(2)
y ~ 2

Ly —flttm—r)= AT f(t+m+3) — A f(r) — (m+3)Af(1)

(m+3)( )

A ) @

In the following theorem we derive fourth order summation formula related to A™4.

Theorem 2.8 Let A~'f(1), A2f(t), A3 f(¢t) and A=*f(t) exists then for positive

integer m, we have

n (r a3\
( jgé)) fttm=r)=A"f(t+m+4) = A f(1) = (m+4) A7 f (1)

r=0
4)(2) 4)(3)

e (U SO
Proof: By equation i We have
m (;»_|_2)(2) 3 3 5
L fle+m—r)=A7flt+m+3)—A7"f(1) = (m+3)A"f(7)

(2)
N

Put m = 4 in equation (4) to get

5 (r+22)(2)f(t +4—r) = AT f(t+443) - AT f(r) — (4+3)A77f (1)

r=0

(6)(2)
2

fe+3)+ f()

= AT (1 +6) AT () — (6)AT2f (1) -
fe+4)+B)f(t+3)+(6)/(t+2)+(10)f (¢ +

= A7)~ ATIF() — (A1) —

Put m =3 in equation (4)) to arrive

—
~—
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3 (r+2) (2)
r=0 2

ft4+3—r)=A3f(t+3+3)—A3f()

—(3+3)A2f(r) —

f(t+2)+@f(t+l)+

A 6) - A7)~ 6820 A £

f+3)+03)f(t+2)+(6)f(+1)+(10) ()

=ATf(14+6) = A f(t) = (6)Af(1) -
Put m =2 in equation (@), we find
22: (r+2)®

r=0

@Yy ()

2

(3)?
=N

(6)?

TAflf(f)

flt4+2—r)=A3f(t+2+3)—A3f(t) — (2+3)A72f(1)

(3)(2)
2

- (2)2(2) Fle+2)+

flt+1)+

(2)
= A (045) - A7) — (A0 — LA ) £l +2) + (B) e+ 1)+ (6)£(0)
A (45— A3 () — (51820 - D a0y

2
Put m =1 in equation to derive

£ DD 1) = w143 -t - 320 - U a
SO 1y O ) = a3 ey - a0 - a2 - a1
Fl+1)+ (310 = a5 +4) -850 — (a2~ D )

Put m =0 in equation

@ )~ a s+ 3) -5 - a0 - O a1 1)

)= a3 p(e+3)~a-37(0 (3420 - U a0
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. . e (2@
0=A7f(1+2) ~ A7 (1) - ()A£(1) — =47 £()
0= A3 f(+1) = A3 f() — (1A (1) %@Alfm

0= A3 £(1) — A1)

Adding the above equations, we find

f+4)+(1+3)ft+3)+(14+34+6)f(t+2)+(1+3+6+10)f(r+1)

+(1+3+6+10+15)f(t) = A f(t+m+4)— A f(t)— (m+4)A3f(t)
(m+4)2

)
— AT () = (143464104154 21)A7 /(1)

fe+4)+ @A) f(e+3)+(10)f(t+2)+ (20)f(r+ 1)+ (35) f(¢)

(m+4)!

= AT (e m44) AT (1) = (m+ AT (1) - M p-2 f(t) = (56)A7" f(r)

Therefore, the above expression can be written as

” §
o(h;—z))f(tjtm—r) = A f(t+m+4) = A (1)
(2) (3)
~ 4y - P T

Theorem 2.9 Let A™"f(t) exists,Then for +ve integer m, we have

| e 1)
r—o(r+(71—11>)! Fletm—r) = At meen) a7 (0) - P A0
) (n—1)
_(m+27> ARy (t)—<m(:f)1)! ATO

3 Delta Graph

In this section by employing fuzzy vertex values and difference of generalized
extorial function, we developed new type of fuzzy delta graph and present basic
concepts of the construction of delta graphs. Here we use the notation N(a) =
{a,a+1,a+2---}

Lemma 3.1 For the positive integer’s’ we have

ASx ) = 1 (9) (=) (5)
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where m®) =m(m—1)(m—2)...(m— (s—1)).

K s—1 —
Example 3.2 Ax(" = A (Axw) —"A (m)xtm=1)

s—2 s—2
= A (Amx(m_l)) = A (m(m—1)x\"=2)

Continuing this process we get (5)

Definition 3.3 For x € R and m, k € N(0), the generalized extorial function, denoted
as e(x,x"), is defined as

(o)

K(mtrK)

gl e(x™ ) (6)
—0 :

r

Here, m and k denote the initial power and the shift value of generalized extorial

function(6)

x(mfl) _x(m)
Lemma 3.4 For m € N(1), we have =A—-.
(m—1)! m!
1
Proof: The proof follows from and % = 1)1

Lemma 3.5 For m=0,1,2---k, k € N(2), and
0<r<m, reN(0), we have

Ae(x™ k) = (7)

Proof: Since e(x"™), k) is convergent for each x € R and (—«)! = oo for N(1), operating
A to each term of e(x(™), x) in (6), we get

. x(mfl) x(m+x=1)

= e(x,xm=1).

Applying A% on e(x"™ k), we get

(m—2) (m+x-2)
2 m . X X
Ae(x™, 1) = ((m—2)! T k=2 +>
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= (i, x("=2)
In general applying A" on e(x(m), k), we derive equation (7).

Note that e(1,x?)is given below
1
x

) D @ (6

—T+3T+ZT+3T+mw—dﬂWU
S =9, T o)
L ea,9), 5o a,5)
Consider the extorial function

0)  y(m)
Ae(x0,m) :A{x——i—x——l—---}

0! m!
(m—1)
=> Tl =e(x"" 1 m)
m-—1.:

3.1 First Order Delta Graph

Consider the graph G = (V,E), where V = {e(x\?) m),e(x?) ,m),---

se(xm=1) m)}

and E = {e(x"),m) = Ae(x") m)/r =0,1,2,--- ,m— 1} is called first order graph.

CORC)
Example 3.6 Ae(x(?),5) = x4_' + xg_‘ +...

Ae(x(0)5) = e(x®)5), Ae(x1),5) = e(x(D),5) Ae(x?),5) = e(x(), 5),

Ae(x3),5) = e(x)5), Ae(x®,5) = e(x3),5)
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E = {e(x©,5) = e(x,5), e(xV,5) = e(x(,5), e(x?,5) = e(x1),5),
e(x3),5) = e(x1?),5), e(x®,5) = (x3),5)}

G = (V,E) is called first order delta graph

@ A

Figure 1: First Order Delta Graph

3.2 Second Order Delta Graph

Consider the graph G = (V) EMW) where V = {e(x(r),m)/r =1,2,3,---}
and E = {e(x("),m) — A%e(x"),m)} is called second order delta graph.

Consider the edge set E = {e(x(?),5) = e(x(3),5), e(x(1),5) = ¢(x®¥),5),
e(x?,5) = e(x(9,5), e(x),5) = e(x(V),5), e(x®),5) = e(x?,5)}

G = (V,E) is called second order delta graph.
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\

S ()
\ (=)

/

(B)A?

D

Figure 2: Second Order Delta Graph

3.3 Third Order Delta Graph

Consider the graph GG = (V(z),E(z)), where V = {e(x(’),m)/r =1,2,3,---}
and EG) = {e(x("),m) — Ade(x("),m)} is called third order delta graph.

3x(2) 8x(7) x(z) x(7)
3(x0) 5) = == _
Example 3.8 Ae(x\V))5) = 3 + 5 +...= 5 + = 4.

Ae(x),5) = e(x@),5), Ae(x(V),5) = e(x3),5), Ade(x),5) = e(x¥),5),

Ae(x®) 5) =¢(x).5), Ale(x*,5) = ¢(x(1),5)

E = {e(x©,5) = e(x(?),5), e(x1),5) = (x(3),5), e(x?),5) = e(x¥),5),
e(x3),5) = e(x(0),5), e(x™*),5) = e(x1),5)}

G = (V,E) is called third order delta graph

D=
‘ ‘
”

Figure 3: Third Order Delta Graph
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3.4 Forth Order Delta Graph

Consider the graph G® = (VO EG)) where V = {e(x"),m)/r =1,2,3,---}
and E® = {e(x\"),m) — A*e(x\"),m)} is called fourth order delta graph.

2x(D) (6) (1) x(6)
Example 3.9 Ate(x(?)5) = %-1— 7);‘ +...= xl_' +x6_'+"'

A4e(x(0),5) = e(x(l),S), A4e(x(1),5) = e(x(z),S), A4e(x( ),5) = e()c(3),5)7
Ade(x3) 5) = e(x),5), Ate(x®),5) = e(x(9),5)
E = {e(x(9,5) = e(x(V,5), e(x(1),5) = e(x(?),5), e(x?),5) = e(x3),5),

e(x3),5) = e(x®,5), e(x®,5) = (x() 5)}
G = (V,E) is called fourth order delta graph

..
oy

(D) A*

Figure 4: Fourth Order Delta Graph

In general for the function e(x("),m) the m™ order delta graph is spining graph.
3.5 Fifth Order Delta Graph

Consider the graph GO = (V® E@) where V = {e(x"),m)/r =1,2,3,---}
and E®) = {e(x("),m) — Ae(x("),m)} is called fifth order delta graph.

1x0  6x5) 0 x5
Example 3.10 Ad¢(x() 5) = %—l— Z' +...= x()_'—i_xS_‘—'—“'

Ase(x(o),S) = e(x(o),S), Ase(x(l),S) = e(x(l),S), Ase(x(z),S) = e(x(z),S),
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Ase(x(3) 5) =e(x),5), Ae(x¥,5) = e(x¥),5)
— {e(x19),5) = e(x(9,5), e(x1),5) = e(x1),5), e(x(?),5) = e(x(?),5),
e(x3),5) = e(x3),5), e(x®,5) = e(x™*),5)}
G = (V,E) is called fifth order delta graph

@
@

Figure 5: Fifth Order Delta Graph

4 Multi Copies Fuzzy Graph

In this section we apply fuzzy concept to multi copies of delta graph.

Definition 4.1 Let G| = (V},E]) be a graph with vertex set Vi = {vo,vi,v2, - v,}
and Gy = (V3,E>) be another graph of with vertex set. The m-multi-copies of G
with G; is a graph G, = (Viy,Ep) where V,, =Vo,Um x V) and E,, = E;Um x E; U

{uovo, u1vo,uavo - - - umvo}.

Definition 4.2 Let G] = (V] ,E],G],‘ul) be the fuzzy graph and Gz = (VQ,Ez, Gz,,LLz)
be the fuzzy graph. Let G, = (V,y, E;) be multi-copies graph of Gy with repect to G,
Let 0,, = 01 U0, and W, = g Uy then G (Vi, En, O, W) is called multi-copies fuzzy

graph.
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6, 6,

0 \\
\\
\ \

\

u

/

/
/
/

00

Figure 6: G| and G, Graph

oj-values ,; - values of Gy is given below,

] Uuo ui u us Uy
e(x@.5) | e(x1),5) | e(x®,5) | ¢(x3),5) | e(x¥,5)

e e e e e

123 el ) e3 €4 es
e(xD,5) | e(x®,5) | e(x®,5) | e(x®,5) | e(x™,5)

e e e e e

02 Vo Vi V2
e(x@,5) | e(x(D,5) | e(x?,5)

e e e

Hi el €2 es
e(x(D,5) | e(x®,5) | e(x®),5)

e e e

Using the following formula we get suzzy values for multi graph
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(i) o(uo) =

(ii) p(uo,ur) = min ,

Vertex values of multi copies are calculated as follows: o (ug) = 0.3679,

Uy Uz

tdg = 0.277

0=0.04608
.092
0.138

0=0.1839
dg = 0.2309
tdg = 0.415

1=0.04608
5988

tds =0.6449

0=0.1849
dg = 0.2309
tdg = 0.4158

1=0.1849
dg = 00931
tdg =0.27801

0=0.04608
dg = 0.0921
tds = 0.13824

Uy tds =0.32214

0=0.3755
dg = 02319
tdg = 0.6074

Us

1=0.04608
dg = 02309
tdg =0.277

td; =0.6446

0=0.3755
& = 0.414
tdg = 0.7903

0=0.4608
dg = 0.9216
tdg = 0.1382

d

Uy

0=0.00095
dg = 0.0028

6=0.1839

Ue tdg = 0.0038 de = 0.413
&= 0.
tdg = 0.597
=0.1849
1=0.00095 s = 0.23098
5 = 0.0171 tdg = 0.4158
tdg =0.01805

©=0.0076
dg = 0.0161

tdg =0.4672

fdg = 0.0237 0=0.0459 Uz
dg = 0.0994
tdg = 0.1453 g
Uss
6=0.04608 Y10
0=0.1849 dg = 0.0921
0.2309 e —n e tdg = 0.1382
= tdg =0.:
04158 dg = 0.2385
tdg = 0.6140
dg = 0.0997 =0.04608
:dr}, =0.2846 U3 dau 02309
tdg = 0.6523 tdg =0.27706

Uo

tdg =0.27706

tdg =0.2846

6=0.1849
dg = 0.2309
tdg = 0.4158

0=0.04608
dg = 0.0921
tds = 0.1382

tdg =0.3229

Figure 7: Multi Copies Fuzzy Graph
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o (uy) = 0.3755, o(uz) = 0.04608, o(u3) = 0.1849, o(us) = 0.1839, o (us) = 0.3755,
6 (ug) = 0.04608, & (u7) = 0.1849, o(ug) = 0.0459, 6 (u9) = 0.3755 & (u19) = 0.04608,
G(un) = 0.1849, G(ulz) = 0.0076, G(u13) = 0.3755, 0'(u14) = 0.046087

(

o (urs) = 0.1849, 6 (usg) = 0.00095, 6 (u17) = 0.3755, o (uig) = 0.04608,
G(ulg) =0.1849

degree of a vertex:

Let G = (o,u) be a multi copy fuzzy graph.The degree of a vertex u is

de(u) = 7éZeE,u(u,v),for (u,v) € E and p(u,v) =0, for (u,v) not in E.
uzxv
This is equivalent to dz(u) = Y p(u,v). d(uo) = 0.55275, d(u;) = 0.59888,
u=vek
(

1) = 0.09216, d(uz) = 0.23098, d(us) = 0.4137, d(us) = 0.41488, d(us) = 0.09216,
(17) = 0.23098, d(ug) = 0.0994, d(uo) = 0.27688, d(u19) = 0.09216, d(uy;) = 0.23098,
d(u12) = 0.01615, d(uy3) = 0.23858,

(
d(u14) = 0.09216, d(uys) = 0.23098, d(u16) = 0.00285, d(u17) = 0.23193,
d(u1g) = 0.09216, d(u19) = 0.23098

d
d

Total degree of a vertex:

Let G = (o, 11) be a multi copy fuzzy graph. tdz(u) =dz(u)+o(u),(u,v) EE

(up) = 0.92065, 1d5(ur) = 0.97438, 1d5(uz) = 0.13824, 1d5(u3) = 0.41588,

(ug) = 0.5976, td(us) = 0.79038, td:(ug) = 0.13824, tdz(u7) = 0.41588,
(us)
(

td

td

tdé ug) = 0.1453, tdé(ug) = 0.65238, tdé(”lo) = 0.13824, tdé(ull) = 0.41588,
tda u12) = 0.02375, ldé(um) = 0.614087 ldé(um) = 0.13824, tdé(uu;) = 0.41588,
td(u16) = 0.0038, td(ur7) = 0.60743, td5(u1s) = 0.13824, 1d(u19) = 0.41588

Irregular Fuzzy Graph

Let G=(0,u) be a fuzzy graph on G = (V,E). Then G is said to be irregular fuzzy
graph if there exists a vertex which is adjacent to be vertices with distinct degrees.

From the graph [7| we have the vertex values

o (up) =0.3679, o(u;) = 0.3755, 6(uy) = 0.04608, o(u3) =0.1849,

and u(ug,u;) =0.3679, w(uy,up) =0.04608, (up,us) = 0.04608, u(uz,u;) =0.1849,
such that ug,u; € G such that dg(up) = 0.3679 + 0.00095 + 0.1839 = 0.55275 and

dg(ur) = 0.3679 + 0.04608 4 0.1849 = 0.59888 such that up,u; are adjacent to a
vertices but dg(up) # dg(ur). So, G is said to be a irregular fuzzy graph.
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Totally Irregular Fuzzy Graph
Let G = (o,u) be a fuzzy graph on G = (V,E). Then G is said to be totally

irregular fuzzy graph if there exists a vertex which is adjacent to a vertices with
distinct total degrees.From the graph [7|we have tdg(u;) = 0.97438, tds(uz) = 0.13824,
tds(uz) = 0.41588, tds(ug) = 0.5976 such that ug,u;€G such that rdg(up) = 0.92065,
tdg(u1) =0.97438, and ug,u; are adjacent vertices but tdgs(uo) # tdz(u1)

So G is a totally irregular fuzzy graph.
Strongly Irregular Fuzzy Graph

Let G= (o,u) be a fuzzy graph on G = (V,E). Then G is said to be a strongly
irregular fuzzy graph if every pair of vertices have distinct degrees.

From the graph [7| we have, Every pair of vertices have distinct degrees then G is
strongly irregular fuzzy graph.

Highly Irregular Fuzzy Graph

Let G = (o,u) be a fuzzy graph on G = (V,E). Then G is said to be a highly
irregular fuzzy graph if every vertex in G is adjacent to the vertices having distinct

degrees.

From the graph [7| we have o(ug) = 0.3679, o(u;) = 0.3755, o(up) = 0.04608,
o(uz) = 0.1849, and pu(ug,u;) = 0.3679, w(uy,up) = 0.04608, u(uz,u3) = 0.04608,
p(uz,uy) = 0.1849,

d(ug) = 0.55275, de(uy) = 0.59888, d (1) = 0.04608, dgs(u3) = 0.23098,

dg(uy) = 0.4137 From the graph every vertex in G is adjacent to the vertices having
distinct degrees. So, G is highly irregular fuzzy graph.

Neighbourly irregular fuzzy graph

Let G= (o, ) be a fuzzy graph on G = (V,E). Then G is said to be a neighbourly
irregular fuzzy graph if every two adjacent vertices of a fuzzy graph G have distinct
degree.

From the graph [7| Every two adjacent vertices of G have distinct degree.
Then G neighbourly irregular fuzzy graph.
Here edge values of fuzzy multi copies graph calculated as,

u(uo,ul) = 0.3679 ,Lt(ul,uz) = 0.04608, ,Lt(uz,u3) = 0.04608, u(u3,u1) = 0.1849,
1 (ug, us) = 0.1839, p(us,us) = 0.1839, pw(us,ug) = 0.1849, u(ug,u7) = 0.04608,
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1(u7,us) = 0.1849, 1 (ug,ug) = 0.0459, p(ug,uo) = 0.0459, p(ug,u10) = 0.04608,
[.L(ul(),ul ) 0. 04608 ,u(ull ug) =0. 1849 ,u(u87”12) =0. 0076 N(ulz,u13) =0. 0076
p(ui3,uig) = 0.04608, t(uig,urs) = 0.04608, p(uis,ui3) =0.1849,

( )=

(
H Uiz, U16 0. 00095 ,u(u16,u17) = 0.00095, /,L(u17,u18) = 0.04608,
p(uig,ui9) = 0.04608, t(ujg,ur7) = 0.1849, u(ue,up) = 0.00095,
Degree of an edge:

G = (o,1) be a fuzzy graph. The degree of an edge (u,v) is defined as
dg(u,v) =dg(u) +dg(v) — 201 (u,v).

dg(uo,ur) = 0.55275+0.59888 —2(0.3679) = 0.41583

d(uy,uz) = 0.59888, dys(ua,u3) = 0.23098, dgz(u3,u1) = 0.46006,
dG(uo,u4) 0. 59865 d~ (u4,u5) 0.46078, da(u5,u6) = 0.13724,
dg(ue,u7) = 0.23098, djs(u7,us) = 0.27606, ds(us, ug) = 0.4213,
dG(ug,ug) 0. 28448 d= (ug,ulo) 0.27688, dé(ulo,un) = 0.23098,
dg(ur1,u9) = 0.13806, dgz(ug, u12) = 0.10035, dg(u12,u13) = 0.23953,
dG(u13,u14) 0.23858, dé(u14,u|5) = 0.23098, dé(u15,u13) = 0.09976,
dg(u12,u16) = 0.0171, d(uy6,u17) = 0.23288, dy(u17,u18) = 0.23193,

de(u1s,u19) = 0.23098, d(u19,u17) = 0.09311, dx(us6,up) = 0.5537

Minimum degree of an edge

The minimum degree of an edge is 8g(G) = A{dg(u,v): (u,v)eE}.
oe(G) =0.0171

Maximum degree of an edge

The maximum degree of an edge is Ag(G) = V{dg(u,v) : (u,v)€E}.
Ap(G) =0.5988

Total vertex degree of an edge:

Let G = (o,u) be a fuzzy graph. The total degree of an edge (u,v) is defined as
tdg(u,v) = dg(u) +dg(v) — p(u,v)
tdz(uo,ur) = 0.78373 tdz(ur,uz) = 0.64496, td(uz,u3) = 0.27706,
td5(u3,11) = 0.64496, td (g, us) = 0.78255, td (14, us) = 0.6446,
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tds(us,ug) = 0.32214, td(ug, u7) = 0.27706, td(u7,15) = 0.46096,
td(us, ug) = 0.4672, tds(ug, o) = 0.33038, td(ug, u10) = 0.32296,

td (10, 111) = 0.27706, td(uny,u9) = 0.32296, 1ds(u, u12) = 0.10795,
td (w2, u13) = 0.24713, td (w3, u14) = 0.28466, td(u14,u15) = 0.27706,
tds (15, 1013) = 0.28466, 1d (12, 1) = 0.01803, 1d (116, u17) = 0.23383,
tdé(un,ulg) =0.27801, tdé(ulg,ulg) =0.27706, tdé(ulg,un) =0.27801,

tdz(u16,uo) = 0.55465
Minimum total degree of an edge
The minimum degree of an edge is &£(G) = A{tdg(u,v) : (u,v)eE}.
&£(G) =0.01805
Maximum total degree of an edge
The maximum degree of an edge is Ag(G) = V{tdg(u,v) : (u,v)eE}.
Ae(G) = 0.78375
Neighbourly edge irregular fuzzy graph

Let G = (o,u) be a connected fuzzy graph on G = (V,E). Then G is said to
be a neighbourly edge irregular fuzzy graph if every adjacent edges having distinct
degree. From the graph [7| we have ¢(ug) = 0.3679, o (u;) = 0.3755, o(uz) = 0.04608,
o(uz) = 0.1849 and p(ug,u;) = 0.3679, p(uj,uz) = 0.04608, w(uz,u3z) = 0.04608,
p(us,ur) = 0.1849, din(up,u1) = 0.41583, dg(ur,uz) = 0.59888, dg(uz,u3) = 0.23098,
dé(ug,u4) = 0.46006, d(-;(u4,uo) =0.59865.

Every adjacent edges having distinct degree.
Then G neighbourly edge irregular fuzzy graph.
Neighbourly edge totally irregular fuzzy graph

Let G= (o,u) be a connected fuzzy graph on G = (V,E). Then G is said to be a
neighbourly edge totally irregular fuzzy graph if every adjacent edges having distinct
total degree.

d(;(uo,ul) = 0.41583, dG-(ul,uz) = 0.59888, dG-(uz,u3) = 0.23098,
d(u3,us) = 0.46006, dg(ug,up) = 0.59865

tdg(vo,v) # tdg(ur,up), tdg(uy,uz) # tdg(uz,u3), tdg(uz,u3) # tdg(uz, us),
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th-(ug,u4) #* th-(u4,u()), th-(u4,u()) #* th-(uo,ul)
Every adjacent edges having distinct total degree.
Then G neighbourly edge totally irregular fuzzy graph.

Complete Fuzzy Graph

A fuzzy graph G = (o, ) is said to be complete if u(u,v) = o(u) Ao(v) for all
u,veV and is denoted by K.
Strongly edge irregular fuzzy graph

Let G = (o,1) be a fuzzy graph on G = (V,E) then G is said to be strongly edge
irregular fuzzy graph if every pair of edges having distinct degrees.

From the graph We have,every pair of edges having distinct degrees.so, G is strongly
edge irregular fuzzy graph

Strongly edge totally irregular fuzzy graph

Let G = (o,1) be a fuzzy graph on G = (V,E) then G is said to be strongly edge
totally irregular fuzzy graph if every pair of edges having distinct total degrees.

From the graph [7| we have,every pair of edges having distinct degrees. So, G is
strongly edge totally irregular fuzzy graph.

Regular fuzzy graph
Let G = (o,u) be a fuzzy graph on G = (V,E) if dg(v) = k for all veV

that is if each vertex has the same degrees k, then G is said to be regular fuzzy graph
of degree k.

Let G = (V,E) where V = {vp,v1,v2,v3,v4}
and E = {(vo,v1), (vi,v2), (v2,v3),(v3,v4), (va,v0)}
Therefore The vertex of degree
dg(up) = 0.55275, diz(uy) = 0.59888, di(u2) = 0.04608, diz(uz) = 0.23098,
di(us) = 0.4137. From the graph we have, each vertex have distinct degree
Hence G is not regular fuzzy graphs.
Totally regular fuzzy graph

If each vertex G have the distinct total degree
td(-;(ul) = 0.97438, td(‘;(uz) =0.13824, td(-;(u3) = (0.41588, td(-;(u4) = 0.5976
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Hence G is not totally regular fuzzy graph.

Degree of an vertex:

déh degree of a vertex:

dy(up) = 0.04608 4 0.1849 4 0.0459 4+ 0.1839 +0.00095 + 0.00095 = 0.4626

dy(u1) = 0.18485, dy(uz) = 0.04608, dy(u3) = 0.1849, ds(u4) = 0.46833,
dz(us) = 0.2298, dz(u6) = 0.1839, dz(u7) = 0.1839, dz(ug) = 0.19215, dz(ug) = 0.0535,
dz(ldlo) = 0.0459, dz(un) = 0.0459, dz(ulz) = 0.0323, dz(u13) = 0.00855,
dy(114) = 0.0076, da(u15) = 0.0076, da(u16) = 0.0057, da(u17) = 0.0019,
dy(u1g) = 0.00095, dy(119) = 0.00095
d" degree of a vertex:
up) = 0.04608 4 0.1839 + 0.0459 + 0.00095 + 0.00095 + 0.00095 = 0.2787
ur) = 0.2317, d3(up) = 0.04703, d3(u3) = 0.1848, d3(us) = 0.3303, d3(us) = 0.2383,
ug) = 0.0919, ds(u7) = 0.2298, ds(ug) = 0.1538, d3(u9) = 0.1003, d3(u19) = 0.0535,
u11) = 0.0535, a’3(u12) = 0.0256, d3 (u13) = 0.0171, d3 (M14) = 0.0085,
I/t15) = 0.0085, d3(u16) = 0.0057, d3 (u17) = 0.0038, d3 (ulg) = 0.0019,
119) = 0.0019
The fuzzy graph concept can be applied for chemical graphs for atoms and

ds(
d3(
d3(
ds(
ds(
d3(

molecules.

5 Conclusion

By defining the generalized extorial function and a new type delta graph have
been introduced. After applying fuzzy concept on these delta graphs, product of
fuzzy graph is established with fuzzy vertex and edge degrees. The regularity
and irregularity behaviour like neighbourly edge, neighbourly irregular, strongly
irregular, highly irregular, totally irregular, strongly edge irregular,strongly edge
totally irregular are discussed. The fuzzy values assigned to with example each vertex
may be replaced by change of electrons in the chemical graphs for getting applications

in physical science.
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