‘ STATISTICS, OPTIMIZATION AND INFORMATION COMPUTING
Stat., Optim. Inf. Comput., Vol. x, Month 202x, pp 0-8.
IAPress| pyblished online in International Academic Press (www.IAPress.org)

A STUDY ON NEUTROSOPHIC CORDIAL LABELING GRAPHS WITH
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Abstract We present here the neutrosophic cordial labeling graphs, which integrate neutrosophic and cordial labeling
graphs. This work explores three types of graph labeling such as fuzzy cordial labeling graphs, intuitionistic fuzzy cordial
labeling graphs and neutrosophic cordial labeling graphs. We provide some functions for vertex and edge labeling under
specific conditions, such that if the edge labeling is less than 0.5, the cordial labeling is 0 and 1; otherwise, indicating the
integral part of that edge labeling. Furthermore, it meets the cordial labeling requirement, which states that the number of
edges labeled with O and 1 differ at most by 1.
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1. Introduction

Graph labeling is one of the fundamental branchs of mathematics; it plays a role in analysing the structure of
networks in the real-world applications [1]. Even though, it some times attains the conflicts of imprecision,
uncertainty. It is deals with these aspects via the fuzzy logic method. The concept of fuzzy set theory was
introduced by Zadeh [1965] [2], and the fuzzy graph was defined by Kaufmann [1986] [3] . In 1975 [4] , Rosenfeld
developed a more elaborate definition for fuzzy graphs and several fuzzy analogues. At the same time Yeh and
Bang [5] and Bhattacharya [6] introduced various connectedness concepts in fuzzy graphs. Bhuttani [7] and
Nagoorgani [8] discussed on structural representation of fuzzy graphs and labeling.

In 1983 [9, 10], Krassimir Atanassov introduced the concept of intuitionistic fuzzy set theory due to occur the
inaccuracy in fuzzy. The fuzzy set has only membership grade, the but intuitionistic fuzzy set uses independent
membership and non-membership grade. In this paper we propose the membership are [ Appearance(A) and
Non-Appearance(NA)]. Shannon and Atanassov [11] proposed the idea of the intuitionistic fuzzy relation and
intuitionistic fuzzy graph. R.Parvathi [12] presented an extension of fuzzy graph to the intuitionistic fuzzy graph.
M.Akaram [13, 14, 15] and Nagoorgani build on various properties of intuitionistic fuzzy graph which help us to
the relationship between the real- world components with an intuitionistic fuzzy graph structure.

Smarandache [16] introduced the neutrosophic set, which is an extended concept of (Atanassov) in intuitionistic
fuzzy set. Neutrosophic sets can be used to solve the uncertainty, indeterminacy, vagueness of real-life problems.
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M.RAGAVI AND T.KANNAN 1

It is a modified version of the fuzzy set and intuitionistic fuzzy set. It is characterised by the membership of
Appearance (A), Indeterminate (I) and Non-Appearance (NA) with their sum lying between 0 and 3. These three
membership degrees are independent. The concept of the netrosophic graph was introduced by Kandasamy et
al [17]. It reveals the new dimension of graph theory. Nowadays, many researchers have been actively working
on neutrosophic graph theory. Ye et al,Yang [18], Broumi [19] and Arkam. Neutrosophic fuzzy graphs are more
effective, flexible and compatible for uncertain real-world problems compared to fuzzy graphs. The application of
neutrosophic fuzzy graphs encompasses medical diagnosis, cybersecurity, education, environmental monitoring,
financial decision-making, engineering systems, sentiment analysis, social networks, communication networks,
and road transportation networks, among others.

Rosa [20] introduced the graph labeling, which is mapping to graph elements and a set of numbers. A. Gallian
[21] described the numerous types of labeling in graphs, such as graceful labeling, cordial labeling, and mean
labeling etc. These graphs label significant applications in many fields. 1. cahit [22, 23] introduced cordial graph
labeling, which he regarded as “a weaker version of both graceful and harmonious labeling” and also examined
cordiality for various graphs such as trees, cycles, and complete graphs, for example: The cycle ¢,, with n vertices
is cordial. if and only if n # 2(mod4). To address these theorems, we introduce fuzzy cordial labeling in cycle
graphs. Fuzzy labeling graphs are a significant tool in graph theory. Sundaram and Ponraj [24], [25] presented the
prime cordial labeling concept, whereas P. sumathi and Suresh Kumar [26] introduced fuzzy quotient 3 cordial
labeling for star-related graphs. We draw inspiration from these ideas and present fuzzy and intuitionistic fuzzy
cordial labeling graphs. But this graph labeling affects the real-life situations. For example, automatic channel
allocation for transmitters to frequencies. The channel station sends the frequencies to all other transmitters
in the same way. Sometimes the difficulties arise from the atmosphere at the time the transmitter receives the
moderate frequency or medium signal. This type of signal is an inconsistent or indeterminate state. So, we decide
to introduce the neutrosophic cordial labeling.

In this study we focused on simple finite connected undirected graphs. The vertex function and edge condition
of NCLGs defined in this paper satisfies the cordial condition. Also, an algorithm is defined for labeling purposes.
Section 2 of this paper comprises the fundamental definitions of NCLGs. In section 3, we define fuzzy cordial
labeling and some related theorems. Sections 4 and 5 include definitions, theorems, examples and algorithms
regarding intuitionistic fuzzy cordial labeling and neutrosophic fuzzy cordial labeling respectively. Section 6
demonstrate the applications of NCLGs.

2. Preliminaries

Let R be the universal set. A fuzzy set in R is represented by S = { (¢, ps(t)|us(®)>0, reR}, where the function
ws: R—[0,1] is the appearance of element x in the fuzzy set S. A fuzzy graph G = (u, ) is a pair of functions,
where p is a fuzzy subset of *U, and ~ is a symmetric fuzzy relation on .

Definition 1

A graph G: (p, ) is said to be fuzzy labeling graph, if 1 20 — [0, 1] and v B x ¥ — [0, 1],u, v are bijective and
Ya(uw) <min(pa(u),pa(v)) forall u,v € 0.

Definition 2

An intuitionistic fuzzy graph G is said to be an intuitionistic fuzzy labeling graph. if pa: U — [0,1], una: U
—[0,1] and y4: BxY— [0,1], yna: TxLV— [0,1] are bijective,

min(pa(u), pa(v))
maz(pna(u), pya(v))

'YA(U, ’U)

<
PYNA(U; U) <

0 <~va(u,v)+vna(u,v) <1 for every edges (u, v)e Ux*V.
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2 A STUDY ON NEUTROSOPHIC CORDIAL LABELING GRAPHS WITH ALGORITHM

Definition 3

A neutrosophic fuzzy graph is the form G where U = (v1, v2, v3, ...v,) such that p4: U —[0,1], pr:*U —[0,1],
una:L —[0,1] denote the degree of appearance, indeterminacy and non-appearance of the vertices and v4 :
UxV— [0,1] and 1 : YxV— [0,1], vy a: BxYV—]0, 1] edges are bijective such that,

min(pa(vi)), pa(vy))
min(pr(vi), pr(vj))
maz(puna(vi), pna(vy))

2

~

<

:_/

—

]

BN .
INIA A

v a((vi), (v5))

0< ya((vi), (v;))+v1((vi), (v;))+vNa((vs), (vj))< 3 for every edge in €&.

Definition 4
A binary vertex labeling of a graph G is called a cordial labeling if [b,(0) — v, (1)| < 1 and |e ) — ey(1)| < 1.
A graph G is cordial if it admits the cordial labeling.

3. Fuzzy Cordial Labeling Graph (FCL)

Definition 5
3(it2)+2 if iis odd

Let the vertex one-to-one function be defined by i = (I_lg(xi-lkoz)ﬂ e (where x is the number
1— =55 ifiiseven

of vertices, and i is the naming of vertices). For each edge v 4:UxU— [0,1], va(uv) < min(pa(u), pa(v)),
pa(v) is defined. Using the above condition in a fuzzy labeling graph is said to be a fuzzy cordial labeling
graph. If the number of edges labeled with 1 and the number of edges labeled with O differ by at most 1
(te)]ey,(0) — ey, (1)] < 1 such that [y4(uv)] is an integral part < 0.5. which is 0; otherwise, itis 1.

3.1. Algorithm for Fuzzy Cordial Labeling of Cycle and Path
Let U = {v;|i = 123...x} be the vertex set, i.e., |U| = «.

3(ita)+2 if iis odd
Step 1: Label the vertex with the function p 4 = (m_lgéfx) o .f -
1- =% if i is even.

Step 2: Label the edge under the condition v4 (v;v;) < min(pa(vi), pra(v;))

1 if ya(vivj) > 0.5

Step 3: Get ,i.e =
P [al A {0 if otherwise

Step 4: Check whether |e,, (0) — e, (1)| < 1 where e, (0) and e, (1) are the number of edges with integral 0
and 1 respectively.
If not go to step 2.

Theorem 1
For n > 3, cycle C,, is a fuzzy cordial labeling graph.

Proof
Let G = C,, be a cycle graph with length n>3. Define a fuzzy labeling cycle graph G = (3, u, ).
, 3itz)i2 if iis odd
let 11.4:% — [0,1] be a one-to-one function defined by 14 = { * %é+x)+2 o and
1— =55 ifiiseven

v4: U xV— [0,1] is bijective, such that the appearance values of vertices are distinct and label the edge v4 (uv) <
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min(pa(u), pa(v)). The vertices can be adjusted according to the algorithm (3.1). |e,, (0) — e+, (1)| < 1. Hence,

cycle C,,, m > 3 admits a fuzzy cordial labeling graph. O
V3(0.53)
0.63)¥5 Va(0.5)
0.73)V;
(0-73)V7 1(0.43)
V5(0.56) V6(0.42)

Figure 1. fuzzy cycle graph C7

v =043  (vivy) = e =04
Vg = 0.56 (’1)11}6) = €3 — 0.41
V3 = 0.53 (1}21}6) — €3 = 0.43
Vg4 = 0.5 (’1}27}7) = €4 = 0.55
vs =0.63  (v3vy) =e5=0.5
Vg = 0.42 (U31}5) = €g — 0.51
Uy = 0.73 (’1)51]7) = €7 = 0.62

Cordial labeling for edges (v;, v;) = ([v4])

(v1v4) = €1 = 0; (v1v6) = €2 = 0;

(v2v6) = e3 = 0; (vovr)

(v3vg) = e5 = 1; (v3vs) = €6 = 1;
(1)5’1}7) = €7 = 1.

ey =1;

644 (0) —ey (D <1
3—4] <1
4. Intuitionistic Fuzzy Cordial Labeling Graph (IFCL))

Definition 6
A graph G is said to be an intuitionistic fuzzy labeling graph.

3(i+x) Lpl 3(i4x) P
_ J @-1x10 if iis odd ) oot if iis odd )
If pa= St 12 and inva = § $Gita)re e are one-to-one vertex functions,
1- =% if iis even —<10 if iis even
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4 A STUDY ON NEUTROSOPHIC CORDIAL LABELING GRAPHS WITH ALGORITHM

where x is the number of vertices and i is the naming of vertices. For each edge bijective such that 4 (uv) <
min(ua(u), pa(v)) and Yy a(uwv) < max(pa(u), pa(v)). And an intuitionistic fuzzy labeling graph is said to be an
intuitionistic fuzzy cordial labeling graph. If the number of edges labeled with 1 and number of edges labeled with
0 differ by at most 1. (ie)|e, (0) — ey, (1)| < 1 and |e,y, (0) — eyy 4 (1)| < 1 such that [y4(uv)] and [yn a(uv)]is
integral part < 0.5. which is 0; otherwise, it is 1.

4.1. Algorithm for Intuitionistic Fuzzy Cordial Labeling of Cycle
Let U = {v;]i = 123...2} be the vertex set, i.e., |T| =«

Step 1: Label the vertex with the function.
B 75’“*?;1% if iis odd
KA = 1 3(itx)+2
T T zx10

3(i4x) S
if iis odd
and puna = { 510 1o
X 10

if iis even if i is even.
Step 2: Label the edge wunder the condition va(uv) < min(pa(u),pa(v)) and yya(uv) <
maz(puna(u), pna(v))
1 4 > 0.5 1 4 > 0.5
Step 3t Get 11 — { if yalu) 205 { if yva(w) =

0 if otherwise 0 if otherwise

Step 4: Check whether e, (0) —e,,(1)] <1 and |e;,,(0) — eyy,(1)] <1 where e, (a), ey, ,(a) and e, (b),
€y 4 (b) is the number of edges in the integral part of the label a,b = 0,1 respectively
If not go to step 2.

Theorem 2
For n > 3, cycle C,, is an intuitionistic fuzzy cordial labeling graph.

Proof
Let G = C,, be a cycle graph with length n>3. Define an intuitionistic fuzzy labeling cycle graph G = (U, u, ). Let
1a0 — [0,1], uy a0 — [0,1] be a one to one vertex function defined by

Az if iis odd Sute)  ifiisodd
bha = 3(ita)+2 g and puna = §(>;+w)+2 P )
11— =55 if iis even =10 if iis even

and Edge functions defined by v4:UxU— [0,1] and yy4:LxYV— [0,1] bijective such that 4 (uv) <
min(pa(u), pa(v)) and Yy 4(uv) < mazx(pa(u), pa(v)). The vertices can be adjusted according to the algorithm
4.1). le4,(0) — ey, (1)] <1, |eyy4(0) —eyy,(1)] < 1. Hence, cycle graph n > 3 admits an intuitionistic fuzzy

cordial labeling graph. O

= (0.43,0.03) (v1v4) = e; = (0.4,0.45)
= (0.56,0.44) (vive) = ez = (0.41,0.53)

vy = (0.53,0.04) (vqvg) = eg = (0.43,0.52)

v4 = (0.5,0.5) (vav7) = e4 = (0.55,0.42)
= (0.63,0.05) (vsvs) =e5 = (0.5, 0.5)

U6 =(0.42,0.42) (vsvs) = eg = (0.51,0.042)

vy = (0.73,0.06)  (vsv7) = er = (0.62,0.055)

Cordial labeling for edges (v;, v;) = ([val, [ynal)
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V5(0.53,0.04)

(0.53,0.04)V5 V1(0.5,0.5)
(0.73,0.06) V5 V3 (0.43,0.03)
%(0_560 V5(0.42,0.58)

Figure 2. Intuitionistic fuzzy cycle graph Cr

(U11}4) = = (0,0) 5 (1]11}6) = €9 = (0, 1);

(vavg) = ez = (0,1); (va2v7) = eq4 = (1,0);

(vavg) = e5 = (1,1); (v3vs) = eg = (1,0);
(vsv7) = e7 = (1,0)

|6'YA (0) - e’YA(l)l <1 and |e"/NA (0) - e’YNA(l) <1
[3—4/<1 and |4-3|<1
5. Neutrosophic Cordial Labeling Graph(NCLG)
Definition 7
3(i+x)+2 sp . dd
A neutrosophic graph is of the form G = (0, €). If us = {f_lz)%(xiiox)ﬂ Z.f l ZS 0 )
- =50 if 1is even

3(i+x) cp e
X 10 _ ) zx102 Zf i is odd
oS if dis even’ and x4 = {3(?;951)5& if iis even
one-to-one vertex functions, where x is the number of vertices and i is the naming of vertices. For
each edge is bijective such that vy (uv) < min(pa(u), pa(v)),yr(uv) < min(pr(u), pr(v)) and yya(uv) <
max(puna(u), una(v)). A neutrosophic labeling graph is said to be a neutrosophic cordial labeling graph.
If the number of edges labeled with 1 and the number of edges labeled with O differ by at most 1
(ie)|e'YA (O) - e"/A(l)‘ <1 |e"{1 (O) - 671(1)| <1 and |e’YNA (O) - e’YNA(1)| <1 such that [’YA(UU)]’ [VI(UU)] and
[~ 4 (uv)]is integral part < 0.5, which is 0; otherwise, it is 1

Sitzdd) i 4is odd
nr =

5.1. Algorithm for Neutrosophic Cordial Labeling of Star Graph
Let U = {v;]i = 123...2} be the vertex set, i.e., | T| = x

. . Bite)+2 if i1is odd
Step 1: Label the vertex with the function p 4 = (x_lg(xi}kom)ﬂ e
1- =% if 1 1s even,

3(i+x) Lo
zx10 and iy 4 =  2X10° if iis odd
Srdd i f g5 even, 3(ite)42

e—1)x10 if i is even

zx10

{5”’”*5) if iis odd
pr =

Stat., Optim. Inf. Comput. Vol. x, Month 202x



6 A STUDY ON NEUTROSOPHIC CORDIAL LABELING GRAPHS WITH ALGORITHM

Step 2: Label the edge under the condition v4(uv) < min(pa(u), pa(v)), vr(ww) < min(pr(u), pr(v)) and
Tva(w) < maz(pna(u), pya(v))

1 if ya(uv) > 0.5

0 if otherwise

and [yya] = {

Step 3: Get [y4] = {

1 if yna(uv) > 0.5
0 if otherwise

o] = {1 if yr(uv) > 0.5

0 if otherwise

Step 4: Check whether |e,,(0) —e,,(1)] <1, |ey,(0) —ey,(1)] <1 and |eyy,(0) —eyya(1)] <1 where
ey, (a), ey, (a), eqy,(a) and e, (), ey, (b), e, , (b) are the number of edges in the integral part of the label
a,b=0,1
If not go to step 2.

Theorem 3
For n > 3, the Star graph S,, is a neutrosophic cordial labeling graph.

Proof
Let G = S,, be a star graph with length n>3. Define a neutrosophic labeling Star graph G = (3, 1, ).
let pa:0 — [0,1], ur:0 — [0,1], un 4T — [0,1] be a one- to-one vertex function defined by

3 . .o . 51 5 . . . y b . ..
75’5_-%&% if iis odd ‘”;;I)‘)) if iis odd q i(;';fz) if iis odd
HA = . i . = iy . i . an UNA = 300 9 ) o
1—3(;‘;7”1)0"‘2 if iiseven’ % if iis even’ % if iis even

Edge function defined by v4:UxU— [0,1] and v;:BxV— [0,1]7yA:TxV— [0,1] are bijection such that,

Ya(uv) < min(pa(w), pa(v)) and vy (uv) < min(pr(uw), pr(v)) , Yva(uv) < maz(pa(u), pa(v)). The vertices
can be adjusted according to the algorithm (5.1) |e4,(0) — ey, (1) <1, |ey, (0) — ey, (1) <1, Jeqna(0) —
eyy4(1)| < 1 Hence, a star graph n > 3 has a neutrosophic fuzzy cordial labeling graph. O

6. Application of neutrosophic cordial labeling graph

Communication Network For Automatic Channel Allocation:

The transmitters are automatically assigned channel numbers and frequencies. The channel station assigns
frequencies to all transmitters in the same manner. The transmitter may receive a high, medium, or low frequency
signal created by the current atmosphere. Consider the following example.

%‘ V5(0.7,0.6,0.055)

(ﬁ)i \ i(H»

V5(0.37,0.82,0.63)

; V1(0.46,0.26,0.035)
o I Vi(0.47,0.62,0.53)
:§ G 2§

V2(0.57.042043) 70 58.0.43,0.045)

Figure 3. Communication Network For Automatic Channel Figure 4. Neutrosophic Cordial labeling Star graph Sg
Allocation
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v = (0.46,0.26,0.035)  (v1vs) = e1 = (0.44,0.11,0.045)
vy = (0.57,0.42,0.43)  (vvs) = s = (0.51,0.48,0.41)
3 = (0.58,0.43,0.045)  (v305) = es = (0.54, 0.4, 0.047)
va = (0.47,0.62,0.53)  (v4vs) = es = (0.45,0.56,0.52)
vs = (0.7,0.6,0.055)  (vsv5) = e5 = (0.26,0.55,0.62)
v = (

0.37,0.82,0.63)

Cordial labeling for edges (v;, v;) = ([val, [v1], [Yna))

(’U1U5) = €1 = (0,0,0); (122’1)5) = €9 = (1,0,0);
(v3vs) = e = (1,0,0); (vavs) = eq4 = (0,1,1);
(U51)6) = €5 — (O, 1, 1)

We consider the channel station and transmitters to be vertices, and the frequency between the transmitters and
the channel station to be edged. The vertices and edges are now labeled using our technique. If we label using
our algorithm, then neutrosophic cordial labeling exists. Once the neutrosophic cordial labeling is established, the
Automatic channel allocation frequency does not overlap.

7. Conclusion

The contribution of this paper is to introduce the neutrosophic cordial labeling graphs. In this paper, we have
described the idea of the fuzzy cordial labeling graphs, intuitionistic fuzzy cordial labeling graphs, neutrosophic
cordial labeling graphs and their algorithms. Also, an application related to communication network for channel
Allocation is given to the NCLGs. In the future, we will focus on the study of various neutrosophic cordial labeling
graphs.

W N —
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