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Abstract

The notion of neutrosophic sets facilitates the analysis of values that are unclear or indeterminate. In this
paper, we discuss the single valued neutrosophic R-dynamic vertex coloring of Cartesian product of SVNG’s
and join of SVNG’s. Further we have described the concept of single valued neutrosophic R-dynamic edge
coloring and provided some examples and theorems.
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1 Introduction

Rosenfeld [20], 10 years after Zadeh’s seminal study in fuzzy sets [23], was the first to develop fuzzy graphs.
Fuzzy graph theory is presently being used in a variety of domains in modern science and technology, includ-
ing information theory, neural networks, expert systems, cluster analysis, medical diagnostics, control theory,
and many others. In 2004, Munoz et al. [15] presented the fuzzy chromatic number, which was further de-
veloped in 2006 by C. Eslahchi and B. N. Onagh [11]. In 2009, S. Lavanya and R. Sattanathan [13] proposed
the idea of fuzzy total coloring for the first time. Arindam Dey and Anita Pal discussed fuzzy vertex coloring
with fuzzy graphs using the a-cut in the paper [7] in 2012. Anjaly Kishore, M.S.Sunitha, published a research
paper [4] in 2014 on strong chromatic number of fuzzy graphs.

To deal with data on membership and non-membership values, intuitionistic fuzzy sets are utilised. Kassimir
T. Atanassov [6] developed the concepts of intuitionistic fuzzy sets and intuitionistic fuzzy graphs in 1986 and
1999, respectively. Ismail and Rifayathali [12] addressed intuitionistic fuzzy graph coloring with («, 3) cuts
in 2015, while Rifayathali et al. [16] published studies on intuitionistic fuzzy coloring and strong intuitionistic
fuzzy coloring in 2017 and 2018.

The principles of membership and non-membership are insufficient to predict the result of all real-time cir-
cumstances. In situations when the vagueness or indeterminacy of a decision must be considered, intuitionistic
fuzzy logic is unsuitable to provide a solution. F. Smarandache discovered a solution as a result of this condi-
tion: ”Neutrosophic logic”. Smarandache [21] developed the concept of Neutrosophic Sets in 1998, which is a
generalised form of intuitionistic fuzzy sets that incorporates three categories of values: truth, indeterminacy,
and falsity membership values. Single-valued neutrosophic sets were studied by Wang et al. [22] in 2010. In
2015, Dhavaseelan et al. [10] introduced and discussed Strong Neutrosophic graphs, and in 2016, Akram and
Shahzadi [1-3] introduced and discussed Single Valued Neutrosophic graph definitions and operations of neu-
trosophic graphs. Broumi et al. [8, 9] expanded on their prior work with single-valued neutrosophic graphs.
Rohini et al. established the concept of single valued neutrosophic vertex coloring, single valued neutrosophic
edge coloring, and single valued neutrosophic total coloring of single valued neutrosophic graph with exam-
ples in the research publications [17, 18] published in 2019. In addition, Rohini et al. have expanded on their
work on single valued neutrosophic vertex coloring and developed the concept of single valued neutrosophic
irregular vertex coloring in [19].
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Bruce Montgomery proposed the concept of r-dynamic coloring in [14]. The r-dynamic coloring of a graph
is an appropriate coloring of the graph in which each vertex u receives min{r,d(u)} different colors from
its neighbours. In [5] we have introduced the concept of single valued neutrosophic R-dynamic vertex col-
oring and furthermore in this paper, we discuss the single valued neutrosophic R-dynamic vertex coloring
of Cartesian product of SVNG’s and join of SVNG’s. Also we have introduce the concept of single valued
neutrosophic R-dynamic edge coloring and provided some examples and theorems.

2 Preliminaries

Definition 2.1. [21] Consider S as a collection of objects(points). Then the neutrosophic set P in S is de-
scribed by truth membership function ¢p(s), an indeterminacy function ip(s) and a falsity membership (non-
membership) function fp(s). The mappings tp(s), ip(s) and fp(s) are real standard or non-standard subsets
of 0=, 1% which means tp(s) : S —]07, 17, ip(s) : S —]07,1T[ and fp(s) : S —]0~,1T[. Also
0~ < tp(S) +ip(8) + fp(s) < 3t.

Definition 2.2. [2] A Single Valued Neutrosophic Graph (SNVG) G = (C, D) is a pair consisting of
C : N — [0,1] which is a single valued neutrosophic set on N and D : N x N — [0,1], a single valued
neutrosophic relation on N with the following characteristics:

tp(uww) < min{tc(u),te(v)}

ip(uwv) < minfic(u),ic(v)}

foluv) < maz{ fo(u), fo(v)}

for all u,v € N. The sets C and D are said to be single valued neutrosophic vertex set and edge set of
G respectively. The single valued neutrosophic relation D is symmetric if it satisfies tp(uv) = tp(vu),
ip(uv) = ip(vu) and fp(uv) = fp(vu) forall u,v € N.

Definition 2.3. [3] A complete neutrosophic graph (CSVNG) is an SVNG G = (C, D) which complies
criteria below:

tp(uv) = min{tc(u),tc(v)}
ip(uwv) = min{ic(u),ic(v)}
fp(w) = maz{fc(u), fo(v)}

for all u,v € C.

Definition 2.4. [17] The collection I' = {~1,72,---,7v,} of SVN fuzzy sets is termed as p-Single Valued
Neutrosophic Vertex Coloring(SVNVC) of SVNG G = (C, D) if the following criteria hold:

L. Vys(u) = C,Vu € C

2.9 ANy =0

3. For each incident vertices of the edge wv of G, min{y;(tc(u)),vs(tc(v))} = 0,
min{7s(ic(u)),vs(ic(v))} = 0 and maa{ys(fc(u), vs(fe(v))} =1,(1 < s < p).

This is indicated as x¥(G) and is termed as the SVN chromatic number of the SVNG G.

Definition 2.5. [5] A family I' = {1, 72, -+ ,7p} of SVN fuzzy sets is termed as p-Single Valued Neutro-
sophic R-dynamic Vertex Coloring (SVNRVC) of a SVNG G = (C, D) if the following criteria hold:

L. Vys(u) = C,Vu e C

2.9 ANy =0

3. For each incident vertices of the edge wv of G, min{vys(tc(u)),vs(tc(v))} = 0,
min{xs(ic(u)), 7s(ic(v))} = 0 and maz{y,(fe (), 7s(fo))} = 1, (1 < s < p).

4. Every vertex u with m number of incident edges, the corresponding incident vertices of the vertex u receives
atleast min{ R, m} different members(colors) from the set I.

Here, 1 < R < M where M represents the maximum number of incident edges of the vertices of SVNG G.
The least value of p is the SVNRVC of SVNG G which is denoted as x%(G), is called the Single Valued
Neutrosophic R-dynamic chromatic number of the SVNG G.

Further we define Single Valued Neutrosophic dynamic chromatic number of the SVNG G, x4 (G) by replac-
ing R = 2 in criterion 4 i.e., (4) becomes every vertex u with m number of incident edges, the corresponding
incident vertices of the vertex u receives atleast min{2, m} different members(colors) from the set I

Definition 2.6. [8] Path P,, in a single valued neutrosophic graph G = (C, D) is an arrangement of distinct
vertices vy, Vg, « - - , Uy, Which complies the criteria ¢ p(vi—1,vg) > 0, ip(vg—1,vk) > 0and fp(vi—1,vk) >
Ofor2 <k <m.
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Definition 2.7. [8] A cycle C,, in a single valued neutrosophic graph G = (C, D) is a sequence of dis-
tinct vertices v1,va, - - , U, v1 Which satisfies the condition ¢p(vk—1,v;) > 0, ip(vk—1,vx) > 0 and
fp(vk—1,vx) > 0for 2 < k <, together with ¢ p(vy,vp,) > 0, ip(v1,v,) > 0and fp(vi,v,) > 0.

Definition 2.8. [3] Consider G; = (C1, D7) and G5 = (Cs, D2) be two single valued neutrosophic graphs of
Gt = (W1, E1) and G5 = (Va, Es) respectively. Then the cartesian product G; X G5 is defined to be the pair
(C, D) such that

L. te(ur, uz) = min{tc, (u1), to, (uz)}

ic(u, uz) = minfic, (w1), ic, (u2)}

fC(ulv u2) = max{fcl (ul)v fcz (UQ)}

2. tp((u, uz)(u, v2)) = min{tc, (u), tp, (ugva)}

ip((u, u2)(u, v2)) = min{ic, (u),ip, (uzv2)}

fo((u,u2)(u,v2)) = max{fe, (u), fp, (uzv2)} for all w € V; and for all ugvy € Es.

3. tD((ula ’U), (Uh U)) = min{tD1 (ulvl)v le, (U)}

ip((u1,v), (v1,v)) = min{iDl (u1v1),ic, (U)}

fo((u1,v), (v1,v)) = maz{fp, (u1v1), fo,(v)} for all v € V; and for all uyv; € Ej.

Definition 2.9. [3] Consider G; = (C1, D1) and G2 = (C3, D2) be two single valued neutrosophic graphs of
G7 = (V1, E1) and G5 = (Va, Es) respectively. Then the join G1 + G2 is defined to be the pair (C, D) such
that

te, (u) if weViandu¢ Vs
Ltc(u) =< te,(u) if ueVoandug¢ Wy
max{tcl (u)7 tc, (u)} if weVinVs
ic, (u) if weViandu ¢ Vs
2. ic(u) = § io,(u) if ueVoandu ¢V
max{ic, (u),ic,(w)} if weViNV;
fo, (u) if uweViandu ¢ Va
3. foe(w) =< fo,(u) if uweVoandu ¢V,
min{fCH (’LL), sz (’LL)} Zf (NS Vl N ‘/2
tp, (uv) if wve€ E;anduv ¢ Ey
4. tp(uv) = tp, (uv) if wv € Fyanduv ¢ E
' maz{tp, (w),tp,(uwv)} if wve€ E1NE;,
min{tc, (u),tc,(v)} if wwekF
ip, (uv) if w € Ejanduv ¢ Ey
5. ip(uv) = ip, (uv) if ww € Fyanduv ¢ Fy
’ max{ip, (w),ip,(uwv)} if wv € E1NE;,
min{ic, (u),ic,(v)} if wekF
I, (uv) if wve€ E;anduv ¢ Ey
6. fo(uv) = fp, (uv) if wv € Eyanduv ¢ Ey

min{fp, (w), fp,(uv)} if wve E;NE;
ma:c{fcl(u),f@(v)} Zf uv € B’

3 Single Valued Neutrosophic Dynamic Coloring of Graphs

In this section we have determined the Single Valued Neutrosophic Dynamic Chromatic Number of some
graphs like Cartesian product of path with path, path with complete graph; join of path and path, path with
cycle and path with complete SVNG.

Theorem 3.1. Let | > 2,m > 2, then the single valued neutrosophic dynamic chromatic number of the
cartesian product of path P, with path Py, is x3(P, x Py,) = 4.

Proof. Consider path P, = (C1, Dy) with SVN vertex set C; = {v1,v9,--- ,v;} and path P,, = (Cs, D)
with SVN vertex set Cy = {uy,us, -+ ,um}. Then the cartesian product of path P, with path P, is SVNG
P, x P, = (C, D) with SVN vertex set C' = {(vj,u;) : 1 < j <1[,1 <k < m} and edge set defined as in
the definition 2.8.

Let ' = {~v1,72,73,74} be the collection of fuzzy sets determined on vertices of P, x P,, for R = 2 as
follows:
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Case 1: When m = 0(mod 4) and m = 2(mod 4).
(te((vg, ur)),ic((vy, ur)), fo (v, ur))

vy, ux)) =

(0,0,1)
(tC((Ujv uk))a iC((Ujv uk))v fC((Ujv uk))

(v, uk)) =

(0,0,1)
(to((vj, ur)), ic((v,ur)), fo((vj, ur))

3((vg, uk)) =

(0,0,1)
(te((vg, ur)),ic((vj, ur)), fe (v, ur))

Ya((vj, uk)) =

(0,0,1)

Case 2 : When m = 1(mod 4).

(te((vj, ur)),ic((vy,uk)), fo((vj, ur))
Y1((vj, u)) =

(0,0,1)
(te((vy, uk)),ic((vy, uk)), fo((vj, uk))

2((vj, ux)) =

(0,0,1)
(te((vj, uk)),ic((vy, uk)), fo((vy, uk))

3((vj, uk)) =

(0,0,1)
(te((vj, uk)),ic((vy, uk)), fo((vj, uk))

Ya((v5,uk)) =

(0,0,1)
Case 3 : When m = 3(mod 4).
(to((vg, ur)), io((vs, ur)), fo(vs, ur))

vy, ux)) =

(0,0,1)
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1(mod 4) and k = 1(mod 4),
2(mod 4) and k = 3(mod 4),
Jj=3(mod 4) and k = 2(mod 4,)
Jj =0(mod 4) and k = 0(mod 4)

otherwise

j =1(mod 4) and k = 2(mod 4),
Jj =2(mod4) and k = 0(mod 4),
Jj =3(mod4) and k = 1(mod 4),
Jj =0(mod 4) and k = 3(mod 4)
otherwise

otherwise

j=1(mod4)andk =0
j=2(mod4)and k =2
j=3(mod4)andk =3
)

A/‘\g\/-\
S
QU
N

S N N N

j =0(mod 4) and k = 1(mod 4
otherwise

Jj =1(mod 4) and k = 1(mod 4),
Jj =2(mod 4) and k = 3(mod 4),
j =3(mod4) and k = 2(mod 4),
Jj =0(mod 4) and k = 0(mod 4),
Jj=2(mod4)andk=m

otherwise

Jj = 1(mod 4) and k = 2(mod 4),
Jj =2(mod 4) and k = 0(mod 4),
j =3(mod4) and k = 1(mod 4),
Jj =0(mod 4) and k = 3(mod 4),
Jj=0(mod4)andk =m
otherwise

Jj = 1(mod 4) and k = 3(mod 4),
Jj =2(mod 4) and k = 1(mod 4),
j =3(mod 4) and k = 0(mod 4),
j =0(mod 4) and k = 2(mod 4),
j=1(mod4)and k =m
otherwise

Jj = 1(mod 4) and k = 0(mod 4),
Jj =2(mod 4) and k = 2(mod 4),
j =3(mod 4) and k = 3(mod 4),
j =0(mod 4) and k = 1(mod 4),
j=3(mod4)andk=m

otherwise

Jj =1(mod 4) and k = 1(mod 4),
j =2(mod4) and k = 3(mod 4),
Jj =3(mod4) and k = 2(mod 4),
j =0(mod 4) and k = 0(mod 4),
j=2(mod4)andk =m —1,
Jj=0(mod4) and k =m

otherwise

19
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(mod 4) and k = 2(mod 4),
(mod 4) and k = 0(mod 4),
(mod 4) and k = 1(mod 4),
( )
(

(te((vj, ur)) ic((vj, uk)), fe((vj, ur))  for ;
)

mod 4) and k = 3(mod 4),
)
)

(v, uk)) =

OO W N =

J
J
J
J
j mod 4) and k =m — 1,

j=2(mod4)andk=m
(0,0,1) for otherwise

(te((vj,ur)),ic((vj, ur)), fo((vj,ug))  for j= 1(mod 4) and k = 3(mod 4),
= 2(m0d 4) and k = 1(mod 4),
= 3(mod 4) and k = 0(mod 4),
Y3 ((vj, ur)) = j = O(mod 4) and k = 2(mod 4),
j=1(mod4)and k =m —1,
)

Jj=3(mod4)and k =
(0,0,1) for otherwise
(te((vj,ur)),ic((vj,uk)), fo((vj,ux)) for j=1(mod4)and k = 0(mod 4),
Jj =2(mod 4) and k = 2(mod 4),
j =3(mod 4) and k = 3(mod 4),
Ya((vj, ur)) = Jj =0(mod4) and k = 1(mod 4),
j=3(mod4)andk =m —1,
= 1(mod4) and k =m

(0,0,1) for otherwise
Case 4 : For P; x Ps. _ _
() = { {gefl et fellnmd) - for A0S 55
oty ) = { oy el elCeprual) - for aE 8 o3
sal(wgon)) = { (gl e Jelloy ) for gL L%
(to((

_ _ | (te(vj ue))sic((vj,un)), fo((v ur))  for  jk =22

Ya((vj, k) = { (0,0,1) for otherwise

As aresult, the family I’ = {71, v2, V3, y4} ensures that SVNRVC requirements are met. Families with fewer
than four points did not match our defining criteria. Hence x4 (P, x P,,) = 4. O

Theorem 3.2. Let | > 2,m > 2, then the single valued neutrosophic dynamic chromatic number of the
cartesian product of path P, with CSVNG K, is x5(P, x K,) =

Proof. Consider path P, = (C1, D) with SVN vertex set C; = {vy,v2,---,v;} and CSVNG K,,, =
(Cq, Dy) with SVN vertex set Co = {uy,uz, -+ ,uy}. Then the cartesian product of path P, with CSVNG
K, is SVNG P, x K,,, = (C, D) with SVN vertex set C = {(vj,u) : 1 < j <1,1 <k < m} and edge set
defined as in the definition 2.8.

LetT' = {y1,72, -, Ym} be the collection of fuzzy sets determined on vertices of P, X K,, for R = 2 as
follows:
(te((vj, ur)) ic((vj, ur)), fe((vj, uk))  for  j=1(mod2)andk =1,
y((vj,ug)) = j=0(mod?2)and k =m
(0,0,1) for otherwise
For 2 <11 < m,
(te((vj, ur)) ic((vj, ur)), fo((vj,u))  for  j=1(mod2) and k = i,
Yil(vj,u)) = (ta((vj,ur)),ic((vj, ur)), fol(vs, ur)) j=0(mod2) andk=i—1
(0,0,1) for otherwise
As a result, the family T' = {~1,72,- -+ ,ym} ensures that SVNRVC requirements are met. Families with
fewer than m points did not match our defining criteria. Hence x4(P; x K,,,) = m. O

Theorem 3.3. Letl > 2, m > 2, then the single valued neutrosophic dynamic chromatic number of the join
of path P, with path P, is x5(P, + P,) =4

Proof. Consider path P, = (C1, D,) with SVN vertex set C; = {v1,v9,--- ,v;} and path P,, = (Cy, D)
with SVN vertex set Cy = {ug, ua, - - , um }. Also the vertex set of these SVNG’s are disjoint. Then the join of
path P, with path P, is SVNG P,+ P,,, = (C, D) with SVN vertex set C' = {v1,va, -+ , U, U1, U, -+ , Um }-
Also the membership, indeterminacy and falsity functions of the vertices of P, + P, is determined using the
definition in 2.9 and edge set is also determined in the same way.
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Let T' = {~v1,72,73, 74} be the collection of fuzzy sets determined on vertices of P, + P, for R = 2 as

O oluicto) Je() for = 1(mod2)
to(vi),ic(vy), v, or j=1(mo
) = (0(»;07]1) e for otherwise
(v;) = (te(vy),ic(vy), fe(vs))  for  j = 0(mod 2)
7280 (0,0,1) for otherwise
(ug) = (tc(uk),ic(uk), fo(uk))  for k=1(mod2)
TS = (0,0,1 for otherwise
(up,) = (te(uk),ic(ug), fo(ur)) for k= 0(mod?2)
Tttt = (0,0,1) for otherwise

As aresult, the family T = {71,792, - , 74} ensures that SVNRVC requirements are met. Families with fewer
than four points did not match our defining criteria. Hence x4 (P, + P,,) = 4. O

Theorem 3.4. Letl > 2,m > 3, then the single valued neutrosophic dynamic chromatic number of the join

of path P, with cycle Cy, is x5(P, + Cp) = { g 3222 Z zz (C;len

Proof. Consider path P, = (C, D) with SVN vertex set C; = {v1,va,--- ,v;} and cycle C,,, = (Cy, Ds)
with SVN vertex set Cy = {u1,ug, -+ , U, }. Also the vertex set of these SVNG’s are disjoint. Then the join of
path P, with cycle Cy,, is SVNG P+C,,, = (C, D) with SVN vertex set C = {vy,v9, -+ ,v7, U1, U, , U }-
Also the membership, indeterminacy and falsity functions of the vertices of P, + C,, is determined using the
definition in 2.9 and edge set is also determined in the same way.

Case 1 : When m is even.

Let I' = {71,72,73,74} be the collection of fuzzy sets determined on vertices of P, + C,,, for R = 2 as
follows:

n(v;) = (te(vj),ic(vj), fe(vs))  for j=1(mod 2)
B (0,0,1) for otherwise
(tc(vj).ic(vy), fe(vy))  for  j=0(mod?2)
72(%) - { (0(,1071) ¢ ¢ for f)therwise
(up) = (te(ug),ic(uk), fo(ux)) for k= 1(mod 2)
Ttk (0,0,1) for otherwise
(ug) = (to(ur),ic(uk), fo(ug)) for 7 =0(mod?2)
Tkt (0,0,1) for otherwise

As aresult, the family T = {71,732, - - , 74} ensures that SVNRVC requirements are met. Families with fewer
than four points did not match our defining criteria.

Case 2 : When m is odd.

Let ' = {71, 72,73, 74, V5 } be the collection of fuzzy sets determined on vertices of P, + C,,, for R = 2 as
follows:

(v;) = 4 (o) ic(v), fe(vs))  for j =1(mod2)
T (0,0,1) for otherwise
(v;) = (tc(vj),ic(vs), fe(v;))  for  j=0(mod2)
120 = (0,0,1) for otherwise
(uy,) = (tc(uk),ic(uk), fo(ug))  for k=1(mod2)and k #m
Telk) = (0,0,1) for otherwise
(ug) = (te(ur),ic(ur), fe(ur))  for k= 0(mod2)
Taltie) = (0,0,1) for otherwise
() = (te(ur),ic(ug), fo(ur)) for k=m
Tskte) = (0,0,1) for otherwise

As aresult, the family T = {1, 72, - -

, 75 } ensures that SVNRVC requirements are met. Families with fewer

than five points did not match our defining criteria.

Hence x5 (P, + Cp,) = {

Theorem 3.5. Letl > 2,m > 2, then the single valued neutrosophic dynamic chromatic number of the join
of path P, with CSVNG K, is x5(P, + K,,) =

Proof. Consider path P, = (C1, Dq) with SVN vertex set C; = {vy,v9,---
(Cq, Do) with SVN vertex set Cy = {uy,uz,---

4 when miseven
5 when misodd

m + 2.

joint. Then the join of path P, with CSVNG K, is SVNG P, + K

DOTI:https://doi.org/10.54216/1INS.160102
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C = {vy,v9, -+ ,u;,u1,ug, - ,Upm}. Also the membership, indeterminacy and falsity functions of the ver-
tices of P, + K, is determined using the definition in 2.9 and edge set is also determined in the same way.
LetT' = {71,72, -+ , Ym+2} be the collection of fuzzy sets determined on vertices of P; + K, for R = 2 as
follows:

_ | (te(vy) ic(v), folvy))  for  j=1(mod2)
(V) = (0,0,1) for otherwise
() = { (to(vy),ic(vy), folvy))  for  j =0(mod2)

(0,0,1) for otherwise
For3<k<m+2,
(u) _ tC(ui)aiC(ui)fo(ui)) for Z:k72

Mt (0,0,1) for otherwise
As a result, the family I' = {1,792, , Ym+2} ensures that SVNRVC requirements are met. Families with
fewer than m + 2 points did not match our defining criteria. Hence x4 (P, + K,,) = m + 2. O

4 Single-Valued Neutrosophic Edge Coloring

Definition 4.1. [17] The collection I' = {1,72, - ,7p} of SVN fuzzy sets is termed as p-Single Valued
Neutrosophic Edge Coloring(SVNEC) of SVNG G = (C, D) if the following criteria hold:

1. Vys(uv) = D,Yuv € D

2.9 A =0

3. For each strong edge uv of G, min{vs(tp(uv))} = 0, min{vs(ip(uwv))} = 0and maz{ys(fp(uv))} =1,
1<s<p).

This is indicated as x¢(G) and is termed as the SVN edge chromatic number of the SVNG G.

Example 4.2. Consider the following SVNG G; = (C, D) with SVN vertex set C' = {vy, va, v3,v4, V5 } and
SVN edge D = {vjv;|jk = 12,23, 34,45, 15} with

(0.4,0.2,0.5) j=1

(0.3,0.4,0.6) j=2,4
(0.4,0.4,0.7) j=3
(0.2,0.3,0.8) j=5

(tc(v)),ic(vj), fo(vy)) =

v,(0.4,02,0.5)

(0.2,0.2,0.8) (0.30.2.0.6)

v,(0.3,0.4,06)
v5(0.2,0.3,08)
(0.2,0.1,0.6) (0.2/0.1,0.6)
'S ®
v,(0.3,0.4,06) (0.3,0.2,0.6) v5(0.4,0.4,0.7)
Figure 1: G

(0.3,0.2,0.6) jk=12,34
(tD(Uj’Uk),Z'D(UjUk),fD(’UjUk)) = (0.2,0.1,0.6) jk = 23,45
(0.2,0.2,0.8) jk=15
Figure 1 depicts the SVNG G}.
Let I' = {~1, 72,73} be collection of SVN fuzzy sets determined on D as below:

o) — | (03.02.06) for jk=12.31
T Ok) = (0,0,1) for otherwise
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L [(0.2,01,06) for jk=23,45
72(1}]%)_{ (0,0,1) for otherwise
(0.2,02,0.8) for j=15

73(vjue) = { (0,0,1) for otherwise
Hence the family I' = {71, 72,73} ensures that SVNEC requirements are met. Families with fewer than 3
points did not match our defining criteria. Hence x¢G1 = 3.

Definition 4.3. The collection I' = {1,72,--- ,7p} of SVN fuzzy sets is termed as p-Single Valued Neu-
trosophic R-dynamic Edge Coloring(SVNREC) of SVNG G = (C, D) if the following criteria hold:

1. Vvs(uv) = D,Yuv € D

2.9 Ay =0

3. For each strong edge uv of G, min{vs(tp(uv))} = 0, min{v;(ip(uwv))} = 0 and maz{ys(fp(uv))} =1,
1<s<p).

4. For each edge uv with at least m number of incident edges, the corresponding edges receives at least
min{R, m} different members(colors) from the set I".

Here, 1 < R < M where M represents the maximum number of incident edges at the edges of SVNG G.
The least value of p is the SVNREC of SVNG G is denoted as x4 (G), is called the Single Valued Neutrosophic
R-dynamic edge chromatic number of the SVNG G.

Example 4.4. Consider the following SVNG G5 = (C, D) with SVN vertex set C' = {vy, va, v3, V4, V5, Vg }
and SVN edge D = {vjvy|jk = 12,23,24,34, 45,56, 15, 16} with
(0.5,0.3,04) j=1,4

N ) (07,0608 j=2
(tC(UJ)aZC(UJ)fo(UJ)) - (08704,06) ] :3,6
(0.6,0.5,0.7) j=5
v,(0.5,0.3,04) v,(0.7,0.6,0.8)
/ [05.03.08)
(0.5,0.240.6)
(0.7:0.4,0.8)
05500 (0.5,0.2,0.6) (0.4,9-2.0.7) v5(0.8,0.4,0.6)
5(0.8,0%4,0.
(0.5,0.240.6)
(0.4,02,0.7)
(05,0.1,0.7)
v5(0.6,050.7) v,(0.5,0.30.4)
Figure 2: G2
(0.5,0.3,0.8) jk = 12
(0.4,0.2,0.7) jk = 24,56
(tp(vjvk),ip(vjvk), fo(vjvk)) = ¢ (0.5,0.2,0.6) jk =34,15,16
(0.7,0.4,0.8) jk = 23
(0.5,0.1,0.7) jk =45

Figure 2 depicts the SVNG Ga.
Here M =4s01 < R <4.
For1 < R <2letT = {71, 72,73} be collection of SVN fuzzy sets determined on D as below:

(0.5,0.3,08) for jk=12

) (04,02,07) for jk=56

1(v0k) = (0.5,0.2,0.6) for jk=34

(0,0,1) for otherwise

(0.5,0.2,0.6) for jk=16

) (07,04,08) for jk=23

2(00) =3 (0.5,0.1,0.7) for jk=45

(0,0,1) for otherwise
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(0.4,0.2,0.7) for jk=24
v3(vjvg) =< (0.5,0.2,0.6) for jk=15
(0,0,1) for otherwise
Hence the family I' = {v1, 72,73} ensures that SVNREC requirements are met. Families with fewer than 3
points did not match our defining criteria. Hence x3G2 = 3.
For R =31letT" = {v1,72,73, 74} be collection of SVN fuzzy sets determined on D as below:

05,0.2,0.6) for jk=34,16
i (vjue) = { EO, 0,1) : f‘or ﬁtherwise
0.4,0.2,0.7) for jk = 24,56
72(vjvk) = { EO, 0,1) : ;or itherwise
(0.7,0.4,0.8) for jk =23
y3(vjor) =< (0.5,0.2,0.6) for jk=15
(0,0,1) for otherwise
(0.5,0.3,08) for jk=12
~va(vjvg) =< (0.5,0.1,0.7) for jk=45

(0,0,1) for otherwise

Hence the family I' = {1, v2, 73,74} ensures that SVNREC requirements are met. Families with fewer than
4 points did not match our defining criteria. Hence x§G2 = 4.

For R=41etT = {y1,72, -, 76} be collection of SVN fuzzy sets determined on D as below:

v J (0.5,03,0.8) for jk=12
T (vj0r) = { (0,0,1) for otherwise
[ (05,0.2,0.6) for jk=34,16
Y2(v508) = { (0,0,1) for otherwise
v _J (04,02,0.7) for jk=24
13(vjvk) = { (0,0,1) for otherwise
y_J (05,02,0.6) for jk=15
Ya(vjvr) = { (0,0,1) for otherwise
(0.7,0.4,0.8) for jk=23
vs(vjve) = ¢ (0.4,0.2,0.7) for jk=56
(0,0,1) for otherwise
[ (05,01,07) for jk=145
Y6 (vjvk) = { (0,0,1) for otherwise

Hence the family I' = {~1, 2,3, - - , 76 } ensures that SVNREC requirements are met. Families with fewer
than 6 points did not match our defining criteria. Hence x5G2 = 6.
3 for 1<R<2

Thus x4(G2) =¢ 4 for R=3
6 for R=4
Theorem 4.5. Letn > 3, P, be a path graph then x4 (P;) = { ?’ ;ZZ: g i ;

Proof. Let the SVN vertex set of P; be C' = {uy,ug, - ,u;} and SVN edge setbe D = {u;_ju;:2 < j <
1}. For the path graph P, 1 < R < 2.

Let ' = {v1, 72} be collection of fuzzy sets determined on edges for R = 1 as follows:

1 (15 115) = { (tp(uj—1us),ip(uj—1us), fo(uj—1u;)) for jiseven

(0,0,1) for otherwise
ooy p(wimawy),ip(uj—avy), fo(uj—1uy))  for jisodd
Y2 (uj—1u;) = { (0,0,1) for otherwise

Thus the family T' = {71, v2} ensures that SVNREC requirements are met. Families with fewer than 2 points
did not match our defining criteria. Hence x%(P;) = 2.

When R = 2, let ' = {71, 72,73} be collection of fuzzy sets determined on edges as follows:
a(tyysg) = { (tp(uj-1u;), ip(wj-1v;), fo(uj-1w;)) for j=2(mod3)

(0,0,1) for otherwise
-y 2 L (@p(ujawy) ip(uj—aug), fo(uj-aug))  for  j=0(mod3)
v2(ujauy) = { (0,0,1) for otherwise
oy (p(ujawg)yip(uioaug), fo(uj—auy))  for j=1(mod 3)
va(uj1us) = (0,0,1) for otherwise

Thus the family I' = {71,72,73} ensures that SVNREC requirements are met. Families with fewer than 3
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points did not match our defining criteria. Thus x§(F;) = 3

Hence x%(P,) = { 3, ;Z: gzé O
2 for R=1 andliseven
3 for R=1 andlisodd
Theorem 4.6. Let ! > 3, C; be a cycle then x4(Cy) = ¢ 5 for R=2 andl=5
3 for R=2 andl=3n
4 for R=2 andotherwise

Proof. Let the SVN vertex set of C; be C' = {uy, us,--- ,u;} and SVN edge set be D = {u;_qu;,ui; : 2 <
j < l}. For the path graph C, 1 < R < 2.

Case 1 : When R = 1 and l is even.

Let T' = {~1, 72} be collection of fuzzy sets determined on edges for R = 1 as follows:

1 (g = { (tp(uj—ruy),ip(uj_1uj), fo(uj_1u;)) for jiseven

(0,0,1) for otherwise

(tp(wj-1u;),ip(wj—1us), fo(uj-1u;))  for jisodd
Yo (uup) = (tp(ukur),ip(ukun), fo(ugug)) for kh =11

(0,0,1) for otherwise

Thus the family I' = {v;,y2} ensures that SVNREC requirements are met. Families with fewer than 2 points
did not match our defining criteria. Hence x§(C)) = 2.

Case 2: When R =1 andl is odd.

Let ' = {71,792} be collection of fuzzy sets determined on edges for R = 1 as follows:

71(%%)2{ (tp(uj—1uj),ip(uj_1ujz), fp(uj—1u;))  for jiseven

(0,0,1) for otherwise
_ [ @p(uj—1uj),ip(uj—1us), fo(uj—1u;))  for jisodd
72 (ukun) = { (0,0,1) for otherwise
() = (tp (ukuh) ip(urup), fp(ugup))  for kh =11
V3\URUR) = (0,0,1) for otherwise

Thus the family T' = {71,72, 73} ensures that SVNREC requirements are met. Families with fewer than 3
points did not match our defining criteria. Hence x§(C;) = 3.

Case 3: When R =2 and ! =5.

LetT" = {v1,72,73, 74,75} be a family of fuzzy sets determined on edges for R = 2 as follows:

(upup) = (tp(ukun),ip(ukun), fo(ukun)) for kh=12
T\ukun) = (0,0,1) for otherwise
s = { o ot St o 1875
Y3 (ukun) = { Eé’ (Uk)Uh) Apun). Jp i) ;g:: ];thh;ijse

(usty) = (tp(urun),ip(urun), fo(urun))  for kh =45
YalUgUn) = (0,0,1) for otherwise

[ (n(uun).in(uen). fp(ww))  for kh=15
’75(Ukuh){ (0,0, f) R I for otherwise

Thus the family T' = {1, 72,73, 74, V5 } ensures that SVNREC requirements are met. Families with fewer
than 5 points did not match our defining criteria. Hence x§(C;) = 5.
Case4: When R=2and!l =3n,n=1,2,---
Let T' = {~1,v2,73} be a family of fuzzy sets determined on edges as follows:
(tp(uj—1uj), ip(wj-1u;), fp(uj-1u;))  for j=2(mod3)

71 (ustin) = (0,0,1) for otherwise

o (ugun) = { EgDéulj)_luj)aZD(uj—luj)afD(uj—luj)) %: f);e%ﬁsoj 3)
(tp(uj—1us),ip(uj—1us), fo(uj—1u;))  for j=1(mod3)

v3(ueun) = (Eo(ukun),ip(urun), fo(ukun)) for kh =11

(0,0,1) for otherwise
Thus the family I' = {71, 72, v3} ensures that SVNREC requirements are met. Families with fewer than 3
points did not match our defining criteria. Hence x§(C};) = 3 for | = 3n.
Case 5 : When R = 2 and otherwise.
LetT" = {71, 72, 73,74} be a family of fuzzy sets determined on edges as follows:
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When!l=3n+1,n=1,2,---.
1 (ugap) = { (tp(uj—1u;),ip(uj—1u;), fo(uj—1u;)) for j=2(mod3)

(0,0,1) for otherwise
| Gp(uj—1uj),ip(uj—1uj), fo(uj—1u;))  for j=0(mod 3)
Y2(urtin) = { (OI,DO7 {) R for otherwise
s () = { Etp(uj)_luj),ip(uj_luj),fD(uj_luj)) ;or j i 1(mod 3)
0,0,1 or otherwise
| (p(ugun),ip(ukun), fo(ukuy)) for kh =11
Ya(ukun) = { (Ol,)(), f) P for otherwise
When!=3n+2,n=1,2,-
(tp(uj—1u;),ip(uj—1u;), fo(uj—1u;)) for j=2(mod3)
Y1 (upun) = EtD(Uk)Uh)a ip(ugun), fo(ukun)) jjor kh=(1-2)(1-1)
0,0,1 or otherwise
(tp(uj—1u;),ip(wj—1u;), fo(uj—1u;))  for j=0(mod3)
Yo (urun) = EtD(uk)uh)aiD(ukuh)va(Ukuh)) ;07“ kth (1=3)1-2)
0,0,1 or otherwise
(tp(uj—1u;),ip(uj—1u;), fo(uj—1u;)) for j=1(mod3)
v3(ukun) = (tp(ukun),ip(urun), fo(ukun)) for kh =11
(0,0,1) for otherwise
ya(upun) = { (tp(ukun), ip(ukun), fo(urun))  for kh=(1—-4)(1—3),(—1)
(0,0,1) for otherwise

Thus the family T = {~1, 2,3, V4 } ensures that SVNREC requirements are met. Families with fewer than 4
points did not match our defining criteria. Thus x%(C;) = 4 when otherwise.
O

5 Conclusions

In this paper we have analysed about the single valued neutrosophic R-dynamic vertex coloring of Cartesian
product of SVNG’s and join of SVNG’s. Also we have amalgamated the idea of Single Valued Neutrosophic
edge Coloring and r-dynamic coloring to introduce a new concept Single Valued Neutrosophic R-dynamic
Edge Coloring (SVNREC). We have defined the new coloring and provided some examples.

Funding: This research received no external funding.

Acknowledgments: The authors gratefully acknowledge the referees for their thorough reading, insightful
remarks and helpful suggestions that have enhanced the quality of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References

[1] M. Akram, S. Siddique and B. Davvaz, ”"New concepts in neutrosophic graphs with application”, Journal
of Applied Mathematics and Computing, 57, pp.279-302, 2018.

[2] M. Akram and S. Shahzadi, "Neutrosophic soft graphs with application”, Journal of Intelligent and Fuzzy
Systems, 32(1), pp.841-858, 2017.

[3] M. Akram and S. Shahzadi, ”Operations on single-valued neutrosophic graphs”, Journal of Uncertain
Systems, 11, pp.1-26, 2016.

[4] Anjaly Kishore and M. S. Sunitha, ”Strong chromatic number of fuzzy graphs, Annals of Pure and
Applied Mathematics, 7(2), pp.52-60, 2014.

[5] V. Aparna, N. Mohanapriya and Said Broumi, ~’Single Valued Neutrosophic R-dynamic Vertex Coloring
of graphs”(Accepted).

[6] Arindam Dey and Anita Pal, ”Vertex Coloring of a Fuzzy Graph using Alpa Cut”, International Journal
of Management, IT and Engineering, 2(8), pp.340-352, 2012.

[7]1 K. T. Atanassov, “Intuitionistic fuzzy sets”, Fuzzy sets and systems, 20, pp.87-96, 1986.

DOLI:https://doi.org/10.54216/1JNS.160102 26
Received: June 07, 2021 Accepted: October 19, 2021



International Journal of Neutrosophic Science (IJNS) Vol. 16, No. 1, PP. 16-27, 2021

[8] S. Broumi, M. Talea, M. Bakali and F. Smarandache, ”Single-valued neutrosophic graphs”, Journal of
New Theory, 10, pp.86-101, 2016.

[9] S.Broumi, M. Talea, F. Smarandache and M. Bakali, ’Single valued neutrosophic graphs: Degree, Order
and Size”, IEEE International Conference on Fuzzy Systems (FUZZ), pp.2444-2451, 2016.

[10] Changiz Eslahchi and B. N. Onagh, " Vertex strength of fuzzy graphs”, International Journal of Mathe-
matics and Mathematical Sciences, pp.1-9, 2005.

[11] R. Dhavaseelan, R. Vikramaprasad and V. Krishnaraj, ”Certain types of neutrosophic graphs”, Interna-
tional Journal of Mathematical Sciences and Applications, 5(2), pp.333-339, 2015.

[12] S. Ismail Mohideen and M. A. Rifayathali, ”Coloring of Intuitionistic fuzzy graph using (c«, 3)-cuts”,
International Research Journal of Mathematical Engineering and IT, 2, pp.14-26, 2015.

[13] S. Lavanya and R. Sattanathan, “Fuzzy total coloring of fuzzy graph”, International Journal of Informa-
tion Technology and Knowledge Management, 2, pp.37-39, 2009.

[14] B. Montgomery, “Dynamic coloring of graphs”, ProQuest LLC, Ann Arbor, MI, Ph.D Thesis, West
Virginia University, 2001.

[15] M. A. Rifayathali, A. Prasanna and S. Ismail Mohideen, ”Strong intuitionistic fuzzy graph coloring”,
International Journal of Latest Engineering Research and Applications, 2, pp.163-169, 2017.

[16] A.Rohini, M. Venkatachalam, S. Broumi and F. Smarandache, ”’Single Valued Neutrosophic Coloring”,
Neutrosophic Sets and Systems, 28, pp.13-22, 2019.

[17] A. Rohini, M. Venkatachalam, Dafik, S. Broumi and F. Smarandache, ”Operations of Single Valued
Neutrosophic Coloring”, Neutrosophic Sets and Systems, 31, pp.172-178, 2020.

[18] A. Rohini, M. Venkatachalam, Dafik, S. Broumi and F. Smarandache, Single Valued Neutrosophic
Irregular Vertex Coloring”, Acta Electrotechnica, 61, pp.56-60, 2020.

[19] A.Rosenfeld, “Fuzzy graphs”, Fuzzy sets and their applications, Academic Press, New York, 1975.

[20] F. Smarandache, "Neutrosophy: Neutrosophic Probability, Set and logic”, Ann Arbor, Michigan, USA,
105, 2002.

[21] Susana Munoz, M. Teresa Ortuno, Javier Ramirez and Javier Yanez, ”Coloring fuzzy graphs”, Omega,
33(3), pp.211-221, 2005.

[22] H. Wang, F. Smarandache, Y. Zhang and R. Sunderraman, Single-valued neutrosophic sets”, Multiss-
pace Multiscriot, 4, pp.410-413, 2010.

[23] L. A. Zadeh, "Fuzzy sets”, Information Control, 8, pp.338-353, 1965.

DOLI:https://doi.org/10.54216/1INS.160102 27
Received: June 07, 2021 Accepted: October 19, 2021



	1 Introduction
	2 Preliminaries
	3 Single Valued Neutrosophic Dynamic Coloring of Graphs
	4 Single-Valued Neutrosophic Edge Coloring
	5 Conclusions

