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Abstract

This paper offered absolute effective modern Roman dominance in neural fuzzy graphs. For
some groups' off-graphs, the right values on the effective RDN are computed. High strong
order and degree in the neighbouring arc were used to determine the upper and lower bounds
for the entire RDN. The Modern Roman Domination Function [MRDF] does not employ the
extra cost for placement at each vertex. As a result, this is regarded as the important process
of this MRDF. The existence of roman dominance in neural fuzzy trees is examined. To be a
roman dominant set, the set of neural fuzzy cut nodes must meet both a needed and adequate
criteria. Additionally, it was discovered that every node of an RDS in a non-trivial f-tree is an
event on an f-bridge.

Keywords: RDS,RDN, neural f-tree, neural f-graph, arcs, domination, MRDF, nodes, f-
bridge

1. Introduction

The analysis of roman domination is a fascinating issue and a rapidly growing field of graph
theory and introduced the analysis of dominating sets in graphs.[1,2] The concepts of stable
dominance set and 2-dominating set were introduced in [3]. [4] Started the principle of
dominance in f-graphs and calculated multiple DN bounds. In intuitionistic neural fuzzy
graphs, [5] introduced the dominating set; dominance numbers, separate set,
completecontrolling, andRDN. This study aims on incorporating secure dominance and
secures absolute domination in neural fuzzy graphs and motivated by the idea of conquering
numbers and their applicability. [6] did some work on neural fuzzy graphs as well. The
analysis of dominating sets in graphs began in the 1850s as an issue in the chess game. The
issue of deciding the low no. of queens which may be located on a board of chess and here all
the squares are occupied or threatened by a queen coin. This was considered as a chess
interests in Europe. [8,9] presented the principle of graph dominance in 1962 and investigated
it further. [7] Investigates it further. This paper aims to use strong arcs to define complete
dominance in neural fuzzy graphs.

The following is a breakdown of the paper's structure. Preliminaries are presented in Section
2, and solid dominance of an f-graph is described in a traditional manner in Section 3. The
high RDN of all f-graph and all bipartite f-graph was shown to be 2 times and the neural
fuzzy graph's minimum mass of arc (Propositions 3.7,3.8). The order of (Theorem 3.10) is
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defined as a sufficient and necessary condition for the RDN of an f-graph. The sum of a
neural fuzzy graph's roman dominance number and its balance of no separated nodes were
found to have a lower bound (Theorem 3.18). In terms of roman domination numbers, an
upper and lower bound are provided for the RDN off-graphs (Theorem 3.19). Finally, roman
dominance in neural fuzzy trees is investigated in section 4. The set of neural fuzzy cut nodes
must satisfy both a required and adequate condition for it to be an RDS (Theorem 4.6).

2. Preliminaries

G = (o,u) is a pair of membership functions on fuzzy sets - V [0, 1] and : V 1r'u'|[liﬁl:1] such that
(u,v) () (v) for all u.v V. G = (o=_u*) represents the underlying crisp graph, where o= = {u
V:ou) =0} and p*r = {u,v) EV =V s puv) =0},

A path P of length n is aorder of different vertices "~ in a neural fuzzy graph

(uil, ui)>0.I=1,2. .n

G = (5, W such that * and the membership degree of the weak arc

. . . Lul= dn=3,
was known as its power. P is considered a loop if TR TR and a fuzzy process

when it adds more weak arc. Letd(x*vvj indicate the length of shortest way in any 2 vertices x

and y. Conn© = (@, 1) denotes the connectivity strength in 2 vertices y and x, that was
referred as the amount of strength of all ways in y and x.

If Conn® = (0, > 0 for every (4. V) aneural fuzzy graph @ = (2 Wis associated. If (2 ¥)

ConnG = (5 W and the u vertex was a close neighbour to the arc (1. ¥) js said to be a strong
arc.

p=PvV(¥)and g =Puv)E q =Pluv)Eq=Pluv)Eq=Pluv)Eq=PuvEq=Puv)Eq=
PuviEq=P (uv).

The order p and size q of neural fuzzy graph G = (0, W are defined as

The solid arc neighbour degree of a vertex v is indicated by dN and was referred as the
amount of values of the solid adjacent vertices of v. (v). That is,

dN(v) =PuNS(v)u). with NS(v) =u V2 W¥)peing a solid arc. The neural f-graph G's

N (@) =mindN{u) u V,

minimum strong arc neighborhood degree is defined by and neural
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fuzzy graph G's maximum strong arc neighborhood degree is defined by

IN(G) = maxdN(u) -u V.

If (¥) = (u) (v) for all V) V, a f-graph® = (% 1) was analysed to be complete.If
vl v2Vlorvl, v2 V2, the f-graph® = (o 1) is said to be divided. G is also known as a
complete bipartite neural fuzzy graph if (@. v) = (u) (v) for all u V1 and v V2. Assume that

G = (o W is a neural fuzzy graph. If - vertex not in D is dominated by exactly one vertex of
D, the subset D of V is called a exact DS of G.

In a f-graph, a perfect modern roman DS was used. If any vertex in D is controlled by at least

G
( ), it is said to be a complete perfect DS. The absolute perfect DN is indicated

(@)

by 72 (G) and is low fuzzy cardinality of the exact roman DS " ~.

one vertex in

3. Roman domination in neural f-graphs:

[8,9] provides a detailed definition of a controlling set which was in the existing literature.
Since then, several graph theorists [11,12], among others, have investigated various graph
dominance parameters. Refer to [14] for a glossary of roman dominance terms in crisp
graphs. If either or is a neighbor of u, a vertex dominates another vertex in a graph. However,
if one could limit roman dominance such that vertices can only control other vertices if it was
a neighbor that would be ideal. A vertex will not be dominant in this situation. As a result,
this form of dominance is referred to as open or absolute dominance. If I /, it is mentioned
which dominates I directly. This was a vertex that freely controls the vertex in its immediate
relative one.

If any vertex is nearby to at least one vertex of A, then the set A of vertices in a graph is an
open RDS. As a result, an open dominating set exists in a graph only if and if it may have no
separated vertex and the sub-graph 7A persuaded by A has no separated vertices. The open
domination number J of G was the minimum cardinality of an open dominating set. These
ideas prompted researchers to more efficiently reformulate some of the principles in roman
dominance.

The important thing about this paper was that it is used solid arcs to achieve absolute
dominance in neural fuzzy graphs. The dominance is restricted here so a node can control its
powerful neighbors. That was, in / nodes, a node has clear dominance. Since [16]'s parameter,
'absolute dominance number' was dependent upon node mass rather than the mass of arc, this
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meaning is needed. The value of the old roman dominance number is reduced when the new
term is used, and classic results are extracted in a neural f-graph.

A node in a neural f-graph was considered as roman dominance. [17]. i.e., strongly dominates
the nodes in /9: If any node in 4Kwas a solid neighbour of all K nodes. The set K of nodes is
a roman dominant set off.

Definition 3.1.//2/The mass of a RDS K was referred as LK.

>M N was the low mass of the strong incident arcs. The low mass of RDS was called RDN
of a neural f-graph and it was indicated by or simply. An RDS with a low mass in a neural f-
graph G was known as low RDS. Let or stand for the complement of a neural fuzzy graph
wifl)a clear dominance number. Now we'll use solid arcs to describe absolute dominance in
neural fuzzy graphs.

Definition 3.2.A K set of nodules in a neural f-graph ¢:(V.9.4) was a roman dominating set
and each node was a solid neighbour of at least 1 node of K

Statement 3.3.The noted f-graph G:(V.9.4) has RDS if and only if have no separated nodes
and the induced neural f-graph 7K have no separated nodes.

Definition 3.4.The mass of RDS K was referred to as LK.

>M N was the lowest of the mass of the solid arcs. The minimum weight of RDS of an f-graph
G was known as the RDN, which is signified by or simply. A RDS of the complement of a
neural f-graph G was its minimum RDS.

minimum weight. Let yst(E) or Yg denote the strong total domination number of the
G.

U 4 v

W _§ T

Figure 1: Example of strong domination
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Example 3.5. In the fuzzy hgraph in Figure 1, (u,w),-(w, ¥},
(u,v) is a & arc. Hence D = {w,x} is a minimum strong
W(D) = Y.en ulu,v) where u(u, v) is the minimum weight

Statement 3.6.
In a non trivial fuzzy graph G: (V,o,u) v. < Ve da

tntal dominatine cef ic a strone domina
Proposition 3.7. If G: (V, o, 1) is a complete fuzzy graph, then
w(u, v) is the weight of a weakest arc in G.

Proof: Since G 1s a complete fuzzy graph, all arcs are stro
adjacent to all other nodes. Then the end nodes say {u, v} of ar

Proposition 3.8. For a complete bipartite fuzzy graph K,
where pu(u,v) is the weight of a weakest arc in Ky 5.

Proof: In K, ,, . all arcs are strong. Also eachnodein V; 1s.
Hence in K ,,. the mmimum strong total dominating set 1

one in V. and other in V. Then the end nodes sav {fu. v}
Remark 3.9. Note that min,cy0(v) < Yot < p, since ever’
contains atleast 2 nodes and in a connected fuzzy graph
Yse < D, always.

Theorem 3.10. In a non trivial fuzzy graph G:(V, o, u) of o
the following conditions hold.

1. All nodes have same weight.

2. All arcs are M-strong arcs.

3. Each node of ¢ has a unique strong neighbor.

Puwvnnnfe TE All sandac lhatra catmaa srrasalt all ascce ara WA ctemsa e
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Theorem 3.11. In a non trivial fuzzy graph G:(V, o, ), if
nodes in G is even.
Proof: Suppose y,; = p then by theorem 3.10 each node

neighbor, all nodes have same weight and all arcs are M-stror

number of nodes sav 2n + 1 then (¢ contamns atleast m
Definition 3.12.A neural fuzzy graph's high roman dominant set D If no proper subset of D is

a RDS of G, G is said to be a low RDS.

Proposition 3.13. A neural fuzzy graph's minimum solid dominating group wasa
minimalRDS.

Statement 3.14.Proposition 3.13's inverse does not have to be accurate. The J set was a
lowroman dominating group with a mass of 0.8 which was shown in fig 2.
u

W
o 1

Fig. 2: Example for roman dominating set

Statement 3.15.

In the solid domination case, V was at least set of domination and V/D was the roman set of
domination. The illustrations are shown below.

Example 3.16. Figure 3 shows the example of remark.

@
i )
® L
w ) /JL xr

Fig. 3: Example of Remark

In Figure 3. D = {u,w, x} 1s a minimal strong tota
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Remark 3.17. Let y and y; be the domination number and
Jfuzzy graph respectively defined by A Somasundaram and S.
have proved that y; +7V; < 2p and equality holds if and oni
1. The number of vertices in G 1s even say 2n
2. There 1s a set §; of n mutually disjoint effective

-~ 1 a fal gl 4 i1 1= e 4 T

Total Domination in Fuzzy Graphs Using Strong /

Theorem 3.18. For any fuzzy graph G:(V, o, u) without iso
Proof: Since yo; < p, Yot < D.

We have Yo + ¥ < 2p

Clam: yg + ¥ # 2p

Suppose if possible y¢t + Vg = 2p. Then Yy = p. Vs =P
Now Y, = p implies the number of nodes of G 1is

same weight, every node of G has a unique strong neighb
[Theorem 3.10, 3.11].

If |6"| =2 then Y5+ = p mmplies G 1s complete
1solated and this contradicts that y5 = p.

If [6"| > 2 then |6"| = 2n for some n > 1. Since
a unique strong neichbor and all arcs are M-strong. In this ca
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Theorem 3.19. In any fuzzy graph G:(V, o, u) without isola
Ys < Vst < 2¥s.

Proof: Since every strong total dominating set 1s a stro
¥s = Vst-
Next to prove yg < 2¥s.

Let D = {vy,v5,..., 1V} be a minimum strong domi
V\D are therefore openly strong dominated by the nodes
1solated nodes each open strong neighborhood N, (v;) 1s non

A - - T ™ 1 a1 F F ™ 11

U

o
v w

Fig. 4:Neural Fuzzy Graph
Statement 3.20.The 2 bounds are provided in theorem 3.19. Figure 4 shows the neural f-
graph G

In this neural fuzzy graph V. = 05 v.a=05+05=1_ 2
Therefore v.. gure 5 consider the neural f-graph

Fig. 5: Example of Theorem 3.20

In this fuzzy graph D = {u, v} 1s both minimun
minimum strong total dominating set. Therefore
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4. Roman domination in neural f-tree:

A fuzzy sub graph{: (T. rotates the neural f-graph (7. (1/ ¢ 1) ifA linked neural f-
graph G = (V. was known as f-tree. When it has a neural fuzzy rotating sub-graphF: (.-
then it was a tree for every arcs x and y and not for F. There obtains a way from x to y in F
whose power was more than neural f-graph [14]. Here X was a tree which has all nodes and
it was considered as a spanning tree. And again note that x was the different MST. An MST

of a linked neural f-graph  (7: (V. owas a fuzzy rotating sub-graph T': (g like that y was a

tree and s‘ i it S (iwas maximum.

Definition 4.1. [8.14] An arc is called a fuzzy bridge(f-bridg
if its removal reduces the strength of connectedness betwe
Similarly a fuzzy cut node(f-cut node) w is a node in G wi

5 SR TR R A L b P e, o e e 7 S § SR e, Mg iRt ol i aiine

Statement 4.2.[11] Every node in an important fuzzy tree G is either a neural fuzzy cut node
or a fuzzy end node, and there are at least two neural fuzzy end nodes. An arc is strong in an
f-tree if and only if it is an arc of F, where F is the related unique maximum spanning tree.
Here there is no 5-solid arcs in a neural fuzzy tree, so these strong arcs are 3-strong. Also
keep in mind that an arc in a neural f-tree G is 3 very strong if and only if is an fuzzy bridge
of G.

Theorem 4.3./18]/The solid arc incident along with a fuzzy node was a bridge in all

unimportant neural fuzzy graph:(s : (V.o.

Corollary 4.4./10]The solid neighbour of a neural fuzzy node was a fuzzy cut node G in an

important neural fuzzy tree (7: (V. & which excluded Ko.
Statement 4.5.No 2 fuzzy end nodes are controlled by corollary 4.4. The group of all neural

fuzzy nodes in a non-trivial f-tree(7 : (V.o 2xcept K2 is never a large roman dominant set.
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Theorem 4.6. In a non trivial fuzzy tree G:(V,o, 1) excer
nodes is a strong total dominating set if and only if every fu
fuzzy cut node as strong neighbor.

Proof: First assume that every fuzzy cut node has at least o
neighbor in G. Let D be the set of all fuzzy cut nodes
dominating set [11] every node in V\D 1s openly strong do
By our assumption every fuzzy cut node has atleast one
neighbor. Hence every node in D 1s strongly dominated by s
strong total dominating set of G.

Conversely assume that the set D of all fuzzy

dommatmg set of G. Then every node of G 15 stronglv dom

e 1 1

Theorem 47 In a non trivial fuzzy tree G (V o, ,u)
dominating set is incident on a fuzzy bridge of G.
Proof: Let D be a strong total dominating set of G. Let u €

dominating set, there exists v € D such that (u,v) 1s a stro
nf the nmmiame MST F of 7 [7 141 Hence (11 1) 12 an f_}

5. The Modern Roman Domination Approach

The authors of [11] used a strict graph-theoretical approach to study the RDP as a variant of
the domination issues on graphs, and for the 1st time formalized the Modern Roman
Domination Problem. The Roman Empire regions were imagined to be the vertices of a line,
with the connections serving as the edges. Each vertex has a label that can be one of three
values: 0, 1, or 2. A vertex with the label zero must be together to at least 1 vertex with 2™
label.

Formally, given a graph

G =1(E. V). a MEDF was a labelling process -V — {0, 1, 2}, the following equation was
satisfied:
Fuel:fiu=0=3vel.: v e6EAfiv) =

The function f makes a partition of V = (V0, V1, V2), where
Vi={v eV:fv) =1},
Let define ni =|Vi| then haven0+nl +n2=n=V |

The massf was
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SV ) =Xuel
fiw) =2-n2+1-nl+0-n0=2-n2+nl.

First, define the MRDF yR(G) as the low value of a MRDF for every graph G.
Yr(G) = min f(V) = mi
' o TN fe!

Here F was the group of all MRDF for G. Many authors are verified the corresponding facts
about the MRDF, y(G) and YR(G)

The DN of G:
G (VE):
For all graph Wk
wWG), yR(G) <n (1)
WG) =yR(G) =2 - w(G) 2)
R(G) =2 -yG) . (3)
nl=|V1=0.

WG) = R(G) =1 ==G =Kn, (4

WG) = R(G) =n == G =Kn, (3)

G (V.E):
For all graph .k like that G[V1] was the sub graphpersuadedthrough V1:

A(GIVAT
G (VE): V1. veV2:
For all graph ks , LENVLYE
(i, v} /€E, (7}
=

1. The nl was minimum and for all graphG(E,V) has no separate vertices.

n0=3-n7, (8)
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e[ 2
Yr(G) = RIS
For all graphG(E,V) 6= Kn:

A(G) is the maximum " of G.
Where

2. By consuming the possibility method, the graph was given G(E,V). And the upper
bound was

]
2+ In ((
s, TN caet s

Whered(G) was the low degree of G'. It was verified an increased top bound for the MRDF
l-p=eop:

vYR:

was happened by using the possibility method and inequality

yd all/

X 2In(1 +o(G
R(G) < n- +.,({ )

Furthermore, the author verified that this top bound was asymptotically best possible, i.c.:

orlE Sy B i O

The authors verified 2 upper bounds for linked graph G.

1. vg <4n/5 . Actually, to be true n has to be ¢
faek ibo—2 3 = 2 > Ad-nlbh—= 8/h

Still for any connected graph G with n > 3, in
Vol > n/5+1
9 NW.l< An /R —9
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The authors of [40] demonstrated some algorithms for computing R in linear T for few graph
groups, like co-graphs and interval graphs. It also provided a polynomial procedure for AT-
free graphs.

The author of [19] presents a polynomial-time process for calculating the least MRDF for
graphs and this denotes that it may also calculate a minimal MRDF for acyclic graphs, since
an acyclic graph G may be seen as a forest trees Ti, where T1,..., Tn are single trees, and the
RDN of G is the amount of the single Modern Rom Dominating Functions (T1).

MRD was used to calculate a network problem.
It was used to identify an exact process in linear time remark especially when it is applied to
a unit graph.

6. Conclusion:

Domination in graphs is a phenomenon with a lot of theoretical and practical applications.
The weighted Roman dominance problem is considered in a connected simple graph, where
the cost of positioning at each vertex is added to the costs of possible deployments from a
vertex to any of its neighbouring vertices. So here the major role was played by Modern
Roman Domination Function [MRDF]. The additional cost for positioning at each vertex is
not deployed. Thus this approach is incorporated as a new solution for this issue. In the
meantime, 30 and above dominance factors were studied by various scholars. In this research,
a new definition known as roman dominance in neural fuzzy graphs is presented. The neural
fuzzy equivalent of a well-known finding of the dominance no. and absolute dominance no.
of a neuralgraph was demonstrated in this paper. The roman dominance in neural fuzzy trees
is also examined in this study. Other clear dominance parameters will be the subject of future
articles.
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