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Abstract

New notion of dimension as set, as two optimal numbers including metric number,
dimension number and as optimal set are introduced in individual framework and in
formation of family. Behaviors of twin and antipodal are explored in

fuzzy (neutrosophic) graphs. Fuzzy(neutrosophic) graphs, under conditions, fixed-edges,
fixed-vertex and strong fixed-vertex are studied. Some classes as path, cycle, complete,
strong, t-partite, bipartite, star and wheel in the formation of individual case and in the
case, they form a family are studied in the term of dimension. Fuzzification
(neutrosofication) of twin vertices but using crisp concept of antipodal vertices are
another approaches of this study. Thus defining two notions concerning vertices which
one of them is fuzzy(neutrosophic) titled twin and another is crisp titled antipodal to
study the behaviors of cycles which are partitioned into even and odd, are concluded.
Classes of cycles according to antipodal vertices are divided into two classes as even and
odd. Parity of the number of edges in cycle causes to have two subsections under the
section is entitled to antipodal vertices. In this study, the term dimension is introduced
on fuzzy(neutrosophic) graphs. The locations of objects by a set of some junctions
which have distinct distance from any couple of objects out of the set, are determined.
Thus it’s possible to have the locations of objects outside of this set by assigning partial
number to any objects. The classes of these specific graphs are chosen to obtain some
results based on dimension. The types of crisp notions and fuzzy(neutrosophic) notions
are used to make sense about the material of this study and the outline of this study
uses some new notions which are crisp and fuzzy(neutrosophic).
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1 Background !
To clarify about the definitions, I use some examples and in this way, exemplifying has -

key role to make sense about the definitions and to introduce new ways to use on these s
models in the terms of new notions. The concept of complete is used to classify specific  «

graph in every environment. To differentiate, I use an adjective or prefix in every 5

definition. Two adjectives “fuzzy” and “neutrosophic” are used to distinguish every 6

graph or classes of graph or any notion on them. 7

G : (V,E) is called a crisp graph where V is a set of objects and E is a subset of 8

V' x V such that this subset is symmetric. A crisp graph G : (V, E) is called a fuzzy 0
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graph G : (o, u) where 0 : V — [0,1] and p: E — [0, 1] such that p(zy) < o(z) Ao(y) 1

for all zy € E. A crisp graph G : (V, E) is called a neutrosophic graph G : (o, 1) 1
where 0 = (01,09,03) : V. — [0,1] and p = (u1, p2.p3) : E — [0, 1] such that 12
w(zy) < o(x) Ao(y) for all xy € E. A crisp graph G : (V, E) is called a crisp 13
complete where Vo € V|, Vy € V| xy € E. A fuzzy graph G : (o, ) is called fuzzy 1
complete where it’s complete and u(zy) = o(z) A o(y) for all zy € E. A neutrosophic s
graph G : (o, 1) is called a neutrosophic complete where it’s complete and 16
w(zy) = o(x) Ao(y) for all zy € E. An N which is a set of vertices, is called 17
fuzzy (neutrosophic) cardinality and it’s denoted by |N| such that 18
|IN| = X,eno(n). A crisp graph G : (V, E) is called a crisp strong. A fuzzy graph 19
G : (o, p) is called fuzzy strong where pu(zy) = o(z) Ao(y) for all zy € E. A 20
neutrosophic graph G : (o, i) is called a neutrosophic strong where 2
w(zy) = o(x) Ao(y) for all zy € E. A distinct sequence of vertices vg, v1,- -+ , v, in a 2
crisp graph G : (V, E) is called crisp path with length n from vg to v, where 2
vivip1 € B, 1 =0,1,--- ,n — 1. If one edge is incident to a vertex, the vertex is called 2
leaf. A path vy, vy, -+ ,v, is called fuzzy path where 2
w(vviyr) >0, i=0,1,--- ;n—1. A path vy, vy, - ,v, is called neutrosophic path 2
where p(vv;41) >0, i =0,1,--- ,;n—1. Let P :vp, vy, ,v, be fuzzy(neutrosophic) 2
path from vy to v, such that it has minimum number of vertices as possible, then 2
d(vo,vy) is defined as X7 ,u(v;—1v;). A path vg, vy, - , v, with exception of vy and v, 2
in a crisp graph G : (V, E) is called crisp cycle with length n for vg where vg = v,. A 2
cycle vy, v, ,vg is called fuzzy cycle where there are two edges xy and wv such that =
w(zy) = pluw) = /\i:O,l o 1 M(vivi41). A cycle vg, v, - - ,vg is called neutrosophic =
cycle where there are two edges xy and uv such that 3

wzy) = p(uv) = Ni—g1.... po1 #(Vivig1). A fuzzy(neutrosophic) cycle is called odd if e
the number of its vertices is odd. Similarly, a fuzzy(neutrosophic) cycle is called even if s

the number of its vertices is even. A fuzzy(neutrosophic) graph is called 3
fuzzy (neutrosophic) t-partite if V' is partitioned to ¢ parts, Vi, Va,--- ,V; and the 37
edge zy implies € V; and y € V; where i # j. If it’s fuzzy(neutrosophic) complete, 38
then it’s denoted by Ky, 4,.,... .o, Where o; is o on V; instead V' which mean x ¢ V; 30

induces o;(z) = 0. If t = 2, then it’s called fuzzy(neutrosophic) complete bipartite
and it’s denoted by Ky, o, especially, if |[V7| = 1, then it’s called fuzzy(neutrosophic) «
star and it’s denoted by S; ,,. In this case, the vertex in V; is called center and if a 2
vertex joins to all vertices of fuzzy(neutrosophic), it’s called fuzzy(neutrosophic) o
wheel and it’s denoted by W ,,. A set is n-set if its cardinality is n. A fuzzy vertex

Table 1. Crisp-fying, Fuzzy-fying and Neutrosophic-fying

Crisp Graphs Fuzzy Graphs Neutrosophic Graphs
Crisp Complete Fuzzy Complete Neutrosophic Complete
Crisp Strong Fuzzy Strong Neutrosophic Strong
Crisp Path Fuzzy Path Neutrosophic Path
Crisp Cycle Fuzzy Cycle Neutrosophic Cycle

Crisp t-partite Fuzzy t-partite ~ Neutrosophic t-partite
Crisp Bipartite  Fuzzy Bipartite = Neutrosophic Bipartite

Crisp Star Fuzzy Star Neutrosophic Star
Crisp Wheel Fuzzy Wheel Neutrosophic Wheel
44
set is the subset of vertex set of (neutrosophic) fuzzy graph such that the values of these s
vertices are considered. A fuzzy edge set is the subset of edge set of (neutrosophic) 4
fuzzy graph such that the values of these edges are considered. Let G be a family of a7
fuzzy graphs or neutrosophic graphs. This family have fuzzy (neutrosophic) a8
common vertex set if all graphs have same vertex set and its values but edges set is a0
subset of fuzzy edge set. A (neutrosophic) fuzzy graph is called fixed-edge 50
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fuzzy (neutrosophic) graph if all edges have same values. A (neutrosophic) fuzzy 51
graph is called fixed-vertex fuzzy(neutrosophic) graph if all vertices have same 52
values. A couple of vertices x and y is called crisp twin vertices if either N(z) = N(y) s
or N[z] = Ny] where Vo € V, N(z) ={y| zy € E}, N[z] = N(z) U{z}. Two vertices t =
and t’ are called fuzzy(neutrosophic) twin vertices if N(¢) = N(¢') and 55
p(ts) = u(t's), for all s € N(t) = N(t'). max, yev(q) |[E(P(z,y))| is called diameter of

Table 2. Crisp-fying, Fuzzy-fying and Neutrosophic-fying

Crisp Vertex Set Fuzzy Vertex Set Neutrosophic Vertex Set
Crisp Edge Set Fuzzy Edge Set Neutrosophic Edge Set
Crisp Common Fuzzy Common Neutrosophic Common

Crisp Fixed-edge Fuzzy Fixed-edge Neutrosophic Fixed-edge
Crisp Fixed-vertex Fuzzy Fixed-vertex Neutrosophic Fixed-vertex
Crisp Twin Fuzzy Twin Neutrosophic Twin

56

G and it’s denoted by D(G) where |E(P(x,y))| is the number of edges on the path from s

x to y. For any given vertex z if there’s exactly one vertex y such that 58
minp(,,) |E(P(z,y))| = D(G), then a couple of vertices x and y are called antipodal s
vertices. For using material look at [1-15]. 60
2 Definitions @
We use the notion of vertex in fuzzy(neutrosophic) graphs to define new notions which &
state the relation amid vertices. In this way, the set of vertices are distinguished by 63
another set of vertices. 64

Definition 2.1. Let G = (V, 0, u) be a fuzzy(neutrosophic) graph. A vertex m
fuzzy(neutrosophic)-resolves vertices f1 and fo if d(m, f1) # d(m, f2). A set M is
fuzzy(neutrosophic)-resolving set if for every couple of vertices f1, fo € V' \ M, there’s a
vertex m € M such that m fuzzy(neutrosophic)-resolves f1 and fo. | M| is called
fuzzy(neutrosophic)-metric number of G and

. min _ Yees0(s) = Zpmemo(m)
S is fuzzy(neutrosophic)-resolving set

is called fuzzy(neutrosophic)-metric dimension of G and if

. . : Tseso(s) = Lmeno(m)
S is fuzzy(neutrosophic)-resolving set

where M is fuzzy(neutrosophic)-resolving set, then M is called 6
fuzzy(neutrosophic)-metric set of G. 66

Example 2.2. Let G be a fuzzy(neutrosophic) graph as figure (1). By applying Table &

(3), the 1-set is explored which its cardinality is minimum. {fs} and {f4} are 1-set o8
which has minimum cardinality amid all sets of vertices but {fs} isn’t 6
fuzzy (neutrosophic)-resolving set and {fs} is fuzzy(neutrosophic)-resolving set. Thus 70

there’s no fuzzy(neutrosophic)-metric set but {fs}. f¢ fuzzy(neutrosophic)-resolves all =
given couple of vertices. Therefore one is fuzzy(neutrosophic)-metric number of G and =

0.13 is fuzzy(neutrosophic)-metric dimension of G. By using Table (3), f4 doesn’t e
fuzzy(neutrosophic)-resolve fo and fg. fy doesn’t fuzzy(neutrosophic)-resolve fi and f5,
too. 75
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Figure 1. Black vertex {fs} is only fuzzy(neutrosophic)-metric set amid all sets of
vertices for fuzzy(neutrosophic) graph G.

Table 3. Distances of Vertices from sets of vertices { fs} and {f4} in fuzzy(neutrosophic)
Graph G.

Vertices | f1 fa f3 fa f5 fe
fe 0.22 026 0.39 024 0.13 0

Vertices f1 f2 f3 f4 f5 fs
fa 0.11  0.24 0.37 0 0.11  0.24

Definition 2.3. Cousider G as a family of fuzzy(neutrosophic) graphs on a common
vertex set V. A vertex m simultaneously fuzzy(neutrosophic)-resolves vertices f1 and fo
if dg(m, f1) # dg(m, f2), for all G € G. A set M is simultaneously
fuzzy(neutrosophic)-resolving set if for every couple of vertices f1, fa € V'\ M, there’s a
vertex m € M such that m resolves fi and fs, for all G € G. | M| is called
stmultaneously fuzzy(neutrosophic)-metric number of G and

. min _ Yees0(s) = Zpmemo(m)
S is fuzzy(neutrosophic)-resolving set

is called simultaneously fuzzy(neutrosophic)-metric dimension of G and if

. i . Yses0(s) = Bpmemo(m)
S is fuzzy(neutrosophic)-resolving set

where M is fuzzy(neutrosophic)-resolving set, then M is called simultancously 76
fuzzy(neutrosophic)-metric set of G. 7
Example 2.4. Let G = {G1, G2, G3} be a collection of fuzzy(neutrosophic) graphs 78

with common fuzzy(neutrosophic) vertex set and a subset of fuzzy(neutrosophic) edge 79
set as figure (2). By applying Table (4), the 1-set is explored which its cardinality is 80
minimum. {fz} and {f4} are 1-set which has minimum cardinality amid all sets of o1
vertices. {f4} is as fuzzy(neutrosophic)-resolving set as {fg} is. Thus there’s no 8
fuzzy (neutrosophic)-metric set but {f4} and {fs}. fs as fuzzy(neutrosophic)-resolves all s
given couple of vertices as f4. Therefore one is fuzzy(neutrosophic)-metric number of G &

and 0.13 is fuzzy(neutrosophic)-metric dimension of G. By using Table (4), f4 85
fuzzy (neutrosophic)-resolves all given couple of vertices. 86
3 General Relationships .
Proposition 3.1. Let G be a fuzzy(neutrosophic) path. Then every leaf is 8
fuzzy(neutrosophic)-resolving set. 89

4/13


https://doi.org/10.20944/preprints202111.0142.v6

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2021 d0i:10.20944/preprints202111.0142.v6

£1(0.14) £1(0.14)
0.11
0.11
0.13 0.13 0.13 0.13
3 [ &
1>(0.13) F(0.17) j;(gl?,] £110.13) LOIT) f0.18) £(0.17) 12(0.13)
G Gy [eX

Figure 2. Black vertex {fs} and the set of vertices {f2} are simultaneously
fuzzy (neutrosophic)-metric set amid all sets of vertices for family of fuzzy(neutrosophic)

graphs G.
Table 4. Distances of Vertices from set of vertices {fg} in Family of fuzzy(neutrosophic)
Graphs G.
Vertices of Gy | f1 f2 I3 Ja
fa 0.37 026 0.13 O
Vertices of Gy | f1 fo f3  fa
fa 0.11 022 013 O
Vertices of Gs | f1 f2 fs  Ja
fa 024 026 0.13 0

Proof. Let [ be a leaf. For every given a couple of vertices f; and f;, we get
d(l, fi) # d(l, f;). Since if we reassign indexes to vertices such that every vertex f; and [
have ¢ vertices amid themselves, then d(I, f;) = X,<;u(f; fi) < i. Thus j < ¢ implies

Seiti(fefi) + Bjcscin(fsfi) > Bi<ip(ffi) =d(l, f3) +c=d(, f;) = d(, f;) < d(l, fi).

Therefore, by d(I, f;) < d(l, f;), we get d(l, fi) # d(l, ;). fi; and f; are arbitrary so [ %
fuzzy (neutrosophic)-resolves any given couple of vertices f; and f; which implies {{} isa «

fuzzy(neutrosophic)-resolving set. O o
Corollary 3.2. Let G be a fized-edge fuzzy(neutrosophic) path. Then every leaf is 03
fuzzy(neutrosophic)-resolving set. u
Proof. Let | be a leaf. For every given couple of vertices, f; and f;, we get o
d(l, fi) = ct # d(l, f;) = ¢j. It implies [ fuzzy(neutrosophic)-resolves any given couple of s
vertices f; and f; which implies {/} is a fuzzy(neutrosophic)-resolving set. O o

Corollary 3.3. Let G be a fized-vertex fuzzy(neutrosophic) path. Then every leaf is %

fuzzy(neutrosophic)-metric set, fuzzy(neutrosophic)-metric number is one and %
fuzzy(neutrosophic)-metric dimension is ¢ where ¢ = o(f), f € V. 100
Proof. By Proposition (3.1), every leaf is fuzzy(neutrosophic)-resolving set. By 101
c=o(f), Vf € V, every leaf is fuzzy(neutrosophic)-metric set, 102
fuzzy (neutrosophic)-metric number is one and fuzzy(neutrosophic)-metric dimension is 103
C. O 104
Proposition 3.4. Let G be a fuzzy(neutrosophic) path. Then a set including every 105
couple of vertices is fuzzy(neutrosophic)-resolving set. 106

Proof. Let f and f’ be a couple of vertices. For every given a couple of vertices f; and 107

> we get either d(f, fi) # d(f, f;) or d(f', fi) # d(f', f;). O o
Corollary 3.5. Let G be a fized-edge fuzzy(neutrosophic) path. Then every set 100
containing couple of vertices is fuzzy(neutrosophic)-resolving set. 110
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Proof. Consider G is a fuzzy(neutrosophic) path. Thus by Proposition (3.4), every set

containing couple of vertices is fuzzy(neutrosophic)-resolving set. So it holds for any 12
given fixed-edge path fuzzy(neutrosophic) graph. O s
4 Fuzzy(Neutrosophic) Twin Vertices 114
Proposition 4.1. Let G be a fuzzy(neutrosophic) graph. An (k — 1)-set from an k-set  us
of fuzzy(neutrosophic) twin vertices is subset of a fuzzy(neutrosophic)-resolving set. 116
Proof. If t and ¢’ are fuzzy(neutrosophic) twin vertices, then N(t) = N(¢') and u7
w(ts) = p(t's), for all s € N(t) = N(t). O s
Corollary 4.2. Let G be a fuzzy(neutrosophic) graph. The number of 119
fuzzy(neutrosophic) twin vertices is n — 1. Then fuzzy(neutrosophic)-metric number is 12
n — 2. 121
Proof. Let f and f’ be two vertices. By supposition, the cardinality of set of 122
fuzzy(neutrosophic) twin vertices is n — 2. Thus there are two cases. If both are 123

fuzzy (neutrosophic) twin vertices, then N(f) = N(f’) and u(fs) = u(f's"), Vs € N(f), 12
Vs € N(f). It implies d(f,t) = d(f,t) for all ¢ € V. Thus suppose if not, then let f be s
a vertex which isn’t fuzzy(neutrosophic) twin vertices with any given vertex and let f' 12
be a vertex which is fuzzy(neutrosophic) twin vertices with any given vertex but not f. 1
By supposition, it’s possible and this is only case. Therefore, any given distinct vertex s
fuzzy(neutrosophic)-resolves f and f’. Then V' \ {f, f'} is fuzzy(neutrosophic)-resolving 1
set. It implies fuzzy (neutrosophic)-metric number is n — 2. O 130

Corollary 4.3. Let G be a fuzzy(neutrosophic) graph. The number of 131
fuzzy(neutrosophic) twin vertices is n. Then G is fized-edge fuzzy(neutrosophic) graph. 1

Proof. Suppose f and f’ are two given edges. By supposition, every couple of vertices 1
are fuzzy(neutrosophic) twin vertices. It implies u(f) = u(f’). f and f’ are arbitrary so 1
every couple of edges have same values. It induces G is fixed-edge fuzzy(neutrosophic) 1

graph. L) 6
Corollary 4.4. Let G be a fized-vertex fuzzy(neutrosophic) graph. The number of 137
fuzzy(neutrosophic) twin vertices is n — 1. Then fuzzy(neutrosophic)-metric number is 13
n — 2, fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is 130
fuzzy(neutrosophic) twin vertex with a verter. Every (n — 2)-set including 140
fuzzy(neutrosophic) twin vertices is fuzzy(neutrosophic)-metric set. 141
Proof. By Corollary (4.2), fuzzy(neutrosophic)-metric number is n — 2. By G is a 102
fixed-vertex fuzzy(neutrosophic) graph, fuzzy metric dimension is (n — 2)o(m) where m 1
is fuzzy(neutrosophic) twin vertex with a vertex. One vertex doesn’t belong to set of 144

fuzzy(neutrosophic) twin vertices and a vertex from that set, are out of fuzzy metric set. s
It induces every (n — 2)-set including fuzzy(neutrosophic) twin vertices is fuzzy metric s

set. O 147
Proposition 4.5. Let G be a fized-vertex fuzzy(neutrosophic) graph such that it’s 148
fuzzy(neutrosophic) complete. Then fuzzy(neutrosophic)-metric number is n — 1, 149
fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) where m is a given vertez. Every s
(n —1)-set is fuzzy(neutrosophic)-metric set. 151

Proof. In fuzzy(neutrosophic) complete, every couple of vertices are twin vertices. By G 15
is a fixed-vertex fuzzy(neutrosophic) graph and it’s fuzzy(neutrosophic) complete, every — 1s:
couple of vertices are fuzzy(neutrosophic) twin vertices. Thus by Proposition (4.1), the 154
result follows. O s

6/13


https://doi.org/10.20944/preprints202111.0142.v6

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2021 d0i:10.20944/preprints202111.0142.v6

Proposition 4.6. Let G be a family of fuzzy(neutrosophic) graphs with common vertex  1ss

set. Then simultaneously fuzzy(neutrosophic)-metric number of G is n — 1. 157
Proof. Consider (n — 1)-set. Thus there’s no couple of vertices to be 158
fuzzy (neutrosophic)-resolved. Therefore, every (n — 1)-set is 150
fuzzy (neutrosophic)-resolving set for any given fuzzy(neutrosophic) graph. Then it 160

holds for any fuzzy(neutrosophic) graph. It implies it’s fuzzy(neutrosophic)-resolving set e
and its cardinality is fuzzy(neutrosophic)-metric number. (n — 1)-set has the cardinality e
n — 1. Then it holds for any fuzzy(neutrosophic) graph. It induces it’s simultaneously 16
fuzzy (neutrosophic)-resolving set and its cardinality is simultaneously 164
fuzzy (neutrosophic)-metric number. O s

Proposition 4.7. Let G be a family of fuzzy(neutrosophic) graphs with common vertex e
set. Then simultaneously fuzzy(neutrosophic)-metric number of G is greater than the 167
mazximum fuzzy(neutrosophic)-metric number of G € G. 168

Proof. Suppose t and t’ are simultaneously fuzzy(neutrosophic)-metric number of G and 16

fuzzy (neutrosophic)-metric number of G € G. Thus ¢ is fuzzy(neutrosophic)-metric 170
number for any G € G. Hence, t > t'. So simultaneously fuzzy(neutrosophic)-metric 1
number of G is greater than the maximum fuzzy(neutrosophic)-metric number of 172
Geg. O s
Proposition 4.8. Let G be a family of fuzzy(neutrosophic) graphs with common vertex 1
set. Then simultaneously fuzzy(neutrosophic)-metric number of G is greater than 175
stmultaneously fuzzy(neutrosophic)-metric number of H C G. 176

Proof. Suppose t and t’ are simultaneously fuzzy(neutrosophic)-metric number of G and 177

H. Thus t is fuzzy(neutrosophic)-metric number for any G € G. It implies ¢ is 178
fuzzy (neutrosophic)-metric number for any G € H. So t is simultaneously 179
fuzzy (neutrosophic)-metric number of H. By applying Definition about being the 180
minimum number, ¢ > t'. So simultaneously fuzzy(neutrosophic)-metric number of G is 1=
greater than simultaneously fuzzy(neutrosophic)-metric number of H C G. O e

Theorem 4.9. Fuzzy(neutrosophic) twin vertices aren’t fuzzy(neutrosophic)-resolved in  1s3

any given fuzzy(neutrosophic) graph. 184
Proof. Let t and t’ be fuzzy(neutrosophic) twin vertices. Then N(t) = N(¢') and 185
wu(ts) = p(t's), for all s,s" € V such that ts,t's € E. Thus for every given vertex 186

s’ eV, dg(s',t) = dg(s,t) where G is a given fuzzy(neutrosophic) graph. It means that s
t and ¢’ aren’t resolved in any given fuzzy(neutrosophic) graph. ¢ and ¢’ are arbitrary so  1ss

fuzzy(neutrosophic) twin vertices aren’t resolved in any given fuzzy(neutrosophic) 189
graph. O 100
Proposition 4.10. Let G be a fized-vertex fuzzy(neutrosophic) graph. If G is 191
fuzzy(neutrosophic) complete, then every couple of vertices are fuzzy(neutrosophic) twin 10
vertices. 103

Proof. Let t and t’ be couple of given vertices. By G is fuzzy(neutrosophic) complete, 10
N(t) = N('). By G is a fixed-vertex fuzzy(neutrosophic) graph, u(ts) = p(t's), for all 10

edges ts,t's € E. Thus t and t’ are fuzzy(neutrosophic) twin vertices. ¢ and t' are 196
arbitrary couple of vertices, hence every couple of vertices are fuzzy(neutrosophic) twin 1o
vertices. O e

Theorem 4.11. Let G be a family of fuzzy(neutrosophic) graphs with common vertex 10
set and G € G is a fized-vertex fuzzy(neutrosophic) graph such that it’s 200
fuzzy(neutrosophic) complete. Then simultaneously fuzzy(neutrosophic)-metric number — 2m
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is n— 1, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) where m is o0
a given vertex. FEvery (n — 1)-set is simultaneously fuzzy(neutrosophic)-metric set for G. o0

Proof. G is fixed-vertex fuzzy(neutrosophic) graph and it’s fuzzy(neutrosophic) 204
complete. So by Theorem (4.10), we get every couple of vertices in fuzzy(neutrosophic) s
complete are fuzzy(neutrosophic) twin vertices. So every couple of vertices, by Theorem 20

(4.9), aren’t resolved. O oo
Corollary 4.12. Let G be a family of fuzzy(neutrosophic) graphs with 208
fuzzy(neutrosophic) common vertex set and G € G is a fuzzy(neutrosophic) complete. 200
Then simultaneously fuzzy(neutrosophic)-metric number is n — 1, simultaneously 210
fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) where m is a given vertex. Every o
(n — 1)-set is simultaneously fuzzy(neutrosophic)-metric set for G. 212

Proof. By fuzzy(neutrosophic) graphs with fuzzy(neutrosophic) common vertex set, G = 23

is fixed-vertex fuzzy(neutrosophic) graph. It’s fuzzy(neutrosophic) complete. So by 214
Theorem (4.11), we get intended result. O s
Theorem 4.13. Let G be a family of fuzzy(neutrosophic) graphs with common vertex — »s
set and for every given couple of vertices, there’s a G € G such that in that, they’re 217
fuzzy(neutrosophic) twin vertices. Then simultaneously fuzzy(neutrosophic)-metric 218
number is n — 1, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) 2w
where m is a given vertex. Every (n — 1)-set is simultaneously 220
fuzzy(neutrosophic)-metric set for G. 21
Proof. By Proposition (4.6), simultaneously fuzzy(neutrosophic)-metric number is 2
n — 1. By Theorem (4.9), simultaneously fuzzy(neutrosophic)-metric dimension is 23
(n — 1)o(m) where m is a given vertex. Also, every (n — 1)-set is simultaneously 224
fuzzy (neutrosophic)-metric set for G. O s

Theorem 4.14. Let G be a family of fuzzy(neutrosophic) graphs with common vertex 2o
set. If G contains three fized-vertex fuzzy(neutrosophic) stars with different center, then o

simultaneously fuzzy(neutrosophic)-metric number is n — 2, simultaneously 28
fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given vertex. Every 2
(n — 2)-set is simultaneously fuzzy(neutrosophic)-metric set for G. 230
Proof. The cardinality of set of fuzzy(neutrosophic) twin vertices is n — 1. Thus by 231
Corollary (4.4), the result follows. O o
Corollary 4.15. Let G be a family of fuzzy(neutrosophic) graphs with 233
fuzzy(neutrosophic) common vertex set. If G contains three fuzzy(neutrosophic) stars 234
with different center, then simultaneously fuzzy(neutrosophic)-metric number isn —2, s
simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given 2
vertex. Every (n — 2)-set is simultaneously fuzzy(neutrosophic)-metric set for G. 237

Proof. By fuzzy(neutrosophic) graphs with fuzzy(neutrosophic) common vertex set, G 23

is fixed-vertex fuzzy(neutrosophic) graph. It’s fuzzy(neutrosophic) complete. So by 239
Theorem (4.14), we get intended result. O 20
5 Antipodal Vertices 20
5.1 Even Fuzzy(Neutrosophic) Cycle 20

Proposition 5.1. Consider two antipodal vertices x and y in any given fized-edge even 243
fuzzy(neutrosophic) cycle. Let u and v be given vertices. Then d(x,u) # d(x,v) if and 2

only if d(y,u) # d(y,v). 245
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Proof. (=). Consider d(z,u) # d(z,v). By 246
d(z,u) + d(u,y) = d(z,y) = D(G), D(G) —d(z,u) # D(G) — d(z,v). It implies 207
d(y,) # d(y,v). -

( ). Consider d(y,u) # d(y,v). By 249
d(y,u) + d(u,z) = d(z,y) = D(G), D(G) —d(y,u) # D(G) — d(y,v). It implies 250
( ) d(iL‘ ) O o

Proposition 5.2. Consider two antipodal vertices x and y in any given fized-edge even 25
fuzzy(neutrosophic) cycle. Let u and v be given vertices. Then d(x,u) = d(x,v) if and 2

only if d(y,u) = d(y,v). 254
Proof. (=). Consider d(z,u) = d(z,v). By 255
d(z,u) +d(u,y) = d(z,y) = D(G), D(G) — d(z,u) = D(G) — d(x,v). It implies 256
dly, u) = d(y.v). .

(«<=). Consider d(y,u) = d(y,v). By 258
d(y,u) + d(u,z) = d(z,y) = D(G), D(G) —d(y,u) = D(G) — d(y,v). It implies 250
d(z,u) = d(x,v). O a0
Proposition 5.3. The set contains two antipodal vertices, isn’t 261
fuzzy(neutrosophic)-metric set in any given fized-edge even fuzzy(neutrosophic) cycle. 262
Proof. Let x and y be two given antipodal vertices in any given even 263
fuzzy (neutrosophic) cycle. By Proposition (5.1), d(z,u) # d(z,v) if and only if 264
d(y,u) # d(y,v). It implies that if z fuzzy(neutrosophic)-resolves a couple of vertices, 265
then y fuzzy(neutrosophic)-resolves them, too. Thus either z is in 266
fuzzy (neutrosophic)-metric set or y is. It induces the set contains two antipodal vertices, 2
isn’t fuzzy(neutrosophic)-metric set in any given even fuzzy(neutrosophic) cycle. O s

Proposition 5.4. Consider two antipodal vertices x and y in any given fized-edge even 260

fuzzy(neutrosophic) cycle. x fuzzy(neutrosophic)-resolves a given couple of vertices, z 270
and 2, if and only if y does. n
Proof. (=). x fuzzy(neutrosophic)-resolves a given couple of vertices, z and z’, then 2
d(z,z) # d(z,z"). By Proposition (5.1), d(z, z) # d(z, 2) if and only if d(y, z) # d(y,z').
Thus y fuzzy(neutrosophic)-resolves a given couple of vertices z and z’. 274

(«<). y fuzzy(neutrosophic)-resolves a given couple of vertices, z and 2/, then 2
d(y, z) # d(y, z"). By Proposition (5.1), d(y, z) # d(y, z') if and only if d(x, z) # d(x, 2'). 2
Thus z fuzzy(neutrosophic)-resolves a given couple of vertices z and 2. O o

Proposition 5.5. There are two antipodal vertices aren’t fuzzy(neutrosophic)-resolved s
by other two antipodal vertices in any given fized-edge even fuzzy(neutrosophic) cycle. 219

Proof. Suppose z and y are a couple of vertices. It implies d(x,y) = D(G). Consider u 250

and v are another couple of vertices such that d(x,u) = %G). It implies d(y,u) = %. 21

Thus d(x,u) = d(y, u). Therefore, u doesn’t fuzzy(neutrosophic)-resolve a given couple

of vertices z and y. By D(G) = d(u,v) = d(u,z) + d(x,v) = D(QG) + d(z,v), 263
d(z,v) = @. It implies d(y,v) = %. Thus d(x,v) = d(y, v). Therefore, v doesn’t 284
fuzzy (neutrosophic)-resolve a given couple of vertices z and y. O 285
Proposition 5.6. For any two antipodal vertices in any given fized-edge even 286
fuzzy(neutrosophic) cycle, there are only two antipodal vertices don’t 287
fuzzy(neutrosophic)-resolve them 288
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Proof. Suppose x and y are a couple of vertices such that they're antipodal vertices. 289
Let u be a vertex such that d(z,u) = %. It implies d(y,u) = %. Thus 20
d(xz,u) = d(y,u). Therefore, u doesn’t fuzzy(neutrosophic)-resolve a given couple of 201
vertices z and y. Let v be a antipodal vertex for v such that u and v are antipodal 202
vertices. Thus v d(x,v) = @. It implies d(y,v) = %. Therefore, v doesn’t 203
fuzzy (neutrosophic)-resolve a given couple of vertices x and y. If u is a vertex such that 2
d(z,u) # @ and v is a vertex such that u and v are antipodal vertices. Thus 205
d(z,v) # @ It induces either d(z,u) # d(y,u) or d(x,v) # d(y,v). It means either u 2
fuzzy (neutrosophic)-resolves a given couple of vertices  and y or v 207
fuzzy (neutrosophic)-resolves a given couple of vertices z and y. O 20
Proposition 5.7. In any given fized-edge even fuzzy(neutrosophic) cycle, for any 209
vertex, there’s only one vertex such that they’re antipodal vertices. 300
Proof. 1f d(z,y) = D(G), then x and y are antipodal vertices. O s;
Proposition 5.8. Let G be a fized-edge even fuzzy(neutrosophic) cycle. Then every 302
couple of vertices are fuzzy(neutrosophic)-resolving set if and only if they aren’t 303
antipodal vertices. 304

Proof. If x and y are antipodal vertices, then they don’t fuzzy(neutrosophic)-resolve a 305

given couple of vertices u and v such that they’re antipodal vertices and d(x,u) = %. 306
. D(G
Since d(z,u) = d(x,v) = d(y,u) = d(y,v) = % O s
Corollary 5.9. Let G be a fized-edge even fuzzy(neutrosophic) cycle. Then 308
fuzzy(neutrosophic)-metric number is two. 309
Proof. A set contains one vertex x isn’t fuzzy(neutrosophic)-resolving set. Since it 310
doesn’t fuzzy (neutrosophic)-resolve a given couple of vertices u and v such that s
d(z,u) = d(x,v) = 1. Thus fuzzy(neutrosophic)-metric number > 2. By Proposition 312
(5.8), every couple of vertices such that they aren’t antipodal vertices, are 313
fuzzy (neutrosophic)-resolving set. Therefore, fuzzy(neutrosophic)-metric number is 314
2. O as
Corollary 5.10. Let G be a fized-edge even fuzzy(neutrosophic) cycle. Then 316
fuzzy(neutrosophic)-metric set contains couple of vertices such that they aren’t antipodal 7
vertices. 318

Proof. By Corollary (5.9), fuzzy(neutrosophic)-metric number is two. By Proposition a9

(5.8), every couple of vertices such that they aren’t antipodal vertices, are 320
fuzzy (neutrosophic)-resolving set. Therefore, fuzzy(neutrosophic)-metric set contains 21
couple of vertices such that they aren’t antipodal vertices. O s

Corollary 5.11. Let G be a family of fized-edge odd fuzzy(neutrosophic) cycles with 23
fuzzy(neutrosophic) common vertex set. Then simultaneously fuzzy(neutrosophic)-metric s

set contains couple of vertices such that they aren’t antipodal vertices and 5
Juzzy(neutrosophic)-metric number is two. 326
5.2 0dd Fuzzy(Neutrosophic) Cycle 327
Proposition 5.12. In any given fized-edge odd fuzzy(neutrosophic) cycle, for any 38
vertex, there’s no vertex such that they’re antipodal vertices. 329

Proof. Let G be a fixed-edge odd fuzzy(neutrosophic) cycle. if x is a given vertex. Then 33
there are two vertices u and v such that d(z,u) = d(x,v) = D(G). It implies they aren’t
antipodal vertices. O s
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Proposition 5.13. Let G be a fized-edge odd fuzzy(neutrosophic) cycle. Then every 333
couple of vertices are fuzzy(neutrosophic)-resolving set. 334

Proof. Let [ and I’ be couple of vertices. Thus, by Proposition (5.12), [ and I’ aren’t 335
antipodal vertices. It implies for every given couple of vertices f; and f;, we get either s

d(l, f;) # d(l, f;) or d(l, f;) # d(V, f;). Therefore, f; and f; are 337
fuzzy (neutrosophic)-resolved by either [ or I’. It induces the set {l,1'} is 338
fuzzy(neutrosophic)-resolving set. O 33
Proposition 5.14. Let G be a fized-edge odd fuzzy(neutrosophic) cycle. Then 340
fuzzy(neutrosophic)-metric number is two. 301

Proof. Let I and I’ be couple of vertices. Thus, by Proposition (5.12), [ and I’ aren’t 342
antipodal vertices. It implies for every given couple of vertices f; and f;, we get either s

d(l, fz) 75 d(l, f]) or d(l/, fz) 75 d(l/, f]) Therefore, fz and fj are 344
fuzzy (neutrosophic)-resolved by either [ or . It induces the set {I,1'} is 345
fuzzy(neutrosophic)-resolving set. O 4
Corollary 5.15. Let G be a fized-edge odd fuzzy(neutrosophic) cycle. Then 347
fuzzy(neutrosophic)-metric set contains couple of vertices. 348
Proof. By Proposition (5.14), fuzzy(neutrosophic)-metric number is two. By 349
Proposition (5.13), every couple of vertices are fuzzy(neutrosophic)-resolving set. 350
Therefore, fuzzy(neutrosophic)-metric set contains couple of vertices. O s

Corollary 5.16. Let G be a family of fized-edge odd fuzzy(neutrosophic) cycles with 352
fuzzy(neutrosophic) common vertex set. Then simultaneously fuzzy(neutrosophic)-metric 353

set contains couple of vertices and fuzzy(neutrosophic)-metric number is two. 354
6 Extended Results 5
Proposition 6.1. If we use fized-vertex strong fuzzy(neutrosophic) cycles instead of 356
fized-edge fuzzy(neutrosophic) cycles, then all results of Section (5) hold. 387
Proof. Let G be a fixed-vertex strong fuzzy(neutrosophic) cycles. By G is 358

fuzzy (neutrosophic) strong and it’s fixed-vertex, G is fixed-edge fuzzy(neutrosophic). O  ss

Proposition 6.2. Let G be a fized-vertex strong fuzzy(neutrosophic) path. Then an 360

1-set contains leaf, is fuzzy(neutrosophic)-resolving set. An 1-set contains leaf, is 361
fuzzy(neutrosophic)-metric set. Fuzzy(neutrosophic)-metric number is one. 362
Fuzzy(neutrosophic)-metric dimension is o(m) where m is a given vertex. 363

Corollary 6.3. Let G be a family of fuzzy(neutrosophic) paths with common vertex set s
such that they’ve a common leaf. Then simultaneously fuzzy(neutrosophic)-metric 365
number is 1, simultaneously fuzzy(neutrosophic)-metric dimension is o(m) where m is a s
given vertex. 1-set contains common leaf, is simultaneously fuzzy(neutrosophic)-metric 3o

set for G. 368
Proposition 6.4. Let G be a fized-vertex strong fuzzy(neutrosophic) path. Then an 369
2-set contains every couple of vertices, is fuzzy(neutrosophic)-resolving set. An 2-set 370
contains every couple of vertices,, is fuzzy(neutrosophic)-metric set. ant
Fuzzy(neutrosophic)-metric number is two. Fuzzy(neutrosophic)-metric dimension is a2
20(m) where m is a given vertez. 373
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Corollary 6.5. Let G be a family of fuzzy(neutrosophic) paths with common vertex set s

such that they’ve no common leaf. Then an 2-set is simultaneously ars
fuzzy(neutrosophic)-resolving set, simultaneously fuzzy(neutrosophic)-metric number is s
2, simultaneously fuzzy(neutrosophic)-metric dimension is 20(m) where m is given 377
vertices. Fvery 2-set is simultaneously fuzzy(neutrosophic)-metric set for G. 378

Proposition 6.6. Let G be a fized-edge fuzzy(neutrosophic) t-partite. Then every set s

contains couple of vertices in different parts, is fuzzy(neutrosophic)-resolving set. 380
Corollary 6.7. Let G be a fized-vertex strong fuzzy(neutrosophic) t-partite. Then 381
every (n — 2)-set excludes two vertices from different parts, is 38
Juzzy(neutrosophic)-resolving set. Every (n — 2)-set excludes two vertices from different 35
parts, is fuzzy(neutrosophic)-metric set. Fuzzy(neutrosophic)-metric number is n — 2. 384
Fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given vertes. 385
Corollary 6.8. Let G be a fized-vertex strong fuzzy(neutrosophic) bipartite. Then 386
every (n — 2)-set excludes two vertices from different parts, is 387
fuzzy(neutrosophic)-resolving set. Every (n — 2)-set excludes two vertices from different s
parts, is fuzzy(neutrosophic)-metric set. Fuzzy(neutrosophic)-metric number is n — 2. 389
Fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given vertez. 390

Corollary 6.9. Let G be a fixed-vertex strong fuzzy(neutrosophic) star. Then every 301
(n — 2)-set excludes center and a given vertez, is fuzzy(neutrosophic)-resolving set. An 3

(n — 2)-set excludes center and a given vertex, is fuzzy(neutrosophic)-metric set. 303
Fuzzy(neutrosophic)-metric number is (n — 2). Fuzzy(neutrosophic)-metric dimension is s
(n —2)o(m) where m is a given verter. 205

Corollary 6.10. Let G be a fized-vertex strong fuzzy(neutrosophic) wheel. Then every 3w
(n — 2)-set excludes center and a given vertez, is fuzzy(neutrosophic)-resolving set. 307
Every (n — 2)-set excludes center and a given vertez, is fuzzy(neutrosophic)-metric set. s
Fuzzy(neutrosophic)-metric number is n — 2. Fuzzy(neutrosophic)-metric dimension is 0
(n —2)o(m) where m is a given vertex. 400

Corollary 6.11. Let G be a family of fized-vertex strong fuzzy(neutrosophic) t-partite

with common vertex set. Then simultaneously fuzzy(neutrosophic)-metric number is a2
n — 2, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every 403
(n — 2)-set excludes two vertices from different parts, is simultaneously 404
fuzzy(neutrosophic)-resolving set for G. There’s an (n — 2)-set which is simultaneously s
fuzzy(neutrosophic)-metric set for G. 406

Corollary 6.12. Let G be a family of fized-vertex strong fuzzy(neutrosophic) bipartite o1

with common vertex set. Then simultaneously fuzzy(neutrosophic)-metric number is 408
n — 2, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every 400
(n — 2)-set excludes two vertices from different parts, is simultaneously 410
Juzzy(neutrosophic)-resolving set for G. There’s an (n — 2)-set which is simultaneously
fuzzy(neutrosophic)-metric set for G. a2

Corollary 6.13. Let G be a family of fixed-vertex strong fuzzy(neutrosophic) star with a3
common vertex set. Then simultaneously fuzzy(neutrosophic)-metric number is n — 2, 414
simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every (n — 2)-set a5
excludes center and a given vertex, is simultaneously fuzzy(neutrosophic)-resolving set — us
for G. There’s an (n — 2)-set which is simultaneously fuzzy(neutrosophic)-metric set for —a

g. 418

Corollary 6.14. Let G be a family of fized-vertex strong fuzzy(neutrosophic) wheel with s
common vertex set. Then simultaneously fuzzy(neutrosophic)-metric number is n — 2, 20

12/13


https://doi.org/10.20944/preprints202111.0142.v6

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 November 2021 d0i:10.20944/preprints202111.0142.v6

simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every (n — 2)-set
excludes center and a given vertex, is simultaneously fuzzy(neutrosophic)-resolving set
for G. There’s an (n — 2)-set which is simultaneously fuzzy(neutrosophic)-metric set for e

g' 424
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