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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). Some questions and
problems are posed concerning ways to do further studies on this topic. Basic
familiarities with fuzzy(neutrosophic) graph theory and graph theory are proposed for
this article.
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AMS Subject Classification: 05C17, 05C22, 05E45

1 Background .
Fuzzy set in Ref. [15], neutrosophic set in Ref. [2], related definitions of other sets in 2
Refs. [2,13,14], graphs and new notions on them in Refs. [5—11], neutrosophic graphs s
in Ref. [3], studies on neutrosophic graphs in Ref. [1], relevant definitions of other 4
graphs based on fuzzy graphs in Ref. [12], related definitions of other graphs based on s
neutrosophic graphs in Ref. [4], are proposed. 6
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In this section, I use two subsections to illustrate a perspective about the 7
background of this study. s
1.1 Motivation and Contributions o
In this study, there’s an idea which could be considered as a motivation. 10
Question 1.1. Is it possible to use mixed versions of ideas concerning “crisp”, “fuzzy” n
and “neutrosophic” to define some notions which are applied to fuzzy(neutrosophic) 12
graphs? 13

It’s motivation to find notions to use in any classes of fuzzy(neutrosophic) graphs. 14
Real-world applications about locating the item, are another thoughts which lead to be 15
considered as motivation. Distance and path amid two items have key roles to locate. 16
Thus they’re used to define new ideas which conclude to the structure of metric 17
dimension. The concept of connectedness inspire to study the behavior of path and 18
distance in the way that, both individual fuzzy(neutrosophic) graphs and family of them 1
are the cases of study. 2

The framework of this study is as follows. In section (2), I introduce main definitions 2
alongside some examples to clarify about them. In section (3), general attributes are 2
given. In section (4), one idea about specific fuzzy(neutrosophic) vertices is used to 23
form the results for fuzzy(neutrosophic) graphs and family of them. In section (5), one 2
idea about specific crisp vertices is used to form the results for fuzzy(neutrosophic) 2

graphs and family of them especially fuzzy(neutrosophic) cycles as two subsections, In 2
section (6), the results are extended for fuzzy(neutrosophic) graphs and family of them. =
In section (7), two applications are posed for fuzzy(neutrosophic) graphs and family of 2
them. In section (8), some problems and questions for further studies are proposed. In 2

section (9), gentle discussion about results and applications are featured. In section 30
(10), a brief overview concerning advantages and limitations of this study alongside 31
conclusions are formed. 32
1.2 Preliminaries 5

To clarify about the models, I use some definitions and results, and in this way, results s
have a key role to make sense about the definitions and to introduce new ways to use on 35
these models in the terms of new notions. For instance, the concept of complete is used 3
to specialize a graph in every environment. To differentiate, I use an adjective or prefix
in every definition. Two adjectives “fuzzy” and “neutrosophic” are used to distinguish  ss
every graph or classes of graph or any notion on them. 39

G : (V,E) is called a crisp graph where V is a set of objects and E is a subset of 40
V x V such that this subset is symmetric. A crisp graph G : (V, E) is called a fuzzy a
graph G : (o, ) where 0 : V — [0,1] and p: E — [0, 1] such that pu(zy) < o(z) Ao(y) =

for all zy € E. A crisp graph G : (V, E) is called a neutrosophic graph G : (o, i) s
where 0 = (01,09,03) : V. — [0,1] and p = (p1, p2, p3) : B — [0, 1] such that “
w(xy) < o(x) Ao(y) for all xy € E. A crisp graph G : (V, E) is called a crisp s
complete where Vx € V, Vy € V, zy € E. A fuzzy graph G : (o, 1) is called fuzzy 46
complete where it’s complete and p(zy) = o(z) A o(y) for all zy € E. A neutrosophic  «
graph G : (o, ) is called a neutrosophic complete where it’s complete and a8
w(zy) = o(x) ANo(y) for all xzy € E. An N which is a set of vertices, is called 49
fuzzy (neutrosophic) cardinality and it’s denoted by |N| such that 50
IN| =%,envo(n). A crisp graph G : (V, E) is called a crisp strong. A fuzzy graph 51
G : (o, p) is called fuzzy strong where pu(zy) = o(z) Ao(y) for all zy € E. A 52
neutrosophic graph G : (o, 1) is called a neutrosophic strong where 53
w(zy) = o(x) Ao(y) for all zy € E. A distinct sequence of vertices vg,v1,- -+ ,v, in a 54
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crisp graph G : (V, E) is called crisp path with length n from vy to v,, where 55
vivip1 € B, i =0,1,--- ;n — 1. If one edge is incident to a vertex, the vertex is called 56
leaf. A path vg, vy, -+ ,v, is called fuzzy path where 57
w(viviy1) >0, i=0,1,--- ;n—1. A path vy, vy, ,v, is called neutrosophic path 58
where p(vivi41) >0, t=0,1,--- ,n—1. Let P:vp,v1,- - ,v, be fuzzy(neutrosophic) 59
path from vy to v, such that it has minimum number of vertices as possible, then 60
d(vo,vy,) is defined as X (u(vi—1v;). A path vg,v1,-- -, v, with exception of vy and v, &
in a crisp graph G : (V, E) is called crisp cycle with length n for vy where vg =v,. A &
cycle vy, vy, ,vg is called fuzzy cycle where there are two edges xy and wv such that e
wzy) = p(uv) = Ni—g1.... po1 #(Vivi41). A cycle vo,v1,- -+, vg is called neutrosophic  «
cycle where there are two edges xy and uv such that 6

w(zy) = pluw) = /\z‘:o,l,--- o1 w(v;vi11). A fuzzy(neutrosophic) cycle is called odd if 66
the number of its vertices is odd. Similarly, a fuzzy(neutrosophic) cycle is called even if &

the number of its vertices is even. A fuzzy(neutrosophic) graph is called 68
fuzzy (neutrosophic) t-partite if V' is partitioned to ¢ parts, V1, Va, -+, V; and the 69
edge zy implies € V; and y € V; where i # j. If it’s fuzzy(neutrosophic) complete, 70
then it’s denoted by Ky, 4,,...,», Where o; is o on V; instead V' which mean x ¢ V; 7
induces o;(z) = 0. If t = 2, then it’s called fuzzy(neutrosophic) complete 7
bipartite and it’s denoted by K, », especially, if |V;] = 1, then it’s called 7
fuzzy (neutrosophic) star and it’s denoted by S; ,,. In this case, the vertex in V3 is =
called center and if a vertex joins to all vertices of fuzzy(neutrosophic), it’s called 7

fuzzy (neutrosophic) wheel and it’s denoted by Wi ,,. A set is n-set if its

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

76
cardinality is n. A fuzzy vertex set is the subset of vertex set of (neutrosophic) fuzzy =

graph such that the values of these vertices are considered. A fuzzy edge set is the 78
subset of edge set of (neutrosophic) fuzzy graph such that the values of these edges are 1
considered. Let G be a family of fuzzy graphs or neutrosophic graphs. This family have &

fuzzy (neutrosophic) common vertex set if all graphs have same vertex set and its 81
values but edges set is subset of fuzzy edge set. A (neutrosophic) fuzzy graph is called &
fixed-edge fuzzy(neutrosophic) graph if all edges have same values. A 8

(neutrosophic) fuzzy graph is called fixed-vertex fuzzy(neutrosophic) graph if all s
vertices have same values. A couple of vertices x and y is called crisp twin vertices if &

either N(z) = N(y) or N[z] = Ny] where 8
Ve eV, N(z) ={y| 2y € E}, N[z] = N(z) U {x}. Two vertices t and t’ are called &7
fuzzy (neutrosophic) twin vertices if N(t) = N(¢') and p(ts) = u(t's), for all 8

s€ N(t) = N(t'). max, yev(q) |[E(P(7,y))| is called diameter of G and it’s denoted 89
by D(G) where |E(P(z,y))| is the number of edges on the path from = to y. For any %
given vertex x if there’s exactly one vertex y such that minp(, ) |[E(P(z,y))| = D(G), =
then a couple of vertices x and y are called antipodal vertices. o
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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
2 Definitions o3
I use the notion of vertex in fuzzy(neutrosophic) graphs to define new notions which o
state the relation amid vertices. In this way, the set of vertices are distinguished by o5
another set of vertices. %

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

. ) ) Yseso(s) = Epmemo(m)
S is fuzzy(neutrosophic)-resolving set

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

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

where M is fuzzy(neutrosophic)-resolving set, then M is called o7
fuzzy(neutrosophic)-metric set of G. %

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

(3), the 1-set is explored which its cardinality is minimum. {fs} and {f4} are 1-set 100
which has minimum cardinality amid all sets of vertices but {fs} isn’t 101
fuzzy (neutrosophic)-resolving set and { fs} is fuzzy(neutrosophic)-resolving set. Thus 1w

there’s no fuzzy(neutrosophic)-metric set but {fs}. f¢ fuzzy(neutrosophic)-resolves all 10
given couple of vertices. Therefore one is fuzzy(neutrosophic)-metric number of G and 10

0.13 is fuzzy(neutrosophic)-metric dimension of G. By using Table (3), f4 doesn’t 105
fuzzy(neutrosophic)-resolve fo and fg. fy doesn’t fuzzy(neutrosophic)-resolve fi and f5, 10
too. 107

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

Vertices | f1 f2 f3 fa f5 f6
fe 0.22 026 0.39 024 0.13 0

Vertices | f1 fa f3 fa f5 f6
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
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0.13

0.11 0.13
71(0.13) F(0.17) 1h(0.13)

Figure 1. Black vertex {fs} is only fuzzy(neutrosophic)-metric set amid all sets of
vertices for fuzzy(neutrosophic) graph G.

vertex m € M such that m resolves fi and f, for all G € G. | M| is called
simultaneously fuzzy(neutrosophic)-metric number of G and

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

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

) ) ) Yses0(s) = Xmenmo(m)
S is fuzzy(neutrosophic)-resolving set

where M is fuzzy(neutrosophic)-resolving set, then M is called simultaneously 108
fuzzy(neutrosophic)-metric set of G. 100
Example 2.4. Let G = {G1, G2, G3} be a collection of fuzzy(neutrosophic) graphs 110

with common fuzzy(neutrosophic) vertex set and a subset of fuzzy(neutrosophic) edge
set as figure (2). By applying Table (4), the 1-set is explored which its cardinality is 12
minimum. {f2} and {f4} are 1-set which has minimum cardinality amid all sets of 13
vertices. {f4} is as fuzzy(neutrosophic)-resolving set as {fg} is. Thus there’s no 14
fuzzy(neutrosophic)-metric set but {f4} and {fs}. fo as fuzzy(neutrosophic)-resolves all  us
given couple of vertices as fy4. Therefore one is fuzzy(neutrosophic)-metric number of G us
and 0.13 is fuzzy(neutrosophic)-metric dimension of G. By using Table (4), f4 17
fuzzy (neutrosophic)-resolves all given couple of vertices.

£(0.14) £1(0.14) (0.13) £1(0.14)

. ‘7 0.13 0.13 O
7(0.13) 70.17) nag) A0 AOID - fi0.3) f0-17) f2(0-18)

G Gy Gy
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.

118
3 General Relationships 119
Proposition 3.1. Let G be a fuzzy(neutrosophic) path. Then every leaf is 120
fuzzy(neutrosophic)-resolving set. 121
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Table 4. Distances of Vertices from set of vertices {fg} in Family of fuzzy(neutrosophic)

Graphs G.
Vertices of G1 | f1 fo 13 fa
fa 037 0.26 0.13 0
Vertices of Gy | f1 fa fs fa
fa 0.11 0.22 0.13 O
Vertices of G3 | f1 f2 f3 fa
fa 024 026 013 0

Proof. Let | be a leaf. For every given a couple of vertices f; and f;, I get
d(l, f;) # d(l, f;). Since if I reassign indexes to vertices such that every vertex f; and [
have 4 vertices amid themselves, then d(l, f;) = X,<;u(f; fi) < 4. Thus j < ¢ implies

Secin(fofi) + Ejcs<in(fsfi) > Bicap(ffi) = d(l, f;) +c=d(l, f;) = d(l, f;) < d(l, fi).

Therefore, by d(I, f;) < d(l, i), I get d(l, f;) # d(l, f;). f; and f; are arbitrary so [ 122
fuzzy (neutrosophic)-resolves any given couple of vertices f; and f; which implies {I} isa s
fuzzy (neutrosophic)-resolving set. O 12
Corollary 3.2. Let G be a fized-edge fuzzy(neutrosophic) path. Then every leaf is 125
fuzzy(neutrosophic)-resolving set. 126
Proof. Let [ be a leaf. For every given couple of vertices, f; and f;, I get 127
d(l, f;) = ci # d(l, f;) = ¢j. It implies [ fuzzy(neutrosophic)-resolves any given couple of 126
vertices f; and f; which implies {l} is a fuzzy(neutrosophic)-resolving set. O 120

Corollary 3.3. Let G be a fized-vertex fuzzy(neutrosophic) path. Then every leaf is 130

fuzzy(neutrosophic)-metric set, fuzzy(neutrosophic)-metric number is one and 131
fuzzy(neutrosophic)-metric dimension is ¢ where ¢ =o(f), f € V. 13
Proof. By Proposition (3.1), every leaf is fuzzy(neutrosophic)-resolving set. By 133
c=o(f), Vf € V, every leaf is fuzzy(neutrosophic)-metric set, 134
fuzzy(neutrosophic)-metric number is one and fuzzy (neutrosophic)-metric dimension is 13
C. O] 136
Proposition 3.4. Let G be a fuzzy(neutrosophic) path. Then a set including every 137
couple of vertices is fuzzy(neutrosophic)-resolving set. 138

Proof. Let f and f’ be a couple of vertices. For every given a couple of vertices f; and 13

fi. I get either d(f, f;) # d(f, f;) o d(f', fi) # d(f', f;). O 1
Corollary 3.5. Let G be a fized-edge fuzzy(neutrosophic) path. Then every set 141
containing couple of vertices is fuzzy(neutrosophic)-resolving set. 142

Proof. Consider G is a fuzzy(neutrosophic) path. Thus by Proposition (3.4), every set 1

containing couple of vertices is fuzzy(neutrosophic)-resolving set. So it holds for any 144
given fixed-edge path fuzzy(neutrosophic) graph. O s
4 Fuzzy(Neutrosophic) Twin Vertices ”
Proposition 4.1. Let G be a fuzzy(neutrosophic) graph. An (k — 1)-set from an k-set 1
of fuzzy(neutrosophic) twin vertices is subset of a fuzzy(neutrosophic)-resolving set. 148
Proof. If t and ¢’ are fuzzy(neutrosophic) twin vertices, then N(t) = N(¢') and 149
wu(ts) = u(t's), for all s € N(t) = N(t'). O 150
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Corollary 4.2. Let G be a fuzzy(neutrosophic) graph. The number of 151
fuzzy(neutrosophic) twin vertices is n — 1. Then fuzzy(neutrosophic)-metric number is 15
n — 2 153
Proof. Let f and f’ be two vertices. By supposition, the cardinality of set of 154
fuzzy(neutrosophic) twin vertices is n — 2. Thus there are two cases. If both are 155

fuzzy (neutrosophic) twin vertices, then N(f) = N(f’) and u(fs) = p(f's’), Vs € N(f), s
Vs' € N(f). It implies d(f,t) = d(f,t) for all ¢t € V. Thus suppose if not, then let f be 1
a vertex which isn’t fuzzy(neutrosophic) twin vertices with any given vertex and let f' 15
be a vertex which is fuzzy(neutrosophic) twin vertices with any given vertex but not f. 1s
By supposition, it’s possible and this is only case. Therefore, any given distinct vertex 10
fuzzy(neutrosophic)-resolves f and f’. Then V \ {f, f'} is fuzzy(neutrosophic)-resolving 11
set. It implies fuzzy(neutrosophic)-metric number is n — 2. O e

Corollary 4.3. Let G be a fuzzy(neutrosophic) graph. The number of 163
fuzzy(neutrosophic) twin vertices is n. Then G is fized-edge fuzzy(neutrosophic) graph. 16

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

graph. O w6
Corollary 4.4. Let G be a fized-vertex fuzzy(neutrosophic) graph. The number of 169
fuzzy(neutrosophic) twin vertices is n — 1. Then fuzzy(neutrosophic)-metric number is 1o
n — 2, fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is m
Juzzy(neutrosophic) twin vertex with a verter. Every (n — 2)-set including 172
fuzzy(neutrosophic) twin vertices is fuzzy(neutrosophic)-metric set. 173
Proof. By Corollary (4.2), fuzzy(neutrosophic)-metric number is n — 2. By G is a 174
fixed-vertex fuzzy(neutrosophic) graph, fuzzy metric dimension is (n — 2)o(m) where m s
is fuzzy(neutrosophic) twin vertex with a vertex. One vertex doesn’t belong to set of  ws

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

set. O o
Proposition 4.5. Let G be a fized-vertex fuzzy(neutrosophic) graph such that it’s 180
fuzzy(neutrosophic) complete. Then fuzzy(neutrosophic)-metric number is n — 1, 181
fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) where m is a given vertex. Every s
(n —1)-set is fuzzy(neutrosophic)-metric set. 183

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

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. 189
Proof. Consider (n — 1)-set. Thus there’s no couple of vertices to be 190
fuzzy (neutrosophic)-resolved. Therefore, every (n — 1)-set is 101
fuzzy (neutrosophic)-resolving set for any given fuzzy(neutrosophic) graph. Then it 192

holds for any fuzzy(neutrosophic) graph. It implies it’s fuzzy(neutrosophic)-resolving set 193
and its cardinality is fuzzy(neutrosophic)-metric number. (n — 1)-set has the cardinality 1o
n — 1. Then it holds for any fuzzy(neutrosophic) graph. It induces it’s simultaneously 105
fuzzy (neutrosophic)-resolving set and its cardinality is simultaneously 196
fuzzy (neutrosophic)-metric number. O o
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Proposition 4.7. Let G be a family of fuzzy(neutrosophic) graphs with common vertex 19
set. Then simultaneously fuzzy(neutrosophic)-metric number of G is greater than the 199
mazximum fuzzy(neutrosophic)-metric number of G € G. 200

Proof. Suppose t and t’ are simultaneously fuzzy(neutrosophic)-metric number of G and 20

fuzzy (neutrosophic)-metric number of G € G. Thus ¢ is fuzzy(neutrosophic)-metric 202
number for any G € G. Hence, t > t'. So simultaneously fuzzy(neutrosophic)-metric 203
number of G is greater than the maximum fuzzy(neutrosophic)-metric number of 204
G e Q O 205
Proposition 4.8. Let G be a family of fuzzy(neutrosophic) graphs with common vertex 20
set. Then simultaneously fuzzy(neutrosophic)-metric number of G is greater than 207
sitmultaneously fuzzy(neutrosophic)-metric number of H C G. 208

Proof. Suppose t and t’ are simultaneously fuzzy(neutrosophic)-metric number of G and 20

H. Thus t is fuzzy(neutrosophic)-metric number for any G € G. It implies ¢ is 210
fuzzy (neutrosophic)-metric number for any G € H. So t is simultaneously 21
fuzzy (neutrosophic)-metric number of H. By applying Definition about being the 212
minimum number, ¢ > t'. So simultaneously fuzzy(neutrosophic)-metric number of G is 23
greater than simultaneously fuzzy(neutrosophic)-metric number of H C G. O o

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

any given fuzzy(neutrosophic) graph. 216
Proof. Let t and t’ be fuzzy(neutrosophic) twin vertices. Then N(t) = N(¢') and o7
wu(ts) = p(t's), for all s, 8" € V such that ts,t's € E. Thus for every given vertex 218

s’ eV, dg(s',t) = dg(s,t) where G is a given fuzzy(neutrosophic) graph. It means that 2
t and ¢’ aren’t resolved in any given fuzzy(neutrosophic) graph. ¢ and ¢’ are arbitrary so 20

fuzzy (neutrosophic) twin vertices aren’t resolved in any given fuzzy(neutrosophic) 21
graph. O o
Proposition 4.10. Let G be a fized-vertex fuzzy(neutrosophic) graph. If G is 223
fuzzy(neutrosophic) complete, then every couple of vertices are fuzzy(neutrosophic) twin 2
vertices. 225

Proof. Let t and ¢’ be couple of given vertices. By G is fuzzy(neutrosophic) complete, 2
N(t) = N('). By G is a fixed-vertex fuzzy(neutrosophic) graph, u(ts) = p(t's), for all 27

edges ts,t's € E. Thus ¢t and ¢ are fuzzy(neutrosophic) twin vertices. ¢ and ¢’ are 228
arbitrary couple of vertices, hence every couple of vertices are fuzzy(neutrosophic) twin 2
vertices. O 2

Theorem 4.11. Let G be a family of fuzzy(neutrosophic) graphs with common verter —
set and G € G is a fized-vertex fuzzy(neutrosophic) graph such that it’s 23
fuzzy(neutrosophic) complete. Then simultaneously fuzzy(neutrosophic)-metric number — 2
is n— 1, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 1)a(m) where m is  on
a given vertex. Fvery (n — 1)-set is simultaneously fuzzy(neutrosophic)-metric set for G. s

Proof. G is fixed-vertex fuzzy(neutrosophic) graph and it’s fuzzy(neutrosophic) 236
complete. So by Theorem (4.10), I get every couple of vertices in fuzzy(neutrosophic)  2x
complete are fuzzy(neutrosophic) twin vertices. So every couple of vertices, by Theorem 23

(4.9), aren’t resolved. O
Corollary 4.12. Let G be a family of fuzzy(neutrosophic) graphs with 240
fuzzy(neutrosophic) common vertex set and G € G is a fuzzy(neutrosophic) complete. 2m
Then simultaneously fuzzy(neutrosophic)-metric number is n — 1, simultaneously 22
fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) where m is a given vertex. Every 2
(n — 1)-set is simultaneously fuzzy(neutrosophic)-metric set for G. 244
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Proof. By fuzzy(neutrosophic) graphs with fuzzy(neutrosophic) common vertex set, G = s

is fixed-vertex fuzzy(neutrosophic) graph. It’s fuzzy(neutrosophic) complete. So by 246
Theorem (4.11), T get intended result. O o
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 249
Juzzy(neutrosophic) twin vertices. Then simultaneously fuzzy(neutrosophic)-metric 250
number is n — 1, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 1)o(m) =
where m is a given vertex. Every (n — 1)-set is simultaneously 25
fuzzy(neutrosophic)-metric set for G. 253
Proof. By Proposition (4.6), simultaneously fuzzy(neutrosophic)-metric number is 254
n — 1. By Theorem (4.9), simultaneously fuzzy(neutrosophic)-metric dimension is 255
(n — 1)o(m) where m is a given vertex. Also, every (n — 1)-set is simultaneously 256
fuzzy (neutrosophic)-metric set for G. O 2

Theorem 4.14. Let G be a family of fuzzy(neutrosophic) graphs with common verter s
set. If G contains three fized-vertex fuzzy(neutrosophic) stars with different center, then 25

simultaneously fuzzy(neutrosophic)-metric number is n — 2, simultaneously 260
fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given vertex. Every
(n — 2)-set is simultaneously fuzzy(neutrosophic)-metric set for G. 262
Proof. The cardinality of set of fuzzy(neutrosophic) twin vertices is n — 1. Thus by 263
Corollary (4.4), the result follows. O 2
Corollary 4.15. Let G be a family of fuzzy(neutrosophic) graphs with 265
fuzzy(neutrosophic) common vertex set. If G contains three fuzzy(neutrosophic) stars 266
with different center, then simultaneously fuzzy(neutrosophic)-metric number isn —2,
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. 269

Proof. By fuzzy(neutrosophic) graphs with fuzzy(neutrosophic) common vertex set, G 2n0

is fixed-vertex fuzzy(neutrosophic) graph. It’s fuzzy(neutrosophic) complete. So by o
Theorem (4.14), I get intended result. O o
5 Antipodal Vertices -
5.1 Even Fuzzy(Neutrosophic) Cycle 27

Proposition 5.1. Consider two antipodal vertices x and y in any given fived-edge even s
Juzzy(neutrosophic) cycle. Let u and v be given vertices. Then d(xz,u) # d(z,v) if and 26

only if d(y,u) # d(y,v). 277
Proof. (=). Consider d(z,u) # d(z,v). By o7
d(z,u) + d(u,y) = d(z,y) = D(G), D(G) —d(z,u) # D(G) — d(z,v). It implies 219
d(y,u) # d(y,v). 250

(«<=). Consider d(y,u) # d(y,v). By 281
d(y,u) + d(u,z) = d(z,y) = D(G), D(G) —d(y,u) # D(G) — d(y,v). It implies 282
d(z,u) # d(x,v). O s

Proposition 5.2. Consider two antipodal vertices x and y in any given fixed-edge even 2
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). 286
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Proof. (=). Consider d(z,u) = d(z,v). By 287
d(x,u) + d(u, ) d(z,y) = D(G), D(G) —d(z,u) = D(G) — d(x,v). It implies 288
d(y, u) = d(y, 259

( ). Con31der d(y,u) = d(y,v). By 20
d(y,u) + d(u,z) = d(z,y) = D(G), D(G) —d(y,u) = D(G) — d(y,v). It implies 201
( ) = (iL‘ ) O] 292

Proposition 5.3. The set contains two antipodal vertices, isn’t 203

fuzzy(neutrosophic)-metric set in any given fized-edge even fuzzy(neutrosophic) cycle. 204

Proof. Let x and y be two given antipodal vertices in any given even 205

fuzzy (neutrosophic) cycle. By Proposition (5.1), d(z,u) # d(x,v) if and only if 296

d(y,u) # d(y,v). It implies that if x fuzzy(neutrosophic)-resolves a couple of vertices, 207

then y fuzzy(neutrosophic)-resolves them, too. Thus either z is in 208

fuzzy(neutrosophic)-metric set or y is. It induces the set contains two antipodal vertices, 20

isn’t fuzzy(neutrosophic)-metric set in any given even fuzzy(neutrosophic) cycle. O 300

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

fuzzy(neutrosophic) cycle. x fuzzy(neutrosophic)-resolves a given couple of vertices, z 302
and 2', if and only if y does. 303
Proof. (=). x fuzzy(neutrosophic)-resolves a given couple of vertices, z and z’, then 304
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'). s
Thus y fuzzy(neutrosophic)-resolves a given couple of vertices z and 2’. 306

(«<). y fuzzy(neutrosophic)-resolves a given couple of vertices, z and 2/, then 307
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’). 30
Thus z fuzzy(neutrosophic)-resolves a given couple of vertices z and 2. O 300

Proposition 5.5. There are two antipodal vertices aren’t fuzzy(neutrosophic)-resolved 30
by other two antipodal vertices in any given fired-edge even fuzzy(neutrosophic) cycle. 3n

Proof. Suppose x and y are a couple of vertices. It implies d(z,y) = D(G). Consider v a2

and v are another couple of vertices such that d(z,u) = %. It implies d(y,u) = %. 313
Thus d(z,u) = d(y, u). Therefore, u doesn’t fuzzy(neutrosophic)-resolve a given couple 34
of vertices = and y. By D(G) = d(u,v) = d(u,x) + d(z,v) = % + d(z,v), 315
d(z,v) = %. It implies d(y,v) = @. Thus d(x,v) = d(y,v). Therefore, v doesn’t s
fuzzy (neutrosophic)-resolve a given couple of vertices z and y. O &
Proposition 5.6. For any two antipodal vertices in any given fized-edge even 318
fuzzy(neutrosophic) cycle, there are only two antipodal vertices don’t 310
fuzzy(neutrosophic)-resolve them 320
Proof. Suppose = and y are a couple of vertices such that they’re antipodal vertices. 21
Let u be a vertex such that d(x,u) = @. It implies d(y, u) = @. Thus 2
d(xz,u) = d(y,u). Therefore, u doesn’t fuzzy(neutrosophic)-resolve a given couple of 23
vertices z and y. Let v be a antipodal vertex for uw such that uw and v are antipodal 324
vertices. Thus v d(x,v) = %. It implies d(y,v) = %. Therefore, v doesn’t 325

fuzzy (neutrosophic)-resolve a given couple of vertices  and y. If u is a vertex such that s

d(z,u) # % and v is a vertex such that u and v are antipodal vertices. Thus 327
d(z,v) # @ It induces either d(z,u) # d(y,u) or d(x,v) # d(y,v). It means either u s
fuzzy (neutrosophic)-resolves a given couple of vertices x and y or v 329
fuzzy (neutrosophic)-resolves a given couple of vertices z and y. O s
Proposition 5.7. In any given fized-edge even fuzzy(neutrosophic) cycle, for any 331
vertex, there’s only one vertex such that they’re antipodal vertices. 332
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Proof. 1t 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 334
couple of vertices are fuzzy(neutrosophic)-resolving set if and only if they aren’t 335
antipodal vertices. 336

Proof. If x and y are antipodal vertices, then they don’t fuzzy(neutrosophic)-resolve a 33

given couple of vertices u and v such that they’re antipodal vertices and d(z,u) = %. 338
Since d(z,u) = d(z,v) = d(y,u) = d(y,v) = @. O s
Corollary 5.9. Let G be a fized-edge even fuzzy(neutrosophic) cycle. Then 340
fuzzy(neutrosophic)-metric number is two. 341
Proof. A set contains one vertex x isn’t fuzzy(neutrosophic)-resolving set. Since it 342
doesn’t fuzzy (neutrosophic)-resolve a given couple of vertices u and v such that 343
d(xz,u) = d(x,v) = 1. Thus fuzzy(neutrosophic)-metric number > 2. By Proposition 344
(5.8), every couple of vertices such that they aren’t antipodal vertices, are us
fuzzy (neutrosophic)-resolving set. Therefore, fuzzy(neutrosophic)-metric number is 346
2. D 347
Corollary 5.10. Let G be a fized-edge even fuzzy(neutrosophic) cycle. Then 348
fuzzy(neutrosophic)-metric set contains couple of vertices such that they aren’t antipodal 3
vertices. 350

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

(5.8), every couple of vertices such that they aren’t antipodal vertices, are 35
fuzzy(neutrosophic)-resolving set. Therefore, fuzzy(neutrosophic)-metric set contains 353
couple of vertices such that they aren’t antipodal vertices. [0 354

Corollary 5.11. Let G be a family of fized-edge odd fuzzy(neutrosophic) cycles with 355
fuzzy(neutrosophic) common vertex set. Then simultaneously fuzzy(neutrosophic)-metric 35

set contains couple of vertices such that they aren’t antipodal vertices and 357
fuzzy(neutrosophic)-metric number is two. 358
5.2 0dd Fuzzy(Neutrosophic) Cycle 350
Proposition 5.12. In any given fized-edge odd fuzzy(neutrosophic) cycle, for any 360
vertex, there’s no verter such that they’re antipodal vertices. 361

Proof. Let G be a fixed-edge odd fuzzy(neutrosophic) cycle. if x is a given vertex. Then s
there are two vertices u and v such that d(z,u) = d(x,v) = D(G). It implies they aren’t 33
antipodal vertices. O 364

Proposition 5.13. Let G be a fized-edge odd fuzzy(neutrosophic) cycle. Then every 365
couple of vertices are fuzzy(neutrosophic)-resolving set. 366

Proof. Let I and I’ be couple of vertices. Thus, by Proposition (5.12), [ and I’ aren’t 367

antipodal vertices. It implies for every given couple of vertices f; and f;, I get either 368
d(l, fi) # d(l, f;) or d(l, f;) # d(l, f;). Therefore, f; and f; are 369
fuzzy (neutrosophic)-resolved by either [ or I’. It induces the set {l,1'} is 370
fuzzy (neutrosophic)-resolving set. O s
Proposition 5.14. Let G be a fized-edge odd fuzzy(neutrosophic) cycle. Then 3m2
Juzzy(neutrosophic)-metric number is two. 373
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Proof. Let [ and I’ be couple of vertices. Thus, by Proposition (5.12), [ and I’ aren’t 374

antipodal vertices. It implies for every given couple of vertices f; and f;, I get either ars
d(l, fl) 7'5 d(l, fJ) or d(l/, fl) 75 d(l/, f]) Therefore, fz and fj are 376
fuzzy (neutrosophic)-resolved by either [ or I’. It induces the set {I,1'} is 377
fuzzy (neutrosophic)-resolving set. O s
Corollary 5.15. Let G be a fized-edge odd fuzzy(neutrosophic) cycle. Then 379
fuzzy(neutrosophic)-metric set contains couple of vertices. 380
Proof. By Proposition (5.14), fuzzy(neutrosophic)-metric number is two. By 381
Proposition (5.13), every couple of vertices are fuzzy(neutrosophic)-resolving set. 382
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 384
fuzzy(neutrosophic) common vertex set. Then simultaneously fuzzy(neutrosophic)-metric — sss

set contains couple of vertices and fuzzy(neutrosophic)-metric number is two. 386
6 Extended Results 7
Proposition 6.1. If I use fized-vertex strong fuzzy(neutrosophic) cycles instead of 388
fized-edge fuzzy(neutrosophic) cycles, then all results of Section (5) hold. 389
Proof. Let G be a fixed-vertex strong fuzzy(neutrosophic) cycles. By G is 300

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

Proposition 6.2. Let G be a fized-vertex strong fuzzy(neutrosophic) path. Then an 302

1-set contains leaf, is fuzzy(neutrosophic)-resolving set. An 1-set contains leaf, is 303
fuzzy(neutrosophic)-metric set. Fuzzy(neutrosophic)-metric number is one. 304
Fuzzy(neutrosophic)-metric dimension is o(m) where m is a given vertez. 395

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 307
number is 1, simultaneously fuzzy(neutrosophic)-metric dimension is o(m) where m is a 30
given vertex. 1-set contains common leaf, is simultaneously fuzzy(neutrosophic)-metric 30

set for G. 400
Proposition 6.4. Let G be a fized-vertex strong fuzzy(neutrosophic) path. Then an 401
2-set contains every couple of vertices, is fuzzy(neutrosophic)-resolving set. An 2-set 402
contains every couple of vertices,, is fuzzy(neutrosophic)-metric set. 403
Fuzzy(neutrosophic)-metric number is two. Fuzzy(neutrosophic)-metric dimension is 404
20(m) where m is a given vertez. 405

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 a07
fuzzy(neutrosophic)-resolving set, simultaneously fuzzy(neutrosophic)-metric number is s
2, simultaneously fuzzy(neutrosophic)-metric dimension is 20(m) where m is given 409
vertices. Fvery 2-set is simultaneously fuzzy(neutrosophic)-metric set for G. 410

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

contains couple of vertices in different parts, is fuzzy(neutrosophic)-resolving set. a2
Corollary 6.7. Let G be a fized-vertex strong fuzzy(neutrosophic) t-partite. Then 413
every (n — 2)-set excludes two vertices from different parts, is a1
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. 416
Fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given vertez. a7
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Corollary 6.8. Let G be a fized-vertex strong fuzzy(neutrosophic) bipartite. Then
every (n — 2)-set excludes two vertices from different parts, is
fuzzy(neutrosophic)-resolving set. Every (n — 2)-set excludes two vertices from different
parts, is fuzzy(neutrosophic)-metric set. Fuzzy(neutrosophic)-metric number is n — 2.
Fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) where m is a given vertez.

Corollary 6.9. Let G be a fized-vertex strong fuzzy(neutrosophic) star. Then every
(n — 2)-set excludes center and a given vertez, is fuzzy(neutrosophic)-resolving set. An
(n — 2)-set excludes center and a given vertex, is fuzzy(neutrosophic)-metric set.
Fuzzy(neutrosophic)-metric number is (n — 2). Fuzzy(neutrosophic)-metric dimension is
(n —2)a(m) where m is a given verter.

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

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

n — 2, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every

(n — 2)-set excludes two vertices from different parts, is simultaneously
fuzzy(neutrosophic)-resolving set for G. There’s an (n — 2)-set which is simultaneously
fuzzy(neutrosophic)-metric set for G.

Corollary 6.12. Let G be a family of fized-vertex strong fuzzy(neutrosophic) bipartite
with common vertex set. Then simultaneously fuzzy(neutrosophic)-metric number is

n — 2, simultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every

(n — 2)-set excludes two vertices from different parts, is simultaneously
fuzzy(neutrosophic)-resolving set for G. There’s an (n — 2)-set which is simultaneously
fuzzy(neutrosophic)-metric set for G.

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

g.

Corollary 6.14. Let G be a family of fized-vertex strong fuzzy(neutrosophic) wheel with
common vertex set. Then simultaneously fuzzy(neutrosophic)-metric number is n — 2,
stmultaneously fuzzy(neutrosophic)-metric dimension is (n — 2)o(m) Every (n — 2)-set
excludes center and a given vertez, is simultaneously fuzzy(neutrosophic)-resolving set
for G. There’s an (n — 2)-set which is simultaneously fuzzy(neutrosophic)-metric set for

g.
7 Applications

Two applications are posed as follow.

7.1 Located Places

A program is devised for a robot to locate every couple of given places, separately. The
number which this program assigns to any place from a given couple of places are
unique. Thus every place has a unique number when a couple of places are given.
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7.2 Covid-19 and Identifying Infected People 463
Dark network is description for infected people who are anonymous in the matter of 464
Covid-19. Virus and its anonymously style to transmit the virus from one person to 465
another person, could make a dark network involving people. Consider everyone as 466
network titled fuzzy(neutrosophic). It means that the person and his networks 467
containing his connections make two models, fixed-edge fuzzy(neutrosophic) and a8
fixed-vertex strong fuzzy(neutrosophic). Now, I have a family of people which everyone 4o
is a model in the terms of Covid-19. 470
8 Open Problems n
The crisp notion of dimension is defined on fuzzy(neutrosophic) graphs. Thus an
Question 8.1. Is it possible to define fuzzy(neutrosophic) notion of dimension on a73
fuzzy(neutrosophic) graphs? ara

There are too many limitations on the classes of fuzzy(neutrosophic) graphs by using s
fixed-edge fuzzy(neutrosophic) graphs and fixed-vertex strong fuzzy(neutrosophic) 476
graphs. 477
Question 8.2. Is an approach existed to compute current dimension for specific classes s
of fuzzy(neutrosophic) graphs? 479
Question 8.3. What are basic attributes of current dimension for general classes of 480
fuzzy(neutrosophic) graphs? 481

Finding other classes of fuzzy(neutrosophic) graphs has an ordinary approach to 482
develop this study. 483

Question 8.4. Which new classes of fuzzy(neutrosophic) graphs are existed to develop s
this notion of current dimension? a8

Question 8.5. Which new classes of fuzzy(neutrosophic) graphs are existed to compute s

this notion of current dimension? ag7
Question 8.6. Which general approaches are existed to study this notion of current 488
dimension in fuzzy(neutrosophic) graphs? 489
Question 8.7. Which specific approaches are existed to study this notion of current 490
dimension in fuzzy(neutrosophic) graphs? 401
Problem 8.8. Are there special crisp sets of vertices, e.g. antipodal vertices for 492
fuzzy(neutrosophic) cycles, which have key role to study this notion of current 403
dimension in fuzzy(neutrosophic) graphs? 104
Problem 8.9. Are there fuzzy(neutrosophic) special sets of vertices, e.g. 405
fuzzy(neutrosophic) twin vertices for general classes, which have key role to study this s
notion of current dimension in fuzzy(neutrosophic) graphs? a07
9 Discussion s
10 Conclusion and Closing Remarks -

This study uses mixed combinations of fuzzy concepts and crisp concepts to explore new  sow
notion of crisp dimension in fuzzy(neutrosophic) graphs as individual and as family. In  sa
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this way, some crisp notions like antipodal vertices are defined to use as a tool to study
fuzzy (neutrosophic) cycles as individual and as family. Also, some fuzzy(neutrosophic)
notions like fuzzy(neutrosophic) twin vertices are defined to use as a tool to study
general classes of fuzzy(neutrosophic) graphs as individual and as family. Mixed family
of fuzzy(neutrosophic) graphs are slightly studied by using fuzzy(neutrosophic) twin
vertices and other ideas as individual and as family. In Table (5), I mention some
advantages and limitations concerning this article and its proposed notions.

Table 5. A Brief Overview about Advantages and Limitations of this study

Advantages

Limitations

1. Using crisp and fuzzy(neutrosophic)
notions in one framework
together simultaneously.

2. Study on fuzzy(neutrosophic)
as individual and as family.

3. Involved classes as complete,
strong, path, cycle, t-partite,
bipartite, star, wheel.

4. Characterizing classes of
fuzzy (neutrosophic) graphs
with smallest metric number
and largest metric number.

1. The most usages of fixed-edge
fuzzy (neutrosophic) graphs
and fixed-vertex strong
fuzzy(neutrosophic) graphs.

2. Characterizing classes of
fuzzy (neutrosophic) graphs
with smallest dimension number
and largest dimension number.
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