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Abstract

In this study, the term dimension is introduced on fuzzy graphs and neutrosophic
graphs. The classes of these specific graphs are chosen to obtain some results based on
dimension. The types of crisp notions and fuzzy 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.
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1 Background .

Some literatures like cardinality of set, n-set, notation of fuzzy graphs, common vertex
set with same values for vertices and edges, permutation, fuzzy vertex set: vertices and 3
their values, fuzzy edge set: edges and their values. fixed-edge fuzzy graphs fixed-vertex 4

fuzzy graphs, fuzzy twin vertices are used. For using material look at [1—15]. 5
2 Definitions s
We use the notion of vertex in fuzzy graphs to define new notions which state the 7
relation amid vertices. In this way, the set of vertices are distinguished by another set of
vertices. 0

Definition 2.1. Let G = (V, 0, ) be a fuzzy graph. A vertex m fuzzy-resolves vertices 1o
fiand fo if d(m, f1) # d(m, f2). A set M is fuzzy resolving set if for every couple of 1

vertices fi, fa € V'\ M, there’s a vertex m € M such that m fuzzy-resolves f; and fa. 12
|M| is called fuzzy metric number of G and minys X,,cpro(m) is called fuzzy metric 13
dimension of G and if fuzzy metric number of set M equals fuzzy metric dimension, 1
then M is called fuzzy metric set of G. 15

Example 2.2. Let G be a fuzzy graph as figure (1). By applying Table (1), the 1-set is 1
explored which its cardinality is minimum. {fs} and {f4} are 1-set which has minimum 1
cardinality amid all sets of vertices but {fs} isn’t fuzzy resolving set and {fg} is fuzzy s
resolving set. Thus there’s no fuzzy metric set but {fs}. fs fuzzy-resolves all given 19
couple of vertices. Therefore one is fuzzy metric number of G and 0.13 is fuzzy metric 2
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Figure 1. Black vertex {fs} is only fuzzy metric set amid all sets of vertices for fuzzy
graph G.
dimension of G. By using Table (1), f4 doesn’t fuzzy-resolve fy and fs. fy doesn’t 2
fuzzy-resolve f1 and fs5, too. 2

Table 1. Distances of Vertices from sets of vertices {fs} and {f4} in Fuzzy Graph G.
Vertices | f1 foo fs o fs  fe
fe 0.22 0.26 0.39 0.24 0.13 0

Vertices f1 f2 f3 f4 f5 f6
fa 011 024 037 0 011 024

Definition 2.3. Consider G as a family of fuzzy graphs on a common vertex set V. A 2
vertex m simultaneously fuzzy-resolves vertices f1 and fs if dg(m, f1) # dg(m, f2), for 2

all G € G. A set M is simultaneously fuzzy resolving set if for every couple of vertices 2
f1, f2 € V\ M, there’s a vertex m € M such that m resolves f; and fo, for all G € G. 2
|M| is called simultaneously fuzzy metric number of G and min o,,cyo(m) is called 2

simultaneously fuzzy metric dimension of G and if the simultaneously fuzzy cardinality  2s
of set M equals simultaneously fuzzy metric dimension, then M is called simultaneously 29

fuzzy metric set of G. 30
Example 2.4. Let G = {G1, G2, G3} be a collection of fuzzy graphs with common 3
fuzzy vertex set and a subset of fuzzy edge set as figure (2). By applying Table (2), the =
1-set is explored which its cardinality is minimum. {f>} and {f4} are 1-set which has 2
minimum cardinality amid all sets of vertices. {f4} is as fuzzy resolving set as {fg} is. =
Thus there’s no fuzzy metric set but {f4} and {fs}. f6 as fuzzy-resolves all given couple 3
of vertices as f4. Therefore one is fuzzy metric number of G and 0.13 is fuzzy metric 36

dimension of G. By using Table (2), f4 fuzzy-resolves all given couple of vertices.
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Figure 2. Black vertex {f,} and the set of vertices { fo} are simultaneously fuzzy metric
set amid all sets of vertices for family of fuzzy graphs G.
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Table 2. Distances of Vertices from set of vertices {fs} in Family of Fuzzy Graphs G.

Vertices of G1 | f1 fo fa  fa
fa 037 0.26 0.13 0
Vertices of G5 | f1 fa fs fa
fa 0.11 0.22 0.13 O
Vertices of G3 | f1 fo f3 fa
fa 024 026 0.13 0
3 General Relationships 38

Proposition 3.1. Let G be a path fuzzy graph. Then every leaf is fuzzy resolving set. 39

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

i fef) + Bjcs<in(fsfi) > Ti<an(ffi) = d(l, f3) +c=d(l, fi) = d(l, f;) < d(l, fi)-
Therefore, by d(l, f;) < d(l, f;), we get d(l, f;) # d(l, f;). fi and f; are arbitrary so [ 40

fuzzy-resolves any given couple of vertices f; and f; which implies {l} is a fuzzy n
resolving set. [
Corollary 3.2. Let G be a fized-edge path fuzzy graph. Then every leaf is fuzzy a3
resolving set. 4
Proof. Let [ be a leaf. For every given couple of vertices, f; and f;, we get s
d(l, f;) = ci # d(l, f;) = c¢j. It implies [ fuzzy-resolves any given couple of vertices f; and 4
f; which implies {l} is a fuzzy resolving set. O &

Corollary 3.3. Let G be a fized-vertex path fuzzy graph. Then every leaf is fuzzy metric s
set, fuzzy metric number is one and fuzzy metric dimension is ¢ where c =o(f), fE€V. 4

Proof. By Proposition (3.1), every leaf is fuzzy resolving set. By ¢ = o(f), Vf €V, 50
every leaf is fuzzy metric set, fuzzy metric number is one and fuzzy metric dimension is s
C. L] 52

Proposition 3.4. Let G be a path fuzzy graph. Then a set including every couple of 53
vertices is fuzzy resolving set. 54

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

fjawe get either d(fafl)#d(fafj) or d(f/7fl)7éd(f/7fj) O 56
Corollary 3.5. Let G be a fized-edge path fuzzy graph. Then every set containing 57
couple of vertices is fuzzy resolving set. 58

Proposition 3.6. Let G be a fuzzy graph. An (k — 1)-set from an k-set of fuzzy twin 50
vertices is subset of a fuzzy resolving set. 60

Proof. If t and t’ are fuzzy twin vertices, then N(t) = N(¢') and u(ts) = p(t's), for all  «

SEN(t)ZN(t/). O e
Corollary 3.7. Let G be a fuzzy graph. The number of fuzzy twin vertices is n — 1. 63
Then fuzzy metric number is n — 2. 64
Corollary 3.8. Let G be a fuzzy graph. The number of fuzzy twin vertices is n — 1. 6
Then G is fized-edge fuzzy graph. 66
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Corollary 3.9. Let G be a fized-vertex fuzzy graph. The number of fuzzy twin vertices e

is n — 1. Then fuzzy metric number is n — 2, fuzzy metric dimension is (n — 2)o(m) 68
where m is fuzzy twin vertex with a vertex. Every (n — 2)-set including fuzzy twin 69
vertices is fuzzy metric set. 70
Proposition 3.10. Let G be a fized-vertex fuzzy graph such that it’s fuzzy complete. n
Then fuzzy metric number is n — 1, fuzzy metric dimension is (n — 1)o(m) where m is a =
given vertex. Every (n — 1)-set is fuzzy metric set. 73
Proof. In complete graph, every couple of vertices are twin vertices. By G is a 7
fixed-vertex fuzzy graph and it’s fuzzy complete, every couple of vertices are fuzzy twin
vertices. Thus by Proposition (3.6), the result follows. O
Proposition 3.11. Let G be a family of fuzzy graphs with common vertex set. Then 7
simultaneously fuzzy metric number of G is n — 1. 78
Proof. Consider (n — 1)-set. Thus there’s no couple of vertices to be fuzzy-resolved. 79
Therefore, every (n — 1)-set is fuzzy resolving set for any given fuzzy graph. Then it 80

holds for any fuzzy graph. It implies it’s fuzzy resolving set and its cardinality is fuzzy a
metric number. (n — 1)-set has the cardinality n — 1. Then it holds for any fuzzy graph. e
It induces it’s simultaneously fuzzy resolving set and its cardinality is simultaneously 8
fuzzy metric number. O e

Proposition 3.12. Let G be a family of fuzzy graphs with common vertex set. Then &

simultaneously fuzzy metric number of G is greater than the mazximum fuzzy metric 8
number of G € G. 87
Proof. Suppose t and t' are simultaneously fuzzy metric number of G and fuzzy metric s
number of G € G.. Thus t is fuzzy metric number for any G € G. Hence, t > t'. So 89
simultaneously fuzzy metric number of G is greater than the maximum fuzzy metric %
number of G € G. O o
Proposition 3.13. Let G be a family of fuzzy graphs with common vertex set. Then o
simultaneously fuzzy metric number of G is greater than simultaneously fuzzy metric 03
number of H C G. o
Proof. Suppose t and t’ are simultaneously fuzzy metric number of G and H. Thus tis o
fuzzy metric number for any G € G. It implies Thus ¢ is fuzzy metric number for any %
G € H. So t is simultaneously fuzzy metric number of H. By applying Definition about o
being the minimum number, ¢ > ¢'. So simultaneously fuzzy metric number of G is o
greater than simultaneously fuzzy metric number of H C G. O o
Theorem 3.14. Fuzzy twin vertices aren’t resolved in any given fuzzy graph. 100

Proof. Let t and t' are fuzzy twin vertices. Then N(¢) = N(¢') and p(ts) = u(t's), for
all edges ts,t's € E. Thus for every given vertex s’ € V, dg(s',t) = dg(s,t) where G is 1
a given fuzzy graph. It means that ¢ and ¢’ aren’t resolved in any given fuzzy graph. ¢ 10
and t' are arbitrary so fuzzy twin vertices aren’t resolved in any given fuzzy graph. [ 10

Proposition 3.15. Let G be a fized-vertex fuzzy graph. If G is fuzzy complete, then 105
every couple of vertices are fuzzy twin vertices. 106

Proof. Let t and ¢’ be couple of given vertices. By G is fuzzy complete, N(t) = N(t'). 1o
By G is a fixed-vertex fuzzy graph, u(ts) = u(t's), for all edges ts,t's € E. Thus t and 10
t' are fuzzy twin vertices. ¢t and ¢’ are arbitrary couple of vertices, hence every couple of 10
vertices are fuzzy twin vertices. O wo
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Theorem 3.16. Let G be a family of fuzzy graphs with common vertex set and G € G m

18 a fized-vertexr fuzzy graph such that it’s fuzzy complete. Then simultaneously fuzzy 112
metric number is n — 1, simultaneously fuzzy metric dimension is (n — 1)o(m) where m 3
is a given vertex. Every (n — 1)-set is simultaneously fuzzy metric set for G. 114

Proof. G is fixed-vertex fuzzy graph and it’s fuzzy complete. So by Proposition (3.15), s

we get every couple of vertices in fuzzy complete are fuzzy twin vertices. So every 116
couple of vertices, by Theorem (3.14), aren’t resolved. O
Theorem 3.17. Let G be a family of fuzzy graphs with common vertex set and for 118
every given couple of vertices, there’s a G € G such that in that, they’re fuzzy twin 119

vertices. Then simultaneously fuzzy metric number is n — 1, simultaneously fuzzy metric 120
dimension is (n — 1)o(m) where m is a given vertex. Every (n — 1)-set is simultaneously

fuzzy metric set for G. 122
Theorem 3.18. Let G be a family of fuzzy graphs with common vertex set. If G 123
contains three fized-vertex fuzzy stars with different center, then simultaneously fuzzy 124
metric number is n — 2, simultaneously fuzzy metric dimension is (n — 2)o(m) where m s
is a given vertex. Every (n — 2)-set is simultaneously fuzzy metric set for G. 126
Proof. By Corollary (3.9), the result follows. O 1
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