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Fuzzy Metric Dimension of Fuzzy Hypercube Q,
and Fuzzy Boolean Graphs

M.Thusleem Furjana, M.Bhanumathi

Abstract: Let G = (V, E, g) be a fuzzy graph. Let M be a subset
of V. M is said to be a fuzzy metric basis of G if for every pair of
vertices X, y € ¥ — M, there exists a vertex w € M such that

d (w, X) = d (w, y). The number of elements in M is said to be
fuzzy metric dimension (FMD) of G and is denoted by 3 (G). The
elements in M are called as source vertices. In this paper, we

study the fuzzy metric dimension of fuzzy hypercube Q,, fuuzy
Boolean Graph BG,(G) and fuzzy Boolean Graph BG3(G).

Keywords: fuzzy Boolean graph BG,(G), fuzzy Boolean graph
BG3(G), fuzzy Hypercube Q,, fuzzy metric dimension.

I. INTRODUCTION

A fuzzy graph[7] G is a 2-tuple (V, E) where V is a non
empty set of vertices {vi, V,, ..., vo} and E is the nonempty
finite set of edges such that u: V — [0,1] and o: VxV — [0,1]
where o(vi, vj) < min(u(vi), u(v;)) for i = j.

=0fori=j.

Foranyv e V, if u(v) > 0 then we call v as an active vertex.
If u(v) = 0 then we call v as an inactive vertex. We assume that
all the vertices as active vertices. We use the notation e; to
denote the edge connecting the vertices v; and vj. The weight
of the edge e;; is given by o(v;, v;) and is denoted by w(e;;).

A fuzzy path [7] from a vertex v; to a vertex v; in a fuzzy
graph is a sequence of distinct vertices and edges starting
from v; and ending at v;. This is denoted by P(v;, v;) = P.

If vi and v; coincide in a fuzzy path P then we call this
sequence as a fuzzy cycle. Let P;; be the set of all fuzzy paths
P from v; to v;. For v;, v; € V, we define the fuzzy set p;: Py —
[0, 1] by w;j(P) = minecp(w(e)) where P € Py;. Here p;(P) is
called the weight of the path P. The fuzzy path P € Py for
which p;(P) is minimum, is called as a fuzzy shortest path
(FSP) between v; and v;. The weight of this FSP is denoted by
d*(vi, vj). Thus, d* can be viewed as a fuzzy set, d™:
VxV—[0,1] where d*(v;, vj) = rglipn (wij(P)) and d*(v;, vi) = 0.

For any two fuzzy shortest paths P and Q between v; and v;,
we consider the path with lesser number of intermediate
vertices.
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In 1995, George and Veeramani defined the 3-tuple (V, d*,
v
t+ d*(vi Vi)
intermediate vertices in the shortest path from which d* is
calculated [5]. N(vi, v;) is defined as the number of
intermediate vertices between v; and v; in fuzzy shortest path
(FSP) and d (v;, v;, t) is denoted as d (v;, V).

Let G =(V, E, u) be a fuzzy graph. Let M be a subset of V.
M is said to be a fuzzy metric basis of G if for every pair of
verticesx,y € V— M , there exists a vertexw € M such that

t) asd(v,v;.t)= , where t is the number of

d (w, x) = d (w, y). The number of elements in M is said to
be fuzzy metric dimension (FMD) of G and is denoted by

3 (G). The elements in M are called as source vertices.

In 2012, Praba et.al introduced and defined the fuzzy
metric dimension of fuzzy graphs [7]. In 2016, Bhanumathi
and Thusleem furjana studied the fuzzy metric basis of some
standard fuzzy graphs G, fuzzy metric basis of Total graph,
middle graph and subdivision graph of some standard fuzzy
graphs G [1], [2]. Also they have determined the fuzzy metric
basis of fuzzy Cartesian product of some fuzzy graphs [3]. In
this paper, we determine some new bounds for the fuzzy
metric dimension of fuzzy hypercube Q,4, Qs and Q,. Also, we
study the fuzzy metric basis of fuzzy Boolean graph BG»(G)
for some standard fuzzy graphs G and fuzzy Boolean graph
BG;3(G) for some standard fuzzy graphs G.

Theorem: 1.1[5] d* is a metric
Theorem: 1.2[7] If G is a path then 3 (G) = 1.
Theorem: 1.3[7] If P, is a path on n vertices and vy is an
intermediate vertex in Py, v; and v; are two vertices on either
side of v then d (vi, v) = d (v vj)) if and only if
N (v, Vi) _ d” (v, Vi)
NWV.v;)  d (v,v;)
Theorem: 1.4[7] Let P, be a path on n vertices and v, is an
intermediate vertex in P, . If v; and v; are two vertices on either
side of v such that N(vy, vi) = N(v, v)) then t](vk, Vi) = &(vk,
vj) if and only if d*(vi, vi) = d"(vk, V).
Theorem: 1.5[7] If C,, is fuzzy cycle then /? (C)< 2.
Definition: 1.6 A graph G is said to be decomposable [4]
into Hamiltonian cycles if its edge set can be partitioned into
Hamiltonian cycles. A graph is said to admit cycle
decomposition (respectively Hamiltonian decomposition) if

its edge set can be partitioned into cycles (respectively
Hamiltonian cycles).
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Fuzzy Metric Dimension of Fuzzy Hypercube Q, and Fuzzy Boolean Graphs

Let C, denote the cycle of length n > 3. If C,, and C, have
vertex sets {uy, Uy, ..., un} and {vy, Vs, ..., vp} respectively,
we denote the vertices and edges of C,, x C, by {uyvi/ i =1, 2,
om;j=1,2,...,n} and |E(Cn x C,) | = 2nm. Thus, if Cyy x
C, admits Hamiltonian decomposition then the number of
cycles in such decomposition is two. Two Hamiltonian cycles
in a graph are said to be edge-disjoint if there exists no
common edges in them.

Theorem: 1.7[8] The binary n-cube, with n even or
equivalently the product of (n/2) cycles, C4x C4x ... x C4 can
be partitioned into (n/2) Hamiltonian cycles.

Definition: 1.8 A star [6] in a fuzzy graph consist of two
node sets V and U with | V|=1and |U|>1, such that u(v, uy)
>0 and w(u;, Ui.1) =0, 1 <i<n. Itisdenoted by Sy .

Il. FUZZY METRIC DIMENSION OF FUZZY
HYPERCUBE.

In this section we determine fuzzy metric basis of fuzzy
Hypercube Q,, forn =4 and n = 6.
Definition: 2.1

The fuzzy hypercube or n-fuzzy cube Q, is the graph whose
vertex set is the set of all n-dimensional Boolean vectors in
which two vertices are joined if and only if they differ in
exactly one coordinate.

A. Fuzzy Metric Dimension of Hypercube Q.

Theorem: 2.1 1f G = Q,, then 2 < 3 (G) < 4.

Proof: G=Q, =K, x K, x Ky x K, =C4 x Cy. Let V= {uy, Uy,
Us, Us} be the vertex set of one C,4 and V, = {vy, Vs, Vs, V4} be
the vertex set of another C4. Then V(G) = Vi x V, = {uyvy,
U1Va, UpV3, U1Vyg, UoVy, UpVo, UoV3, UsVy, ..., UgVy, UgVo, UgVs,
usVvs}. Q4 can be partitioned into two Hamiltonian fuzzy
cycles as follows:

C1: UgV1 UgVa UgVa UsVa UsVa UgVa UgV3 UgVa UsVz UV UoVy UgVo
UgVy UsVq U3Vy UsVq UpVy.

Cy: UV UgVs UgVa UgVa UsVya UgVy UV UV UsVz UsVy UsVy UsVa
UgVy UsV3 UgVya UsVq UpVy.

We will write Q, = C4x C4 as the union of two Hamiltonian
fuzzy cycles, that is C4x C4=C, U C,

In Cy, take uyv, as a source vertex, let P, be the path uyv,
UpV4 UgVy UV UgVy UgVs UgVs UgVg UV and P, be the path ugvs
U3V, UpVy UV UsVo UgVg UsVy UoVy UgVy. In C,, take uqv, as a
source vertex. Let P; be the path u;vy Uy, UgVs UgVy UpVg UpVg
UoV, UyV3 Uz and Py be the path usVs UsVy UsVy UsVo UgVo UgVs
UgVy UsVq UpVy.

Here we calculate the fuzzy metric dimension of C4x Cy.
Case i:

InCy, letuvjand upvi (i,j=1,2,3,4and i =j # 1) be two
vertices on C; such that both ujv; and ujvi € Py or P, (i, j=1, 2,
3,4andi=j=1). Ifbothuyvjand uyv; (i,j=1,2,3,4andi=j
# 1) have the same FSP (fuzzy shortest path) from source
vertex u;vy then upvy, uivjand uvi (i, j = 1,2, 3,4and i =j = 1)
will be in same path. Thus, A(C;) = 1. In C, let uy; and uyv;

(i,j=1,2,3,4andi=j=1) be two vertices on C, such that
both uiv; and uyvi € P (or Py) (i,j=1,2,3,4andi=j# 1) and
If both uivjand uv; (i, j = 1, 2, 3, 4 and i = j # 1) have the same
FSP (fuzzy shortest path) from source vertex u;v, then u;v,,
uvjand upv; (i, j=1,2, 3, 4and i = j # 1) will be in same path.
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Thus, B(C,) = 1, B(C,xC,)=A(C,uC,) and M = {uv,,
uyvo}. Therefore, 5(Q,)= 2.
Case ii:

In Cy, if the two vertices uivj and uyv; (i, j=1,2, 3,4 and i =
j # 1) belongs to either P; (or P,), then by case (i) we get,
B(C)=1.

InC,, ifuivjand uyv; (i, j=1,2, 3,4and i = j = 1) such that
the FSP for u;v; from source vertex u,v;, is through P, and FSP
for ujv; from source vertex uyv; is through P5 then d (ugvy,
uivp) = d (Urvo, ujvi) (1,j=1,2,3,4and i =j = 1) ifand only if
N(uzVy, Uiv) = N(uvp, ujvi) (i, j =1, 2, 3,4 and i = j # 1). This
implies that, £(C,)# 1.

Include u,v, as another source vertex so that N(usvy, Uiv;) #
N(UsV1, UVi), 5(u4v1, uivj) # 5(u4v1, uvi) (1,j=1,2,3,4and
i = j = 1). Then metric basis of C, is {u;v,, Usvi}. Hence,
B(C,) =2and B(C,xC,)=f3(C, UC,) Hence, M = {uyv,,
UpVo, Ugvy}. Therefore, S(C, xC,) = 3.

Case iii:

InCy, ifuivje Pranduyvi e P (i,j=1,2,3,4andi=j=1)
such that the FSP for ujv; from source vertex u,v, is through P,
and FSP for ujv; from source vertex u,v; is through P, then
d(ulvl, uvj) = d (ugvy, upvy) if and only if N(uyvy, uyvg) =
N(u;vs, uv;). This implies that, B(C,)# 1. Include upv; as
another source vertex so that N(uzvy, uvj) = N(upvy, Uvi),
d (U, UVy) % d (Upve, Uvy) (i, j=1,2,3,4and i = j = 1).
Then M = {uvs, vy} and SB(C,) = 2.

Similarly, we get, metric basis of C, as {uivi, Uyvi}
and 3(C, xC,) = B(C,UC,). Hence, M = {UV, Upvy, UpVy,

usv}. Therefore, 4(Q,)=(C, xC,) = 4.

Theorem: 2.2 If G = Qq, then S (G) < 3.

Proof: G=Q, =K, x Ky x Ky x K, =Cy x Cy. Let V; = {uy, Uy,
Us, Us} be the vertex set of one C, and V, = {vy, Va, V3, V4} be
the vertex set of another C4. Then V(G) = Vi x V;, = {uyvy,
UqVa, UiV, UgVa, UsVq, UsVo, UoVa, UoVa, ..., UaVi, UgVa, UgVs,
UsV4}. Qg can be partitioned into three fuzzy paths as follows:
P1: U1V UgVa UgVa U3Va UoVa UoV3 UiV UgVa UsVa UgVo UsVo UgVs
UgVy UgVq UgVy UoVy.

Po: U1V UgVs UiV UgVa UsVa UoVy UsVo UsVa UsVa UgVa UsVy UsVs
UgVy UgV3 UgVa UgVy.

Pa: UpVy UV UgVy.

We will write Q, = C4 x C, as the union of two Hamiltonian
cycles, that is C4x C,= P, U P, U Ps.

In two paths Py and P,, take u;v; as a source vertex. If two
vertices ujvj or uyvi € Py, where (i, j=1,2,3,4andi=j#1)
and ujv; or ujv; € P, such that fuzzy shortest path from source
vertex uyv; for uiv; or ujv; is through P, and fuzzy shortest path
from source vertex uyvy for uy; or ujv; is through P4, then
d (Uvs, uvy) = d (Ugvs, uvy) or d upv,upvi) = d (Ugvs, ) if
and only if N(upvy, uiv)) = N(upvy, Uivj) or N(ugvy, Ujvi) =
N(uqvy, Ujvi).. This implies

that, 5 (Qo) # 1.
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Include u,v; as another source vertex so that N(usvy, Uiv)) #
N(ugvy, UiVj) or N(ugavy, Uvi) # N(ugvy, U3vi), d (UgVvy, UiV)) #

d (Usvy, UV;) or d (Uavy, UV;) # d (Ugvy, Uv;). Continuing this
process for all three paths in Q4 we get three source vertices
for Q,. M = {UsVy, UsVy, Upvi}. Hence, /3 (Qq) <3.

B. Fuzzy Metric Dimension of Hypercube Q.

Theorem: 2.3 If G = Q,, then /3 (G) < 4.

Proof: G= QyxQyxQy=CyxCyxCy. IfVv,= {Ul, Uy, Uz, U4},
V= {Vl, Vs, V3, V4} and V3= {Xl, X2, X3, X4}, then V(G) =V;x
Vy x V3 = {UVaXs, UiVoXy, UpVaXy, UpVaXy, UpViXy, UpVoXg,
U1VoXo, UpV3Xo, UpVgaXo, UoViXy, UoVoXy, UsV3Xo, UoVaXo, ...,
UgV1Xa, UsVaXp, UaV3Xp, UgVaXp, U1ViXs, UpVoXs, U1VaXs, UiVaXs,
UoV1X3, UoVoXz, UpV3X3, UoVgXz, ..., UgViX3, UgVoXsz, UgV3Xs,
UgVgXs, U1ViXg, UiVoXs, U1V3Xy, UiVgXy, UaViXy, UaVoXs, UaV3Xy,
UpVaXg, ..., UgV1Xs, UgVoXs, UgVaXs, UgVaXs}. Qg can be
partitioned into four paths as follows:

P1l UViXy UgViXy UsVaXp UpViXq UsViXa UgViXe UgViXe UsViXe
U3V1X3 UsV1X3 UV1X3 UgV1X3 UgViXo U3ViXo UsViXo UViXo UpVoXo
UgVoXo U3VoXo UoVoXo UoVoXp UgVoXyp UgVoXg UzVoXg UzVoXs UoVoXy
U1VoXy UgVoXy UgVoX3 U3VoX3 UoVoXs UiVoXs UiVaXs UgVaXs UsVaXs
UoV3X3 UoV3Xo UV3aXo UgVaXo UgVaXo UgVaXp UpVaXp UViaXp UgVaXy
UgV3Xy U3V3Xy UoV3Xy UVaXg UVaXys UgVaXyg U3VaXg UoVaXys UoVeX3
U1V4X3 UgVaX3 U3VgX3 U3gVaXo UoVaXo UVaXo UgVaXo UgVaXp UzVaXy
UoVgXq UpVyeXy.

u(0.9) 0.7 U(0.8) v1(07) 05 V2(0.6)
0.4 06 0.1 0.3
U4(0.6) 0.5 uz(0.7) v4(0.1) 0.1 v3(0.3)
Cy Cy
Uvi(0.9) 05  UVy(0.8) 0.4 UsVi(07) 92  uny0.7)
0.5 0.5
uvj0.9) o5 UY308) o4 (0.6)
. 0.2 0.8 0.8
Va9 g3 uM(0.8) 0.3  udg(0.7) 0.2 Uqvy(0.6)
0 0. 0. 0.
0.6)
u;v4(0.9 aVa(
v40.9) o7 o1 01

Figure: 3.3.1 Fuzzy hypercube Q,=C4x C,
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Pz: UoV1X1 UoVgXp UoV3Xp UoVoXip UgVoXp UzViXp UzVgXp UzV3Xj
UgV3X1 UgVoXq UgViX1 UgVgXq UpVgXq UV3Xg UVoXg UgViXg UgV1Xo
UgV1Xo UgVoXo UgV3Xo UgVaXo U3VaXo U3ViXo U3VoXs UsVaXy UoVsX)
UoVgXo UV X UoVoXs UiVoXs UiVoXs UgVoXs UgVaXs UgVaXs3 UgViX3
U3V1X3 U3VoX3 U3V3X3 U3VaX3 UoVaX3 UoViX3 UoVoXs3 UoVaXs UgVaXs
U1V3Xyg UgV3Xyg UgVaXyg UgViXg UgVoXyg U3gVoXy U3V3aXy UsVeXy U3ViXy
UoV1Xg UaVoXyg UoV3Xyg UaVgXy UVaXs U1ViXg U1VoXy.

P3: UViXs UgViXs UgViXo UgVoXo UgVoXp UgVoXs UgVoXs UqVaXs
U1V3Xo U1V3Xy U1V3Xs UgVaXs UgVaX3 UgVaXo UgVaXp UViXy UsViXg
UoVoX1 UoVoXy UoVoXs UoVoXs UoV3Xs UoVaXy UoVaXy UoV3Xs3 UgVaXs
U1VaXo U1VaX1 U1VaXs UoViXs U3ViXs U3VoXs U3VoX3 UsVoXo UsVoXg
U3V3X1 U3V3Xyg U3V3X3 U3V3Xo U3gVaXo U3zVgaXq U3VaXyg U3VgeX3 U3ViX3
U3V1Xs U3V1X1 UgV1X1 UgV1Xo UgVaXo UgVaX3 UgVaXg UgVeXq UgV3aXq
UgV3Xo UgV3Xs UgV3Xyg UgVoXy UgVoXy UgVoXo UgVoXs UgViX3 UgViXyg.
P4: U1ViXo UVgXo UgVaXy UgVoXs UgVoX3 UgViX3 UgVaX3 UgVsX3
U1V3Xg U1VoXys UoVoXys UoV3Xy UoVgXs U1VaXs UgVeXp U1VaXy U1VoXg
U1V1X1 U1V1Xg UoV1Xg UoV1X3 UoV1Xs UoV1X1 U3ViXy UsViXyg UgV1Xy
UgViX1.

In two paths P; and P, take u;v;X; as a source vertex. If two
vertices ujVixy or uvixx € P, where i, j, k=1,2,3,4andi=j
=k = 1) and uvjx, or uvixx € P such that fuzzy shortest path
from source vertex u;vix; for u;vjx, or u;viX, is through P, and
fuzzy shortest path from source vertex u;viX; for ujvjxy or

U;ViX is through Py, then d (UgViXy, UiViXy) = d (UgViXq, UiViXy)
or d (Uvixs, Uvix) = d (Uvixy, Uvx) if and only if
N(U1ViX1, UiViX) = N(UViXy, UiviX) or N(UiviXy, UViXe) =
N(u;v;Xy, Uvix). This implies that, /3 (Qg) # 1. Include u,vyxy
as another source vertex so that N(upViXs, UiviXi) # N(uaviXy,
UiViXi) or N(uaviXy, UViXi) # N(uaViXy, UjViXe), t](uzlel,
UiViXi) # d (Upvixy, UiVjXy) or d (Upvaxy, UjViXe) # d (Upvixy,
UjViXg)-

Continuing this process for all four paths in Qg, we get four
source vertices for Qg. M = {UViXy, UsViXq, UiViXs, UViXo}.
Hence, 3 (Qg) < 4.

C. Fuzzy Metric Dimension of Hypercube Q,.

Theorem: 2.4. If G = Q,, then % <BG)<n.
Proof: Q, can be decomposed into (n/2) Hamiltonian cycles,

by Theorem 1.7. We get, %s /? (Qn) <n, by Theorem 1.5.

I1l. FUZZY METRIC DIMENSION OF FUZZY
BOOLEAN GRAPHS BG,(G) AND BG;(G)

Let G:(o, u) be a fuzzy graph with its underlying set V and
graph G" = (¢, ). Let V(G) and E(G) be the vertex set and
edge set of G° respectively. The pair BG,(G):

(O-BGZ(G) ' #BGQ(G)) of G is defined as follows: Let the vertex
set of BG,(G) be V(G) L E(G). The fuzzy subset Tgg (g i
defined on V(G) L E(G) as

Ogg,(G) (u) =o(u) ifu e V(G)

O-BGZ(G)(e) =pu(e) ife e
E(G)
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The fuzzy relation Hge,(6) is defined as
Hee, ) (U V) =W, v)ifu, v e V(G), e =uv € E(G)
/“BGZ(G)(U,E) =0ife=uv ¢ E(G)

= u(e), e € E(G) and e is incident with u in G.
= 0, otherwise.
Hes, ) (€,€) = n(ei) A u(e), if the edges e and e; have no

common incident vertex in G.
=0, otherwise.

By the definition, s 6, (X,Y) < g, 6)(X) A Tig,6)(Y)
forall x, y in V(G) U E(G). Hence Hgg, (6) is a fuzzy relation
on the fuzzy subset Opgg,(c) - Hence, the pair BGy(G):
(GBGZ(G) , ﬂsez(e)) is a fuzzy graph and is termed as
Boolean fuzzy graph BG, of G - Second kind.

Similarly, the pair BGs(G): (Tas, 6 Mac,(e)) OF G is
defined as follows. The fuzzy subset o5 () is defined on
V(G) U E(G) as
Ogg, () (U) =o(u)ifu e V(G)

Oge,c)(€) =H(e)ife € E(G)

The fuzzy relation igg, (g, is defined as

Hpe,e)(UsV) =0,ifu, v e V(G)

Mg, (e (U, 8) = u(e), e € E(G) and e is incident with u in G.
=0, otherwise.

Hec,(c) (€,€;) = n(ei) A u(ey), if the edges e; and e; have no

common incident vertex in G.
= 0, otherwise.

By the definition, fi5g ) (X,Y) = Ogg 6y (X)
A Oy, () (Y) forallu,vinV(G) UE(G). Hence fgq (g is
a fuzzy relation on the fuzzy subset Oge,(c) - Hence, the pair
BG3(G): ( Oge,6) M8, (0) ) isafuzzy graph and is termed as
Boolean fuzzy graph BG; of G - Third Kind.

vy (0.9)
0.6 0.8
0.2
v, (0.6) v, (0.8)
0.6 0.1
V3 (07)

Fuzzy graph G

Retrieval Number: C6226029320/2020©BEIESP
DOI: 10.35940/ijeat.C6226.029320

3693 & Sciences Publication

Figure: 3.1 Fuzzy Boolean Graph BG3(G)

A. Fuzzy Metric Dimension of Fuzzy Boolean Graph
BG,(G).

In this section, we determine fuzzy metric basis of Fuzzy
Boolean Graph BG,(G) for some standard graphs of G.
Fuzzy Metric Dimension of BG,(P,).

Theorem: 3.1 If G = BG,(P,) (n > 3), then # (G) <

nLZZ,whennisodd.

n+3 .

— whenniseven.
Proof: Let vy, vy, V3, ..., v, be the vertices of P, and let v,v, =
€12, VoV3 = €23, ..., Vn_1Vn = €n_1 n D€ the edges of P,. We denote
€12 = €1, €3 = €, ..., €1 n = €, Edges of BG,(P,) can be
decomposed into Py, Py 1, P, ;.
Casei: nisodd

Edges of BG,(P,,) can be decomposed into (n/2)+1 fuzzy
paths as follows:
P1 VaVn1 V2 Vg Vinea «ooo V1 €16, €2€0_1 €3 €np . ... €nea)2
Ens2.
P2l €1 €360 €4€0 1 ..... €(neg)2 €(n+2)r2-
Psiereserese,..... €(n+8)/2 €(n+a)2-

P(n/2)+1: Vi €n Vi1 €41 V2
€h—2.....C1.
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In two paths P; and P,, take e, as a source vertex. If two
vertices vy or e, € P; and v, or e, € P, such that fuzzy shortest
path from source vertex e, for v, or g, is through P, and fuzzy
shortest path from source vertex e, for v, or e is through P,
then d (Ewz V) = d (Bwz €4) OF d (Ensz, &) = d (B, Vi) if and
only if N(enz, Vi) = N(€nz, €x) Or N(enz, &) = N(€nz, Vi). This
implies that, /3 (BG2(P1U Py)) # 1. Include ez, as another
source vertex so that N(e(+2)2, Vi) # N(€m+2)2, €) OF N(En+2)2,
e) # N(eps2y2 V1), d (Emezyzy Vi) # 0 (Enezy2 €) OF d (Enszy2,
en#d (es2y2s V1)

Continuing this process for all (n/2) + 1 paths in BG,(P,),
we get (n/2)+1 source vertices for BG,(Pn). M ={enz, ens2)2,
€(n+ay2> - +> €1, Vin}-

Hence, f (BG,(Py)) < (n+2)/2.
Case ii: niseven

Edges of BG,(P,) can be decomposed into ((n+1)/2)+1
fuzzy paths as follows:

Pl: VnVn-1 Vo2 Vn-3 V4 ..
€(n+3)/2-

V161616281 1€3€12..... €12

P2 €1€3€,€4€0 1 ..... €ne1)2 E(ne5)2-
Pseyes€1€5€..... €(n+3)12 E(n+7)12-

Pn+1y2: Bn-1y/2 €n+3y2 €(n-3)2 E(n+s)2 E(n-5)12 - - --- €(n-1) €1
P((n+1)/2)+l: Vi€ Vn1€n1 Vn2€nz..... €1.

which has the same characterization as mentioned in the
previous case.

Therefore, M = {€@ay2, €nesy2) Ens7y2s -
Hence, 3 (BG,(P,)) < (n+3)/2.

Fuzzy Metric Dimension of BG,(C,,).
Theorem: 3.2 If G = BG,(C,), then S (BG,(C,) <

*s en: Vn}-

nTJr?’,Whennisodd.

n+4 .

— whenniseven.
Proof: Let vy, vy, V3, ..., v, be the vertices of C, and let vyv, =
€12, VaV3 = €3, ..., Vn_1Vn = €n_1n, V1Vy = €1 D€ the edges of C,,.
Casei: niseven

Edges of BG,(C,) can be decomposed into g+2 fuzzy

paths as follows:

P1: V1 Vy €33 €45 €78 €11 12 ... €2 +2)i2 V(n+2)2 Vn+ay2 €m+ayi2

(n+6)12 €(n+8)12 (n+10)/2 €(n+14)12 (n+16)12 E(n+22)12 (n+24)12 - - -+ En1.

P2l Vo V3 €34 €56 €39 €121 ... €(ne2)2 (n+ay2 Vinay2 V(nt6)2 Eme6)2
(n+8)12 €(n+10)/2 (n+12)/2 €(n+16)/2 (n+18)/2 €(n+24)12 (n+26)/2 - - - -- €12,

P3i V3V4 €45 €67 €910 €12 ... €(neay2 (n+6)2 Vin+6)i2 V(n+8)2 Em+8)2
(n+10)/2 €(n+12)12 (n+14)12 €(n+18)/2 (n+20)/2 €(n+26)/2 (n+28)/2 - - - -- €23.

P4l V4Vs €56 €78 €1011 €23 «.... €(n+6)/2 (n+8)2 V(n+8)2 V(n+10)/2 €(n+10)/2
(n+12)/2 €(n+14)12 (n+16)12 €(n+20)/2 (n+22)12 €(n+28)/2 (n+30)/2 - - - -- €34.

Ps: V5 Ve €67 €39 €1112 €34 ..... €(neg)2 (n+10)2 Vin+10y2 V(n+12)2
€(n+12)/2 (n+14)12 €(n+16)/2 (n+18)/2 €(n+22)/2 (n+24)12 €(n+30)12 (n+32)/2 - - - -- €45.

P2l Vi Vineoyz E(n+2)2)((n+4)2) B((n+6)2)((n+8)/2) E((n+12)/2)((n+14)12)
€((n+20)12)((n+22)/2) Vine(n+6)2))12 V(n+((n+8)2))12  E(n+((n+8)12))/2
(+(n+12)/2))2 E(n+((n+12)/2))2 (n+(n+16)/2))2 E(n+((n+16)/2))12 (n+((n+20)/2))/2
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E(n+((n+24)/2))2 (n+((n+28)/2))/2 C(n+((n+36)/2))/2 (n+((n+40)/2))12 E(n+((n+52)/2))2

(n+((n+56)/2))/2 « - - +- €(n-2)/2 n/2-
Pioy+1: €12 €ney2 (n+ay2 €23 Eneay2 (n+6)2 €34 E(nv6)2 (n+8)2 €45
€(n+8)/2 (n+10)/2 €56 €(n+10)/2 (n+12)/2 €n/2 (n+2)2 - - --- €nl.

P(n/2)+2: €n1 V1 €12 V2 €23 V3 €34 V4 €45 V5856 Vg ...
Vn-2)12 €n-2)12 ni2 V2 -

In two paths P, and P,, take v; as a source vertex. If two
vertices vy or ¢, € Py and v, or g, € P, such that fuzzy shortest
path from v, for vy or g, is through P, and fuzzy shortest path

€(n-4)12 (n-2)/2

from v, for v, or e, is through P4, then &(vl, Vi) = d(vl, ey) or
d(vi, &) = d(vy, v)) if and only if N(vq, Vi) = N(v1, &) or
N(vi, &) = N(vy, v)). This implies that, # (BG(C,)) # 1.
Include v, as another source vertex so that N(v,, Vi) # N(vy,
ex) or N(v,, €)) #N(v, V), d(vz, Vi) # d(vz, ex)or d(vz, e

# a(VZI V|)'
Continuing this process for all (n/2) + 2 paths in BG,(C,,),
we get (n/2)+2 source vertices for BG,(C,). M = {vi,Vy Vs,

<oo> Vi, €nt, €(n-2)i2 ni2}-
Hence, 3 (BG,(Cy)) < (n+4)/2.
Case ii: nis odd

Edges of BG»(C,,) can be decomposed into (n+3)/2 fuzzy
paths as follows:
P1i V1 Vo €23 €45 €78 €1112 ++... €12 (n+1)2 V(n+1y2 V(ne3)2 €(n+3)i2
(n+5)12 €(n+7)12 (n+9)12 €(n+13)/2 (n+15)/2 €(n+21)/2 (n+23)/2 « - - - €n-11.
P2l Vo V3 €34 56 €89 €121 «.... €(na1)2 (1432 V(n+3)2 V(n5)2 Enes)2
(n+7)/2 €(n+9)12 (n+11)/2 €(n+15)12 (n+17)/2 €(n+23)12 (n+25)12 - - - -- €12,
P3: V3V €45 €67 €910 €12 ... €32 (ne5)2 V(ne5)2 Vine7)2 Eme7y2
(n+9)12 E(n+11)12 (n+13)/2 €(n+17)12 (n+19)12 E(n+25)2 (n+27)/2 - - - -+ €23,
€n+5)12 (+7)12 V(n+7)12 V(n+9)2 €(n+oyi2
(n+12)/2 €(n+13)/2 (n+15)/2 €(n+19)/2 (n+21)12 E(n+27)/2 (n+29)/2 + - - -+ €34.
€m+7)2 (1+9)/2 V(n+9)2 V(n+11)12 €(n+11)2
(n+13)12 €(n+15)72 (n+17)12 E(n+21)2 (n+23)/2 €(n+29)12 (n+31)/2 - - - -+ €45.

P4l V4 Vs €56 €78 €1011 €23 ...

Ps: V5 Vg €67 €39 €111 €34 .. ...

€((n+1)12)((n+3)/2) €((n+5)12)((+7)12)
Vin+((n+5)/2))2 V(n+((n+7)12))/12

Pone: Voo  Vese
E((n+11)2)((n+13)2) €((n+19)/2)((n+21)/2) -+ -+
€(n-1+((n+7)/2))/2 €(n-1+((n+12)/2))/2

(n=1+((n+11)/2))/2 (n=1+((n+15)/2))/2

En-1+((n+15)2))2  (-1+((+19)2)2  C-1+((n+23)2))2  (n-1+((n+27)/2))12
E(n-1+((+35)/2))/2 (n-1+((+39)/2))/2 C(-1+((n+51)/2))2 (N-1+((N+55)/2))/2 + - -+
€(n-3)12 (n-1)/2-

P(n+1)/2: Vin V1 €12 €34 €67 ... €im Vi

P(n+a)y2: €n1 V1 €12 V2 823 V3 a4 V4 €45 V556 Ve ...
V(n-3)12 €n-3)12 (n-1)12 V(n-1)/12 -

which has the same characterization as mentioned the
previous case.

Therefore, M = {vi, Vo Vs, ..
B (BG,(Cy)) < (n+3)/2.
Fuzzy Metric Dimension of BG,(nK5).
Theorem: 3.3 If G = BG,(nK>) then /3 (BG,(G)) < n.

Proof: Letvs, v, Vs, ..., vo, be the vertices of nK, and let vyvs
= €12, V3V4 =€34, ..., Vom-1Vom = €2m-12m be the edges of nKo.
We denote €15 = €1, €34 = €5, ..., €m-12m = €m Edges of
BG,(nK}) can be decomposed into K;, and n triangles.

Casei: niseven

€(n-5)/2 (n-3)/2

- Vin-1y2r Vo €12}. Hence,
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We know that K, (n > 4) is decomposable into two fuzzy paths
as follows:
(i) n/2 Hamiltonian fuzzy paths of length n — 1.(or)
(ii) n-—1 fuzzy paths of length n/2.
Thus, Edges of BG,(nK3) can be decomposed into n fuzzy
paths as follows:
P1: Voi_1 Vo €1 82 €, €361 €4 €325 ... €neay2 €n+2)2 Vom-1-
P2l Vi1 Vo €3 83 €1 €4€3€5€0_1 €6 ... €n+e)2 En+ay2 Vom-1.
P3: Voi_1 Voj €384 €5 €561 86 €n€7 ... €neg)i2 En+6)i2 Vom-1-
P4: Voiig Voi €4 €5 €3 €6€2€7 €1 €3 ... €(n+10)/2 E(n+g)2 Vom-1.

Pri2: Vaic1 Vai €ni2 €ni2)+1 €(n-2)i2 €(n+4yi2 E(n-4y2 €(n+6)2 E(n-6)/2 - - .- €1
€, Vom-1, Wherei=1, 2, 3, ..., n/2.

P2y+1: Vai1 Vai Bni2yr1 €iz)+2 Voj-1 Vaj-

P2y+2: Vaic1 Vai B(ni2yr2 €ni2)+3 Voj-1 Vaj.

Pn-1: Vaii1 Vai i2y+((ni2) 1) E(n/2)+(n/2) Vaj-1 Voj, Where i1 < j = i+1, i
=1,2,3,...,n/2.
Pn: Voi1 €i2)+1 ni2)+2 - - -
1).

In two paths P; and P,, v, is fixed as a source vertex. If two
vertices vy or e, € P, and v, or e, € P, such that fuzzy shortest
path from v, for vy or g, is through P, and fuzzy shortest path

from v, for v; or ey is through Py, then d (vi, vi) = d (v4, &) or

emi2y+(ni2) V2j, Where 1 <j =1 +((n/2) -

d(vl, e) = d(vl, vy) if and only if N(vy, Vi) = N(vy, &) or
N(v1, &) = N(v, v)). This implies that, £ (BG,(nK,)) # 1.
Include vz as another source vertex so that N(va, Vi) #N(vs, )
or N(vs, &) # N(va, vi), d (va, vi)) # d (va, &) or d (vg, &) #
d(v3, v)) Continuing this process for all n paths in BG,(nKj),
we get n source vertices for BGy(nKy). M = {vy, Vo, Vs, ...,
Vo}. Hence, £ (BG,(nKy)) <n.
Case ii: nis odd.

We know that K, (n > 3) is decomposable into n fuzzy paths
of length (n—1)/2.
Pj: € €41 €43 - - ... Cjr((n-1)(n+1)/8)> wherej =1,2,3,...,n

And also BG,(G) can be decomposed into n fuzzy paths of
length (n+5)/2 as follows:
Pj: V2j-1 V2j €j €41 €j43 - . ... €jr((n-1)(n+1)/8) Vom-1, Wherej =1,2,3,
..., .

which has the same characterization as mentioned in the
previous case.
Therefore, M ={e;, e, €3, ..., e,}. Hence, 3 (BG,(nK)) <n.
Fuzzy Metric Dimension of BG,(Sy ).
Theorem: 3.4 If G = BG,(Sy,,) then 3 (BG,(G)) <n.
Proof: Let S; , be a star fuzzy graph with n +1 vertices and n
edges. Let vy, vy, Vs, ..., vy be the n pendant vertices of Sy,
and let viv = e;, W, = e,, ..., vv, = €, be the edges of S, ,
where v is the central vertex of S;,. BGy(Si,) can be
decomposed into S; ,, subdivision graph of Sy .
Case i: niseven

Edges of BG,(S1 ) can be decomposed into n/2 fuzzy paths
of length two and n/2 fuzzy paths of length of four as follows:
PiviVvv,.
Py va Vv,
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P3: V5V V.

I:)nlz: Vn-1 V Vq.

P(ni2y+1: V1 €1V €5 Vs
P(i2)+2: V3 €3V €4 Vs,
P(n2)+3: Vs €5V €6 V.

Po: Vi1 €01V €, Vi,

In two paths P, and P,, v, is fixed as a source vertex. If two
vertices vy or g, € Py and v, or g, € P, such that fuzzy shortest
path from v, for v or e, is through P, and fuzzy shortest path
from v, for v, or e is through Py, then d (vy, vi)) = d (v4, &) or
d(vl, e) = d(vl, v)) if and only if N(vy, vi) = N(vq, &) or
N(v1, &) = N(vy, v)). This implies that, # (BGx(Sin)) # 1.
Include vz as another source vertex so that N(vs, Vi) # N(va,
e) or N(va, €) #N(va, vi) , d (v, vi) # d (va, &) or d (v3, ey
# d (vs, V). Continuing this process for all n paths in
BG,(Sy ), We get n source vertices for BGy(Sy ).

Therefore, M = {vy, vs, .. ., €n-1}. Hence,

B (BGy(S1)) <n.
Case ii: nis odd.
Edges of BGy(S;,) can be decomposed into n fuzzy paths
of length three as follows:
Piivieivv,.
SV N-TAVAVS
Pa: V3 €3V V4.

-» Vn-1, €1, €3, ..

P vhen Vv,

In two paths P, and P,, e, is fixed as a source vertex. If two
vertices vy or g, € Py and v, or g, € P, such that fuzzy shortest
path from e, for v, or e, is through P, and fuzzy shortest path
from e, for v, or e is through Py, then d (e, vi) = d (&1, &) or
d (er, &)= d (e1, vy) ifand only if N(eq, vi) = N(ey, ex) or N(ey,
e) = N(ey, v;). Thisimplies that, 3 (BGx(S1n)) # 1. Include e,
as another source vertex so that N(e,, Vi) # N(e,, €x) or N(ey,
e) #N(ez, V), d (ez, vk Ore)# d(ez, € Or vy) or d (ez, v or
e) # d (e, e or v).

Continuing this process for all n paths in BG,(S; ), we get
n source vertices for BG,(Sy,). M = {e1, €5 €3, ..., €n}
Hence, 3 (BG,(Sy,)) <n.

B. Fuzzy Metric dimension of fuzzy Boolean graph
BG3(G).

In this section, We determine the fuzzy Metric basis of
fuzzy Boolean graph BG;(G) for some standard fuzzy graphs
G.

Fuzzy Metric Dimension of BG;(P,,).

Theorem: 3.5 If G = BGy(P,) (n > 3), then B(G) <
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n%Z,Whennisodd.

n+3 .

— whenniseven.
Proof: Let vy, V,, Vs, ..., vy € V(P,) and let viv, = 15, Vovz =
€23, ..., VniaVn = €n_1n € E(Py). We denote e, =€, e3=65, ...,
€n-1n = €n.
Edges of BG;(P,,) can be partitioned into P,,_s, |3n
Casei: nisodd

Edges of BG3(P,,) can be decomposed into (n/2) + 1 fuzzy
paths as follows:
PiiVie1€,€€6h183€h..... €(n+4)/2 Ens2-

-1

P2 €1 €36, €4€0 1 ..... €neg)2 €(ne2)2-
Psiesese;ese,..... €(n+8)12 €(n+ay2-

Pri2: €n-2)2 €n+2)2 B(n-ay2 €n+ay2 E(n-6)i2 - - - - €(n-1) €1
P(n2)+1: Vin €n Vino1€n1 V2 Ena ... €1V1.

In two paths P, and P, of BG3(G), take e, as a source
vertex. If two vertices vy or e; € P, and v,or e, € P, such that
fuzzy shortest path from e,, for v or ¢ is through P, and fuzzy
shortest path from e, for v, or e is through P4, then d (em, Vi)
=d (emed) or d (em €)= d (em Vi) ifand only if N(em, Vi)
= N(en, €x) or N(en, €) = N(em V). This implies that,
ﬁ (BG3(G)) # 1. Include e, as another source vertex so that
N(e11 Vk) # N(ela ek) or N(e11 e|) # N(ell Vl)l d (ell Vk or el) #
d (ey, exorvy) or d (ey, viore) # d (er, ex or vy)

Continuing this process for all (n/2) + 1 paths in BG5(P,,),
we get (n/2) + 1 source vertices for BG3(P,). M = {e,, €1, €,
..., €2 Vo}. Hence, 3 (BG3(Py)) < (n+2)/2.

Case ii: niseven

Edges of BG3(P,,) can be decomposed into ((n+3)/2) fuzzy
paths as follows:
Pii€1€n€2€11€3€02..... € (n-1)22 E(e3)2-
P2 €163 € €4€n1..... €ne1)2 E(ne5)2-

P3: €2 €4 €1 €58y ..... €ne3)2 €ne7)i2-

Pn+1y2: Bn-1y2 €n+3)2 B(n-3)/2 E(n+s)2 B(n-5)/2 - - --- €(n-1) €1
P(n+3)2: Vin €n Vi1 €n-1 Va2 Bnp ... €1V1.
which has the same characterization as mentioned in the
previous case.
Therefore, M = {e,, €1, €,
B (BG3(P,)) < (n+3)/2.
Fuzzy Metric Dimension of BG3(C,,).
Theorem: 3.6 If G = BG4(C,), then S (BG3(C,) <

nTJFS,Whennisodd.

s €n-12 Vo). Hence,

n+6 .

— whenniseven.
Proof: Let vy, vy, Vs, ..., v, be the vertices of C, and let vyv, =
€12, VaV3 = €23, ..., Vn_1Vn = €n_1n, V1Vy = €1 b€ the edges of C,,.
Case i: niseven
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Edges of BG3(C,) can be decomposed into g+3fuzzy

paths as follows:

P1: Vo €23 €45 €78 €1112 ... €n2 (42)/2 E(n+ay2 (n+6)/2 E(n+8)/2 (n+10)/2
€(n+14)12 (n+16)/2 €(n+22)/2 (n+24)/2 - - - -+ €n1.

P2l V3 €34 €56 €39 €121 ... €ne2)2 (n+a)2 B(ne6)2 (n+8)/2 E(n+10)2
(n+12)/2 8(n+16)12 (n+18)12 €(n+24)/2 (n+26)/2 - - - - €12,

P3l Va4 €45 €67 €910 €12 ..... €nea)2 (n+6)2 E(n+8)2 (n+10)2 E(n+12)/2
(n+14)12 B(n+18)12 (n+20)12 €(n+26)/2 (n+28)/2 - - - - €23.

P4l Vs €56 €78 €1011 €23 ... €(n+6)/2 (n+8)/2 E(n+10)/2 (1+12)/2 E(n+14)2
(n+16)/2 8(n+20)12 (n+22)12 €(n+28)/2 (n+30)/2 - - - - €34,

Ps: Vg €67 €89 €1112 €34 ... €(neg)2 (n+10)2 E(n+12)/2 (n+14)2 E(n+16)2
(n+18)/2 B(n+22)12 (n+24)12 €(n+30)/2 (n+32)/2 - - - -+ €45:

Poi Ve Bnw2i2)(+ay2)  Bneey2)(n+8)2)  B((n+12)2)((n+14)12)
€((n+20)/2)((n+22)12) Cn+((n+8)2))2  (n+(n+12)2))2  E(n+((n+12)12))/2
(+((n+16)/2))2 E(n+((n+16)2))2 (n+((n+20)/2))2 E(n+((n+24)12))/2 (n+((n+28)/2))/2

€(n+((n+36)/2))/12 (+((n+40)/2))/2 E(n+((n+52)/2))/2 (N+((+56)/2))/2 - - +++ €(n-2)/2 nf2-
P21l €12 Bne2y2 (neay2 €23 Emeay2 (n+6)2 €34 E(nesyi2 (n+8)2 €45
€(n+8)/2 (n+10)/2 €56 E(n+10)/2 (1+12)/2 €n/2 (+2)/2 - - --- €nl.

P(/2)+2: €n1 V1 €12 V2 €23 V3834 V4 €45 V5 €56 Vg ... €n-1)n Vi
Pi2)+3: Vinrayz €meayz ez Vinrsyz E(neey2 (neey2 Vin+g)2 €(n+8)2
(n+10)2 V(n+10)2 En+10)2 (n+12)2 V(n+12)2 €(n+12)2 (n+14)2
V(n+(n+8)12)/2 € (n+(n+8)/2)12 (n+(n+12)/2)/2-

In two paths P, and P, of BG3(G), v, is fixed as a source
vertex. If two vertices vy or e, € P, and v, or e, € P, such that
fuzzy shortest path from v, for v or e, is through P, and fuzzy

shortest path from v, for v, or ey is through P, then d (Va, Vk)

= d (vy, € or d (Vo &) = d (vp, vy) if and only if N(v,, Vi) =
N(v,, €) or N(v,, €) = N(v,, V). This implies that,
B3 (BG3(Cy)) # 1. Include v; as another source vertex so that

N(V3l Vk) 71: N(V3l ek) or N(V31 e|) ?I: N(V31 V|)1 a (V31 Vk) ;é d

(v3, ec)or d (v, e)# d (vs, v).

Continuing this process for all (n/2) + 3 paths in BG3(C,) ,
we get (n/2) + 3 source vertices for BG3(Cy,). M ={v, Vs, ...,
Vin+2)2: €12, €n1, Vineay2}- Henee, S (BG3(Cy)) < (n+6)/2.
Case ii: nis odd

Edges of BG3(C,,) can be decomposed into (n+5)/2 fuzzy
paths as follows:
€(n-1)12 (n+1)12 E(n+3)12 (n+5)12 €(n+7)12 (n+9)/2
€(n+13)/2 (n+15)/2 €(n+21)/2 (n+23)/2 - - -+ €n-11.

P2 V3 €34 856 €89 €121 - ... €12 (n+3)/2 B(n+5)/2 (n+7)/2 E(n+g)/2 (n+11)/2
€(n+15)/2 (+17)/2 E(n+23)12 (n+25)/2 - - - -+ €12.

P3i Vs €45 €67 €910 €12 +..o. €(ne3)2 (n+5)2 E(n+7)i2 (n+9)2 E(n+11)2
(n+13)12 €(n+17)/2 (n+19)12 E(n+25)2 (n+27)/2 + + - -+ €23,

P4 Vs 56 €78 €1011 €23 - €(nesy2 (ne7)/2 B2 (n+11)/2 E(n+13)2
(n+15)12 €(n+19)12 (n+21)12 E(n+27)2 (n+29)/2 - - - -+ €34,

Ps: Ve €67 €59 €1112 €34 ..... €(ns7y2 (n+9)2 Em+11)/2 (n+13)2 €(n+15)2
(n+17)12 €(n+21)2 (n+23)12 €(n+29)/2 (n+31)/2 - - - -+ €45.

P1iV2€23645€78€1112 ...

Pi-ny2: Vaenz Enenymea)2) B(nsy2)((n+7y2)  B((n+11)/2)((n+13)12)
€((n+19)/2)((n+21)/2) - - - - C(n-1+((+7)/2))/2 (n-1+((n+11)/2))/2
e(n—1+((n+11)/2))/2 (n=1+((n+15)/2))/2
e(n—1+((n+15)/2))/2 (n=1+((n+19)/2))/2
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C(n-1+((+23)2))2  (n-1+((n+27)/2))2  E(n-1+((n+35)/2))12
e(n—1+((n+51)/2))/2 (n=1+(n+55)/2))/2 - - - -+ €(n-3)/2 (n-1)/2-
P(n+1/2): V1 €12 €34 €67 ... €Im Vi

P(n+3/2): €n1 V1 €12 V2 €23 V3 €34 V4 45 V5 €56 Vg ... €(n_1)n V.

(n=1+((n+39)/2))/2

Piesy2: Vineayz Eneay2 (nesy2 Vinesy2 Emesy2 (neny2 Vns7y2 Ene7)2
(n+9)/2 V(n+9)2 €(n+9)/2 (n+11)/2 V(n+11)/2 €(n+11)/2 (n+13)/2 « - --- V (n+(n+7)12)/2
€ ((n-1)+(n+7)/2)12 (n-1)+(n+11)/2)/2-

which has the same characterization as mentioned in the
previous case. Therefore, M = {V; Vs, ..., V(ns1y2, Vi, Va}
Hence, 3 (BG3(Cy)) < (n+5)/2.

Fuzzy Metric Dimension of BG3(nKy).

Theorem: 3.7 If G = BG;(nKy) then /3 (BG,(G)) < n.

Proof: Letvy, Vs, Vs, ..., vo, be the vertices of nK, and let vyv,
= €15, V3V = €34, ..., Von_1Von = €on_1 2y bE the edges of nK,. We
denote e1» = €1, €31 = €5, ..., €xn-12n = En.
Edges of BG3(nK) can be decomposed into K, and n paths of
length two.
Case i: niseven
We know that K, (n >4) is decomposable into two fuzzy paths
as follows:

(i) 1n/2 Hamiltonian fuzzy paths of length n — 1.(or)

(ii) n-— 1 fuzzy paths of length n/2.
Thus, Edges of BG; (nK;) can be decomposed into n fuzzy
paths as follows:
P1: Voi €1 €5 €1 8361 €480 285 ..... €(n+ay2 En+2)2 Vom-1.
P2 Vo €2 €381 846,658,166 ..... €(n+6)/2 €(n+4)2 Vom-1-
P3: Vyi €3 €4 € €5€1€6€1 €7 ..... €(n+g)2 €(n+6)2 Vom-1.
P4: Voi €4 €5 €3 85682 €781 5 ... €(n+10)2 E(n+8)/2 Vom-1-

Pri2: Vai €2 B2+t €(n-2y2 En+ay2 B(n-ay2 En+6)2 €(ng)2 ----- €1 En
Vom-1, Where1i=1,2,3, ..., n/2.
P21’ Vai €mi2)+1 Enizy+2 Vaj-1-

Pi2y+2: Vai €miz)+2 E(ni2)+a Vaj-1-

Ph-1: Vai €i2)+((n/2)-1) Bri2)+(ni2) Voj-1, Where i<j=i+1,i=1,2,3,
..., n/2.
P Voii1 €i2)+1 Eni2)+2 - - -
1).

In two paths P, and P, of BG3(G), take e, as a source vertex.
If two vertices v or e, € P, and v,or e, € P, such that fuzzy
shortest path from e; for vy or e, is through P, and fuzzy

em2)+(ni2) V2j, Where 1 <j=1+((n/2) —

shortest path from e, for v, or ey is through P4, then d (e, vi) =
d (e1, e or d(e1, €)= d (e, v)if and only if N(ey, vi) =
N(es, e) or N(e;, €) = N(e;, V). This implies that,
[5’ (BG2(nKj)) # 1. Include e, as another source vertex so that

N(e3, Vi) # N(ez, &) or N(ez, &) #N(ez, vi), d (62, Vi) # d (&5,
ec)or d (ese)# d (e V).

Continuing this process for all n paths in BG3(nK,), we get
n source vertices for BG3(nKy). M = {e1, €, €, ...
€21 - En}. Hence, # (BG(nK,)) < n.
Case ii: nis odd.

We know that K, (n> 3) is decomposable into n fuzzy paths
of length (n—1)/2.

> Cni2y
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Pj: €j €j+1 €j+3 .. ... Cj+((n-1)(n+1)/8)> wherej =1,2,3,...,n

Also Edges of BG3(G) can be decomposed into n fuzzy paths
of length (n+3)/2 as follows:

Pj: V2j €j €j+1 €j+3 - . ... €j+((n-1)(n+1)/8) Vom-1, wherej =1,2,3,...,n.
which has the same characterization as mentioned in the
previous case.

Therefore, M = {ey, €, €3, ..
n.

., en}. Hence, B (BGs(nKy)) <

Fuzzy Metric Dimension of BG3(Sy ).
Theorem: 3.8 If G = BGy(Si,) then B (BG4(G)) <

nT“,whennisodd.

n .
> whenniseven.

Proof: Let S; , be a star fuzzy graph with n +1 vertices and n
edges. Let vy, vy, V3, ..., vy be the n pendant vertices of S,
and let viv = e;, Vv, =@y, ..., vv, = €, be the edges of S, ,
where v is the central vertex of S; .. Edges of BG3(S; ) can be
decomposed into subdivision graph of Sy .
Case i: niseven

Edges of BG3(S,,,) can be decomposed into n/2 fuzzy paths
of length of four as follows:
Piivieve, vy
Py viesVve, vy
P3: Vs €5V g V.

Pnlz: Vn-1 €n-1V €4 Vi

In two paths P, and P,, v, is fixed as a source vertex. If two
vertices vy or e, € Py and v, or e, € P, such that fuzzy shortest
path from v, for v or e, is through P, and fuzzy shortest path

from v, for v, or e is through P4, then d(vl, Vi) = &(vl, ey) or
d (v1, &) = d (vq, vy)ifand only if N(vy, Vi) = N(v4, e,) or N(v;,
er) = N(vy, vy). This implies that, 3 (BG3(S1)) # 1. Include vs
as another source vertex so that N(vs, i) # N(vs, €x) or N(va,
) £ N(vs, v)), d(va, vi) # d (va, &) or d (v, &) # d (v3, V).

Continuing this process for all n/2 paths in BG3(Sy,), we
get n/2 source vertices for BG3(Sy). M = {vy, Vs, ..., vo_1}-
Hence, S (BG3(Syy)) < n/2.

Case ii: nis odd.

Edges of BG3(Sy,,) can be decomposed into n/2 fuzzy paths
of length four and one fuzzy path of length two as follows:
Pivieive, v,

P, vieszve, vy
Pa: V5 €5V g V.

P(n-1)2" V-2 €n—2V €n_1 Vp_1.
P(n+1)/2: V €n Vi

In two paths P, and P,, take e; as a source vertex. If two
vertices vy or g, € Py and v, or g, € P, such that fuzzy shortest
path from e, for vy or e, is through P, and fuzzy shortest path
from e, for v, or e is

through Py, then d (e, Vi)
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= d (ey, e ord (e, &) = d (e, vy) if and only if N(ey, Vi) =
N(es, e) or N(e;, €) = N(ey, vy). This implies that,

S (BG3(Sy)) # 1. Include ez as another source vertex so that

N(es, Vi) # N(es, ex ) or N(es, €)) # N(es, vi), d (e, vi) # d (es,
e or d (es, e) # d (e5, W),

Continuing this process for all n paths in BG3(S; ), we get
n source vertices for BG3(Syn). M ={ey, €3, €s, ..., €no €n}.
Hence, 3 (BG3(Sy,) < (n+1)/2.

IV CONCLUSION

We have determined the fuzzy metric dimension of fuzzy
Hypercube Q4 and Qg, obtained some new bounds for fuzzy
metric dimension of fuzzy Hypercube Q.

We have calculated fuzzy metric dimension of fuzzy
Boolean graph BG,(G) of fuzzy path, fuzzy cycle, star fuzzy
graph and nK,. We have also determined the fuzzy metric
dimension of fuzzy Boolean graph BG3(G) of fuzzy path,
fuzzy cycle, star fuzzy graph and nK..
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