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Abstract In this paper, we consider rotationally symmetric traingular planar
network with possible planar symmetries. We find local fractional metric dimen-
sion of planar symmetries. The objective is to search sequences of local fractional
metric dimension of triangular prism planar networks by joining different copies.
We propose and prove generalized formulas of all sequences for local fractinal
metric dimension over triangular prism..
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1 Introduction

Graph theory has played a very important role in many branches of science. The idea of metric in graph
theory, is used to find a minimum distance between different vertices in real applied problems. In a graph
network, the concepts of complexity, modularity, centrality, accessibility, connectivity, robustness, and
clustering are, in fact, the structural properties of that networks. Resolving sets are used to identify the
source of diffusion across a network. A graph G is a network over a set of vertices with set of edges. Set
of vertices is represented by V(G) and set of edges is denoted by E(G). While, d(u, v) denotes the minimum
distance between u and v. Let M = [{m4,m,, ..., m;} be a subset of vertices of a graph G. A vertex x of a
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graph G is said to resolve two vertices u and v of G if d(x,u) 7 d(x,v). A set M is called resolving set( or
locating) of G if every vertex in G can be uniquely determined by its distances from the vertices in M. Re-
solving set of minimum cardinality is called metric basis. The metric dimension Of G is denoted by 8(G) and
is the cardinality of minimum resolving set. The minimum cardinality of local resolving set is called local
metric dimension of G and it is denoted by Imd(G). Resolving sets for graphs were introduced indepen-
dently by Slater(1975) and Harary and Malter (1976), while the concept of resolving set and that of metric
dimension were defined much earlier in a more general context of metric spaces by Blumenthal in his
monography theory and applications of distance geometry [1,2]. Slater used the idea of locating sets and
introduced the term resolving set for connected graphs [3,5]. Metric dimension of generalized peterson
graphs has been investigated in [6]. Liuetal investigated many different aspects of graph theory such as
indices, metric dimension, domination number in [7-10]. In 2000, Chartrand et al., found the solution in
term of metric dimension of integer programming solution given in [11]. Further, Currie and Oellarmann
introduced the concept of fractional metric dimension for getting more accurate solution of integer pro-
gramming problem [12]. In [13-26], authors have already proposed several classes of integers based on
partitions of integers together with graph structures and their applications in graph labeling. In this paper,
we propose and prove generalized formulas of all sequences for local fractional metric dimension over
triangular prism.

2 Preliminaries

In this section, we review the fundamental concepts of connected graphs, resolving function, minimal
resolving function and the related terminology.

Definition 1. Let G be a connected graph. A vertex u is said to resolve a pair of vertices if d(x,u) 7 d(y, u)
for every pair of vertices x,y € V(G). The resolving neighborhood of a pair of vertices x,y € V(G) is the set
R={ueV(G) | d(x, u) 7 d(x, v)}.

Definition 2. Let G be a connected graph. A function 6 : V(G) — [0, 11 is defined as resolving function of G if
O(R{x,y}) > 1 for all x,y € V(G), where 9(?)‘%{x,y})=zu€%{xly} ou).

Definition 3. A function is a resolving function ¢’ of G if 6(u) is minimal resolving function of G and if 7 ¢'(u)
with 0 : V(G) — [0, 1] such that 0 < ¢’ and u € V(G) is not a resolving function of G.

Definition 4. Let ¢’ ba a minimal resolving function of G. Then the fractional metric dimension is defined as
dimg(G) = min{| ¢' | : 9" is the minimal resolving function of G where | ¢' | can be defined as

10 =X ueve) 0'(u).

Definition 5. A resolving function is called local resolving function if ¢'(R{x,y}) > 1 and the fractional metric
dimension is called local fractional metric dimension if we consider those resolving sets having adjacent pair of
vertices.

Remark 1. The following are the well-known generalized results proved earlier.

* The metric dimension of a graph G is 1 if and only if G is a path.
* The metric dimension of an n vertex graph is n -1 if and only if it is a complete graph.
* Let G be a finite connected graph of order n > 2, then ldimf(G) < dimf(G)
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* Let G be a finite connected graph of order n > 2, then
* ldim¢(G)=1 if and only if the graph G is bipartite.
. ldimf(G)=g if and only if each vertex in V(G) has a true twin vertex.

mmEET < 1dimg(G) < 15 <

<
NIS

3 Rotationally symmetric triangular prism planar
networks

In this section, we define triangular prism network with possible faces and compute local fractional metric
dimension of those possible planar faces.

Proposition 1. Let Py be a triangular prism constructed as a Halin graph from six vertex tree having five faces.
Then local fractional metric dimension of P4 is given by

; 3

Proof. Let Py be a triangular prism having 5 faces and let t],t1,¢1,¢1,t1,t! be the vertices of prism P;. Now
we are going to find the local fractional metric dimension of triangular prism P4. So, by definition of local
fractional metric dimension, all possible resolving sets are given by

o R{t], 3y = V(P -{tl, ey,

o R{t], 1)} = V(Py)-¢,

o R{t], 6}y = V(P -{d, e},

o R{D, 01y = V(P -{t, el

o R{ED, 60y = V(P -{t), el )

o R{t3,t3} = V(Py)-¢,

o R{, 61} = V(P -{t], 0},

o R{E), 61y = V(P -{t], 8},

o R(td, tly = V(P)-¢.
Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 4. So by relation, we have

. 6 3

O

Proposition 2. let P, be a Triangular prism constructed as a Halin graph from six vertex tree having six faces.
Then the local fractional metric dimension of P, is given by

/dimf(Pz) = 2. (4)
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Proof. Let P, be a triangular prism having 6 faces and let t],t1,¢1,¢1t,t] be the vertices of prism P,. Now
we are going to find the local fractional metric dimension of triangular prism P,. So, by definition of local
fractional metric dimension, all possible resolving sets are given by

o R(t], 1} = V(P)-{td, 15},

oR{t], 6} = V(Py)-{t3},

o R{t], 1}y = V(P -{8, 8, e},

o R{O, 1} = V(P -{t], e},

oR{, 4} = V(P)-{tg),

e R{), 60y = V(P -{d, ), ey, (5)

oR{(t3,} = V(P)-9,

o R{A, t}y = V(P -{t]),

o R{A, B} = V(P -{t], 8},

o R{td, tly = V(P - el

Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardi-
nality of resolving set is 3. So by relation, we have

. 6
ldims(P,) = 3= 2. (6)

f

O

Proposition 3. et P3 be a Triangular prism constructed as a Halin graph from six vertex tree having six faces.
Then the local fractional metric dimension of P is given by

Proof. Let P3 be a triangular prism having 6 faces and let t],t1,¢1,¢1,t,t] be the vertices of prism P3. Now
we are going to find the local fractional metric dimension of triangular prism P3. So, by definition of local
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fractional metric dimension, all possible resolving sets are given by
oR(t], ]} = V(P3)-{ti},
oR{t], L} = V(P3)-{tl},
e R{t],thy = V(Py) -8, 1)t
oR{t) 8l = ViPy)-{d. e e},
oR(t, 11} = V(P3)-{t, 1}
enitl ) = VP-4, ®)
o R(t, 11} = V(P3)-{t], 81}
oR(th,t1} = V(P3)-{2},
o Rt 81} = V(P3)-{t]},
oR(t], 1} = V(P3)-{t),tl}.

Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

9)
O

. 6
ldimg(P3) = 3.

Proposition 4. let P, be a Triangular prism constructed as a Halin graph from six vertex tree having six faces.
Then the local fractional metric dimension of P, is given by

Proof. Let P, be a triangular prism having 6 faces and let t],t1,¢1,¢1,t,t! be the vertices of prism P4. Now
we are going to find the local fractional metric dimension of triangular prism P4. So, by definition of local
fractional metric dimension, all possible resolving sets are given by
o R{t], 1} = V(Py)-{t, e,
oR{t], 5} = V(P-4
o R{t], 11} = V(Py)-{tl},
o R{th, 11y = V(Py)-{t), e,
oR{, 63} = V(P -{t3),
o R{D, 60y = V(Py)-{t), el
oR{t3,13} = V(Py)-{td}
o R{, 1}y = V(Py)-{t],8, e},
o R{t), 6y = V(Py-{t], 8, ey,
o R{td, tly = v(Py) -ty
Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

(11

. 6
Id/mf(P4) = § (12)
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O

Proposition 5. let Ps be a Triangular prism constructed as a Halin graph from six vertex tree having six faces.
Then the local fractional metric dimension of Ps is given by

IdimsPs) = 2. (13)

Proof. Let Ps be a triangular prism having 6 faces and let t],t1,t1,¢1,t,t! be the vertices of prism Ps. Now
we are going to find the local fractional metric dimension of triangular prism Ps. So, by definition of local
fractional metric dimension, all possible resolving sets are given by

oR(t], ]} = V(Ps)-{ti},

o R{t], 13} = V(Ps)-¢,
oR(t], tl} = V(Ps)-{td,t}},

o R(L, 6} = V(Ps)-{t}, 11},
oR(t) 11} = V(Ps)-{td,tl},
o (L), 1} = V(Ps)-{t}},

o R(tL, 13} = V(Ps)-{ti},
oR(tl, i} = V(Ps)-{d]. 4, e},
o Rty 11} = V(Ps)-{t],t},t}},
oR(td, tl} = V(Ps)-{td}.

(14)

Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

Idim(Ps) = (15)

6
3
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Proposition 6. /et Pg be a Triangular prism constructed as a Halin graph from six vertex tree having seven
faces. Then the local fractional metric dimension of Pg is given by

IdimsPg) = 2. (16)

Proof. Let Pg be a triangular prism having 7 faces. Now we are going to find the local fractional metric di-
mension of triangular prism Pg. So, by definition of local fractional metric dimension, all possible resolving
sets are given by

o R{t],th} = V(Pe)-{tl, 8},

oR{t], 11} = V(Pg)-{tl},

o R{t],tl} = V(Pe)-{t), e},

o R{t), tly = V(Pg)-{t].t],thy,

oR(t) 11} = V(Pe)-{td,tl},

oR(th tl} = V(Pe)-{td,t},tl}, (17)

o R, th} = V(P)-{tl},

oR(t), tly = V(Pg)-t], 1]},

oR(tytl} = V(Pe)-{t], 1), tl},

o Rl tl} = V(Pe)-{t1},

eR(th tly = V(" (Pe)-{th, 8, ).
Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

§-
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O

Proposition 7. let P; be a Triangular prism constructed as a Halin graph from six vertex tree having seven
faces. Then the local fractional metric dimension of P; is given by

IdimsPy) = 2. (19)

Proof. Let Py be a triangular prism having 7 faces and let t],t1,¢1,¢1,t,t! be the vertices of prism P;. Now
we are going to find the local fractional metric dimension of triangular prism P5. So, by definition of local
fractional metric dimension, all possible resolving sets are given by

o R{t], 1} V(P;7) - {td, tl},

o R{t], 1)} = V(Py)-{tgh

o R{t], 1}y = V(Py)-{d, ¢}, ey,

o R{t], tly = V(P -{d,d, ey,

o R{D, 01y = V(Py)-{tl, el

o R{h, tly = v(Py) -1t t)}, (20)

o R{t3,t3} = V(Py)-{tgh

o R{d, 11}y = V(Py)-{t], 8, ¢},

o R{t), 61y = v(Py)-{d, e},

o R{td,t8} = V(P7)-{t3},

o R{, 11} = V(Py)-{t], 1], e}
Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

ldimg(P7) = (21)

§-
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Proposition 8. /et Pg be a Triangular prism constructed as a Halin graph from six vertex tree having seven
faces. Then the local fractional metric dimension of Pg is given by

IdimsPg) = 2. (22)

Proof. Let Pg be a triangular prism having 7 faces and let t],t1,¢1,¢1,t,t! be the vertices of prism Pg. Now
we are going to find the local fractional metric dimension of triangular prism Pg. So, by definition of local
fractional metric dimension, all possible resolving sets are given by

oR(t], ]} = V(Pg)-{ti},

oR{t], 10} = V(Pg)-{tl},

oR(t], tl} = V(Pg)-{td,tl},

o R{t], (1} = V(Pg)-{t}, 1]},

oR(E), 1} = V(Pg)-{t},

oR{th 18} = V(P)-{t], e}, th, (23)

o R(t], 13} = V(Pg)-{ti},

oR(),dd} = V(Pe)-{d. 4, 43},

o R(t}, 11} = V(Pg)-{t), 11},

o Rt 81} = V(Pg)-{t1},

o R{t), 11} = V(Pe)-{t]. 3}
Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

ldimg(Pg) = (24)

§-
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Proposition 9. /et Pq be a Triangular prism constructed as a Halin graph from six vertex tree having seven
faces. Then the local fractional metric dimension of Pq is given by

IdimsPg) = 2. (25)

Proof. Let Py be a triangular prism having 7 faces and let t],t1,¢1,¢1,t,t! be the vertices of prism Pg. Now
we are going to find the local fractional metric dimension of triangular prism Pg. So, by definition of local
fractional metric dimension, all possible resolving sets are given by

oR(t], ]} = V(Po)-{ti},

e R{t],th} = V(Po)-{tl}

oR{t],tl} = V(Po)-{t}. 8,12},

on(tl,tl} = V(Po)-1{t], 1]},

o R(E), 1} = V(Po)-{tl},

o (L), 11} = V(Po)-{t}.t}, (26)

o R, th} = V(Po)-{tl}

o R{t), tly = V(Po)-1{t],t},

oR(th, tl} = V(Po)-{t],t}, £},

o Rt tl} = V(Po)-{t1},

o R(t), 11} = V(Po)-{t}.tl}.
Since, all sets are the resolving sets but our interest is in least cardinality. Hence the minimum cardinality
of resolving set is 3. So by relation, we have

ldimg(Pg) = (27)

§-
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Triangular prism with 5,6 and 7 faces

4 Rotationally symmetric triangular prism planar
networks having five faces forming circular ladder
network

Let Gq, Gy, G3, ..., G be k disjoint copies, with k > 1 of a triangular prism whose set of vertices is V(G) =
{t1, 65, t3, ... tn}. Let t,k € V(Gy) denote the corresponding copy of each vertex V; € V(G). Then the total
number of vertices of k copies are 4k + 2. In this section, we find sequences of local fractional metric
dimension of k disjoint copies of triangular prism network with 5 possible faces. Finally, we compute
upper bound of local fractional metric dimension of k disjoint copies.

Proposition 10. Let Py be a triangular prism constructed as a Halin graph from six vertex tree. Let k > 1 be a
positive integer, then

3. ifi=l,
Idimf((k(Pq) << 2 ifiiseven, (28)
32 otherwise.

Proof. Let Py be a triangular prism having 5 faces and let t],¢],t1,t} .t tl be the vertices of prism (¢ (Py).
Now we are going to find the upper bound sequences of triangular prism P, by connecting their k copies.
First,we find the local fractional metric dimension of (c\j1 (P4) and then we find local fractional metric dimen-
sion of second copy by connecting first copy with second copy. At the end, we generalize all sequences of
all k copies that form a circular ladder. So, by definition of local fractional metric dimension, all possible
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resolving sets for k = 1 are given by

oR(t],c} = V(P -{td, 68}

oR(t], 13} = V(C(P)-,

oR(t], 1} = V(P -, 14,

oR(),th = V(NP -1t e,

o Rt} = VNP -{E A, (29)
o R(t3, 13} = VIC")P1)-,

eniedthy = V(P -1t 8,

oR(th, 1y = V()P -1t]. 82,

oR(td, 11} = V(NP - 0.

Since, the minimum cardinality of resolving set is 4. So by relation, we have

Idimg(¢'(Py) < (30)

5

7

For k = 2, all possible resolving sets are given by,
o R{t], t3} = V(C*(Py)-{th,tg}, for i=1,2
e R{t] 5} = VIC(P)-9,
it tly = V(AP -{d, 8, for i=1,2
eR(L, ]y = VICAP)-{th, 65}, for i=1,2
oR{), 85} = V(AP -{83, 1)}, for i=1,2
e R(h ) = V(P-4
o Rt} tl} = V(P -{t], 1}, for i=1,2
o Rt} 61} = VIC(P)-{t],th), for i=1,2
e R} = VIC(P)- 9, a1
e R(t), 5} = VIC(P)-9,
o R{t), t8} = V(CX(Py)-{t], 14}, for i=1,2
e R(y G} = VP-4,
o R(ty, t3} = V(CX(Py)-{t],th}, for i=1,2
o R{13,t3} = V(CA(Py)-{th,tg}, for i=1,2
o R{t3,t8} = V(CX(Py)-{t], 14}, for i=1,2
R B = V(P -{d],th), for i=1,2
oR{Z, 8} = V(AP -

Since, the minimum cardinality of resolving set is 6, So by relation, we have

. 10
ldim(¢*(Py) < - (32)

For k > 3. The symmetry of the rotational triangular Py prism enables us to focus on the following resolving
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neighbourhoods,

o R{t], 3} R{th, ) = V(CK(Py) - {th, th} for 1 <i<k
o R{th, g} V(cK(Py) - {5, th} for 1 <i<k

o R, LMy = w(ckP) -], 6} for 1 <i<k

o R{th, th} = VICK(Py)-{t], b} for 1 <i<k

o R{th, 1y = (Ck(Py) -{t], &)} for 1<i<k

Rt t}y = VICKP) -], th} for 1<i<k 33)
o R{th, 51} = V(CK(Py)-¢ for 1<i<k

o R{t, iy = W(cKP)-¢ for 1<i<k

oR{th ik} = V(cKPy)-o for 1<i<k

o]t} = Wl )y = VCKP)-¢ for 1<i<k
oR(t], tly = VICKP) -1t th) for 1<i<k

They have the following cardinalities.

o | R{t], )| = | R E) | = 2k+2forl <i<k,
o | R{], Y| = | R, t]y| = dk+2for1 <i<k
o | R{tL, Ny | = 3k+1forl <i<k,

o | R{t], td} |
o | R{t 15} |
o | Wit} t5} |

3k+1forl <ij<k,
3k+1 for1 <ij<k,
3k+1 for 1 <i<k,

M (34)
o | R, Y| = 4k+2 for 1<i<Kk,
o | R{t), Y| = 4k+2 for1<i<k,
o | R{tL,thy | = 4k+2 for 1<i<k,
o | R{EL,ENY | = 3k+1 for1<i<k,
o | R{th,tLy| = 3k+1 for 1<i<k,
o | R{d,tly| = 3k+1for1<i<k
As 2k + 2 is the minimum cardinality.Hence, we have
iy (KPy) < S 35)
O
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