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ON THE METRIC DIMENSION OF A CLASS OF PLANAR GRAPHS
S. K. SHARMA'!, V. K. BHAT " | §

ABSTRACT. Let H = (V,E) be a non-trivial connected graph with vertex set V' and
edge set E. A set of ordered vertices R, from V(H) is said to be a resolving set for H
if each vertex of H is uniquely determined by its vector of distances to the vertices of
R,,. The number of vertices in a smallest resolving set is called the metric dimension of
H. In this article, we study the metric dimension for a rotationally symmetric family of
planar graphs, each of which is shown to have an independent minimum resolving set of
cardinality three.

Keywords: Resolving set, metric dimension, rotationally symmetric plane graph, inde-
pendent set.

AMS Subject Classification: 05C12, 05C90.

1. INTRODUCTION

The minimum resolving set in a connected graph is a well-studied topic in combinatorics
and graph theory, as well as in several computer science applications. The theory relating
to it is full with remarkable results and unanswered questions. Slater [21] and Harary and
Melter [9] were the first to introduce the concept of metric dimension in the mid-1970s.
Slater referred to a metric dimension (minimum resolving set) of a non-trivial connected
graph as its location number (reference set). Harary and Melter also studied these con-
cepts, but using the terms metric dimension and resolving sets instead of location number
and locating sets, respectively. Since then, the metric dimension has been frequently used
in robotics, chemistry, graph theory, biology, and in several other fields.

Obtaining the minimum resolving set for different families of graph products and op-
erations, as well as characterizing the graphs with n vertices having a specific metric
dimension are fascinating problems and attracts the attention of many researchers. For
generic graphs, the problem of determining metric dimension is NP-Complete, but for
trees, a polynomial-time algorithm can be used [10]. It is obvious that for a connected
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graph H on n vertices, we have 1 < dim(H) < n — 1. In [10], Khuller et al. proved
that graph H is a path P, iff dim(H) = 1. In [4], Chartrand et al. proved that graph
H is complete graph K,, (n > 2) iff dim(H) = n — 1. Recently, Sharma and Bhat also
obtained the metric dimension of the line graph of the subdivision graph of the graph of
convex polytope [17]. For a comparative study of graph parameters and metric dimension
of more algebraic flavor, see [1] by Cameron and Bailey. For a survey on some variations
and metric dimension, see Chartrand and Zhang [6] and Saenpholphat and Zhang [13].

The metric dimension can be widely used in a variety of fields, including robot nav-
igation [10], geographical routing protocols [12], telecommunications [3], combinatorial
optimization [14], network discovery and verification [3] etc. Moreover, [4] Chartrand et
al. associate the metric dimension of graph with pharmacological activity and drug discov-
ery. The metric dimension of Hamming graphs leads Chvatal to the study of mastermind
games and allows academics to examine the use of metric dimension in complicated digital
games [7].

It might also be applied to more abstract tasks such as detecting a source of misinfor-
mation in a social network, classifying chemical structures, comparing network topology,
or quantitatively expressing symbolic data. The metric dimension of various important
graph classes has been studied: Cayley digraphs [8], Kneser and Johnson graphs [1], Grass-
mann graphs [2], circulant graph [19], convex polytopes [15, 16] etc. The metric dimension
of lexicographic product graphs, cartesian product graphs, corona product graphs, hier-
archical product graphs, and strong product graphs was also studied in the recent past [11].

The planar graphs, which are rotationally symmetric, are essential in intelligent net-
works due to the uniform rate of data transformation to all vertices. In Chapter 18 of
Parallel and Distributed Computing Handbook, Stojmenovi [18] posed several open prob-
lems for various interconnection networks. One of them involves the conception of new
architectural structures. Towards this, we intend to construct and define new architec-
tures. We start our exploration in the field of planar geometry. The metric dimension
have been studied in recent years for various families of planar graphs. We discovered
several types of planar graphs with undefined distance-based graph parameters such as,
metric dimension and edge metric dimension during our analysis of the literature. As a
result, we commence this research by considering a family of planar graphs (viz., L,) and
study its metric dimension.

In this paper, we consider a family {L,} of planar graphs (see Fig. 1), for which we
determine its metric dimension. We also prove that the graphs L, possess an independent
minimum resolving set of cardinality three, that is, only three vertices are the minimum
requirement for the unique identification of all vertices in the planar graphs L,. This
article is organized as follows. In Section 2, we recall some existing results related to the
metric dimension of graphs. In Section 3, we compute the metric dimension of the plane
graph L,. Finally, the conclusion and future work of this paper is presented in Section 4.

2. PRELIMINARIES

In this section, we provide some basic results and definitions from the literature which
are used in order to obtain our findings in subsequent sections.

Suppose H is a connected, simple, and finite graph with edge set F(H) and vertex set
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V(H). We write V instead of V(H) and FE instead of E(H) throughout the paper, when
there is no scope for ambiguity. The topological distance (geodesic) between two vertices
u and v in a simple connected graph H, denoted by d(u,v), is the length of a shortest
u — v path between the vertices v and v in H.

Degree of a vertex: The number of edges that are incident to a vertex of a graph
H is known as its degree (or valency).

Independent set: [15] An independent set is a set of vertices in H, in which no two
vertices are adjacent.

Metric Dimension: [21] If for any three vertices z, y, z € V(H), we have d(x,z) #
d(y, z), then the vertex z is said to resolve (distinguish) the pair of vertices z, y (x # y)
in V(H). If this condition of resolvability is fulfilled by some vertices comprising a sub-
set Ry, € V(H) i.e., every pair of different vertices in the given undirected graph H is
resolved by at least one element of R,,, then R,, is said to be a resolving set (metric
generator) of H. The metric dimension of the given graph H is the minimum cardinal-
ity of a resolving set R,,, and is usually denoted by dim(H). The metric generator R,,
with minimum cardinality is the metric basis for H. For an ordered subset of vertices
Ry, ={z1,22, 23, ..., 21}, the k-code (representation or coordinate) of vertex z in V(H) is;

((z|Rp) = (d(z1,2),d(22,2),...,d(2k, T))

In this respect, the set Ry, is a resolving set for H, if ((y|Ry,) # ((x|R,), for any pair of
vertices z,y € V(H) with y # x.

Independent resolving set (IRS): [5] A set of distinct ordered vertices R, in H is
said to be an IRS for H if R,, is both independent and resolving set.

In [10], Khuller et al. proved the following result.

Proposition 2.1. Let A C V(H) be the metric basis for the connected graph H of cardi-
nality two i.e., |A| =2, and say A = {x,z}. Then, the followings are true:

e Between the vertices z and x, there exists a unique shortest path Pp,.
e The valencies of the vertices x and z can never exceed 3.
e The valency of any other vertex on P, can never exceed 5.

3. THE PLANE GRAPH L,

In the present section, we construct a family of the plane graph, denoted by L,, and
for which we compute its metric dimension.

Graph L,,: For a positive integer n, the planar graph L, is rotationally symmetric of order
12n and size 19n. It has 2n triangular regions, 2n regions whose boundary is a 4-cycle, 2n
regions whose boundary is a 6-cycle, n regions whose boundary is a 8-cycle, and two regions
whose boundary is a 2n-cycle. Moreover, L,, has 2n vertices of degree four and 10 vertices
of degree three. We represent the set of edges and vertices of L,, by E(L,) and V(L,),
respectively. Thus, we have V(L) = {ps, qi, 7, Si, ti, i, v, Wi, T4, Yiy 2y aq 0 1 <@ < n}

and
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E(Ln) = {piti, piri, 6iSi, riti, tivs, viws, Silli, Wis, Wiy, Tils, YiZi, Yili, 1386, 205 = 1 < i <
n} UA{qipiy1, witiy1, Tivir1, @iZip1, wivipr = 1 < i <n}

FiGure 1. L,

We name the vertices {p;,q; : 1 <i <n} in L,, as the vertices of pg-cycle, the vertices
{ri,si : 1 < i < n}in L,, as the rs-vertices, the vertices {t;,u; : 1 < i < n} in L, as
the tu-vertices, the vertices {v;,w; : 1 < i < n} in L,, as the vertices of vw-cycle, the
vertices {x; : 1 < ¢ < n} in L,, as the x-vertices, the vertices {y; : 1 < i < n} in L,, as
the y-vertices, and the vertices {z;,a; : 1 < i < n} in L,, as the vertices of za-cycle. For
convenience, we take pn11 = p1, qui1 = q1, Tnil = T1, Sptl = S1, tnt1 = t1, Upy1 = ug,
Untl = V1, Wptl = W1, Tntl = T1, Yntl = Y1, Zntl = 21, and apy1 = a1. Next, we
compute the minimum resolving number for L,,.

Now, the graph L, has the vertex set V(L,) = {pi, ¢, 7i, Si, ti, Ui, i, Wi, iy Yy Z5, a5+ 1 <
i <n}. So, by P, Q,..., Z, and A, we denote the set of codes for the vertices p;, ¢;, ..., 2,
and a; respectively, for all 1 <17 < n.

Theorem 3.1. For the positive integer n > 6, we have dim(£L,) = 3.

Proof. We divide our proof into two cases depending upon n i.e., when n = 1 (mod 2) and
n=0 (mod 2) .

Case(I) n =0 (mod 2).

Then, n = 2w, where w > 3 and w € N. Suppose R,, = {21, 23,¢1} C V(L,). To complete
the proof for this case, we show that the graph L,, is resolved by the set R,,. For this, we
assign metric codes to every vertex in L, with respect to the set R,,.

For the vertices of pg-cycle {p;, ¢; : 1 <1i < n}, the metric codes are as follows: ((pi|R;,) =

(77 10, 1); C(p2|Rm) = (6787 1); C(p3|Rm) = (8777 3); C(Q1|Rm) = (67970); C(q2|Rm) =
(7,7,2); C(q3|Rm) = (9,6,4) and for rest of the vertices, we have
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C(pil Rim) Rm ={21,23,q1}
C(pilRm): d<i<w+1) | (2+22i—2,2i—3)
C(pilRm): (i =w+2) 2w+ 4,2w + 2,2w — 1)
((pilRm): (i=w+3) (4w — 20 + 8,2w + 4, 4w — 2i + 3)
C(pi|Rm): (w4 <i<2w) | (4w — 2 +8,4w — 20 + 12, 4w — 2i + 3)
and
C(qi| Rm) Ry = {21,723, 1}
C(i|Rm): A<i<w+1) | (20+3,2i—1,2i—2)
C(gi| Rm): (1 = w +2) (4w — 20 + 7,2w + 3, 4w — 2i + 2)
C(gi|Rm): (w+3<i<2w) | (4w —2i+7,4w —2i + 11, 4w — 2i + 2)

For the vertices {r;,s; :
C(ra|Rm) = (5,7,2);

((r3|Bm) = (7,6,4);

1 <4 < n}, the metric codes are as follows: ((r1|Ry,) 2
€(82|Rm) = ( ) 73)7

€(81|Rm) = (57 8, 1);

= (6,9,
6,6

((s3|Rm) = (8,5,5) and for rest of the vertices, we have
C(r2|Rm) Rm = {21,23,(]1}
CrilRm): A<i<w+1) |(20+1,2 3,22
C(rilRm): (i=w+2) (2w + 3,2w + 1, 2w)
C(ri|Rm): (i=w+3) (dw —2i+ 7,2w + 3, 4w — 20 + 4)
Cri|Rm): (w+4<i<2w)| (4w —2i+7,4w —2i + 11,4w — 2i + 4)
and
(sl Bom) = {21,235, 01}
C(si|Rm): (A<i<w+1) (21+2 2i—2,2i—1)
C(si|Rm): (i=w+2) (4w — 2i + 6, 2w + 2, 4w — 2i + 3)
C(si|Rm): (w+3<i<2w)| (4w —2i+ 6,4w — 2i + 10,4w — 2i + 3)

For the vertices {t;,u; :
C(t2|Rm) = (4,6,3);

C(t3|Rm) =

(6,5,5);

1 <4 < n}, the metric codes are as follows: ((t1|Ry,) =
C(uz|Rpm) =

C(U1|Rm) = (47 7, 2);

(3,6,3);

C(us|Rym) = (7,4,6) and for rest of the vertices, we have

C(ti| Bm) Ry ={z1,23, 1}

CalRm): A<i<w+1) |(26,2i—4,2i—1)

C(ti|Rm): (i=w+2) (2w +2,2w,2w + 1)

C(ti|Rm): (i =w—+3) (4w — 2i + 6,2w + 2, 4w — 20 + 5)

C(ti|Rm): (w+4<i<2w) | (4w —2i+ 6,4w — 2i + 10,4w — 2i + 5)
and

C(ui| Rin) Ry, = {21,231}

C(wilRm): A<i<w+1) | (2i+1,2 —3,2i)

Cui|Rm): (i =w+2) (4w —2i+5,2w + 1,4w — 2i 4 4)

Cui|Rm): (w+3<i<2w)| (4w —2i+5,4w —2i+9,4w — 21 + 4)
For the vertices of vw-cycle {v;,w; : 1 < i < n}, the metric codes are as follows:
C(ui|Rm) = (4,7,4); C(v2|Rim) = (3,5,4); ((v3|Rm) = (5,4,6); C(wi|Rm) =
C(we|Ry) = (4,4,5); ((ws|Ry,) = (6,3,7) and for rest of the vertices, we have
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C(vilRm) Ry = {21,723, ¢}

C(vil|Rm): A<i<w+1) | (2i—1,2i—5,21)

C(vilRm): (i =w+2) 2w +1,2w—1,2w + 2)

C(vi|Rm): (i =w+3) (dw — 21+ 7,2w + 1,4w — 2i + 6)
Cvi|Rm): (w+4<i<2w) | (4w —2i+7,4w —2i+9,4w — 2i + 6)

and

q ) Ry, ={z1,23,q1}
CwilRp): A<i<w+1) | (2,2i—4,2i+1)
o=

T (i=wt2) (4w — 2i + 4, 2w, 4w — 2i + 5)
f (w43 <i<2w) | (4w —2i+ 4, 4w — 2i + 8, 4w — 21 + 5)

For the vertices {z; : 1 < i < n}, the metric codes are as follows: ((z1|Rn) = (2,5,4);
((x2|Ry) = (4,3,6) and for rest of the vertices, we have

C(zi| Rom) Rm ={21,23,q1}

C(xi|Rm): (3<i<w) (24,2 — 4,2i + 2)

C(xi|Rm): (1 =w+1) (2w + 1,2w — 2,2w + 3)

C(@i|Rim): (i=w+2) (4w — 2i + 3, 2w, 4w — 2i + 5)
C(xi|Rm): (w+3<i<2w) | (4w — 20+ 3,4w — 2i + 7,4w — 2i + 5)

For the vertices {y; : 1 < i < n}, the metric codes are as follows: ((y;|Rm) = ((zi|Rm) +
(—=1,-1,1) for 1 < i < n. Finally, for the vertices of za-cycle {z;,a; : 1 < i < w}, the
metric codes are as follows: ((z1|Ry,) = (0,4,6); ((22|Rm) = (2,2,7); ((23|Rm) = (4,0,9);
C(a1|Rm) = (1,3,6); ((az|Rm) = ((3,1,8) and for rest of the vertices, we have

C(zi|Rm) Ry ={21,23,q1}
C(zi|Rm): A<i<w+1) | (2i—2,2i—6,2i+3)
C(zi|Bm): (1= w+2) (4w — 20 +2,2w — 2, 4w — 2§ + 7)
C(zi|Rm): w+3<i<2w)| (4w —2i+2,4w — 2i + 6,4w — 2i + 7)
and
C(ai| Rm) Ry, = {21, 23,q1}
C(a;ilRy): 3 <i<w) (20 — 1,20 —5,2i + 4)
C(ailRpm): (i=w+1) (4w — 20 + 1,2w — 3, 4w — 2i + 6)
C(ai|Rm): (i=w+2) (4w — 2i + 1,2w — 1,4w — 21 + 6)
C(aij|Rpm): (w43 <i<2w-1) | (4w —2i+ 1,4w — 2i + 5,4w — 21 + 6)
C(ai|Rm): (i =2w) (4w —2i + 1,4w — 20 +5,7)
From these metric codes, we find that |P| = |Q| = |R|] = ... = |Z] = |A] = n and

PNnQNRN..NZNA =0, implying R,, to be an ordered vertex resolving set for the
graph L, and so dim(L,) < 3. Now, to complete the proof for this case, we have to show
that dim(Ly,) > 3. We prove that L, has no resolving set R, with |R,,| = 2. On the
contrary, assume that dim(L,) = 2. Now, by C1, Cs, Cjs,...,C12, we denote the set of
vertices as C1 = {p; : 1 <1 <n}, Co ={¢; : 1 <i<n},.,Cia ={a; : 1 <i<n} By
Proposition 2.1, we find that the degree of basis vertices can be at most three. But except
the vertices in the sets C7 and Cy, all other vertices of L,, have a degree less than or equal
to three. Therefore, we have the following to be considered.

A. When both of the vertices are from the set C; 1 =1,2,...6,9, 10, ..., 12.
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Suppose Ry, = {p1,04}, pg (2 < g < n). Then ((r1|Rm) = ((q1|Rm), for 2 < g <
w; C(q1|Rm) = ((qn|Rm) when g = w + 1, a contradiction.

Suppose Ry, = {q1,44}, 49 (2 < g < n). Then ((s1|Rm) = ((p1|Rm), for 2 < g <
w; ((p1|Rm) = ¢(p2|Rm) when g = w + 1, a contradiction.

Suppose Ry, = {ri,74}, 74 (2 < g <n). Then ((sp|Rm) = ((pn|Rm), for 2 < g <
w; €(q1|Rm) = ((qn|Rm) when g = w + 1, a contradiction.

Suppose Ry, = {s1, Sg}v Sg (2 < g <n). Then ((sp|Rm) = ((pu|Rm), for 2 < g <
w — 15 ((t2| Ri) = ((p1]|Rm), when g = w; ((p1|Rm) = ((p2|R), when g = w + 1,
a contradiction.

Suppose Ry, = {t1,t4}, ty (2 < g < n). Then ((x,|Rp) = ((wy|Ry,), for g = 2;
C(p1|Rm) = ((s1]), when 3 < g < w + 1, a contradiction.

Suppose Ry, = {u1,ug4}, ug (2 < g <n). Then ((x,|Rp) = ((wp|Ry,), for g =2;
C(q1|Rm) = C(r2|Rp), when 3 < g < w + 1, a contradiction.

Suppose Ry, = {z1,24}, 4 (2 < g <n). Then ((v1|Rm) = ((u1|Rm), for 2 < g <
w; C(wi|Rm) = ((v2|Ry,), when g = w + 1, a contradiction.

Suppose Ry, = {y1,yq}, yg (2 < g <n). Then ((vi|Ry) = ((u1|Ry), for 2 < g <
w; C(wi|Rm) = ((v2|Ry,), when g = w + 1, a contradiction.

Suppose Ry, = {z1,24}, 24 (2 < g <n). Then ((v1|Rm) = ((u1|Rm,), for 2 < g <
w; ((a1|Rm) = ((an|Rm), when g = w + 1, a contradiction.

Suppose R, = {a1,a4}, ag (2 < g <n). Then ((vi|Rp) = ((u1|Rp,), for 2 < g <
w; C(z1|Rm) = ((22|Ry,), when g = w + 1, a contradiction.

B. When one vertex is in the set C'y and other lies in the set Cj; 1 =2,3,...,6,9,...,12.

Suppose Ry, = {p1,4q}, qg (1 < g <n). Then {(r1|Rm) = ((gn|Rm), for 1 < g <
w; C(q1|Rm) = ¢(r1|Rm), when g = w + 1, a contradiction.

Suppose Ry, = {p1,rg}, rg (1 < g <n). Then {(pn|Rm) = ((sn|Rm), for 1 < g <
w; C(q1|Rm) = ¢(gn|Rm), when g = w + 1, a contradiction.

Suppose Ry, = {p1, 54}, sg (1 < g <n). Then ((pn|Rm) = ((sn|Rm), for 1 < g <
w—1; ((w1|Rm) = ((t2| Rm), when g = w; ((q1|Rm) = ¢(r1|Rm), when g = w+1,
a contradiction.

Suppose R, = {p1,t4}, t4 (1 < g < n). Then ((¢gn|Rm) = ((q1|Rm), for g =
Lw+1; ((r1|Rm) = ((q1[Rm), when g = 2; (11| Rin) = ((qn|Rm), when 3 < g < w,
a contradiction.

Suppose R, = {p1,uq}, ug (1 < g < n). Then ((q1|Rm) = ((r1|Rm), for g =
1w+ 1; ((r1|Rm) = ((gn|Rm), when 2 < g < w, a contradiction.

Suppose Ry, = {p1,24}, 4 (1 < g <n). Then ((r1|Rm) = ((q1|Rm), for 1 < g <
w + 1, a contradiction.

Suppose B = {p1, 4o}, vy (1< g < ). Then C(@1|Rm) = C(ra| ), for 1 < g <
w; C(t1|Rm) = ((sn|Rm), when g = w + 1, a contradiction.

Suppose Ry, = {p1,24}, 29 (1 < g < n). Then ((q1|Rm) = ((11|Rm), for 1 < g <
w; C(t1|Rm) = ((pn|Rm), when g = w + 1, a contradiction.

Suppose Ry, = {p1,a4}, ag (1 < g <n). Then ((q1|Rm) = ((r1|Rm), for 1 < g <
w; C(t1|Rm) = ((sn|Rm), when g = w + 1, a contradiction.

C. When one vertex is in the set Cy and other lies in the set Cy; [ = 3,...,6,9,...,12.

Suppose Ry, = {q1,7¢}, rg (1 < g < n). Then ((sy|Rm) = ((pn|Rm), for g = 1;
C(s1|Rm) = C(p1|Rm), 2 < g <w + 1, a contradiction.

Suppose Ry, = {q1,5¢}, 8¢ (1 < g < n). Then ((p2|Ry) = ((p1]|Rm), for g =
L,w+1; ((s1|Rm) = {(p1|Rm), when 2 < g < w, a contradiction.
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Suppose Ry, = {q1,t4}, tg (1 < g <n). Then ((x,|Rm) = {(wn|Rp), for 1 < g <
w; ((s1|Rm) = ((p1|Rm), when g = w + 1, a contradiction.

Suppose Ry, = {q1,uq}, ug (1 < g <n). Then ((wi|Ry) = ((t2|Rp), for 1 < g <
w + 1, a contradiction.

Suppose R = {a1, 20}, 7, (1 < g < n). Then C(wnl{ar, 7,})
for 1< g < w— 1 C(oal{an,ag}) = ¢

contradiction.

Suppose Rp, = {q1, 94}, yg (1 < g < n). Then ((zn|{q1,yg}) = C(wnl{q1,y4}), for
1 <g <w—1;((v2l{q1,y4}) = C(u2l{q1,yg}), when w < g < w41, a contradiction.
Suppose Rm = {q1,24}, 29 (1 < g < n). Then ((w2|Rm) = ((wn|Rp), for g = 1;
C(q2|Rm) = (2| Rm), when g = 2; ((t2|Rm) = ((wi|Rpm), when 3 < g <w+1, a
contradiction.

Suppose R, = {Q17ag}7 Qg (1 <g< n) Then C(mn’Rm) = C(MZ‘Rm)a for g = 1;
C(t2lRon) = C(wr] Ron), when 2 < g < w; C(wa|Run) = C(to| ), we have g = w+1.
a contradiction.

= C(wn|{Q17$g}),
(u2|{Q17xg}), when w < g < w+ 1, a

D. When one vertex is in the set C'5 and other lies in the set Cj; 1 = 4,5,6,9, ..., 12.

Suppose Ry, = {r1,s4}, s4 (1 < g <n). Then ((sp|Rm) = ((pn|Rm), for 1 < g <
w — 1; ((w1|Rm) = ((t2|Ry), when w < g < w + 1, a contradiction.

Suppose R, = {r1,t4}, tg (1 < g <n). Then {(z,|Rm) = ((wn|Rp), for 1 < g <
2; ((wi|Rm) = ¢(t2| Rim), when 3 < g < w + 1, a contradiction.

Suppose R, = {r1,uq}, ug (1 < g <n). Then {(w1|Ry) = ((t2|Rp), for 1 < g <
w 4+ 1, a contradiction.

Suppose Ry, = {r1,z4}, 4 (1 < g < n). Then ((v1|Ry) = ((u1|Ry,), for g = 1;
C(w1|Rm) = ¢(t2|Rm), when 2 < g < w; ((pn|Rm) = ((sn|Rm), when g =w+1, a
contradiction.

Suppose Ry, = {r1,yq}, yg (1 < g < n). Then ((vi|Rn) = ((u1|Rn), for g = 1;
C(w1|Rm) = ¢(t2|Rm), when 2 < g < w; ((pn|Rm) = ((sn|Rm), when g =w+1, a
contradiction.

Suppose Ry, = {r1,24}, 24 (1 < g < n). Then ((v1|Rm) = ((u1|Rm,), for 1 < g <
w; C(pn|Rm) = ((Sn|Rm), when g = w + 1, a contradiction.

Suppose Ry, = {r1,a4}, ag (1 < g <n). Then ((vi|Ry) = ((u1|Rp), for 1 < g <
w; C(pn|Rm) = ¢(sn|Rm), when g = w + 1, a contradiction.

E. When one vertex is in the set Cy and other lies in the set Cj; [ = 5,6,9,...,12.

n). Then ((ui|Ry) = ((q1|Rm), for g = 1;

Suppose Ry, = {s1,t5}, t, (1 < g <
= % C(talR) = C(wr|Ron). when 3< g < w1, a

C(v2| Rip) = ((r2|Rin), when g
contradiction.

Suppose R, = {s1,ug}, ug (1 < g < n). Then ((t2|Rm) = ((w1|Rm), 1 < g <
w + 1, a contradiction.

Suppose Ry, = {s1,24}, 24 (1 < g < n). Then ((r1|Rmn) = ((q1|Rm), for g = 1;
C(t2| Rin) = C(w1|Rm), when 2 < g < w; ((sn|Rm) = ((pn|Rm), when g =w +1, a
contradiction.

Suppose Rp, = {s1,9g}, yg (1 < g < n). Then ((r1|Rn) = ((q1[Rm), for g = 1;
C(to| Rim) = ((w1|Rm), when 2 < g < w; ((sn|Rm) = ((pn|Rim) when g =w +1, a
contradiction.

Suppose R, = {81,2’9}, Zg (1 <g< n) Then C(r1|Rm) = C(Q1|Rm)7 for1 <g <2
C(t2|Rpm) = ((wi|Rym), when 3 < g < w + 1, a contradiction.
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Suppose Ry, = {s1,a4}, ag (1 < g < n). Then {(r1|Rmn) = ((q1|Rm), for g = 1;
C(t2|Rin) = C(w1|Ry), when 2 < g < w; ((sp|Rm) = ((pn|Rm); when g = w +1, a
contradiction.

F. When one vertex is in the set C5 and other lies in the set Cj; [ = 6,9, ...,12

Suppose R, = {t1,uq}, ug (1 < g <n). Then ((wyp|Rm) = ((zn|Rm), for 1 < g <
w; ((un|Rm) = ¢(v1|Rm), when g = w + 1, a contradiction.

Suppose R, = {t1, 24}, 4 (1 < g <n). Then ((wyp|Rm) = ((zn|Rm), for 1 < g <
w—1; C(xn|Rm) = C(SllRm% when g = w, C(un|Rm) = C(Ul‘Rm)7 when g = w+1,
a contradiction.

Suppose Ry, = {t1,y4}, yg (1 < g
w—1; C(@nlRm) = C(51|Fom), whe
a contradiction.

Suppose Ry, = {t1,24}, zg (1 < g < n). Then ((w1|Rm) = ((zn|Rp), for g = 1;
C(r1[Rm) = C(un|Rpm), when g = 2; ((21]|Rm) = ((v2|Rm), when 3< g <w+1, a
contradiction.

Suppose Ry, = {t1,a4}, ag (1 < g < n). Then ((wn|Rm) = ((s1|Rm), for g = 1;
C(z1|Rim) = ((v2|Rm), when 2 < g < w; ((un|Rp) = ((v1|Rm), when g =w+1, a
contradiction.

< n). Then {(wy|Rp) = ((xn|Ry), for 1 < g <
n g = w; ((un|Rm) = ((vi|Rm)when g = w4+ 1,

G. When one vertex is in the set Cs and other lies in the set Cj; 1 =9, ...,12

Suppose Ry, = {u1,z4}, 4 (1 < g <n). Then ((z1|Rm) = ((a1|Ry), for g = 1;

C(w1|Rm) = C(t2|Rm)7 when 2 < g < wj C(Sn’Rm) = C(pn’Rm)7 when g =w+1, a

contradiction.

Suppose R — {u1, gy}, 9y (1 <
C(w1|Rm) = ((t2|Rpm), when 2 < g

contradiction.

Suppose Ry, = {u1,24}, 2 (1 < g < n). Then ((w2|Rm) = ((wn|Rm), g = 1;

(w2l Rm) = C(21|Rm), when g = 2 C(wi|Rpn) = C(ta Rm) when 3< g < w+1, a

contradiction.

Suppose Ry, = {u1,a4}, ag (1 <

C(wn|R) = C(t2] Ryn), when 2 < g

contradiction.

< n). Then ((z1|Rn) = ¢(a1|Rm), g = 1;
w;

9
< (Sn’R ) C(pn’Rm)7 when g =w+1, a

< ) Then C(wQ,Rm) = C(xn’Rm)v g =1
w;

g
< C(sn|Rm) = ((pn|Rm), when g = w +1, a

H. When one vertex is in the set Cy and other lies in the set Cj; [ = 10,11, 12.

Suppose Ry = {21,454y (1 < g < n). Then (01| Bn) = C(ur|B), 1 < g < w;
C(w1|Rpm) = ((v2|Rp), when g = w + 1, a contradiction.

Suppose Ry, = {x1,24}, 29 (1 < g < n) Then ((w2|Ry) = ((t2|Rm), for g = 1;
C(v1|Rm) = C(w1|Rm), when 2 < g < w; ((2n|Rm) = ((y2|Rim), when g =w +1, a
contradiction.

Suppose R, = {z1,a4}, ag (1 < g < n). Then ((wi|Rym) = ((v2|Rrm,), for g = 1;
C(v1|Rm) = ((u1|Ry), when 2 < g < w; ((yn|Rm) = ((a2|Ry,), when g =w+1, a
contradiction.

I. When one vertex is in the set C'p and other lies in the set Cj; | = 11,12.

Suppose Ry, = {y1,24}, 29 (1 < g < n). Then ((w2|Rn) = ((t2|Rm), for g = 1;
C(v1|Rm) = ((u1|Rm), when 2 < g < w; ((2n|Rm) = ((y2| Rin), when g =w + 1, a
contradiction.

Suppose Ry, = {y1,a4}, ag (1 < g < n). Then ((w1|Rn) = ((v2|Rn), for g = 1;
(01| Bm) = C(ur| Bon), when 2 < g < w; C(yn| Bon) = (s} Rim), when g = w + 1, 2

contradiction.
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J. When one vertex is in the set C17 and other lies in the set C1s.

e Suppose R, = {Zlaag}’ Qg (1 <g <n). Then ((2n|Rm) = ((yn|Rm), 1 < g <
w—1; ((v1|Rmm) = ((u1|Rm), when g = w; ((w1|Ry,) = ((v2|Ry), when g = w+1,
a contradiction.

From this, we conclude that L, has no resolving set R,, with |R,,| = 2, implying
dim(Ly,) = 3 for this case.

Case(II) n =1 (mod 2).

Then, n = 2w + 1, where w > 3 and w € N. Suppose R = {z1,23,q1} C V(L,). To
complete the proof for this case, we show that the graph L, is resolved by the set R. For
this, we assign metric codes to every vertex in L, with respect to the set R.

For the vertices of pg-cycle {p;,q; : 1 < i < n}, the metric codes are as follows: ((p1|R) =
(7,10,1); ¢(p2|R) = (6,8,1); C(ps|RR) = (8,7,3); C(q1|R) = (6,9,0); ((q2|R) = (7,7,2);
C(g3|R) = (9,6,4) and for rest of the vertices, we have

C(pil Rm) Ry ={z1,23,q1}

Cpi|Rm): (A<i<w+2) (2i +2,2i — 2,2i —3)

C(pi|Rm): (1 =w+3) (4w — 2i + 10, 2w + 4, 4w — 2i + 5)

C(pi|Rm): (w+4 <i <2w+1) | (4w — 2i + 10,4w — 2i + 14, 4w — 21 + 5)
and

(¢ Bm) Ry ={z1,23,q1}

C(@i|Rm): A<i<w1) (20 +3,2i — 1,2 — 2)

C(qi|Rm): (i =w+2) (Adw —2i+9,2w + 3, 4w — 21 + 4)

C(gi|Rm): (1 =w+ 3) (4w — 20+ 9,2w + 5,4w — 2i 4 4)

C(qi|Rm): (w+4 < i <2w+1) | (4w — 20+ 9,4w — 2i + 13, 4w — 2i + 4)

For the vertices {r;,s; : 1 <1i < n}, the metric codes are as follows: ((r;|R) = (6,9, 2);
C(r2|lR) = (5,7,2); ((r3|R) = (7,6,4); ((s1]R) = (5,8,1); ((s2|R) = (6,6,3); ((s3|R) =
(8,5,5) and rest of vertices, we have

C(T1|R ) Rm:{zlaz3aQ1}

C(rilBn)A<i<w+2) (2i+1,2i — 3,2i — 2)

C(ri|Rm):(1 = w + 3) (4w — 21 +9,2w + 3,4w — 2i + 6)

Cri|Rm):(w+4<i<2w+1) | (4w —2i+9,4w — 2i + 13, 4w — 27 + 6)
and

C(si Bm) Ry ={z1,23,q1}

C(silRm)A<i<w+1) (2i +2,2i — 2,2 — 1)

C(8i|Rm):(1 = w+2) (dw — 2i + 8, 2w + 2, 4w — 21 + 5)

C(si|Rm):(1 = w+3) (dw — 21+ 8,2w + 4,4w — 2i + 5)

C(si|Rn):(w+4 <i<2w+1) | (4w — 20 + 8,4w — 20 + 12, 4w — 2i + 5)

For the vertices {t;,u; : 1 < i < n}, the metric codes are as follows: ((¢1|R) = (5,8, 3);
C(t2|R) = (4,6,3); ((t3|R) = (6,5,5); C(u1|R) = (4,7,2); C(uz|R) = (5,5,4); ((ug|R) =
(7,4,6) and for rest of vertices, we have
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C(ti| Rm) Ry, = {21, 23,01}
Cti|Rm):(4<i<w+2) (20,20 — 4,21 — 1)

C(ti| R ):(2 = w + 3) (dw — 21 + 8,2w + 2,4w — 2i + 7)
iR (w+Ad<i<2w+1) | (Adw—2i +8,4w — 2i + 12, 4w — 2i + 7)

and

C(ui| Rom) Ry ={z1,23, q1}
CwilRm)(A<i<w+1) (2i + 1,2i — 3,20

C(ui|Rp):(1 = w + 2) (4w —2i+7,2w+1,4w — 20 + 6)
C(ui|Rpm):(1 = w+3) (Adw —2i + 7,2w + 3, 4w — 21 + 6)
Clui|R):(w+4 <1 <2w+1) | (4w — 2+ 7,4w — 21 + 11, 4w — 2i + 6)

For the vertices of vw-cycle {v;,w; : 1 < i < n} the metric codes are as follows:
((vi[Bm) = (4,7,4); C(v2|Bpm) = (3,5,4); ((v3[Rm) = (5,4,6); ((wi1|Rm) = (3,6,3);
C(wa|Rm) = (4,4,5); C(w1|Rm) = (6,3, 7) and for rest of vertices, we have

C(UZ‘Rm) Ry, = {21,23,(11}

Ci|Rm)(A<i<w+2) 2i — 1,2 - 5,2i)

C(vi| R ):(1 = w + 3) (Adw—2i+ 72w+ 1,4w — 20 + 8)

Cvi|Rpm):(w+4 <1 <2w+1) | (4w —2i+ 7,4w — 2i + 11, 4w — 2 + 8)
and

C(wi Rm) Ry ={z1,23,q1}

C(wi|Rm):(4<i<w+1) (20,20 —4,2i + 1)

C(wi|Rm):(i = w + 2) (4w — 2i + 6, 2w, 4w — 21 + 7)

C(wi|Rp):(i = w + 3) (Adw —2i+6,2w + 2,4w — 21+ 7)

C(wi| Ron):(wt 4 < < 20+ 1) | (4w — 20 + 6, 4w — 2 + 10, 4w — 21 1 7)

For the vertices {z; : 1 < i < n}, the metric codes are as follows: ((z1|R) = (2,5,4);
¢(x2]|R) = (4,3,6) and for rest of vertices, we have

C(wi| Rm) R ={21,23,q1}
C(@ilRm)(B3<i<w+1) (24, 2i — 4,2i + 2)

C(xi|Rp):(1 = w + 2) (4w — 21+ 5,2w, 4w — 21 4+ 7)
C(xi|Rp):(1 = w + 3) (4w — 21 +5,2w + 2,4w — 2i + 7)
C(xi|Rm):(w+4 <1 <2w+1) | (4w —2i+5,4w — 21+ 9,4w — 2i + 7)

For the vertices {y; : 1 < i < n}, the metric codes are as follows: ((y;|Rm) = ((zi|Rm) +
(=1,—-1,1) for 1 < i < n. Finally, for the vertices of za-cycle {z;,a; : 1 < i < n}, the
metric codes are as follows: ((z1|R) = (0,4,6); ((22|R) = (2,2,7); {(23]R) = (4,0,9);
C(a1|R) = (1,3,6); C(az2|R) = (3,1, 8) and for rest of vertices, we have

C(Zz‘Rm) R, = {Zlaz3aQI}

((alRm) B<i<w+t1) (2 — 2,20 — 6,2 1 3)

C(zi|Rm):(1 = w + 2) (dw — 21 + 4,2w — 2,4w — 2i + 9)
C(zi)|Rm):(1 = w+ 3) (Adw — 2i + 4, 2w, 4w — 21 4+ 9)

C(zi| Rm):(w+4 <i<2w+1) | (4w —2i+4,4w —2i + 8,4w — 2{ + 9)

and
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¢(ai|Rm) Ry = {71, 23,1}
(@Rm)B<i<wt]) (2i —1,2i —5,2i + 4)
C(ai|Rm):(1 = w+2) (4w —2i + 3,2w — 1,4w — 2i 4 8)
Clai|Rpm):(w+3 < i <2w) (4w —2i + 3,4w — 20 + 7, 4w — 2i + 8)
C(@i|Bm)(i = 20 + 1) (dw —2i + 3, 4w — 2+ 7,7)

Again, from these metric codes, we find that |P| = |Q| = |R| = ... = |Z| = |A| = n and

PNQNRN..NZNA =0, implying R,, to be an ordered vertex resolving set for the
graph L, and so dim(L,) < 3. Now, to complete the proof for this case, we have to show
that dim(Ly,) > 3. For this, we follow the same pattern as we used in Case(I) and the
contradictions can be obtained accordingly. Thus, dim(L,,) = 3 for this case as well, which
conclude the theorem. O

In terms of independent resolving set, we have the following result
Theorem 3.2. The independent resolving number of Ly, is three, for every n > 6.

Pmoﬁ To show that for the plane graph L,,, there exists a minimum independent resolving
set R}, of cardinality three, we follow the same technique as used in Theorem 3.1.

Suppose R:, = {z1,23,q1} C V(Ly). Now, by applying the same techniques and follow-
ing the same pattern as used in Theorem 3.1, it is simple to show that the set of vertices
R}, ={z1,z23,q1} is the independent resolving set for L,,, which concludes the theorem.

0

4. CONCLUSIONS

In this study, we have studied the metric dimension of a rotationally symmetric plane
graph L,. For this, we proved that dim(L,) = 3. We also observed that the minimum
resolving set R,, is independent for the graph L,,. In future, we will try to obtain the edge
metric dimension and the mixed metric dimension [20] for the graph L.

Acknowledgement. The authors would like to express sincere thanks to the referees for
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