7 turnitin

PAPER NAME
Reni ARTIKEL PUBLISH CAUCHY

WORD COUNT
4095 Words

PAGE COUNT
11 Pages

SUBMISSION DATE
May 29, 2023 12:58 PM GMT+7

® 15% Overall Similarity

Similarity Report ID. 0id:17800:36410531

AUTHOR
Reni Reni

CHARACTER COUNT
17884 Characters

FILE SIZE
923.7KB

REPORT DATE
May 29, 2023 12:59 PM GMT+7

The combined total of all matches, including overlapping sources, for each database.

* 14% Internet database
» Crossref database
* 11% Submitted Works database

® Excluded from Similarity Report

« Bibliographic material
+ Cited material

» Manually excluded sources

« 9% Publications database

» Crossref Posted Content database

* Quoted material

« Small Matches (Less then 10 words)

Summary



QAUCHY —Jurnal Matematika Murni dan Aplikasi
Volume 7(4) (2023), Pages 597-607
p-ISSN: 2086-0382; e-ISSN: 2477-3344

On the Dominant Local Resolving Set of Vertex Amalgamation Graphs

Reni Umilasari!?, Liliek Susilowatil*, Slamin3, Savari Prabhu*

1'ZDepartment of Mathematics, Airlangga University, Surabaya 60115, Indonesia
2Department of Informatics Engineering, University of Muhammadiyah Jember, Jember
69121 Indonesia
3Study Program of Informatics, University of Jember, Jember 68121 Indonesia

4#Mathematics Department, Rajalakshmi Engineering College, Chennai 602105, Tamil
Nadu, India

Emailﬁliek-s@fst.unair.ac.id

ABSTRACT

In graph theory, there is a new topic of the dominant local metric dimension which be symbolized by
Ddim,;(H) and it was a combination of local metric dimension and dominating set. There are some terms in
Qis topic that is dominant local resolving set and dominant local basis. An orde subset W is said a
ominant local resolving set of G if W; is dominating set and also local resolving set"0f G. While dominant
local basis is a dominant local resolving set with minimum cardinality. This study uses literature study
method by observing the local metric dimension and dominating nuﬁr before detecting the dominant
local metric dimension of the graphs. After obtaining some new results®®nhe purpose of this research is how
the dominant local metric dimension of vertex amalgamation product graphs. Some special graphs that be
used are star, friendship, complete graph and complete bipartite graph. Based on all observation results, it
can be said that the dominant local metric dimension for any vertex amalgamation product graph depends
on the dominant local metric dimension of the copied graphs and how the terminal vertex is constructed.

Qopyright © 2023 by Authors, Published by CAUCHY Group. This is an open access article under the CC BY-
SA License (https://creativecommons.org/licenses/by-sa/4.0/)

Keywords: dominant local metric dimension; vertex amalgamation; star; friendship; complete bipartite

INTRODUCTION

Metric dimension and dominating set are graph topics with numerous variations.
For metric @ensions, there are more than five development concepts, such as partition
dimension, ‘Tocal metric dimension, complement metric dimension, central metric
dimension, fractional metric dimension, and star metric dimension. More results about
metric dimension and its expansion can be seen at [1] about the simultaneous local metric
dimension, the local metric dimension of amalgamation [2] and corona product of star
and path graph [3], complement metric dimension [4], fractional metric dimension [5],
and the ne e is star metrc dimension [6].

Let G"De a connected graph with vertex set I/(G) and edge set E(G). The distance
between any two a and b of V(G) is denoted by d(a, b). It be defined as shortest path from
a to b. The resolving set of G is an ordered set which can be written as W, where W = {w;,
Wy, o, Wi} € V(G) and  r(w|W) = (d(v,wy),d(v,w,), ....,d(v,wy)) is defined as
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representation of v € V(G) to W by using the concept of distance. The rule to select
resolving set of G is every vertex of V(G) should have different representation to W. The
minimum cardinality of W is called the basis of G [7]. The number of basis is referred to
the metric dimension because the concept of this topic is based on distance. Next, we
introduce the differences between metric dimension and local metric dimension. In the
metric dimension, all vertices must have different representations to the resolving set,
whereas in the local metric dimension, only any two adjacent vertices must be different.
It also can be said that a vertex's representation can be the same as another vertices even
though they are not adjacent. [8]. Some examples of the local metric dimension have been
published at [9], [10] and [11]. More clearly, there is a paper which describe the similarity
between metric dimension and the local metric dimension [12]. In 2021, Umilasari et al
introduced the new concept, which is a combination of dogsinating set and local metric
dimension. They defined that an ordered subset W is said a"lominant local resolving set
of G if W, is dominating set and also local resolving set of G. For a clearer understanding
of this term, you can see the illustration in Figure 1.

All the vertices in the graph of Figure 1 (a) can be dominated by x,. But the vertices
which adjacent {V(G)\x,} have same representation to x,. While {x,, x5} in Figure 1 (b)
is a local resolving set. As can be seen, each pair of adjacent vertices has a different
representation to {x,, x3}. The problem is x5 and x4 cannot be dominated by x, or x5. If
we take two vertices like in Figure 1(c), {x,, x,} can dominate all vertices of the graph, the
representation of any two vertices to {x,, x,} is different. Therefore, {x,, x,} are elements
of a dominant local metric dimension of the graph.

oD

) (0)

(1) 1)
xl
(a)

Figure 1. The Illustration of Dominant Local Metric Dimension of Graphs

After obtaining some new results, in this paper we continue to expand on how the
dominant local metric dimension of a vertex amalgamation product graphs. The vertex
amalgamation product of a graph H, denoted by amal(H, ygk), is defined as creating a
new graph by gluing k-copies of H in a terminal vertex v [13]™n this paper, we determine
the dominant local metric dimension of the vertex amalgamation for some special graphs,
which are star, complete graph, complete bipartite graph, and friendship graph. To make
it easier to present each of the theorems produced, several theorems are given below,
which can be seen in [14].

Lemma 1. Let (ge a connected graph. If there is no local dominant resolving set with
cardinality p, then for every S € V(G) with |S| < p is not a local dominant resolving set.
Lemma 2. Let G be a connected graph and W, € V(G). For every v;,v; € W, then
r(v;|W;) # r(vj|Wl).

Some new results abou‘gie dominant local metric dimension of star, complete

Reni Umilasari 598



On the Dominant Local Resolving Set of Vertex Amalgamation Graphs

graph, complete bipartite graph, and friendship graph are given in Table 1.
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Table 1. Dominant Local Metric Dimension of Special Graphs [14][15][16]

Graphs Dominating Local Metric Dominan Local
Number Dimension Metric Dimension
(v(®) (dim;(G)) (dim;(G))
Star (S,,) Yy (S =1 dim; (§,) =1 Ddim;(S,) =1
Complete (K,) y(Kp) =1 dim; (K,) =n—1 Ddim;(K,)=n-1
Complete Bipartite . Ddim,; (K, =2
Py Y(Kmy) =2 dim;(Kpp) = 2 {(Kmn)
(Km,n)
Friendship (F,) v(E) =1 dim;(F,) =n Ddim;(F,) =n
METHODS

In this research, there are several procedures. We start by determining the special
graphs to be operated by the vertex amalgamation product and observing the local metric
dimensions and dominating number of the graphs. Then, we construct the vertex
amalgamation product graphs from the special graphs that we have chosen. We continue
by labeling the vertex and attempting to find the least dominant local basis. This is
accomplished by observing and recording the representation of each vertex which can be
dominated and has different representation from the local resolving set (two non-
neighbouring vertex can have the same representation). The minimum local dominant
basis is then determined. In summary, the procedures of the research can be seen in the
following flowchart in Figure 2. We also give some examples of each step below.

a) LetG =P,
b) dim;(P,) = land y(P,) = 2,itcan be seen at [16]
c) Let|W)| =1, W, = {v,}
W Y 3 %

© (1) @

[llustration:

Based on the illustration above, v; can’t dominate v; and v,. When we choose W, =
{v,}, W, = {v3}, W, = {v,} the condition remains the same. Minimally, there exist one
vertex that can’t be dominated.

d) Let |V|/l| = 21 Wl = {vlt UZ}

v v v 1A

[llustration: o 2 3

0.1) (1.0) (2.1) (3.1)

We can see that v, can’t be dominated by v, or v, .
e) Let |Wl| = 2, Wl = {UZﬁ Ug}

] Vv, V3 Y

Since Vv;v; € E(P,), r(v;|[W)) # r(vj|Wl) then W, is basis local of P,. All vertices of
V(P,) can be dominated by v, and v;. Therefore, W; is dominant local basis of P, or
Ddim;(P,) = 2.

To more clearly understand this research method, we can see the flowchart in Figure 2.

[llustration:
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e
\\ Start .

Select a graph G of order ™
< " >

h 4

Observe the dim{G) and Y(G)

A 4

Choose the elements of J#; start from minimum
cardinality

Replace W, with different
elements, next |W, | = |,

Determine #{v| ;) for every veV(G) LI W) 2L\ 43 n-d
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,//// b T
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W) |=Ddimy(G)
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. ./

Figure 2. Flowchart for Determining the Minimum Dominant Local Resolving Set of
Graphs

RESULTS AND DISCUSSION

n this section, we determine the dominant local metric dimension of the vertex
amalgamation product for some special graphs, which are star, complete graph, complete
bipartite graph, and friendship graph.

Theorem 1. Let amal(S,, v, k) is a vertex amalgamation of star with the order of star is

n = 3, then
1, vis center vertex of S,

Ddim, (amal(Sy, v, k)) = { k, vispendant of S,
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Proof.
Case 1. v is center vertex of star
It is very clearly to see that amal(S,, v, k) = S,, then by the Table 1 we can conclude that
Ddim; (amal(Sp,v,k))=1. m
Case 2. v is pendant vertex of star
Let the vertex set of  amal(S,, v, k) is V(amal(S,,v,k)) =
{v, Vj, Ugj, Ugjy s Wij |V, U €V A=12,.,n-2,j=12, ...,k} and the edge set is
E(amal(Sy,v,k)) = {vvj,vjufkl 1,2,3,..,n—2,j =123, ...,k}. Choose W, ={v;} is
the local basis of amal(S,, v, k) for every j = 1,2,3, ..., k, |W;| = k. We can show below
that the representation of every two adjacent vertices of V(amal(S,,, v, k)) is different.
i. Foru;v; € E(amal(Sn,v, k))
Since v; is element of W, then there exist 0 on ith element in r(vj|Wl), while for
r(u;;|W;) there are no zero elements, hence r(v;|W;) # r(u;;|W,).
ii. Forvv; € E(amal(Sy,v,k))
Since v; is element of W}, then there exist 0 on ith element in (v;|W;), while for r(v|W;)

there are no zero elements, hence r(v;|W;) # r(v|W)).

By i and ii therefore W, isQ,local resolving set of amal(S,, v, k). Further, because v; is
adjacent to v and u;;, so“we can said that W, is a dominant local resolving set of
amal(S,, v, k). Next, take any S € V(amal(S,,v,k)) with |S| < |W;|. Without loss of
generality, let |S| = |[W;| — 1 with W, = {v;|j = 1,2,3, ..., k —gh}, s0 u;;, are not adjacent to
S.So S is not a dominant local resolving set of amal(S,, v, k)-"Based on Lemma 1, any set
T with |T| < |S| is not a dominant local resolving set of G. Therefore, W, = {v;} is a
dominant local basis of amal(S,, v, k). Then its is proven that Ddim,;(amal(S,,v,k)) = k
for v is pendant vertex of star of S,,. =

Figure 3. Ddim;(amal(S,,v,3)) = 1.

33 33373
35, $9333)
(3,3,3,3,1)

(3,3,3,3,1) (1,3,3,3,3)
(3:3,33,1) (13,33,3)
(313:311 3) 2)

(2 (3,1,3,3,3)
(3,3:3,1,3) (3,1,3,3,3)
(3,3,3,1,3) (3,1,3,3,3)

Figure 4. Ddim;(amal(Se,v,5)) = 5
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Figure 3 gives the illustration of dominant local metric dimensio amal(S,, v, k) for v
is the center vertex of S,,. While in Figure 4, v is the pendant of Star."The next theorem, we
will show the dominan local metric dimension of complete graph. Because the graphs are
regular, then we can select any vertex of complete graph as the linkage vertex.

Theorem 2. Let amal(K,, v, p) is a vertex amalgamation of complete graph with the order
of complete graph isn > 3, then Ddim; (amal(K,,v,p)) = p x (Ddim;(K,) — 1).

Proof. Let V(amal(Kn, v, p)) = {v, vt=123,.,n—1,j=123, ...,p} and the edge set
of amal(K,, v, p) is E(amal(K,,v,p)) =
{vvij,vxjvyj =123,.,n—1,jg 1,23, ..,p,v,v, €EE(K,),x #y } The j-th copy of K,
with j = 1,2,3,...,p is called (K, ;- Let B be a local dominant basis of K, B; is a local
dominant basis,.of (Kn)j, so that for every j = 1,2,3, ..., p, |B;| = |B|. Select W, = U;-"le-,
with B; = {vi?= 1,2,3,..,n— 2} for every j =1,2,3,...,p, then |W;| = p(n—2). By
Lemma 2 for every v;j, vy, € B; then r(v;;|W,) # r(vy|W,). Next, we take any two
adjacent vertices in V(amal(Kn, v, p))\Wl. Letx,y € V(amal(Kn,v, p))\Wl, then for xy =
V, Uy € V(amal(Kn, v,p))\Wl with j = 1,2,3,...,p. Since amal(K,,v,p) is a coguected
graph, d(vnj,z) = d(vnj,v) + d(v, z)for every z € B; so that d(z, vnj) # d(z, v@aused
r(vnj Bl-) + r(v|B;). Because of B; € W, then r(vnj|Wl) + r(z|W)).

Based on the explggation above, W, = U?%, B; is a local resolving set of amal(K,, v, p).
Since, every v;; € Wywith i = 1,2,3,...,n —2and j = 1,2,3, ..., p is adjacent to v and v,
then W, is a dgminating set. So that, W; = U’}’lej is a local dominant resolving set of
amal(K,,v,p). Take any S € V(G) with |S| < |W;|. Let |S| = |W;| — 1, then there exists j
such as S contains maximal |Bj| — 1 elements of (K,,);. Since B; is a local dominant basis
of (K,); then there exist two vertices in (K, ) ; that have the same representation toward
S,so that S is not alocal dominant resolving set of amal(K,,, v, p). Based on Lemma 1 then
W, = U?=1 B; is a local dominant basis of amal(K,, v,p). By Table 1 we know that |B;| =
Ddim;((K,);) — 1, then it has been proven that Ddim, (amal(K, v,p))=p X
(Ddim;(K,) —1). =

The example of dominant local metric dimension of vertex amalgamation complete
graph be given in Figure 5. The graph show that amal(K,, v, 3) has the dominant local
metric dimension equals six.

(1,0,2,2,2,2)

0,1,2,2,2,2)
(:2,2,2,0,1)

(2,2,2,2,1,0) (2,2,1,0,2,2)

(2,2,2,2,1,1) (22,1,1,2,2)

Figure 5. Ddim,; (amal(K,,v,3)) = 6.

Theorem 3. Let amal(Km’n, v, p) is a vertex amalgamation of complete bipartite graph
with the order is m,n > 2, then Ddim, (amal([(m‘n, v, p)) =p+1
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Proof. Let the vertex set of K, ,, is V(Km,n) =@i|i =1,2,..,m}uU {bj |j =1,2, ...,n}, and

the edge set is E&([m,n) ={abt=12,..mj=12..,n} V (amal(Km,n,v,p)) =
{vaw, bjli=23,.5mj=12,..,nk=12.,p} and the edge set Iis
E (amal(l{mm, v,p)) = {vbjk,aikbjkﬁ =23,..mj=12,..,nk=12..,p} Choose,
W, = {v, by} for every k = 1,2,3, ..., p, then |W;| = p + 1. We can show below that the

representation of every two adjacent vertices oflV/ (amal(Km,n, v, p)) is different.

I. Forvby € E (amal(Km'n, v, p))
Since v is element of W, then there exist 0 on 15 element in r(v|W,), while for
r(bjk |Wl) there are no zero elements except b, the representation to W; is r (b, |W);) =
(1,0), hence r(v|W,;) # r(bjk|Wl).
ii. For aybj, € E (amal(Km,n, v, p))
Since for i=23,...mj=12,..,n, d(ayv)= d(aik, bjk) + d(bjk,v) hence
r(aiklwl) * r(bjk|Wl)
From the two explanations above we lmow that W, is the local resolving set of
amal(Ky, », v,p). Since v is adjacent to by, Tor j = 1,2,...,n and k = 1,2, ..., p. The vertex
by, is adjacent to a;, for i = ..,m and k =1,2,...,p, thus W; is dominant local
resolving set of amal(K,, , v, p)- Take any S € V(G) with |S| < |[W,|. Let [S| = [W;| — 1
the two possibilities below:

a. Ifvew,
v &€ W, then all vertices bjk withj =2,3,...,nand k = 1,2, ..., p cannot be dominated
by Wl'

b. Ifvew,

v € W, then there exist by, € W, for k = 1,2, ..., p. Without loss of generality suppose

that by; € W,. It means that a;; gghnot be dominated by W, fori = 2,3, ..., m.
Therefore, from two possibilitieSQOve S is not a local dominant resolving set of
amal(Km,n,v,p) or we can conclude that W; =p+1 is dominant local basis of

amal(Ky, n, v,p). Hence, we get Ddim, (amal(Km,n, v, p)) =p+1lm
The example of a dominant local basis for vertex amalgamation of a complete bipartite
graph is depicted as red vertices in Figure 5, where Ddim; (amal(K3,3, v, 3)) = 4.

,1)
WA

2,1,3,3)

(1,2,2,2) 0(1,2,0,2)

(1,2,2,2)0<_XJ
23,3,/ (1,2,2,2)
A
(2,3,1,3) Qe (1,2,2,2)
(2,3,1,3)

Figure 6. Ddim, (amal(K3,3,v, 3)) = 4,
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Theorem 4. Let amal(F,, v,p) is a vertex amalgamation of friendship graph with the
order isn = 3 then
Ddim, (amal(Fn, v,p)) _ { Ddim;(F,), visa center vertex of E,

1+ p(Ddim;(E,) — 1), visnot a center vertex of F,

Proof.
Case 1. v is a center vertex of F,
It is very clearly to see that amal(F,, v,p) = F,, then by the Table 1 we can conclude that
Ddim, (amal(E,,v,p)) = Ddim,(F, ). [ |
Case 2. v is not a center vertex of F,,
Let V(amal(Fn,v p)) {v Vi, Xiks Vij D J =123, ...,nk =234, ...,n} and
E(amal(Fn,v p)) {v Xk, U lyl],xlkyu,vyn? 1é Lpij=12,...,mk =234 }
The i-th copy of F, with i = 1,2,3, ..., pis called (F,);. Let B be a local dominant basis of F,,
B; is a local dominant basis of (Fn)i, so that foreveryi = 1,2,3,...,p, |B;| = |B| = n. Select
W, = {v}UL_,(B; — 1), suppose B; — 1 = {x; |k = 2,3, ...,n} forevery i = 1,2,3, ..., p, then
Wl =1+ p(n —1). By Lemma 2 for every x,;, X.q € B; then r(xg,|W;) # r(x.q|W)).
Next, we take any two adjacent vertices in V(G)\W,. Let v;,y;; € V(G)\W, with i =
1,2,3,...,p and j = 2,3, ...,n. Since amal(F,,v,p) is a connected graph, for d(yl-j,v) =
d(yij,vl-) + d(v;,v) for j# 1,ve W, so that d(v, yl-j) # d(v,v;) caused r(yij|Wl) *
r(v;|W}). Then, W is local resolving set of amal(F,, v, p). Moreover, since v adjacent to v;
and x;; adjacent to y;;, hence W, is dominant local resolving set of amal(F,, v, p). Take any
S € V(amal(F,, v,p)) with S| < |[W,|. Let |S| = |[W;| — 1 the two possibilities below.
a) Ifvew,
v & W), then all vertices y;; withi = 1,2, ..., p cannot be dominated by W;.
b) Ifvew,
v € W, then there exist x;;, € W, for k = 2,3 ..., n. Without loss of generality suppose
that x;,, € W,. [t means that y;,gannot be dominated by W;.
Therefore, from two possibilitieTSQbove S is not a local dominant resolving set of
amal(F,, v,p) or we can conclude that |[W;| =1+ p(n — 1) is dominant local basis of
amal(F,, v, p). Hence, we get Ddim;(amal(F,, v,p)) = 1 + p(Ddim;(F,) — 1) . m

Figure 6 gives an axample of amal(F;, v, 3), where v is not the center vertex of friendship.
Those graph has dominant local resolving set equals seven.

(2,0,2,4,44,4)
f r4'4’4 (2r2f114r414r4)

(21' 4J4l'4f4l 2] 1)

(2f4f 4I 4f 4!‘ 2f0).
(24,4,44,02)¢

(0,2,2, (2,2,0,4,4,4,4)
(2r4f4l4l'411f2) 1r 1213r313r3)
(1,3,3,3,3,2,2) 2,4,4,1,2,4,4)
(1,3,3,2,2,3,3)

(2,44.2,0,44) (2,4,4,2,1,4,4)

Figure 7. Ddim; (F5,v,3) =7
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CONCLUSION

Based on the findings of this study, it is possible to conclude that the dominant local metric
dimension for any vertex amalgamation product graph is determined by the dominant
local metric dimension of the copied graphs and how the terminal vertex is chosen. This
topic can be expanded by observing the dominant local metric dimension for the vertex
amalgamation product with the special graphs that will be glued are different graphs.
Next, we can determined the dominant local metric dimension for another product of
graphs. Moreover, the program application of this concept can be generated for any
connected graph.
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