INDIAN JOURNAL OF SCIENCE AND TECHNOLOGY

RESEARCH ARTICLE

Check for
updates

& OPEN ACCESS

Received: 23-04-2024
Accepted: 10-05-2024
Published: 29-05-2024

Citation: Sakthi KA, Rajeswari R
(2024) On Distance Average Degree

Independent Resolving Sets of Some

Algebraic Graphs. Indian Journal of
Science and Technology 17(21):
2250-2254. https://doi.org/
10.17485/1)ST/v17i21.1362

*Corresponding author.

arunasakthi9397@gmail.com
Funding: None

Competing Interests: None

Copyright: © 2024 Sakthi &
Rajeswari. This is an open access
article distributed under the terms
of the Creative Commons
Attribution License, which permits
unrestricted use, distribution, and
reproduction in any medium,
provided the original author and
source are credited.

Published By Indian Society for
Education and Environment (iSee)

ISSN
Print: 0974-6846
Electronic: 0974-5645

On Distance Average Degree
Independent Resolving Sets of Some
Algebraic Graphs

K Aruna Sakthi’*, R Rajeswari?

1 Research Scholar (Reg. No. 20212012092006), A. P. C. Mahalaxmi College for Women,
Thoothukudi, Affiliated to Manonmaniam Sundaranar University, Abhishekapatti, Tirunelveli,
627012, Tamil Nadu, India

2 Assistant Professor, PG and Research Department of Mathematics, A. P. C. Mahalaxmi
College for Women, Thoothukudi, 628002, Tamil Nadu, India

Abstract

Objectives: This study introduces the concept of distance average degree
independent resolving sets and its dimensions for identity graphs of finite
groups and order prime graphs of finite groups as a theorem in detail.
Methods: The methodology involves first constructing the subset from the
given graph, then finding the distance between each and every vertice of the
graph and the subset, and also finding the average of the distance such that
each and every vertice should receive a distinct code. The minimum number
of vertices that satisfy this condition, their cardinality, is called the dimension.
And then check various conditions like adjacency, equitability, independence,
etc. in order to find various types of dimensions for the considered graphs.
Findings: In this article, the concept of distance average degree resolving sets
has been found, and further distance average degree independent resolving
sets have been found, with their corresponding dimensions also found for
algebraic graphs like identity graphs of finite groups and order prime graphs
of finite groups. Novelty: The novelty in this article is the concept of distance-
average-degree independent resolving sets. Particularly, this concept has been
applied to the algebraic graphs, namely the identity graph and the order prime
graph of a finite group. In addition to that, the concept of distance has been
added to this resolving sets area, which is totally new to this area of graph
theory.
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1 Introduction

In this article, first we have found the distance average resolving set and its dimensions, and then the distance average
independent resolving set and its dimensions have been analyzed. The concept of resolving sets was first introduced by
Slater, Harary, and Melter. Resolving sets have many applications in network discovery and verification, chemistry, and robot
navigation (). After that, many resolving sets have been introduced by many mathematicians and studied for various types of
graphs 111 The concept of resolving sets is not much applied in algebraic graphs. So we planned to work with algebraic graphs
like identity graphs, which were studied by Kandasamy, W.B.V., and Smarandache.'?, and order prime graphs, which were
introduced by M. Sattanathan and Kala!®). Inspiring various resolving sets and independent resolving sets, distance average
degree independent sets have been introduced and studied for various identity and order prime graphs of finite groups.

Preliminaries

Definition 1.1 Resolving sets: A set of vertices S in a graph G is called a resolving set for G if, for any two vertices u,v there
exists x € S such that the distances d (u,x) # d (v,x) . The minimum cardinality of a resolving set of G is called the dimension
of G and is denoted dim(G).

Definition 1.2 Identity graphs: Let g be a group. The identity graph G = (V, E) with vertices as the elements of group and
two elements x,y € g are adjacent or can be joined by an edge if x.y = e, where e is the identity element of g and identity element
is adjacent to every other vertices in G.

Definition 1.3 Order Prime graphs: Let I" be a finite group. The order prime graph (I") of a group I is a graph with V ((I"))
=I"and two vertices are adjacent in (I') if and only if their orders are relatively prime in I'.

2 Methodology

1. To find resolving set first choose the subset S of V(G) such that distance from V(G) to subset S. Here the distance is the
maximum length between any two vertices in G.

2. 'Then degree has been found for every vertices.

3. Then we have to find I'(u/S) = {d(u, s1), d(u, s2),....,d(u, si)} where d(u,v) is defined by d(u,v) = d (u,v) +
[M—‘ , where d(u) is the degree of the vertex u.

4. Then using the concept of adjacency, independent set concepts we check whether it satisfy those conditions or not.

5. The subset with minimum cardinality which satisfy above condition is called as distance average degree independent
resolving sets and its cardinality is called as distance average degree independent metric dimension and it is denoted by
idadd(G).

3 Results on Distance average degree independent resolving sets for some identity
graphs of finite groups

Distance average degree independent resolving sets

Let graph G = (V,E). For u € V associate a vector with respect to a subset S = {sy, 52,...,8} of V by I'(¢/S) =
{d(u, s1), d(u, $2),....,d(u, sg)} where d(u,v) is defined by d (u,v) = d (u,v) + [M—‘ , where d(u) is the degree of the
vertex u. Then the subset S is said to be distance average degree resolving sets if I'(1/S)# I'(v/S) for all u,v € V — S. And set §
is also independent set. The minimum cardinality is called as distance average degree independent metric dimension, and it is
denoted by idadd(G).

Theorem: 3.1 Identity graph of Z,, n > 3 odd number has the idadd(Z,) = "5*

Proof: Let graph G = (Z,, &, for n>3 odd number

ThevertexsetofGisV(G):{0,1,2,...11—1}:{xo,xl,xz,...,xn 1,xn+1,...,xn_1}.
The edge set of G is E (G) = {xoxi, X1 X1y ¥2Xn25 5 Xl x%]},lgi<n—1.

V(G)| =n; |E(G)| = # Let S C V(G). The subset S is considered in such a way that choose % odd vertices like
{x1, x3, ... }or % even vertices like {x2, x4,... }. Consider these vertices as one set. Clearly each vertex receives distinct codes
i.e sum of the distance between the vertex x; to the set S and greatest integer of average of degree x; to the vertices in set S is
distinct. Therefore, set S is a distance average degree resolving set. Now set S contains either even vertices like {x, x4, x¢,... } or
odd vertices like {x1, x3, ...} clearly there is no pair of adjacent vertices. Therefore, set S is also independent set. The minimum

cardinality of set S is called as distance average degree independent dimension i.e. idadd(G) = %
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Theorem: 3.2 For Identity graph of Z,, n > 4 be an even number the idadd (Z,) = 5.

Proof: Let graph G = (Z,,, ®,) for n>4 even number

The vertex set of Gis V (G) ={0,1,2,...n— 1} = {)C(),xl,)Cz,..., x%,...,xn_l} )

The edge set of G is E (G) = {xoxi, X1Xp—1, X2Xp—2,...,/1 <i<n—1}

V(G| =n; |E(G)| = 252

Let S C V(G). The subset S is considered in such a way that choose 5 odd vertices like {x1, x3, ...xp—3} or 5 even vertices
like {x3, x4,... }. Consider these vertices as one set. Clearly each vertex receives distinct codes i.e., sum of the distance between
the vertex x; to the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore, set S
is a distance average degree resolving set. Now set S contains either even vertices like {x2, x4, xg,...} or odd vertices like
{x1, x3, ...} clearly there is no pair of adjacent vertices. Therefore, set S is also independent set. The minimum cardinality of
set S is called as distance average degree independent dimension i.e. idadd(G) = 5.

Theorem: 3.3 For any Identity graph of Ksidadd(Ky) is three

Proof: Let graph G =Identity graph of Klein-4 group

The vertex set of G is V (G) = {xo, x1, x2,x3} = {e,a,b,ab}.

The edge set of G is E (G) = {xox;/1 <i < 3}.

Let S C V(G). The subset S is considered in such a way choose the vertex {x;, x»,x3}. Consider these vertices as one set.
Clearly each vertex receives distinct codes i.e sum of the distance between the vertex x; to the set S and greatest integer of average
of degree x; and to the vertices in set S is distinct. Therefore, set S is a distance average degree resolving set. Now set § contains
only {x1, x2,x3}. Clearly there is no pair of adjacent vertices in set S. Therefore, set S is also independent set. The minimum
cardinality of set S is called as distance average degree independent dimension i.e. idadd(G) = 3.

Theorem: 3.4 Identity graph of Qg has idadd(Qs) to be 3.

Proof: Let graph G =identity graph of Os.

The vertex set of Gis V (G) = {xo, x1, x2, X3, X4, X5, X, X7} .

The edge set of G is E (G) = {xox;, X2x3, XaXs, x6x7 : 1 <i <7}

Let S C V(G). The subset S is considered in such a way choose any three odd or even numbered vertices from
{x1, x2,x3, x4, x5, x¢}. Consider these vertices as one set. Clearly each vertex receives distinct codes i.e sum of the distance
between the vertex x; to the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore,
set S is a distance average degree resolving set. Now set S contains either three odd number vertices or even numbered vertices
accordingly as S chosen. Clearly there is no pair of adjacent vertices in set S. Therefore, set S is also independent set. The
minimum cardinality of set S is called as distance average degree independent dimension i.e. idadd(G) = 3.

4 Results on Distance average degree independent resolving set of Order Prime
graphs of Finite group

Theorem: 3.5 The OP(I'(Z,)), n=2p, p > 3 under addition modulo n =2p

idadd(OP (I' (Z,))) =2p —4.

Proof: Let graph G=OP(I"(Z,)) and n = 2p, p > 3 and p is a prime number.

The vertex set of Gis V (G) = {0,1,2,...,n— 1} = {x0, X1, X2, .., Xp—1}.

The edge set of G is E (G) = {xox,-, XpXp_y, XpXpy /1<i<n—1¢.

|V (G)|=nand |[E(G)| =n+1.LetS CV(G). The subset S is considered in such a way choose any 2p — 5 vertices of degree
one and Xp_y vertex. Consider these vertices as one set. Clearly each vertex receives distinct codes i.e sum of the distance
between the vertex x; to the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore, set
S is a distance average degree resolving set. Now set S contains no pair of adjacent vertices. Therefore, set S is also independent
set. The minimum cardinality of set S is called as distance average degree independent dimension i.e. idadd (G) =2p —4.

Theorem: 3.6 The OP(I'(Z,)), n =3p, p > 3 under addition modulo n = 3p

idadd(OP (I' (Z,))) =3p —4.

Proof: Let graph G=OP(I'(Z,)) and n = 3p, p > 3 and p is a prime number.

The vertex set of Gis V (G) = {0,1,2,...,n— 1} = {xo, x1, X2, .., Xp—1} -

Theedgesetof GisE (G) = {xgx,-, XpXj, szpxk/l <i<n-—1; % = Omod3p ; ? = Om0d3p} AV (G)|=nand |E (G)| =

n+1.Let S C V(G). The subset S is considered in such a way choose any 3p — 7 vertices of degree one and {x% ,X2p } vertex.
373

Consider these vertices as one set. Clearly each vertex receives distinct codes i.e sum of the distance between the vertex x; to
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the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore, set S is a distance average
degree resolving set. Now set S contains no pair of adjacent vertices. Therefore, set S is also independent set. The minimum
cardinality of set S is called as distance average degree independent dimension i.e. idadd (G) =3p — 4.

Theorem:3.7 The OP(I'(Z,)), n # 2p and n # 3p n > 4 under addition modulo nidadd(OP (I'(Z,))) =n—2.

Proof: Let graph G=OP(I"(Z,)) and n # 2p and n # 3p n > 4 where p is a prime number

The vertex set of Gis V (G) ={0,1,2,...,n— 1} = {x0, X1, X2, .., Xn—1}-

The edge set of Gis E (G) = {xox; /1 <i<n—1}.

[V(G)|=nand |E(G)|=n—1.Let S C V(G). The subset S is considered in such a way choose any n — 2 vertices of degree
one. Consider these vertices as one set. Clearly each vertex receives distinct codes i.e sum of the distance between the vertex x;
to the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore, set S is a distance average
degree resolving set. Now set S contains no pair of adjacent vertices. Therefore, set S is also independent set. The minimum
cardinality of set S is called as distance average degree independent dimension i.e. idadd (G) =n—2.

Theorem: 3.8 The OP (I' (K4)) has distance average degree independent dimension to be 3

Proof: Let graph G = OP(I"(K4)) under composition.

The vertex set of Gis V (G) = {e,a,b,ab} = {xo0, x1, X2, x3}

The edge set of Gis E (G) = {xox; : 1 <i <3}

[V (G)| =4 and |E (G)| = 3. Let S C V(G). The subset S is considered in such a way choose three vertices of degree one.
Consider these vertices as one set. Clearly each vertex receives distinct codes i.e sum of the distance between the vertex x; to
the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore, set S is a distance average
degree resolving set. Now set S contains no pair of adjacent vertices. Therefore, set S is also independent set. The minimum
cardinality of set S is called as distance average degree independent dimension i.e. idadd (G) = 3.

Theorem: 3.9 The OP (I"(Qg)) has distance average degree independent dimension to be 6

Proof: Let graph G = OP(I"(Q3)) under composition.

The vertex set of Gis V (G) = {—1,1,i,—i, j,—j, k, —k} = {x0, x1, X2, x3,X4, X5, X6, X7 }

The edge set of G is E (G) = {xpx; : 1 <i < 8}.

[V (G)| =8 and |[E(G)| = 7. Let S C V(G). The subset S is considered in such a way choose six vertices of degree one.
Consider these vertices as one set. Clearly each vertex receives distinct codes i.e., sum of the distance between the vertex x; to
the set S and greatest integer of average of degree x; and to the vertices in set S is distinct. Therefore, set S is a distance average
degree resolving set. Now set § contains no pair of adjacent vertices. Therefore, set S is also independent set. The minimum
cardinality of set S is called as distance average degree independent dimension i.e. idadd (G) = 6.

5 Conclusion

In this paper, distance average degree independent resolving sets has been found and then its corresponding dimensions has
been found for the algebraic graphs like identity graph and order prime graph of finite group. Further, in future we have planned
to extend this result for the network related graphs, and then we will compare with the algebraic graphs results.

References

—

) Chartrand G, Saenpholphat V, Zhang P. The independent resolving number of a graph. Mathematica Bohemica. 2003;128(4):379-393. Available from:
https://dx.doi.org/10.21136/mb.2003.134003.

) Estrada-Moreno A, Yero IG, Rodriguez-Veldzquez JA. On The (k,t)-Metric Dimension Of Graphs. The Computer Journal. 2021;64(5):707-720. Available
from: https://dx.doi.org/10.1093/comjnl/bxaa009.

3) Yang C, Klasing R, Mao Y, Deng X. On the distance-edge-monitoring numbers of graphs. Discrete Applied Mathematics. 2024;342:153-167. Available

from: https://dx.doi.org/10.1016/j.dam.2023.09.012.

4) Sooryanarayana B, Suma AS, Chandrakala SB. Certain Varieties of Resolving Sets of A Graph. Journal of the Indonesian Mathematical Society.

2021;27(1):103-114. Available from: https://dx.doi.org/10.22342/jims.27.1.881.103-114.

Suganya B, Arumugam S. Independent resolving sets in graphs. AKCE International Journal of Graphs and Combinatorics. 2021;18(2):106-109. Available

from: https://dx.doi.org/10.1080/09728600.2021.1963643.

Cabaro JM, Rara H. Restrained 2-Resolving Sets in the Join, Corona and Lexicographic Product of Two Graphs. European Journal of Pure and Applied

Mathematics. 2022;15(3):1229-1236. Available from: https://dx.doi.org/10.29020/nybg.ejpam.v15i3.4427.

Cabaro JM, Rara H. On 2-Resolving Sets in the Join and Corona of Graphs. European Journal of Pure and Applied Mathematics. 2021;14(3):773-782.

Available from: https://dx.doi.org/10.29020/nybg.ejpam.v14i3.3977.

8) Mathil P, Kumar J. Strong Resolving Graphs of Clean Graphs of Commutative Rings. 2024. Available from: https://doi.org/10.48550/arXiv.2404.08914.

9) Padma MM, Jayalakshmi M. On Classes of Rational Resolving Sets of Derived Graphs of A Path. Far East Journal of Mathematical Sciences (FJMS).

2019;110(2):247-259. Available from: https://dx.doi.org/10.17654/ms110020247.

Kuziak D, Yero IG. Further new results on strong resolving partitions for graphs. Open Mathematics. 2020;18(1):237-248. Available from: https:

//dx.doi.org/10.1515/math-2020-0142.

N

wu
=

&)
=

7

—

~

10

=

https://www.indjst.org/ 2253


https://dx.doi.org/10.21136/mb.2003.134003
https://dx.doi.org/10.1093/comjnl/bxaa009
https://dx.doi.org/10.1016/j.dam.2023.09.012
https://dx.doi.org/10.22342/jims.27.1.881.103-114
https://dx.doi.org/10.1080/09728600.2021.1963643
https://dx.doi.org/10.29020/nybg.ejpam.v15i3.4427
https://dx.doi.org/10.29020/nybg.ejpam.v14i3.3977
https://doi.org/10.48550/arXiv.2404.08914
https://dx.doi.org/10.17654/ms110020247
https://dx.doi.org/10.1515/math-2020-0142
https://dx.doi.org/10.1515/math-2020-0142
https://www.indjst.org/

Sakthi & Rajeswari / Indian Journal of Science and Technology 2024;17(21):2250-2254

11) Gil-Pons R, Ramirez-Cruz Y, Trujillo-Rasua R, Yero IG. Distance-based vertex identification in graphs: The outer multiset dimension. Applied Mathematics
and Computation. 2019;363:1-12. Available from: https://dx.doi.org/10.1016/j.amc.2019.124612.

12) Kandasamy WBYV, Smarandache F. Groups as Graphs. Romania. Editura CuArt. 2009. Available from: http://fs.unm.edu/GroupsAsGraphs.pdf.

13) Sattanathan M, Kala R. An Introduction to Order Prime Graphs. International Journal of Contemporary Mathematical Sciences. 2009;4(10):467—
474. Available from: https://www.researchgate.net/profile/Rukhmoni-Kala/publication/237256546_An_Introduction_to_Order_Prime_Graph/links/
599¢6291a6fdcc50034c7e6b/An-Introduction-to- Order-Prime- Graph.pdf.

https://www.indjst.org/ 2254


https://dx.doi.org/10.1016/j.amc.2019.124612
http://fs.unm.edu/GroupsAsGraphs.pdf
https://www.researchgate.net/profile/Rukhmoni-Kala/publication/237256546_An_Introduction_to_Order_Prime_Graph/links/599c6291a6fdcc50034c7e6b/An-Introduction-to-Order-Prime-Graph.pdf
https://www.researchgate.net/profile/Rukhmoni-Kala/publication/237256546_An_Introduction_to_Order_Prime_Graph/links/599c6291a6fdcc50034c7e6b/An-Introduction-to-Order-Prime-Graph.pdf
https://www.indjst.org/

	Introduction
	Methodology
	Results on Distance average degree independent resolving sets for some identity graphs of finite groups
	Results on Distance average degree independent resolving set of Order Prime graphs of Finite group
	Conclusion

