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ABSTRACT 

Metric representation of a vertex v in a graph G with an ordered subset 𝑅 =  {𝑎1, 𝑎2, … , 𝑎𝑘} of vertices of G is the k-

vector 𝑟(𝑣|𝑅) =  (𝑑(𝑣, 𝑎1), 𝑑(𝑣, 𝑎2), … , 𝑑(𝑣, 𝑎𝑘)), where 𝑑(𝑣, 𝑎) is the distance between 𝑣 and 𝑎 in G. The set 𝑅 is 

called a Resolving set of 𝐺 , if any two distinct vertices of 𝐺 have distinct representation with respect to 𝑅 . The 

cardinality of a minimum resolving in 𝐺 𝑖s called a dimension of 𝐺, and is denoted by 𝑑𝑖𝑚(𝐺). In a graph 𝐺 =  (𝑉, 𝐸), 

A subset 𝐷 ⊆  𝑉 𝑖s a nonsplit resolving dominating set of 𝐺 if it is a resolving, and nonsplit dominating set of 𝐺. The 

minimum cardinality of a nonsplit resolving dominating set of 𝐺is known as a nonsplit resolving domination number of 

𝐺,  and is represented by 𝛾𝑛𝑠𝑟(𝐺) . In network reliability domination polynomial has found its application [20], a 

resolving set has diverse applications which includes verification of network and its discovery, mastermind game, robot 

navigation, problems of pattern recognition, image processing, optimization and combinatorial search [19]. Here, we 

are introducing nonsplit resolving domination polynomial of 𝐺. Some properties of the nonsplit Resolving domination 

polynomial of 𝐺are studied and nonsplit resolving domination polynomials of some well-known families of graphs are 

calculated. 

Keywords: Dimension of a graph, Graph polynomial, Resolving domination polynomial, Resolving 

dominating set. 

1. INTRODUCTION 

To analyse the mathematical models, graphs are 

widely used. At present time the study related to 

connected domination set has become a very hot topic of 

research in the field of computer science [1-2]. 

Connected domination sets can be considered as the 

virtual backbone of wireless networks. The application of 

dominating sets and domination number is studied by 

many research in graph theory to name a few   H.L. 

Abbott, T.V.Wimer, Sampathkumar ,Arumugam, 

H.B.Walikar, B.Zelinka and many more [21]. 

An isolated vertex is a vertex with degree zero and a 

pendant vertex is a vertex with degree one. A pendant 

edge in a graph Gis an edge incidence with a pendant 

vertex. The complement of a graph Gis a graph G, with 

vertex set V (G) in which anytwo vertices are adjacent if 

and only if they are not adjacent in G. A graph Kn
̅̅̅̅ is the 

empty (totally disconnected), if no two vertices in it are 

adjacent. If a graph G consists of disconnected 

components H1and H2, then we write G =  H1 ∪  H2. If 
Gconsists of p ≥  2 disjoint copies of a graph H, then we 

write G =  pH. The corona G1 ◦G2of two graphs G1and 

G2is the graph obtained by taking one copy of G1(which 

has n1 vertices) and n1copies of G2and then joining the 

ith vertex of G1 to every vertex in the ithcopy of G2. A 

bipartite graph G is a graph whose vertex set can be 

partitioned into two subsets V1and V2such that every edge 

of Gjoins a vertex of V1with a vertex of V2. If every vertex 

of V1 is joined with every vertex of V2, then G is said to 

be complete bipartite graph and denoted by Kr,s,where 

|V1| =  rand |V2| =  s. In particular, a complete bipartite 

graph K1,n−1 is called a star. The join G =  G1 +  G2 of 

graphs G1 and G2 with disjoint vertex sets V1 and V2 and 

edge sets E1and E2 is the graph union G1 ∪  G2 together 

with all the edges joining V1 and V2 . Graph theory 

notations and terminologies are not described here [3-8]. 

Atlantis Highlights in Computer Sciences, volume 4

Proceedings of the 3rd International Conference on Integrated Intelligent Computing

Communication & Security (ICIIC 2021)

Copyright © 2021 The Authors. Published by Atlantis Press International B.V.
This is an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 40

mailto:pushparao3@gmail.com


  

 

Consider nth order connected graph G and 𝑅 =
 {𝑎1, 𝑎2, … , 𝑎𝑘} be a subset of vertices of 𝐺. The 𝑘-vector 

𝑟(𝑣 𝑅⁄ ) = (𝑑(𝑣, 𝑤1), 𝑑(𝑣, 𝑤2), … . . , 𝑑(𝑣, 𝑤𝑘)) is called 

the representation (or the code) of a vertex v with respect 

to a subset 𝑅, where 𝑑(𝑣, 𝑢) is the distance between the 

vertices 𝑣 and  𝑢 in a graph 𝐺 . The subset 𝑅 is called a 

resolving set of 𝐺if 𝑟(𝑢|𝑅) ≠  𝑟(𝑣|𝑅) for every distinct 

pair of vertices 𝑢, 𝑣 of 𝐺. A Resolving set of minimum 

cardinality is called a minimum resolving set (or a basis) 

of a graph 𝐺and its dimension 𝑑𝑖𝑚(𝐺)is the cardinality 

of a basis of 𝐺.  The concepts of resolving set and 

minimum resolving set has appeared in [16], and later in 

[17], Slater introduced these terminologies and he has 

used locating set for Resolving set. He has used the word 

location number for the cardinality of a minimum 

resolving set in a graph G.  Harary and Melter [9] also 

studied these concepts. Metric dimension has appeared in 

various applications of graph theory as a parameter, as 

diverse as, pharmaceutical chemistry [4], robot 

navigation [11], combinatorial optimization [12], and 

sonar and coast guard Loran [16], to name a few. 

Considerable bibliography is in the paper by Hernando et 

al. [10], contains. 

 

1.1 Related works 
In 2003, the new concept resolving domination in 

graphs was introduced by Robert and et al. [15]. 

Resolving dominating set is the one which is both 

Resolving and dominating set of graph G.Naji and Soner 

in [13] studied Connected resolving domination of graphs 

and Subramanian and Arasappan studied the secure 

Resolving domination in [18]. Recently the new concept 

of nonsplit Resolving domination of graphs was 

introduced by Pushpa and Dhananjayamurthy [14]. A 

connected dominating set is a set of nodes of a network 

such as WSN (Wireless sensor network), which has small 

sensing nodes which are capable of computations and 

wireless communication to monitor geo-fencing of gas 

and oil pipelines, air pollution, also in health monitoring 

machines it is used extensively. 

One of the branches of algebraic graph theory is graph 

polynomials and there are many graph polynomials that 

have been introduced and studied widely. Farrell [26-28] 

proposed the most general approach to graph 

polynomials. We refer the interested readers to [1,5, 6, 7], 

for more information on this topic. Alikani et al. [28], in 

(2009), introduced domination polynomial in graphs to 

count the number of dominating sets in a graph of 

different size. In a polynomial 

 𝑃(𝑥) =  𝑎𝑛𝑥𝑛 + 𝑎𝑛−1𝑥𝑛−1 + … + 𝑎1𝑥 +  𝑎0 

Where an is called the leading coefficient of 𝑃(𝑥), the 

polynomial 𝑃(𝑥) is called monic for 𝑎𝑛  = 1. 

Motivated by domination polynomial of graphs, here 

we introduce a nonsplit resolving domination polynomial 

of a graph and study some properties of the nonsplit 

resolving domination polynomial. For graphs like 

paths Pn,  cycles  Cn ,complete graphs Kn ,complete 

bipartite graph Kr,s , star graph K1,n−1 , bi-star graph 

Br,s and friendship graph Fn, for join and corona product 

of graphs, the nonsplit resolving domination polynomial 

will be found. 

Some fundamental results which will be required for 

many of our arguments in this paper are as follows: 

Lemma 1.1. [14] For a positive integer number 𝑛 ≥  2, 

 𝛾𝑛𝑠𝑟(𝐾𝑛) =  𝑛 − 1. 

 𝛾𝑛𝑠𝑟(𝐾1,𝑛−1) = 𝑛 − 1. 

 𝛾𝑛𝑠𝑟(𝑃𝑛) = {
1,           𝑛 = 2;

𝑛 − 2,     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
 

 𝛾𝑛𝑠𝑟(𝐶𝑛) = 𝑛 − 2, 𝑛 ≥ 3. 

 𝛾𝑛𝑠𝑟(𝐾𝑟,𝑠) = 𝑟 + 𝑠 − 2, 𝑟 ≥ 𝑠 ≥ 2. 

 𝛾𝑛𝑠𝑟(𝐹1,𝑛) =
𝑛

2
. 

 𝛾𝑛𝑠𝑟(𝐵𝑟,𝑠) = 𝑛 − 4 , 

where 𝐵𝑟,𝑠, for 𝑟 ≥  𝑠 ≥  1is a bistar graph formed from 

the two star 𝐾1,𝑟 and 𝐾1,𝑠 by joined the central vertices by 

an edge [22-25]. 

 

2. PROPERTIES OF NONSPLIT 

RESOLVING DOMINATION 

POLYNOMIAL OF GRAPHS 

In this section, we investigate nonsplit resolving 

domination polynomial of a graph and we study some its 

properties. 

Definition 2.1. Let 𝐺  be a graph of order 𝑛 . The 

nonsplit resolving domination polynomial of 𝐺  is the 

polynomial 𝑃(𝐺, 𝑥) = ∑ 𝑟(𝐺, 𝑖)𝑛
𝑖=𝛾𝑛𝑠𝑟

𝑥𝑖 

Where 𝑟(𝐺, 𝑖) is the number of nonsplit resolving 

dominating sets of 𝐺 of size 𝑖. 

To illustrate the concept of nonsplit domination 

polynomial of a graph.  

Consider the graph 𝐺1shown in figure1. 

 

Figure 1 A graph 𝐺1 with 𝛾𝑛𝑠𝑟(𝐺1) = 2 

It is clear, by easy chick, that𝛾𝑛𝑠𝑟(𝐺1) = 2 and there 

are only two nonsplit resolving dominating sets of 𝐺1of 

size two namely {𝑣1, 𝑣3} and {𝑣3, 𝑣5}. For more clarity, 

the subsets {𝑣1, 𝑣2} and {𝑣4, 𝑣5} are nonsplit dominating 

sets but it is not a resolving set, and also, the subsets 

{v1,v4}, {v2,v5} and {v2,v4} are resolving sets of G1 but are 

not nonsplit sets. There are three nonsplit resolving 
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dominating sets of size three are 

: {𝑣1, 𝑣2, 𝑣3}, {𝑣1, 𝑣3, 𝑣5}𝑎𝑛𝑑 {𝑣3, 𝑣4, 𝑣5}.  There are five 

nonsplit resolving dominating sets of size four which 

they are: 

{𝑣1, 𝑣2, 𝑣3, 𝑣4}, {𝑣1, 𝑣2, 𝑣3, 𝑣5}, {𝑣1, 𝑣2, 𝑣4, 𝑣5}, {𝑣1, 𝑣3, 𝑣4, 𝑣5} 

𝑎𝑛𝑑 {𝑣2, 𝑣3, 𝑣4, 𝑣5} . Also there is only one nonsplit 

resolving dominating set of size five which is 𝑉 (𝐺1). 
Here 𝑟(𝐺1, 1) =  0, 𝑟(𝐺1, 2) =  2, 

 𝑟(𝐺1, 3) =  3, 𝑟(𝐺1, 4) =  5 𝑎𝑛𝑑 𝑟(𝐺1, 5) =  1. 

Therefore, 𝑃(𝐺1, 𝑥) =  𝑥5 +  5𝑥4 +  3𝑥3 +  2𝑥2. 

In the following result, we present some properties of 

the coefficients of the nonsplit resolving domination 

polynomial of a graph. 

Proposition 2.2. Let G be a graph of order n ≥ 1. 

Then 

Since the only nonsplit resolving dominating set of G 

with cardinality n is only the set 𝑉 (𝐺),  so 𝑟(𝐺, 𝑛) =
 1 and hence 𝑃(𝐺, 𝑥)is a monic polynomial. 

In a graph G without isolated vertices, there are n 

possible different ways to choose the nonsplit resolving 

dominating sets of 𝐺 of size 𝑛 − 1.Therefore, 

 𝑟(𝐺, 𝑛 − 1) =  𝑛. 

𝑃(𝐺, 𝑥) has no constant term for every 𝑖 < 𝛾𝑛𝑠𝑟(𝐺). 
Hence the nonsplitresolving domination root of 𝑃(𝐺, 𝑥) 

is zero with multiplicity 𝛾𝑛𝑠𝑟(𝐺). 

𝑃(𝐺, 𝑥)is strictly increasing function in [0, ∞).For any 

subgraph 𝐻  of a graph 𝐺 , deg(𝑃(𝐺, 𝑥)) ≥

deg(𝑃(𝐻, 𝑥)). 

 

Proof. The proof is immediate consequences the 

definition of the nonsplit resolving domination 

polynomial of a graph. 

Now, we show that, from the nonsplit resolving 

domination polynomial [29] of a graph 𝐺 , we can 

determine the number of isolated vertices in 𝐺. 

Theorem 2.3. Let 𝐺 be a graph of order 𝑛 ≥  2with s 

isolated vertices. If 𝑃(𝐺, 𝑥) =  ∑ 𝑟(𝐺, 𝑖)𝑥𝑖𝑛
𝑖=1 , is its 

nonsplit resolving domination polynomial, then 𝑠 =
 𝑛 − 𝑟(𝐺, 𝑛 − 1). 

 

Proof. Let 𝐺 be a graph of order 𝑛 ≥  2  and let 𝑆 ⊆
 𝑉 (𝐺)be the set of all isolated vertices in 𝐺, with |𝑆| =
 𝑠. Then for any vertex 𝑣 ∈  𝑉 (𝐺) − 𝑆, the set 𝑉 (𝐺) −
{𝑣}  is a nonsplit resolving dominating set of 𝐺 . 

Therefore, 𝑟(𝐺, 𝑛 − 1)  =  |𝑉 (𝐺) − 𝑆)|  =  𝑛 − 𝑠 , and 

hence 𝑠 =  𝑛 − 𝑟(𝐺, 𝑛 − 1)., 

From Theorem 5.2 in [14], and by Proposition 2.2, part 

(3), the following result immediate consequence. 

Theorem 2.4. Let 𝒈 be a graph with n vertices. Then 

𝒓(𝒈, 𝟏) ≠  𝟎, if and only if 𝒈 ≅ 𝒌𝟐𝒐𝒓 𝒌𝟏.3. Math and 

equations 

3. THE NONSPLIT RESOLVING 

DOMINATION POLYNOMIAL FOR SOME 

WELL-KNOWN GRAPHS 

 In this section, we present the explicit formulas of 

nonsplit resolving domination polynomial for some well-

known classes of graphs. 

Theorem 3.1. For the complete graph 𝐾𝑛 , for 𝑛 ≥  2, 
𝑃(𝐾𝑛 , 𝑥) =  𝑥𝑛−1(𝑥 +  𝑛). 

 

Proof. Let 𝐾𝑛 be the complete graph with at least two 

vertices. Then by Lemma 1.1, 𝛾𝑛𝑠𝑟(𝐾𝑛) =  𝑛 − 1 and 

hence by Proposition 2.2, parts (1) and (2), 𝑟(𝐾𝑛 , 𝑛) =  1 

and 𝑟(𝐾𝑛 , 𝑛 − 1) =  𝑛. Therefore 

𝑃(𝐾𝑛 , 𝑥) = ∑ 𝑟(𝐾𝑛 , 𝑖)𝑥𝑖   𝑛
𝑖=𝑛−1

  
               (1) 

The nonsplit polynomial representation of a complete 

graph is given by (1). 
Theorem 3.2. For the trivial graph 𝐾1, 𝑃(𝐾1, 𝑥) =  𝑥. 

 

Theorem 3.3. Let 𝑃𝑛 ,for 𝑛 ≥  2, be the path. Then 

𝑃(𝑃𝑛 , 𝑥) = {
𝑥(𝑥 + 2),             𝑖𝑓 𝑛 = 2;

𝑥𝑛−2(𝑥2 + 𝑛𝑥 + (𝑛 − 3)).     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
 

 

Proof. Let 𝑃𝑛be the path with at least two vertices. From 

Lemma 1.1, we have 𝛾𝑛𝑠𝑟(𝑃𝑛) =  1 , if 𝑛 =  2 

and 𝛾𝑛𝑠𝑟(𝑃𝑛) =  𝑛 − 2,  if 𝑛 ≥  3.  Hence, we consider 

the following two cases: 

Case 1: If 𝑛 =  2, then 𝑃2 =  𝐾2, and hence by Theorem 

3.6 𝑃(𝑃2, 𝑥) =  𝑥(𝑥 +  2).                            (2) 

Case 2: If n ≥ 3, then by Proposition 2.2, 𝑟(𝑃𝑛, 𝑛) =
 1and 𝑟(𝑃𝑛, 𝑛 − 1) =  𝑛 − 1. Now, let us select nonsplit 

resolving dominating set 𝐷of cardinality  𝑛 − 2 . Then 

𝑉 − 𝐷is connected and 𝑉 − 𝐷 ≅ 𝑃2, 𝑖. 𝑒. , 𝑉 − 𝐷is an 

edge in 𝑃𝑛 . Since 𝑃𝑛 has size 𝑚 =  𝑛 − 1 and 𝑉 (𝑃𝑛) −
𝑒, for any non-pendant edge 𝑒 =  𝑢𝑣, 𝑢, 𝑣 ∈  𝑉 (𝑃𝑛) is a 

nonsplit resolving dominating set of 𝑃𝑛 . Then we can 

choose  𝐷 by 𝑚 − 2 =  𝑛 − 3  ways and hence, 

𝑟(𝑃𝑛 , 𝑛 − 2) =  𝑛 − 3. Therefore, 

 𝑃(𝑃𝑛 , 𝑥) = ∑ 𝑟(𝑃𝑛 , 𝑖)𝑥𝑖𝑛
𝑖=𝑛=2  

 𝑃(𝑃𝑛 , 𝑥) = 𝑟(𝑃𝑛 , 𝑛 − 2)𝑥𝑛−2 + 𝑟(𝑃𝑛, 𝑛 − 1)𝑥𝑛−1             

                    +𝑟(𝑃𝑛 , 𝑛)𝑥𝑛 

 𝑃(𝑃𝑛 , 𝑥) = (𝑛 − 3)𝑥𝑛−2 + 𝑛𝑥𝑛−1 + 𝑥𝑛 

 𝑃(𝑃𝑛 , 𝑥) = 𝑥𝑛−2(𝑥2 + 𝑛𝑥 + (𝑛 − 3))        (3) 
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Theorem 3.4. Let 𝐶𝑛 , for 𝑛 ≥  3, be the cycle graph. 

Then 

 𝑃(𝐶𝑛, 𝑥) = {
𝑥2(𝑥 + 3),          𝑖𝑓 𝑛 = 3;

𝑥𝑛−2(𝑥2 + 𝑛𝑥 + 𝑛),    𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒.
 

 

 

Proof. Let 𝐶𝑛be the cycle graph of order 𝑛 ≥  3. Then by 

Lemma 1.1, we have 𝛾𝑛𝑠𝑟(𝐶𝑛) =  2 , if 𝑛 =
 3 and𝛾𝑛𝑠𝑟(𝐶𝑛) =  𝑛 − 2,  for every 𝑛 ≥  3. Hence we 

have the following two cases: 

Case 1: If 𝑛 =  3,  then 𝐶3 ≅ 𝐾3,  and hence by 

Theorem 3.6 𝑃(𝐶3, 𝑥) =  𝑥2(𝑥 +  3).      ....................(4) 

Case 2: If 𝑛 ≥ 4 , then by Proposition 2.2 , 𝑟(𝐶𝑛, 𝑛) =
 1 and 𝑟(𝐶𝑛, 𝑛 − 1) =  𝑛 − 1 . To select a nonsplit 

resolving dominating set 𝐷of cardinality 𝑛 − 2 such that 

𝑉 − 𝐷 is connected and |𝑉 − 𝐷| =  2 . Then 𝑉 −
𝐷 is an edge in 𝐶𝑛,  and since 𝐶𝑛 has size 𝑚 =  𝑛 and 

𝑉 (𝐶𝑛) − 𝑒,  for any edge 𝑒 =  𝑢𝑣, 𝑢, 𝑣 ∈  𝑉 (𝐶𝑛)  is a 

nonsplit resolving dominating set of 𝐶𝑛. Then we can  

choose D by n ways and hence , 𝑟(𝐶𝑛 , 𝑛 − 2) =  𝑛. 
Therefore, 

 𝑃(𝐶𝑛, 𝑥) = ∑ 𝑟(𝐶𝑛, 𝑖)𝑥𝑖𝑛
𝑖=𝑛−2  

 𝑃(𝐶𝑛, 𝑥) = 𝑟(𝐶𝑛, 𝑛 − 2)𝑥𝑛−2 + 𝑟(𝐶𝑛, 𝑛 − 1)𝑥𝑛−1 

                   +𝑟(𝐶𝑛, 𝑛)𝑥𝑛 

 𝑃(𝐶𝑛, 𝑥) = 𝑛𝑥𝑛−2 + 𝑛𝑥𝑛−1 + 𝑥𝑛 

 𝑃(𝐶𝑛, 𝑥) = 𝑥𝑛−2(𝑥2 + 𝑛𝑥 + 𝑛)  (5) 

 

Theorem 3.5. For the star graph, 𝑓𝑜𝑟  

 𝑛 ≥  2, 𝑃(𝐾1,𝑛−1, 𝑥) =  𝑥𝑛−1(𝑥 +  𝑛). 

 

Proof. Let 𝐾1,𝑛−1be the star graph. Then by Lemma 1.1, 

𝛾𝑛𝑠𝑟(𝐾1, 𝑛 − 1) =  𝑛 − 1 and hence by Proposition 2.2, 

parts (1) and (2), 𝑟(𝐾1, 𝑛 − 1, 𝑛) =  1 and  

 𝑟(𝐾1, 𝑛 − 1, 𝑛 − 1) =  𝑛. 

Therefore 𝑃(𝐾1,𝑛−1, 𝑥) = ∑ 𝑟(𝐾1,𝑛−1, 𝑖)𝑥𝑖𝑛
𝑖=𝑛−1  

                 𝑃(𝐾1,𝑛−1, 𝑥)  = 𝑟(𝐾1,𝑛−1, 𝑛 − 1)𝑥𝑛−1 

                                           +𝑟(𝐾1,𝑛−1, 𝑛)𝑥𝑛 

𝑃(𝐾1,𝑛−1, 𝑥) = 𝑥𝑛−1(𝑥 + 𝑛)                 (6)           

Theorem 3.6. For a complete bipartite graph 𝐾𝑟,𝑠for 𝑟 ≥

 𝑠 ≥  2, 𝑃(𝐾𝑟,𝑠, 𝑥) = 𝑥𝑟+𝑠−2(𝑥2 + (𝑟 + 𝑠)𝑥 + 𝑟𝑠). 

 

Proof. Let 𝐾𝑟,𝑠 be a complete bipartite graph with 𝑛 =
 𝑟 +  𝑠 vertices and let 𝑉1 =  {𝑢1, 𝑢2, … , 𝑢𝑟}𝑎𝑛𝑑 𝑉2 =
 {𝑣1, 𝑣2, … , 𝑣𝑠} be the vertex partite sets 𝑜𝑓 𝐾𝑟,𝑠. Then by 

Lemma 1.1,  𝛾𝑛𝑠𝑟(𝐾𝑟.𝑠) =  𝑟 +  𝑠 − 2 =  𝑛 − 2  and 

hence by Proposition 2.2, parts (1) and(2), 𝑟(𝐾𝑟,𝑠, 𝑛) =

 1 𝑎𝑛𝑑 𝑟(𝐾𝑟,𝑠, 𝑛 − 1) =  𝑛 =  𝑟 +  𝑠.  To select a 

nonsplit resolving dominating set 𝐷 of 𝐾𝑟,𝑠 with 

cardinality 𝑛 − 2 such that 𝑉 − 𝐷is connected and |𝑉 −

𝐷| =  2. Then 𝑉 − 𝐷 is an edge in 𝐾𝑟,𝑠, and since 𝐾𝑟,𝑠has 

size 𝑚 =  𝑟𝑠 and 𝑉 (𝐾𝑟,𝑠) − 𝑒 , for any edge 𝑒 =

 𝑢𝑖𝑣𝐽, 𝑖 =  1,2, … , 𝑟 and 𝑗 =  1,2, … , 𝑠 is a nonsplit 

resolving dominating set of 𝐾𝑟,𝑠. Then we can choose 𝐷by 

𝑟𝑠 different ways and hence, 𝑟(𝐾𝑟,𝑠, 𝑛 − 2) =  𝑟𝑠. 
Therefore, 

𝑃(𝐾𝑟,𝑠, 𝑥) = ∑ 𝑟(𝐾𝑟,𝑠, 𝑖)𝑥𝑖 = ∑ 𝑟(𝐾𝑟,𝑠, 𝑖)

𝑟+𝑠

𝑖=𝑟+𝑠−2

𝑛

𝑖=𝑟+𝑠−2

𝑥𝑖 

  𝑃(𝐾𝑟,𝑠, 𝑥) = 𝑟(𝐾𝑟,𝑠, 𝑟 + 𝑠 − 2)𝑥𝑟+𝑠−2 + 

                       𝑟(𝐾𝑟,𝑠, 𝑟 + 𝑠 − 1)𝑥𝑟+𝑠−1 + 

                       𝑟(𝐾𝑟,𝑠, 𝑟 + 𝑠)𝑥𝑟+𝑠 

𝑃(𝐾𝑟,𝑠, 𝑥) = 𝑟𝑠𝑥𝑟+𝑠−2 + (𝑟 + 𝑠)𝑥𝑟+𝑠−1 + 𝑥𝑟+𝑠 

𝑃(𝐾𝑟,𝑠, 𝑥) = 𝑥𝑟+𝑠−2(𝑥2 + (𝑟 + 𝑠)𝑥 + 𝑟𝑠) (7) 

 

Corollary 3.7. For a complete bipartite graph 

𝐾𝑛

2
,
𝑛 

2
   for n ≥ 4, 𝑃 (𝐾𝑛

2
,
𝑛

2
, 𝑥) = 𝑥𝑛−2 (𝑥2 + 𝑛𝑥 +

𝑛2

4
). 

 

Bistar graph, shown in figure 2, is a graph constructed 

from 𝑃2by attaching 𝑟 edges in one vertex and 𝑡edges in 

the other vertex, and is denoted by 𝑆(𝑟, 𝑡).  

 

Figure 2 Bistar graph 𝑆(4,3) 

Theorem 3.8. For a bistar graph 𝑆(𝑟, 𝑠), for 𝑟 ≥  𝑠 ≥  2, 
with 𝑛 =  𝑟 + 𝑠 + 2vertices, 

 𝑃(𝑆(𝑟, 𝑠), 𝑥) =  𝑥𝑛 − 2(𝑥2 +  𝑛𝑥 +  1). 
 

Proof. Let 𝑆(𝑟, 𝑠)be the bistar graph with 𝑛 =  𝑟 +  𝑠 +
 2 vertices. Then by easy check one get that 

𝛾𝑛𝑠𝑟(𝑆(𝑟, 𝑠)) =  𝑛 − 2. It is clear that there is only one 

nonsplit resolving dominating set of S(r.s) with size 𝑛 −
2 , that is containing all the pendant vertices. Thus, 

𝑟(𝑆(𝑟, 𝑠), 𝑛 − 2) =  1 , and by Proposition 2.2, 

𝑟(𝑆(𝑟, 𝑠), 𝑛 − 1) =  𝑛and 𝑟(𝑆(𝑟, 𝑠), 𝑛) =  1. Therefore, 

 𝑃(𝑆(𝑟, 𝑠), 𝑥) =  𝑥𝑛 − 2(𝑥2 +  𝑛𝑥 +  1)  (8) 

 

In the following result, we compute the nonsplit 

resolving domination polynomial of the friendship 

graphs 𝐹𝑝,  for 𝑝 ≥  2,  where the friendship graph is a 

graph formed by joining 𝑝copies of 𝐾3with a common 

vertex, as shown in figure 3. Thus, 𝐹𝑝has 𝑛 =  2𝑝 +  1 

vertices, and 𝑚 =  3𝑝 edges [30-33].  

Atlantis Highlights in Computer Sciences, volume 4

43



  

 

 

Figure 3 Friendship graph 𝐹3 

Theorem 3.9. For a friendship graph 𝐹𝑝, for 𝑝 ≥  2, with 

𝑛 =  2𝑝 +  1 vertices, 

𝑃(𝐹𝑝, 𝑥) = 𝑥2𝑝+1 + 2𝑝𝑥2𝑝 + ∑ (
𝑝

𝑖
) 2𝑝−1𝑥𝑝+1.

𝑝

𝑖=0

 

 

Proof. Let 𝐹𝑝, for 𝑝 ≥  2 be a friendship graph with 𝑛 =

 2𝑝 + 1. Then by Lemma 1.1, 𝛾𝑛𝑠𝑟(𝐹𝑝) =  𝑝. It is clear 

that the central vertex of 𝐹𝑝does not belong to any nonsplit 

resolving dominating set 𝐷 with cardinality at least or 

equal to 𝑛 − 2,  because  𝑉 − 𝐷 in this case is 

disconnected. Thus we can chose a nonsplit resolving 

dominating set of size p, by chose one vertex from two for 

every copy of 𝐾3 . Then we have 2𝑝 deferent ways and 

hence, 𝑟(𝐹𝑝, 𝑝) =  2𝑝 [40]. To chose a nonsplit resolving 

dominating set of size p + 1, firstly, we chose the both 

vertices of any copy of𝐾3from the 𝑝copies of 𝐹𝑝, so we 

have (𝑝
1

)ways and by chose one vertex from two vertices 

of the reminding copies of 𝐾3 of 𝐹𝑝.  Thus we have 

2𝑝−1deferent ways. Hence, 𝑟(𝐹𝑝, 𝑝 + 1) = (𝑝
1

)2𝑝−1. By 

continuous in the same way we obtain that,𝑟(𝐹𝑝, 𝑝 + 𝑖) =

(𝑝
𝑖
)2𝑝−𝑖 , for every 2 ≤  𝑖 ≤  𝑛 − 2 =  2𝑝 − 1 and by 

Proposition 2.2 𝑟(𝐹𝑝, 𝑛 − 1) =  𝑛 =  2𝑝 +  1  and 

𝑟(𝐹𝑝, 𝑛) =  1. Therefore 

 𝑃(𝐹𝑝, 𝑥) = ∑ 𝑟(𝐹𝑝, 𝑖)𝑛
𝑖=𝛾𝑛𝑠𝑟

𝑥𝑖 = ∑ 𝑟(𝐹𝑝, 𝑖)𝑥𝑖2𝑝+1
𝑖=𝑝  

 𝑃(𝐹𝑝, 𝑥) = 𝑟(𝐹𝑝, 𝑝)𝑥𝑝 + 𝑟(𝐹𝑝, 𝑝 + 1)𝑥𝑝+1 

                  +𝑟(𝐹𝑝, 𝑝 + 2)𝑥𝑝+2 + ⋯ … … .. 

                  +𝑟(𝐹𝑝, 2𝑝 − 1)𝑥2𝑝−1 + 𝑟(𝐹𝑝, 2𝑝)𝑥2𝑝 

                  +𝑟(𝐹𝑝, 2𝑝 + 1)𝑥2𝑝+1 

 𝑃(𝐹𝑝, 𝑥) = 2𝑝𝑥𝑝 + (𝑝
1

)2𝑝−1𝑥𝑝+1 + (𝑝
2

)2𝑝−2𝑥𝑝+2 

                   + ( 𝑝
𝑝−1

) 2𝑝−(𝑝−1)𝑥2𝑝−2 + (2𝑝 + 1)𝑥2𝑝−1 

                    +𝑥2𝑝+1 

 𝑃(𝐹𝑝, 𝑥) = (𝑝
0

)2𝑝𝑥𝑝 + (𝑝
1

)2𝑝−1𝑥𝑝+1 + (𝑝
2

)2𝑝−2𝑥𝑝+2 

                   + ⋯ … . + ( 𝑝
𝑝−1

) 2𝑝−(𝑝−1)𝑥2𝑝−2 

                   +(2𝑝 + 1)𝑥2𝑝−1 + 𝑥2𝑝+1 

 𝑃(𝐹𝑝, 𝑥) = ∑ (𝑝
𝑖
)2𝑝−𝑖𝑥𝑝+𝑖 + (2𝑝 + 1)𝑥2𝑝 + 𝑥2𝑝+1𝑝−1

𝑖=0  

 𝑃(𝐹𝑝, 𝑥) = 𝑥2𝑝+1 + (2𝑝 + 1)𝑥2𝑝 

                   + ∑ (𝑝
𝑖
)2𝑝−𝑖𝑝−1

𝑖=0 𝑥𝑝+𝑖         (9) 

 

4. NONSPLIT RESOLVING DOMINATION 

POLYNOMIAL OF GRAPHS UNION 

This section will provide formula for the nonsplit 

resolving domination polynomial of the graphs union 

[34-39] and we will apply it on the union of some 

standard graphs. The following result required to prove 

our main result. 

Theorem 4.1. [14] Let 𝐺1, 𝐺2, … , 𝐺𝑘 , for 𝑘 ≥  2 , be 

pairwise vertex-disjoint graphs with 𝑛𝑖  vertices , 𝑖 =
 1,2, … , 𝑘 . Then for 𝐺 =  𝐺1 ∪  𝐺2 ∪  … ∪  𝐺𝑘, 

 𝛾𝑛𝑠𝑟(𝐺) = (∑ 𝑛𝑖
𝑘
𝑖=1
𝑖≠𝑗

) + 𝛾𝑛𝑠𝑟(𝐺𝑗) 

such that  𝑛𝑗 − 𝛾𝑛𝑠𝑟(𝐺𝑗) = max{𝑛𝑖 − 𝛾𝑛𝑠𝑟(𝐺𝑖): 𝑖 =

 1,2, … . , 𝑘}, for some 1 ≤  𝑗 ≤  𝑘. 
 

Theorem 4.2. Let 𝐺1, 𝐺2, … , 𝐺𝑝, for 𝑝 ≥  2be pairwise 

vertex-disjoint connected graphs with vertices 

𝑛1, 𝑛2, … , 𝑛𝑝, respectively. If 𝐺𝑗, for some  

𝑗 =  1,2, … , 𝑝, is the Graph with 

 𝑛𝑗 − 𝛾𝑛𝑠𝑟(𝐺𝑗) = max{𝑛𝑖 − 𝛾𝑛𝑠𝑟(𝐺𝑖): 1 ≤  𝑖 ≤

 𝑝} , 𝑎𝑛𝑑 𝑘 =  ∑ 𝑛𝑖
𝑝
𝑖=1
𝑖≠𝑗

, 𝑡ℎ𝑒𝑛 

 𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = 𝑥𝑘𝑃(𝐺𝑗, 𝑥). 

  

Proof. Let 𝐺1, 𝐺2, … , 𝐺𝑝,for 𝑝 ≥  2 be pairwise vertex-

disjoint graphs with n1,n2,...,np vertices, respectively, let 

𝐺𝑗, for some 𝑗 =  1,2, … , 𝑝, is the graph with 

 𝑛𝑗 − 𝛾𝑛𝑠𝑟(𝐺𝑗) = 𝑚𝑎𝑥{𝑛𝑖 − 𝛾𝑛𝑠𝑟(𝐺𝑖): 1 ≤ 𝑖 ≤ 𝑝}, 

and let 𝑘 = ∑ 𝑛𝑖
𝑝
𝑖=1
𝑖≠𝑗

Then by Theorem 4.1, 

𝛾𝑛𝑠𝑟 (⋃ 𝐺𝑖
𝑝
𝑖=1

) =  𝑘 + 𝛾𝑛𝑠𝑟(𝐺𝑗)                (10) 

 If 𝐷is the nonsplit resolving dominating set of⋃ 𝐺𝑖
𝑝
𝑖=1 , 

and𝐷𝑗 is the nonsplit resolving dominating set of a graph 

𝐺𝑗for 𝑖 =  1,2, … , 𝑝and 𝑖 ≠  𝑗, then 

𝐷 =  (⋃ 𝑉(𝐺𝑖))
𝑝
𝑖=1
𝑖≠𝑗

⋃ 𝐷𝑗                               (11) 

Thus, the different ways to choose a nonsplite resolving 

dominating set ⋃ 𝐺𝑖
𝑝
𝑖=1 of  𝑠𝑖𝑧𝑒 

𝑘 +  𝛾𝑛𝑠𝑟(𝐺𝑗) are the same ways to choose a nonsplit 

resolving dominating set of Size  𝛾𝑛𝑠𝑟(𝐺𝑗), hence 

𝑟 (⋃ 𝐺𝑖 , 𝑘
𝑝
𝑖=1 +  𝛾𝑛𝑠𝑟(𝐺𝑗)) =  𝑟 (𝐺𝑗, 𝛾𝑛𝑠𝑟(𝐺𝑗))   (12) 

 

By continuing with similar discussion, we obtain that 

 

𝑟(⋃ 𝐺𝑖 , 𝑘
𝑝
𝑖=1 +  𝛾𝑛𝑠𝑟(𝐺𝑗) + 𝑡) =  𝑟(𝐺𝑗 , 𝛾𝑛𝑠𝑟(𝐺𝑗) + 𝑡), 

for 1 ≤  𝑡 ≤  𝑛𝑗 − 𝛾𝑛𝑠𝑟(𝐺𝑗).  

Therefore, 

 𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = ∑ 𝑟(⋃ 𝐺𝑖 , 𝑡

𝑝
𝑖=1 )𝑥𝑡𝑛

𝑡=𝛾𝑛𝑠𝑟(⋃ Gi)
 

 

 𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = 𝑟 (⋃ 𝐺𝑖 , 𝑘

𝑝
𝑖=1 𝛾𝑛𝑠𝑟(𝐺𝑗)) 𝑥𝑘+𝛾𝑛𝑠𝑟(𝐺𝑗) 

 

 +𝑟 (⋃ 𝐺𝑖 , 𝑘
𝑝
𝑖=1 + 𝛾𝑛𝑠𝑟(𝐺𝑗)) 𝑥𝑘+𝛾𝑛𝑠𝑟(𝐺𝑗)+1 + ⋯ … …. 

+ 

+R (⋃ 𝐺𝑖 , 𝑛 − 1
𝑝
𝑖=1 )𝑥𝑛−1 + 𝑟(⋃ 𝐺𝑖 ,

𝑝
𝑖=1 𝑛)𝑥𝑛 (13) 
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Since 

 𝑟(⋃ 𝐺𝑖 , 𝑘
𝑝
𝑖=1 +  𝛾𝑛𝑠𝑟(𝐺𝑗) + 𝑡) =  𝑟(𝐺𝑗 , 𝛾𝑛𝑠𝑟(𝐺𝑗) +

𝑡), 𝑓𝑜𝑟 0 ≤ 𝑡 ≤ 𝑛𝑗 − 𝛾𝑛𝑠𝑟(𝐺𝑗),  

 

𝑛 = 𝑛1 + 𝑛2 + ⋯ . . +𝑛𝑝, 𝑎𝑛𝑑 𝑛 = 𝑘 + 𝑛𝑗. 

 

Then 

 𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = 𝑟 (𝐺𝑗 , 𝛾𝑛𝑠𝑟(𝐺𝑗)) 𝑥𝑘+ 𝛾𝑛𝑠𝑟(𝐺𝑗) 

                           +𝑟(𝐺𝑗 , 𝛾𝑛𝑠𝑟(𝐺𝑗) + 1)𝑥𝑘+ 𝛾𝑛𝑠𝑟(𝐺𝑗)+1 

                              + ⋯ + 𝑟(𝐺𝑗, 𝑛𝑗−1)𝑥𝑘+ 𝑛𝑗−1  

                           +𝑟(𝐺𝑗 , 𝑛𝑗)𝑥𝑛𝑗 

 

 𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = 𝑥𝑘 (𝑟 (𝐺𝑗, 𝛾𝑛𝑠𝑟(𝐺𝑗)) 𝑥𝛾𝑛𝑠𝑟(𝐺𝑗) +

                               𝑟(𝐺𝑗 , 𝛾𝑛𝑠𝑟(𝐺𝑗) + 1)𝑥𝛾𝑛𝑠𝑟(𝐺𝑗)+1 +

                            … . . +𝑟(𝐺𝑗 , 𝑛𝑗−1)𝑥𝑛𝑗−1 + 𝑟(𝐺𝑗 , 𝑛𝑗)𝑥𝑛𝑗) 

𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = 𝑥𝑘 ∑ 𝑟(𝐺𝑗, 𝑡)𝑥𝑡𝑛𝑗

𝑡=𝛾𝑛𝑠𝑟(𝐺𝑗)
 

 𝑃(⋃ 𝐺𝑖 , 𝑥
𝑝
𝑖=1 ) = 𝑥𝑘𝑃(𝐺𝑗, 𝑥)       (14) 

  

We obtain the pH graph G   by Theorem 4.2, empty 

and p-components of some standard graphs. 

Proposition 4.3 If  H is  a connected graphs of order n 

and let G = pH,  then 𝑃(𝐺, 𝑥) =  𝑥(𝑝−1)𝑛𝑃(𝐻, 𝑥). 
 

Proof. Let 𝐻 be a connected graphs of order 𝑛and let 

𝐺 =  𝑝𝐻. Since  

G= ⋃ 𝐻
𝑝
𝑖=1 . 

Then by Theorem 4.1, 𝛾𝑛𝑠𝑟(𝐺) = (∑ 𝑛
𝑝−1
𝑖=1 ) + 𝛾𝑛𝑠𝑟(𝐻) =

(𝑝 − 1)𝑛 + 𝛾𝑛𝑠𝑟(𝐻)  and henceas in Theorem 4.2 , 𝑘 =
 (𝑝 − 1)𝑛. Therefore, by using Theorem 4.2, we obtain, 

 𝑃(𝐺, 𝑥) =  𝑥(𝑝−1)𝑛𝑃(𝐻, 𝑥)       (15) 

  

Corollary 4.4. For 𝑛 ≥  2, 

   (1)𝑃(𝐾𝑛
̅̅̅̅ , 𝑥) = 𝑥𝑛. 

   (2) 𝑃(𝑝𝐾𝑛 , 𝑥) = 𝑥𝑝𝑛−1(𝑥 + 𝑛). 

   (3) 𝑃(𝑝𝑃𝑛 , 𝑥) = 𝑥𝑝𝑛−2(𝑥2 + 𝑛𝑥 + 𝑛 − 3). 

   (4) 𝑃(𝑝𝐶𝑛 , 𝑥) = 𝑥𝑝𝑛−2(𝑥2 + 𝑛𝑥 + 𝑛). 

 

5. CONCLUSION 

Studies on the concept of domination and also 

dominating sets plays a predominant role in graph theory 

with enormous applications to the networks in real-

world. 

Connected dominating polynomials have applications 

in networks such as WSN (wireless sensor networks), 

WAN (wireless ad hoc networks) and also in linked with 

few broadcast problems, recently it has found the 

application in network reliability as well. 

Here we have considered one such domination called 

nonsplit resolving domination. In particular   the nonsplit 

resolving domination polynomial representation of 

certain graphs namely paths ,  cycles, complete graphs, 

complete bipartite graph, star graph, bi-star graph and 

friendship graph. The same polynomial representation is 

considered for Union of graphs and corona product of 

graphs. This work has some applications in the field of 

biology, biomedicine and biochemistry.  

 

REFERENCES 

[1] E S. Akbari, S. Alikhani and Y. Peng, Characterization of 

graphs using domination polynomials, European J. of 

Combin., 31(2010), 1714-1724. 

[2]   Hu, Liwen, Ngoc-Tu Nguyen, Wenjin Tao, Ming C. Leu, 

Xiaoqing Frank Liu, Md Rakib Shahriar, and SM Nahian 

Al Sunny. "Modeling of cloud-based digital twins for 

smart manufacturing with MT connect." Procedia 

manufacturing 26 (2018): 1193-1203.  

[3]   Seyhan, Kübra, Tu N. Nguyen, Sedat Akleylek, Korhan 

Cengiz, and SK Hafızul Islam. "Bi-GISIS KE: Modified 

key exchange protocol with reusable keys for IoT 

security." Journal of Information Security and 

Applications 58 (2021): 102788.  

[4]    Nguyen, Tu N., Bing-Hong Liu, Nam P. Nguyen, and 

Jung-Te Chou. "Cyber security of smart grid: attacks and 

defenses." In ICC 2020-2020 IEEE International 

Conference on Communications (ICC), pp. 1-6. IEEE, 

2020.  

[5]   Bhuvaneswary, N., S. Prabu, K. Tamilselvan, and K. G. 

Parthiban. "Efficient Implementation of Multiply 

Accumulate Operation Unit Using an Interlaced Partition 

Multiplier." Journal of Computational and Theoretical 

Nanoscience 18, no. 4 (2021): 1321-1326. 

 

[6]   E. J. Farrell, On a general class of graph polynomials, J. 

Combin. Theory B, 26:(1979), 111-122. 

[7] I. Gutman and F. Harary, Generalizations of the matching 

polynomial, Util. Math., 24 (1983), 97-106. 

[8] F. Harary, Graph Theory, Addison Wesley, Massachusetts, 

1969. 

[9] F. Harary and R. A. Melter, On the metric dimension of a 

graph. ArsCombinitrial, 2 (1976), 191-195. 

[10] C. Hernando, M. Mora, I. M. Pelayo, C. Seara and R. W. 

David, Extremal Graph Theory for Metric Dimension and 

Diameter, Elect. J. of Combin.,17(2010), # R30. 

[11] S. Khuller, B. Raghavachari and A. Rosenfeld, Landmarks 

in graphs, Disc. Appl. Math., 70 (1996), 217-229. 

[12] J. Kratica, V. Kova˜cevi´c-Vuj˜ci´c and M. Cangalovi˜ 

C,´Computing the metric dimension of graphs by genetic 

algorithms, Comput. Optim. Appl., 44 (2009), 343-361. 

Atlantis Highlights in Computer Sciences, volume 4

45



  

 

[13] A. M. Naji and N. D. Soner, Resolving connected 

domination in graphs, Int. J. Math. Combin.,4(2015), 129-

136. 

[14] N. Pushpa and B. V. Dhananjayamurthy, nonsplit resolving 

domination of Graphs, IJPAM, in communication. 

[15] C. Robert, G. Chartrand, D. dutton and P. Zhang, 

Resolving domination in graph, Math. Bohemica, 

128(2003), 25-36. 

[16] P.J.Slater, Leaves of trees, Congressusnumerantium, 14 

(1975), 549-559. 

[17] P. J. Slater, Dominating and reference sets in graphs, J. 

Math. Physics Sci., 22 (1988), 445-455. 

[18] H. Subramanian and S. Arasappan, Secure resolving sets 

in a graph, Symmetry 10(439) (2018), 

doi:10.3390/sym10100439. 

www.mdpi.com/journal/symmetry. 

[19] Behrooz Bagheri Gh., Mohsen Jannesari Behnaz         

Omoomi, Relations between meteic Dimension and          

Domination Number of Graphs, arXiv:1112.2326v          

(math.co),11 Dec 2011. 

[20] Saeid Alikhani,On Domination Plynomial of Some      

Graph Operations, Hindawi, 2013. 

[21] A. Sasireka, A. H. Nandhu Kishore, Applications of 

Dominating Set of Graph in Computer Networks, 

IJESRT,3(1),2014. 

[22] K. Ameenal Bibi, K. Selvakumar. The inverse split and 

nonsplit domination in graphs, International Journal of 

Computer Applications, (0975 -8887), No. 7, Vol 8, 2010. 

[23] Dafik, Slamin,Ika Hesti Agustin, Dwi Agustin,         

Retnowardani elsa yuli Kurniawati, On the resolving 

strong domination number of graphs: a new notion, 

Journal of Physiscs: Conference series  1836 (2021) 

012019.  doi:10.1088/1742-6596/1836/1/012019. 

[24] Yuliana, I., Dafik, Agustin, I.H., Wardani, D.A.R. On the 

power domination number of corona product and join 

graphs, Journal of Physics: Conference Series, 1211(1), 

2019. 

[25] Dafik, Agustin, I.H., Wardani, D.A.R., The number of 

locating independent dominating set on generalized 

corona product graphs, Advances in Mathematics: 

Scientific Journal, 9(7), pp. 4873-4891, 2020.  

[26] R Jemimal chrislight, Y Therese Sunitha Mary,The 

nonsplit domination in subdivision graph, Journal of 

Mathematics, Vol. 39, No. 5, pp.1113- 1120,2020.  

[27] Bhuvaneswary, N., S. Prabu, S. Karthikeyan, R. Kathirvel, 

and T. Saraswathi. "Low Power Reversible Parallel and 

Serial Binary Adder/Subtractor." Further Advances in 

Internet of Things in Biomedical and Cyber Physical 

Systems (2021): 151  

[28] S. Alikhani and Y. Peng, Introduction to domination 

polynomial of a graph, arXiv:0905.225(1) (2009).  

[29] J. A. Bondy and U. S. R. Murty, Graph Theory, Springer, 

Berlin, 2008. 

[30] P. J. Cameron and J. H. Van Lint, Designs, Graphs, Codes 

and their Links, London Mathematical Society Student 

Texts 22 (Cambridge University Press), Cambridge, 1991. 

[31] F. M. Dong, Chromatic Polynomials and Chromaticity , of 

Graphs, World Scientific Publishing Company, Illustrated 

Edition, June, 2005.  

[32] K. Yu, L. Tan, X. Shang, J. Huang, G. Srivastava and P. 

Chatterjee, “Efficient and Privacy-Preserving Medical 

Research Support Platform Against COVID-19: A 

Blockchain-Based Approach”, IEEE Consumer 

Electronics Magazine, doi: 10.1109/MCE.2020.3035520.   

[33] Z. Guo, Y. Shen, A. K. Bashir, M. Imran, N. Kumar, D. 

Zhang and K. Yu, “Robust Spammer Detection Using 

Collaborative Neural Network in Internet of Thing 

Applications”, IEEE Internet of Things Journal, vol. 8, no. 

12, pp. 9549-9558, 15 June15, 2021, doi: 

10.1109/JIOT.2020.3003802.   

[34] L. Tan, H. Xiao, K. Yu, M. Aloqaily, Y. Jararweh, “A 

Blockchain-empowered Crowdsourcing System for 5G-

enabled Smart Cities”, Computer Standards & 

Interfaces, https://doi.org/10.1016/j.csi.2021.103517.  

[35] C. Feng et al., "Efficient and Secure Data Sharing for 5G 

Flying Drones: A Blockchain-Enabled Approach," IEEE 

Network, vol. 35, no. 1, pp. 130-137, January/February 

2021, doi: 10.1109/MNET.011.2000223.  

[36] Parameshachari, B. D., H. T. Panduranga, and Silvia 

liberata Ullo. "Analysis and computation of encryption 

technique to enhance security of medical images." In IOP 

Conference Series: Materials Science and Engineering, 

vol. 925, no. 1, p. 012028. IOP Publishing, 2020.  

[37] Rajendran, Ganesh B., Uma M. Kumarasamy, Chiara 

Zarro, Parameshachari B. Divakarachari, and Silvia L. 

Ullo. "Land-use and land-cover classification using a 

human group-based particle swarm optimization 

algorithm with an LSTM Classifier on hybrid pre-

processing remote-sensing images." Remote Sensing 12, 

no. 24 (2020): 4135.  

[38] N. Shi, L. Tan, W. Li, X. Qi, K. Yu, “A Blockchain-

Empowered AAA Scheme in the Large-Scale HetNet”, 

Digital Communications and 

Networks, https://doi.org/10.1016/j.dcan.2020.10.002.  

[39] Y. Sun, J. Liu, K. Yu, M. Alazab, K. Lin, “PMRSS: 

Privacy-preserving Medical Record Searching Scheme 

for Intelligent Diagnosis in IoT Healthcare”, IEEE 

Transactions on Industrial Informatics, doi: 

10.1109/TII.2021.3070544.  

[40] Rajendrakumar, Shiny, and V. K. Parvati. "Automation of 

irrigation system through embedded computing 

technology." In Proceedings of the 3rd International 

Conference on Cryptography, Security and Privacy, pp. 

289-293. 2019. 

Atlantis Highlights in Computer Sciences, volume 4

46

http://www.mdpi.com/journal/symmetry
https://doi.org/10.1016/j.csi.2021.103517
https://doi.org/10.1016/j.dcan.2020.10.002.

