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Abstract: 

Let G be a simple undirected graph whose vertices are from non cyclic  abelian 

group  and there is an edge between any two vertices iff vertices form a non 

singular matrix. Here we assign the Matrix Cordial Labeling to the vertices. In 

this paper we introduce the concept of Matrix Cordial labeling for some splitting 

graphs We shall discuss Matrix Cordial Labeling for path, cycle . 

Conclusions: In this paper we investigated three new matrix cordial graphs. The 

findings in this paper are original. For a better understanding of the labeling 

pattern specified in each theorem, illustrations are given at the conclusion of each 

theorem. 

Keywords: Cordial labeling, singular matrix and non-singular matrix, Splitting 

graph 

 

1. Introduction 

Sampathkumar and Walikar introduced the splitting graph. new vertex v1 is added to a graph G in order to create 

the splitting graph S1(G) of that graph, where N(v)=N(v1) and N1(v) are the neighbourhood sets of vertex v and 

vertex v1, respectively. We start with an undirected, connected, simple, finite graph with vertices and edges. We 

adhere to Gross and Yellen [1]'s nomenclature and notational guidelines. We refer Beineke and Hegde [2]’s 

strongly multiplicative graphs . For further graphs,  we refer Gallian[3]'s “Dynamic Survey of Graph Labeling." 

We also refer  Cahit[4], “Cordial Graphs: A Weaker Version of Graceful and Harmonious Graphs for codial 

labeling. Numbers and graph structure have a tight relationship thanks to graph labelling.  Gallian provides a 
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helpful overview of the various graph labelling techniques [7]Combining the cordial labelling [6] notion in graph 

labelling with the relatively prime concept from number theory. 

   2.Preliminaries 

This section contains basic defisnitions that are needed throughout this paper 

Definition 2.1 

Let g : V(G)→ 𝐾4in such a way, the edge 𝑢𝑣 is labeled as |g(𝑢)–g(𝑣)|. g is called cordial labeled if the difference 

between the number of vertices labeled 0 and the number of vertices labeled 1 is atmost 1. 

Definition 2.2 

An 𝑚 𝑥 𝑛 matrix A is an array of mn numbers 𝑎𝑖𝑗  where 1 ≤  𝑖 ≤  𝑚, 1 ≤  𝑗 ≤  𝑛 arranged in m rows and n 

columns as follows. 

(

a11 ⋯ a1n
⋮ ⋱ ⋮
am1 ⋯ amn

) 

We shall denote this matrix by the symbol (𝑎𝑖𝑗). If m=n , A is called a square matrix of order n. 

Definition 2.3 

A square matrix A is said to be singular if |A|=0. 

A is called a non-singular matrix if |A|≠0. 

Definition 2.4 

For a graph G the splitting graph S1(G) of graph G is obtained by adding a new vertex v1 corresponding to each 

vertex v of G such that N(v)=N(v1) and N1(v) are the neighbourhood  sets of v and v1 respectively. 

Theorem 1: 

All Splitting path S1(Pn) ,n≥ 𝟐 is vertex matrix cordial labeling . 

Proof:- 

Let u1,u2,u3,……,un & v1,v2,v3,……..,vn  be the vertices of  S1(Pn)  .Edge  set of this is given by   

E(S1(Pn)  )= {

𝑢𝑖𝑢𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑢𝑖𝑣𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑢𝑖+1𝑣𝑖 , 1 ≤ 𝑖 ≤ 𝑛 − 1

                

Case 1: 𝒏 ≡ 𝟎 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘, 𝑘 ≥ 1 

𝑓(ui) =

{
 

 
(2,0), i ≡ 1 (mod 4)

(1,1), i ≡ 2(mod 4)

(1,2), i ≡ 3 (mod 4)

(0,1), i ≡ 4(mod 4)

 

𝑓(vi) =

{
 

 
(1,0), i ≡ 1 (mod 4)

(2,2), i ≡ 2(mod 4)

(2,1), i ≡ 3 (mod 4)

(0,2), i ≡ 4(mod 4)

 

uf(2,0) = uf(1,1) = uf(1,2) = uf(0,1) = k,   

vf(2,1) = vf(2,2) = vf(1,0) = vf(0,2) = k 
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Hence|𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 2: 𝒏 ≡ 𝟏 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case (i),for remaining vertices we define 

𝑓(ui) = {(2,0); 𝑖 = 4𝑘 + 1,   𝑓(vi) = {(1,0); 𝑖 = 4𝑘 + 1 

 uf(1,1) = uf(1,2) = uf(0,1) = k, uf(2,0) = k+1 

 vf(2,1) = vf(2,2) =  vf(0,2) = k, vf(1,0) = k+1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 3: 𝒏 ≡ 𝟐 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i), for remaining vertices we define 

𝑓(ui) = {
(1,1); 𝑖 = 4𝑘 + 1
(0,1); 𝑖 = 4𝑘 + 2

         ,    

𝑓(vi) = {
(2,2); 𝑖 = 4𝑘 + 1
(2,1); 𝑖 = 4𝑘 + 2

 

uf(2,0) =  uf(1,2) = k,    uf(1,1) = uf(0,1)=k+1 

 vf(1,0) = vf(0,2) = k,   vf(2,2)= vf(2,1)=k+1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 4: 𝒏 ≡ 𝟑 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 3, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i),for remaining vertices we define 

𝑓(ui) = {

(1,1); 𝑖 = 4𝑘 + 1
(0,1); 𝑖 = 4𝑘 + 2
(2,0); 𝑖 ≡ 4𝑘 + 3

             , 

𝑓(vi) = {

(2,2); 𝑖 = 4𝑘 + 1
(2,1); 𝑖 = 4𝑘 + 2
(1,0); 𝑖 ≡ 4𝑘 + 3

 

 uf(1,2) =  k,    uf(2,0) = uf(1,1) = uf(0,1) =k+1 

 vf(0,2) = k  , vf(2,1) = vf(2,2) = vf(1,0) =k+1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

 Hence all Splitting path S1(Pn),  n>1 is  matrix cordial labeling 

From the below table we can easily prove that all path 𝑃𝑛 , 𝑛 > 1is vertex matrix cordial labeling 

Nature 

of n 

uf(2,0) 

& 

vf(2,1) 

uf(1,1) 

& 

vf(2,2) 

uf(1,2) 

& 

vf(1,0) 

uf(0,1) 

& 

vf(0,2) 

4k k 

& 

k 

k 

& 

k 

k 

& 

k 

k 

& 

K 

4k+1 k+1 

& 

k 

& 

k 

& 

k 

& 
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k k k+1 K 

4k+2 k 

& 

k+1 

k+1 

& 

k+1 

k 

& 

k 

k+1 

& 

K 

4k+3 k+1 

& 

k+1 

k+1 

& 

k+1 

k 

& 

k+1 

k+1 

& 

K 

 

Theorem 2 : 

All Splitting cycle S1(Cn) ,n ≥3  matrix cordial labeling. 

Proof:      

Let u1,u2,u3,……,un & v1,v2,v3,……..,vn  be the vertices of  S1(Cn)  .Edge  set of this is given by   

E(S1(Cn)  )= {

𝑢𝑖𝑣𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑣𝑖𝑢𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑢𝑖𝑣𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1

                

    Case 1: 𝒏 ≡ 𝟎 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘, 𝑘 ≥ 1 

𝑓(ui) =

{
 

 
(1,0), i ≡ 1 (mod 4)

(2,2), i ≡ 2(mod 4)

(1,2), i ≡ 3 (mod 4)

(0,2), i ≡ 4(mod 4)

 

𝑓(vi) =

{
 

 
(2,0), i ≡ 1 (mod 4)

(1,1), i ≡ 2(mod 4)

(2,1), i ≡ 3 (mod 4)

(0,1), i ≡ 4(mod 4)

 

uf(1,0) = uf(2,2) = uf(1,2) = uf(0,2) = k,   

vf(2,0) = vf(1,1) = vf(2,1) = vf(0,1) = k 

Hence|𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 2: 𝒏 ≡ 𝟏 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case (i),for remaining vertices we define 

𝑓(ui) = {(2,2); 𝑖 = 4𝑘 + 1,   𝑓(vi) = {(1,1); 𝑖 = 4𝑘 + 1 

uf(1,0)  = uf(1,2) = uf(0,2) = k,    uf(2,2)=k+1 

vf(2,0) =  vf(2,1) = vf(0,1) = k,    vf(1,1) 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 3: 𝒏 ≡ 𝟐 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i), for remaining vertices we define 

𝑓(ui) = {
(1,0); 𝑖 = 4𝑘 + 1
(2,2); 𝑖 = 4𝑘 + 2

         ,    
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𝑓(vi) = {
(2,0); 𝑖 = 4𝑘 + 1
(2,1); 𝑖 = 4𝑘 + 2

 

 uf(1,2) = uf(0,2) = k,   uf(1,0) = uf(2,2)=k=1 

 vf(1,1) =  vf(0,1) = k,   vf(2,0)= vf(2,1)=k+1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 4: 𝒏 ≡ 𝟑 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 3, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i),for remaining vertices we define 

𝑓(ui) = {

(1,2); 𝑖 = 4𝑘 + 1
(1,0); 𝑖 = 4𝑘 + 2
(2,2); 𝑖 ≡ 4𝑘 + 3

             , 

𝑓(vi) = {

(2,1); 𝑖 = 4𝑘 + 1
(2,0); 𝑖 = 4𝑘 + 2
(1,1); 𝑖 ≡ 4𝑘 + 3

 

 uf(0,2) = k,  uf(1,0) = uf(2,2) = uf(1,2) =k+1 

vf(0,1) = k, vf(2,0) = vf(1,1) = vf(2,1) =k+1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

 Hence all Splitting path S1(Pn),  n>1 is  matrix cordial labeling 

From the below table we can easily prove that all path 𝑃𝑛 , 𝑛 > 1is K4 matrix cordial labeling 

Nature 

of n 

uf(2,0) 

& 

vf(2,1) 

uf(1,1) 

& 

vf(2,2) 

uf(1,2) 

& 

vf(1,0) 

uf(0,1) 

& 

vf(0,2) 

4k k 

& 

k 

k 

& 

k 

k 

& 

k 

k 

& 

K 

4k+1 k 

& 

k 

k+1 

& 

k+1 

k 

& 

k 

k 

& 

K 

4k+2 k+1 

& 

k+1 

k 

& 

k+1 

k 

& 

k+1 

k 

& 

K 

4k+3 k+1 

& 

k+1 

k+1 

& 

k+1 

k 

& 

k+1 

k 

& 

K 

     

Theorem 3: 

All Splitting path S1(Pn) ,n≥ 𝟐 is edge matrix cordial labeling . 

Let u1,u2,u3,……,un & v1,v2,v3,……..,vn  be the vertices of  S1(Pn)  .Edge  set of this is given by   
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E(S1(Pn)  )= {

𝑢𝑖𝑢𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑢𝑖𝑣𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑢𝑖+1𝑣𝑖 , 1 ≤ 𝑖 ≤ 𝑛 − 1

 

Case 1: 𝒏 ≡ 𝟎 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘, 𝑘 ≥ 1 

𝑓(ui) =

{
 

 
(1,0), i ≡ 1 (mod 4)

(1,1), i ≡ 2(mod 4)

(0,1), i ≡ 3 (mod 4)

(1,1), i ≡ 4(mod 4)

 

𝑓(vi) =

{
 

 
(2,2), i ≡ 1 (mod 4)

(0,2), i ≡ 2(mod 4)

(2,2), i ≡ 3 (mod 4)

(0,2), i ≡ 4(mod 4)

 

𝑛𝑒(0) = 6𝑘 − 1, 𝑛𝑒(1) = 6𝑘 − 2 

Hence|𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 2: 𝒏 ≡ 𝟏 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case (i),for remaining vertices we define 

𝑓(ui) = {(0,1); 𝑖 = 4𝑘 + 1,   𝑓(vi) = {(2,1); 𝑖 = 4𝑘 + 1 

𝑛𝑒(0) = 6𝑘, 𝑛𝑒(1) = 6𝑘 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 3: 𝒏 ≡ 𝟐 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i), for remaining vertices we define 

𝑓(ui) = {
(0,1); 𝑖 = 4𝑘 + 1
(1,2); 𝑖 = 4𝑘 + 2

         ,    

𝑓(vi) = {
(2,2); 𝑖 = 4𝑘 + 1
(2,1); 𝑖 = 4𝑘 + 2

 

𝑛𝑒(0) = 6𝑘 + 2, 𝑛𝑒(1) = 6𝑘 + 1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 4: 𝒏 ≡ 𝟑 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 3, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i),for remaining vertices we define 

𝑓(ui) = {

(1,0); 𝑖 = 4𝑘 + 1
(1,1); 𝑖 = 4𝑘 + 2
(1,0); 𝑖 ≡ 4𝑘 + 3

             , 

𝑓(vi) = {

(2,2); 𝑖 = 4𝑘 + 1
(2,0); 𝑖 = 4𝑘 + 2
(2,1); 𝑖 ≡ 4𝑘 + 3

 

𝑛𝑒(0) = 6𝑘 + 3, 𝑛𝑒(1) = 6𝑘 + 3 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

 Hence all Splitting path S1(Pn),  n>1 is  matrix cordial labeling 

From the below table we can easily prove that all path 𝑃𝑛 , 𝑛 > 1is K4 matrix cordial labeling 
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Nature 

of n 

𝑛𝑒(0) 𝑛𝑒(1) 

4k 6𝑘 − 1 6𝑘 − 2 

4k+1 6𝑘 6𝑘 

4k+2 6𝑘 + 2 6𝑘 + 1 

4k+3 6𝑘 + 3 6𝑘 + 3 

Theorem 4: 

All Splitting cycle S1(Cn) ,n≥ 𝟐 is edge matrix cordial labeling . 

Let u1,u2,u3,……,un & v1,v2,v3,……..,vn  be the vertices of  S1(Cn)  .Edge  set of this is given by   

E(S1(Cn)  )= {

𝑢𝑖𝑢𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑣𝑖𝑢𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1
𝑢𝑖𝑣𝑖+1, 1 ≤ 𝑖 ≤ 𝑛 − 1

 

Case 1: 𝒏 ≡ 𝟎 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘, 𝑘 ≥ 1 

𝑓(ui) =

{
 

 
(1,1), i ≡ 1 (mod 4)

(0,2), i ≡ 2(mod 4)

(0,2), i ≡ 3 (mod 4)

(1,1), i ≡ 4(mod 4)

 

𝑓(vi) =

{
 

 
(0,1), i ≡ 1 (mod 4)

(2,2), i ≡ 2(mod 4)

(0,1), i ≡ 3 (mod 4)

(2,1), i ≡ 4(mod 4)

 

𝑛𝑒(0) = 6𝑘, 𝑛𝑒(1) = 6𝑘 

Hence|𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 2: 𝒏 ≡ 𝟏 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case (i),for remaining vertices we define 

𝑓(ui) = {(0,2); 𝑖 = 4𝑘 + 1,   𝑓(vi) = {(2,2); 𝑖 = 4𝑘 + 1 

𝑛𝑒(0) = 6𝑘 + 2, 𝑛𝑒(1) = 6𝑘 + 1 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 3: 𝒏 ≡ 𝟐 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i), for remaining vertices we define 

𝑓(ui) = {
(1,0); 𝑖 = 4𝑘 + 1
(0,2); 𝑖 = 4𝑘 + 2

         ,    

𝑓(vi) = {
(0,1); 𝑖 = 4𝑘 + 1
(2,0); 𝑖 = 4𝑘 + 2

 

𝑛𝑒(0) = 6𝑘 + 3, 𝑛𝑒(1) = 6𝑘 + 3 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

Case 4: 𝒏 ≡ 𝟑 (𝒎𝒐𝒅𝟒) 

                    Let 𝑛 = 4𝑘 + 3, 𝑘 ≥ 1 for 1 ≤ i ≤ 4k we labeled as in case(i),for remaining vertices we define 
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𝑓(ui) = {

(1,1); 𝑖 = 4𝑘 + 1
(0,2); 𝑖 = 4𝑘 + 2
(0,2); 𝑖 ≡ 4𝑘 + 3

             , 

𝑓(vi) = {

(0,1); 𝑖 = 4𝑘 + 1
(2,2); 𝑖 = 4𝑘 + 2
(2,2); 𝑖 ≡ 4𝑘 + 3

 

𝑛𝑒(0) = 6𝑘 + 5, 𝑛𝑒(1) = 6𝑘 + 4 

Hence |𝑛𝑓(0) – 𝑛𝑓(1)|  ≤  1 

 Hence all Splitting path S1(Cn),  n>1 is edge matrix cordial labeling 

From the below table we can easily prove that all path 𝑃𝑛 , 𝑛 > 1 is edge matrix cordial labeling 

Nature 

of n 

𝑛𝑒(0) 𝑛𝑒(1) 

4k 6𝑘 6𝑘 

4k+1 6𝑘 + 2 6𝑘+1 

4k+2 6𝑘 + 3 6𝑘 + 3 

4k+3 6𝑘 + 5 6𝑘 + 4 
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