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ABSTRACT 

In this paper , we explicates a new definition of Mean 4 – square sum E- cordial graph which is defined as 
follows:    Let 𝐺(𝑉, 𝐸) be a simple graph and let 𝑓: 𝐸(𝐺) → {1,2,3,4} be a mapping with the induced labeling 

𝑓∗: 𝑉(𝐺) → {0,1} for each vertex u assign the label 1 if⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ is  odd assign the label 0 if⌊

∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋  is even. The 

mapping𝑓 is called a mean 4- square sum E - cordial labeling if  |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1  where 𝑣𝑓(0) and 𝑣𝑓(1) is the 

number of vertices labeled with 0 and labeled by 1 respectively. A graph which admits mean 4- square sum E - 
cordial labeling is called mean 4- square sum E - cordial graph. 

1.  Introduction 
We begin with finite, connected and undirected graph without loops and multiple edges. 

Throughout this  paper |𝑉(𝐺)| and |𝐸(𝐺)|  respectively denote the number of vertices and 
edges in 𝐺.  A graph labeling is an assignment of integer of the vertices of edges or both 
subject to certain conditions. If the domain of the mapping is the set of vertices or edges then 
the labeling is called a vertex labeling and edge labeling. A mapping𝑓 is called binary vertex 
labeling of 𝐺 and 𝑓(𝑢) is called the label of vertex of 𝐺 under 𝑓. For an edge 𝑒 = 𝑢𝑣, the 
induced edge labeling 𝑓∗: 𝐸(𝐺) → {0,1}is given by 𝑓∗(𝑒 = 𝑢𝑣) = |𝑓(𝑢) − 𝑓(𝑣)| then 𝑣𝑓(𝑖) is 

the number of vertices of 𝐺 having label 1 under 𝑓and 𝑒𝑓(𝑖) is the number of edges of 𝐺 having 

label 1 under 𝑓∗ for 𝑖 = 0,1. A binary vertex labeling of a graph 𝐺 is called cordial labeling if 
|𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 and |𝑒𝑓(0) − 𝑒𝑓(1)| ≤ 1. A graph G is a called coordinal if it admits 

coordinal labeling . Let 𝐺 be a graph with vertex set 𝑉(𝐺)and edge set 𝐸(𝐺) and 𝑓:𝐸(𝐺) →
{0,1} define 𝑓∗ on V(G) by 𝑓∗(𝑣) = 𝑓∗(𝑢) = {∑(𝑓(𝑢𝑣))/𝑢𝑣 ∈ 𝐸(𝐺)}(𝑚𝑜𝑑2) . The function 𝑓 is 
called 𝐸 − coordinal labeling of 𝐺  if |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 and |𝑒𝑓(0) − 𝑒𝑓(1)| ≤ 1.A graph is 

called E- coordinal if it admits E- Cordial labeling. In this paper  we introduced a new definition 
of mean 4- square sum E-cordial graph which is defined . 
Definition 1.1.  

Let 𝐺(𝑉, 𝐸) be a simple graph and let 𝑓: 𝐸(𝐺) → {1,2,3,4} be a mapping with the induced 

labeling 𝑓∗: 𝑉(𝐺) → {0,1} for each vertex u assign the label 1 if ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋is  odd assign the label 0 

if⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋  is even. The mapping𝑓 is called a mean 4- square sum E - cordial labeling if  

|𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1  where 𝑣𝑓(0) and 𝑣𝑓(1) is the number of vertices labeled with 0 and 

labeled by 1 respectively. A graph which admits mean 4- square sum E - cordial labeling is 
called mean 4- square sum E - cordial graph. 
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Example  1.2 

 

Fig. 1.1 Example of  mean 4-square sum E - cordial labeling 

From the above graph 
 𝑓∗(𝑢1) = 1,𝑓∗(𝑢2) = 1, 𝑓

∗(𝑢3) = 0, 𝑓∗(𝑢4) = 0, 
𝑓∗(𝑢5) = 1, 𝑓

∗(𝑢6) = 0, 𝑓∗(𝑢7) = 0 
Hence  𝑣𝑓(0) = 4, 𝑣𝑓(1) = 3  this implies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 

Hence 𝐺is a mean 4- square sum E - cordial graph. 
2. Mean 4- Square Sum E - cordial Labeling For Some Standard Graph 

In this section we discuss some general graphs are mean 4- square sum  E - cordial 
graph. 

Observation 2.1.  
The complete graphs are mean 4- square sum E - cordial graph if 𝑛 ≤ 4. 

Example 2.2.  

Consider 𝐾4 

 

            Fig.2.1.Mean 4- square sum E - cordial labeling of 𝑲𝟒 
In the above graph 𝑓∗(𝑢1) = 1, 𝑓

∗(𝑢2) = 0, 𝑓
∗(𝑢3) = 1, 𝑓∗(𝑢4) = 0, 

and  𝑣𝑓(0) = 2, 𝑣𝑓(1) = 2  this implies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 

Hence 𝐾4is mean 4- square sum E - cordial labeling 
The complete graphs are mean 4- square sum E - cordial graph if 𝑛 ≤ 4. 
Theorem 2.3. Star graph 𝐾1,𝑛 is mean 4- square sum E - cordial graph if n is even  

Proof: Let 𝑉(𝐾1,𝑛) = {𝑢, 𝑢1, 𝑢2, … , 𝑢𝑛} be the vertices and    𝐸(𝐾1,𝑛) = {𝑢𝑢1, 𝑢𝑢2, 𝑢𝑢3, … , 𝑢𝑢𝑛} 

be the edges. 
To define the labeling function 𝑓: 𝐸(𝐺) → {1,2,3,4} is defined as follows 
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𝑓(𝑢𝑢𝑖) =

{
  
 

  
 
1𝑖𝑓𝑖 ≡ 1(𝑚𝑜𝑑4)

2𝑖𝑓𝑖 ≡ 2(𝑚𝑜𝑑4)

3𝑖𝑓𝑖 ≡ 3(𝑚𝑜𝑑4)

4𝑖𝑓𝑖 ≡ 0(𝑚𝑜𝑑4)

 

Define 𝑓∗ on V(G) by 𝑓∗(𝑢) =

{
 

 0𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑒𝑣𝑒𝑛

1𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑜𝑑𝑑

 

The labeling defined as above satisfies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 

Hence star graph   admits mean 4- square sum E - cordial labeling. 
That is star graph   is a mean 4- square sum E - cordial graph. 
Example 2.4. 

 Consider 𝐾1,6 

 

            Fig.2.2.Mean 4- square sum E - cordial labeling of 𝑲𝟏,𝟔 

In the above graph  
𝑓∗(𝑢1) = 1, 𝑓

∗(𝑢2) = 0, 𝑓∗(𝑢3) = 1, 𝑓∗(𝑢4) = 0, 𝑓
∗(𝑢5) = 1, 𝑓

∗(𝑢6) = 0𝑓
∗(𝑢) = 1, 

Hence  𝑣𝑓(0) = 3, 𝑣𝑓(1) = 4  this implies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 

Hence 𝐾1,6is a mean 4- square sum E - cordial graph 
Theorem 2.5.  

Path  graph 𝑃𝑛 is mean 4- square sum E - cordial graph if n is odd. 
Proof: Let 𝑉(𝑃𝑛) = {𝑢1, 𝑢2, … , 𝑢𝑛} be the vertices and  
𝐸(𝑃𝑛) = {𝑢1𝑢2, 𝑢2𝑢3, 𝑢3𝑢4, … , 𝑢𝑛−1𝑢𝑛} be the edges. 
Suppose 𝑛 is odd 
To define the labeling function 𝑓: 𝐸(𝐺) → {1,2,3,4} is defined as follows 

𝑓(𝑢𝑖𝑢𝑖+1) =

{
  
 

  
 
1𝑖𝑓𝑖 ≡ 1(𝑚𝑜𝑑4)

2𝑖𝑓𝑖 ≡ 2(𝑚𝑜𝑑4)

3𝑖𝑓𝑖 ≡ 3(𝑚𝑜𝑑4)

4𝑖𝑓𝑖 ≡ 0(𝑚𝑜𝑑4)
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Define 𝑓∗ on V(G) by 𝑓∗(𝑢) = {
0𝑖𝑓 ⌊

∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑒𝑣𝑒𝑛

1𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑜𝑑𝑑

 

The labeling defined as above satisfies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1and |𝑒𝑓(𝑖) − 𝑒𝑓(𝑗)| ≤ 1.  

Hence path   admits mean 4- square sum E - cordial labeling. 
That is path   is a mean 4- square sum E - cordial graph. 
Theorem 2.6.  

Bistar𝐵𝑛,𝑛 is mean 4- square sum E - cordial graph if 𝑛 is odd 
Proof: Let 𝑉(𝐵𝑛,𝑛) = {𝑢, 𝑣, 𝑢𝑖 , 𝑣𝑖 , 1 ≤ 𝑖 ≤ 𝑛} be the vertices and 

                 𝐸(𝐵𝑛,𝑛) = {𝑢𝑣, 𝑢𝑢𝑖 , 𝑣𝑣𝑖1 ≤ 𝑖 ≤ 𝑛}be the edges. 

Define the labeling function 𝑓: 𝐸(𝐺) → {1,2,3,4} is defined as follows 
For  1≤ 𝑖 ≤ 𝑛 
𝑓(𝑢𝑣) = 3 

𝑓(𝑢𝑢𝑖) = {
1𝑖𝑓𝑖 = 1,3(𝑚𝑜𝑑4)
3𝑖𝑓𝑖 = 0,2(𝑚𝑜𝑑4)

 

𝑓(𝑣𝑣𝑖) = {
2𝑖𝑓𝑖 = 1,3(𝑚𝑜𝑑4)

4𝑖𝑓𝑖 = 0,2(𝑚𝑜𝑑4)
 

Define 𝑓∗ on V(G) by 𝑓∗(𝑢) =

{
 

 0𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑒𝑣𝑒𝑛

1𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑜𝑑𝑑

 

The labeling defined as above satisfies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1and |𝑒𝑓(𝑖) − 𝑒𝑓(𝑗)| ≤ 1. 

Hence Bistar𝐵𝑛,𝑛admits mean 4- square sum E - cordial labeling. 
That is Bistar 𝐵𝑛,𝑛is a mean 4- square sum E - cordial graph. 

Example 2.7. Consider 𝐵5,5 

 

Fig.2.3.Mean 4- square sum E - cordial labeling of 𝑩𝟓,𝟓 

In the above graph 
𝑓∗(𝑢) = 1, 𝑓∗(𝑢1) = 1, 𝑓∗(𝑢2) = 1, 𝑓∗(𝑢3) = 1, 𝑓

∗(𝑢4) = 1, 𝑓
∗(𝑢5) = 1 

𝑓∗(𝑣) = 0, 𝑓∗(𝑣1) = 0, 𝑓∗(𝑣2) = 0, 𝑓
∗(𝑣3) = 0, 𝑓

∗(𝑣4) = 0, 𝑓∗(𝑣5) = 0 
Hence 𝑣𝑓(0) = 6, 𝑣𝑓(1) = 6  this implies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1 

Hence 𝐵5,5is a mean 4- square sum E - cordial graph 
Theorem 2.8.  

Coconut tree 𝐶𝑇𝑛,𝑛is mean 4- square sum E - cordial graph 
Proof : Let 𝑉(𝐶𝑇𝑛,𝑛) = {𝑢1, 𝑢2, 𝑢3, … , 𝑢𝑛, 𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛} be the vertices and     
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                   E (𝐶𝑇𝑛,𝑛) = {𝑢1𝑢2, 𝑢2𝑢3, 𝑢3𝑢4, … , 𝑢𝑛−1𝑢𝑛, 𝑢𝑛𝑣1, 𝑢𝑛𝑣2, 𝑢𝑛𝑣3, … , 𝑢𝑛𝑣𝑛}  be the edges. 

Here 𝑢𝑛 is support vertex and 𝑣1, 𝑣2, 𝑣3, … , 𝑣𝑛 are the pendent vertices. 
Define the labeling function 𝑓: 𝐸(𝐺) → {1,2,3,4} is defined as follows 

𝑓(𝑢𝑖𝑢𝑖+1) = {
2𝑖𝑓𝑖 = 1,3(𝑚𝑜𝑑4)

4𝑖𝑓𝑖 = 0,2(𝑚𝑜𝑑4)
 

𝑓(𝑢𝑛𝑣𝑖) = {
1𝑖𝑓𝑖 = 1,3(𝑚𝑜𝑑4)

3𝑖𝑓𝑖 = 0,2(𝑚𝑜𝑑4)
 

Define 𝑓∗ on V(G) by 𝑓∗(𝑢) =

{
 

 0𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑒𝑣𝑒𝑛

1𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑜𝑑𝑑

 

The labeling defined as above satisfies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1and |𝑒𝑓(𝑖) − 𝑒𝑓(𝑗)| ≤ 1. 

Hence Coconut tree𝐶𝑇𝑛,𝑛 admits mean 4-square sum E - cordial labeling. 
That is Coconut tree 𝐶𝑇𝑛,𝑛 is a mean 4-square sum E - cordial graph  

 

Fig.2.4.Mean 4- square sum E - cordial labeling of 𝑪𝑻𝟒,𝟒 
Theorem 2.9. Crown graph 𝐶𝑛⊚𝐾2 is mean 4- square sum E - cordial graph if 𝑛 = 0(𝑚𝑜𝑑4) 
Proof: Let 𝑉(𝐶𝑛⊚𝐾2) = {𝑢1, 𝑢2, 𝑢3, … , 𝑢𝑛, 𝑢1

, , 𝑢2
, , 𝑢3,

, … , 𝑢𝑛
, } be the vertices and  

                   E(𝐶𝑛⊚𝐾2) = {𝑢1𝑢2, 𝑢2𝑢3, 𝑢3𝑢4, … , 𝑢𝑛𝑢1, 𝑢1𝑢1
, , 𝑢2𝑢2

, , 𝑢3𝑢3
, , … , 𝑢𝑛𝑢𝑛

, } be the edges. 
To define the labeling function 𝑓: 𝐸(𝐺) → {1,2,3,4} is defined as follows 
if 𝑛 = 0(𝑚𝑜𝑑4) 
For  1 ≤ 𝑖 ≤ 𝑛 − 1 

𝑓(𝑢𝑖𝑢𝑖+1) =

{
 

 
1𝑖𝑓𝑖 ≡ 1(𝑚𝑜𝑑4)

3𝑖𝑓𝑖 ≡ 2(𝑚𝑜𝑑4)

2𝑖𝑓𝑖 ≡ 3(𝑚𝑜𝑑4)

4𝑖𝑓𝑖 ≡ 0(𝑚𝑜𝑑4)

 

For  1≤ 𝑖 ≤ 𝑛 

     𝑓(𝑢𝑖𝑢𝑖
, ) =

{
 

 
1𝑖𝑓𝑖 ≡ 1(𝑚𝑜𝑑4)

3𝑖𝑓𝑖 ≡ 2(𝑚𝑜𝑑4)

2𝑖𝑓𝑖 ≡ 3(𝑚𝑜𝑑4)

4𝑖𝑓𝑖 ≡ 0(𝑚𝑜𝑑4)

 

Define 𝑓∗ on 𝑉(𝐺) by 𝑓∗(𝑢) =

{
 

 0𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑒𝑣𝑒𝑛

1𝑖𝑓 ⌊
∑𝑓(𝑢𝑣)2

deg(𝑢)
⌋ 𝑖𝑠𝑜𝑑𝑑

 

The labeling defined as above satisfies |𝑣𝑓(0) − 𝑣𝑓(1)| ≤ 1and |𝑒𝑓(𝑖) − 𝑒𝑓(𝑗)| ≤ 1.  
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Hence Crown graph  𝐶𝑛⊚𝐾2  admits mean 4- square sum E -cordial labeling. 
That is Crown graph  𝐶𝑛⊚𝐾2is a mean 4- square sum E- cordial graph. 
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