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Abstract: In this paper we investigate 4- total mean cordinality of some union of graphs with star and bistar. 

_________________________________________________________________________ 

  
1. Introduction  

          Graphs in this paper are finite, simple and undirected. In this paper, we investigate the 4- total mean 

cordial behaviour of K1,n ∪ Bn,n , K1,n ∪ Jn,n , K1,n ∪ CHn , K1,n ∪ Tn , Bn,n ∪ Bn,n , Bn,n ∪ Jn,n , Bn,n ∪ CHn , Bn,n ∪ 

Tn. Terms are not defined here follow from Harary[2] and Gallian[1]. 

1. K – TOTAL MEAN CORDIAL GRAPH 

Definition 2.1. For a graph G, Let g be a map from vertex set of G to {0, 1, 2,….., k-1}, where k is an positive 

integer and k >1. For each edge uv, assign the label 
𝑔(𝑢)+𝑔(𝑣)

2
 if g(u)+g(v) is even, 

𝑔(𝑢)+𝑔(𝑣)+1

2
 if g(u)+g(v) is odd. 

g is called k – total mean cordial labeling of G if |𝑡𝑚𝑔(𝑖) − 𝑡𝑚𝑔(𝑗)| ≤ 1, for all i, j ϵ {0, 1, 2, …….., k-1}, where  

tm g(x) denotes the total number of vertices and edges labelled with x, x ϵ {0, 1, 2, …….., k-1}. A graph with admit 

a k-total mean cordial labeling is called k-total mean cordial graph (simply k – TMC graph). 

2. Preliminary 

Definition 3.1. The jellyfish J (m, n) is obtained from a cycle C4: uxvyu by joining x and y with an edge and 

appending m pendent edges to u and n pendent edges to v. 

Definition 3.2. The triangular snake Tn is obtained from the path Pn: u1u2….. un with   

V(Tn) = V(Pn) ∪ {vi :1 ≤ i ≤ n-1} and edge set E(Tn) = E(Pn) ∪ {ui vi ,ui+1 vi :1 ≤ i ≤ n-1}.  

__________________ 

2000 Mathematics Subject Classification. 05C78. 
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3. Main Result 

Theorem 4.1. The graph K1, n ∪ Bn, n is 4 – TMC. 

Proof. Let u be an apex vertex and u1, u2, ….., un be the pendent vertices of the star K1,n. Let v1, v2, …..,  vn, 

w1,w2,….., wn be the pendent vertices and v,w be the apex vertices of Bn,n. 

Define θ : V(K1,n ∪ Bn,n ) →{0,1,2,3} by 

θ(u) = 2; 

θ (v) = 3; 

θ(w) = 2; 

θ(u1) = θ(u2) =………..= θ(un) =0.  

Case 1. n is odd. 

Let n = 2r+1, where r ϵ ℕ. 

θ(v1) = θ(v2) =………..= θ(vr+2) =2; 

θ(vr+3) = θ(vr+4) =………..= θ(v2r+1) =3; 

θ(w1) = θ(w2) =………..= θ(wr+2) =0; 

θ(wr+3) = θ(wr+4) =………..= θ(w2r+1) =2; 

Case 2. n is even. 

Let n = 2r, where r ϵ ℕ. 

θ(v1) = θ(v2) =………..= θ(vr+1) =2; 

θ(vr+2) = θ(vr+3) =………..= θ(v2r) =3; 

θ(w1) = θ(w2) =………..= θ(wr+1) =0; 

θ(wr+2) = θ(wr+3) =………..= θ(w2r) =2. 

Now t m θ (0) = t m θ (1) = {
3𝑟 + 3 𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑
3𝑟 + 1 𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛;

 

t m θ (2) = t m θ (3) = {
3𝑟 + 2 𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑
3𝑟 + 1 𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛.

 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.2. The graph K1,n ∪ Jn,n is 4 – TMC. 
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Proof. Let w be an apex vertex and w1,w2,….., wn be the pendent vertices of the star K1,n. Take the vertex set 

and edge set of Jn,n  as in Definition 3.1. 

Define ϕ : V (K1,n ∪ Jn,n ) →{0,1,2,3} as follows: 

ϕ(w) = 0; 

ϕ (u) = 3; 

ϕ(v) = 2; 

ϕ (x) = 2; 

ϕ(y) = 2. 

Case 1. n ≡ 0  (mod 4). 

Let n = 4r, where r ϵ ℕ. 

ϕ(w1) = ϕ(w2) =………..= ϕ(w2r) =0; 

ϕ(w2r+1) = ϕ(w2r+2) =………..= ϕ(w4r) =1; 

ϕ(u1) = ϕ(u2) =………..= ϕ(u2r+1) =0; 

ϕ(u2r+2) = ϕ(u2r+3) =………..= ϕ(u4r) =2; 

ϕ(v1) = ϕ(v2) =………..= ϕ(v2r) =2; 

ϕ(v2r+1) = ϕ(v2r+2) =………..= ϕ(v4r) =3.  

Case 2. n ≡ 1  (mod 4). 

Let n = 4r+1, where r ϵ ℕ. 

ϕ(w1) = ϕ(w2) =………..= ϕ(w2r+1) =0; 

ϕ(w2r+2) = ϕ(w2r+3) =………..= ϕ(w4r+1) =2; 

ϕ(u1) = ϕ(u2) =………..= ϕ(u2r+1) =0; 

ϕ(u2r+2) = ϕ(u2r+3) =………..= ϕ(u3r+2) =1; 

ϕ(u3r+3) = ϕ(u3r+4) =………..= ϕ(u4r+1) =2; 

ϕ(v1) = ϕ(v2) =………..= ϕ(v2r+1) =2; 

ϕ(v2r+2) = ϕ(v2r+3) =………..= ϕ(v4r+1) =3.  

Case 3. n ≡ 2  (mod 4). 

Let n = 4r+2, where r ϵ ℕ. 

ϕ(w1) = ϕ(w2) =………..= ϕ(w2r+1) =0; 

ϕ(w2r+2) = ϕ(w2r+3) =………..= ϕ(w4r+2) =2; 

ϕ(u1) = ϕ(u2) =………..= ϕ(u2r+2) =0; 

ϕ(u2r+3) = ϕ(u2r+4) =………..= ϕ(u3r+3) =1; 

ϕ(u3r+4) = ϕ(u3r+5) =………..= ϕ(u4r+2) =2; 

ϕ(v1) = ϕ(v2) =………..= ϕ(v2r+2) =2; 

ϕ(v2r+3) = ϕ(v2r+4) =………..= ϕ(v4r+2) =3.  

Case 4. n ≡ 3  (mod 4). 

Let n = 4r+3, where r ϵ ℕ. 

ϕ(w1) = ϕ(w2) =………..= ϕ(w2r+2) =0; 

ϕ(w2r+3) = ϕ(w2r+4) =………..= ϕ(w4r+3) =1; 

ϕ(u1) = ϕ(u2) =………..= ϕ(u2r+2) =0; 

ϕ(u2r+3) = 1;  

ϕ(u2r+4) = ϕ(u2r+5) =………..= ϕ(u4r+3) =2; 

ϕ(v1) = ϕ(v2) =………..= ϕ(v2r+2) =2; 

ϕ(v2r+3) = ϕ(v2r+4) =………..= ϕ(v4r+3) =3. 

In view of above labeling, we get  

 

Now t m ϕ (0) = 

{
 

 
6𝑟 + 2 𝑖𝑓 n ≡  0  (mod 4)

6𝑟 + 4 𝑖𝑓 n ≡  1  (mod 4)

6𝑟 + 5 𝑖𝑓 n ≡  2  (mod 4)

6𝑟 + 7 𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (1) = 

{
 

 
6𝑟 + 2 𝑖𝑓 n ≡  0  (mod 4)

6𝑟 + 4 𝑖𝑓 n ≡  1  (mod 4)

6𝑟 + 6 𝑖𝑓 n ≡  2  (mod 4)

6𝑟 + 7 𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (2) = 

{
 

 
6𝑟 + 1 𝑖𝑓 n ≡  0  (mod 4)

6𝑟 + 4 𝑖𝑓 n ≡  1  (mod 4)

6𝑟 + 6 𝑖𝑓 n ≡  2  (mod 4)

6𝑟 + 7 𝑖𝑓 n ≡  3  (mod 4);
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t m ϕ (3) = 

{
 

 
6𝑟 + 1 𝑖𝑓 n ≡  0  (mod 4)

6𝑟 + 4 𝑖𝑓 n ≡  1  (mod 4)

6𝑟 + 5 𝑖𝑓 n ≡  2  (mod 4)

6𝑟 + 7 𝑖𝑓 n ≡  3  (mod 4).

 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.3. The graph K1,n ∪ CHn is 4 – TMC. 

Proof. Let u be an apex vertex and u1,u2,….., un be the pendent vertices of the star K1,n. Let v1v2.............. vn v1 

be the cycle C n . Now V(CHn) = V(Cn) ∪ {v,wi :1 ≤ i ≤ n} and  E(CHn) = E(Cn) ∪ {vi wi :1 ≤ i ≤ n}∪ {vvi}∪ {wi 

wi+1 :1 ≤ i ≤ n-1}∪ {wn w1}.   

Define  𝜓: V (K1,n ∪ CHn ) →{0,1,2,3} by 

ψ (u) = 0; 

ψ(v) = 2; 

ψ(u1) = ψ(u2) =………..= ψ(un ) =0; 

ψ(v1) = ψ(v2) =………..= ψ(vn) =1; 

ψ(w1) = ψ(w2) =………..= ψ(wn) =3. 

Now t m ψ (0) = t m ψ (2) = 2n+1; 

t m ψ (1) = t m ψ (3) = 2n. 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.4. The graph K1,n ∪ Tn is 4 – TMC. 

Proof. Let w be an apex vertex and w1,w2,….., wn be the pendent vertices of the star K1,n. Take the vertex set 

and edge set of Tn  as in Definition 3.2. 

Define  ϕ : V (K1,n ∪ Tn ) →{0,1,2,3} as follows: 

ϕ(w) = 0. 

Case 1. n ≡ 0  (mod 4). 

Let n = 4r, where r ϵ ℕ. 

ϕ(w1) = ϕ(w2) =………..= ϕ(wr) =0; 

ϕ(wr+1) = ϕ(wr+2) =………..= ϕ(w2r+1) =1; 

ϕ(w2r+2) = ϕ(w2r+3) =………..= ϕ(w4r) =3; 

ϕ(u1) = ϕ(u2) =………..= ϕ(ur) =0; 

ϕ(ur+1) = ϕ(ur+2) =………..= ϕ(u2r) =1; 

ϕ(u2r+1) = ϕ(u2r+2) =………..= ϕ(u3r) =2; 

ϕ(u3r+1) = ϕ(u3r+2) =………..= ϕ(u4r) =3; 

ϕ(v1) = ϕ(v2) =………..= ϕ(vr) =0; 

ϕ(vr+1) = ϕ(vr+2) =………..= ϕ(v2r-1) =1;  

ϕ(v2r) = ϕ(v2r+1) =………..= ϕ(v3r-1) =2;  

ϕ(v3r) = ϕ(v3r+1) =………..= ϕ(v4r-1) =3.  

Case 2. n ≡ 1  (mod 4). 

Let n = 4r+1, where r ϵ ℕ. 

As in case 1 label the vertices w i, u i   (1 ≤ i ≤ 4r), v i   (1 ≤ i ≤ 4r-1). 

ϕ(w4r+1) =0; 

ϕ(u4r+1) =3; 

ϕ(v4r) =1.  

Case 3. n ≡ 2  (mod 4). 

Let n = 4r+2, where r ϵ ℕ. 

Label the vertices w i, u i   (1 ≤ i ≤ 4r), v i   (1 ≤ i ≤ 4r-1) as in case 1. 

ϕ(w4r+1) =0; 

ϕ(w4r+2) =0; 

ϕ(u4r+1) =2; 

ϕ(u4r+2) =1; 

ϕ(v4r) =3; 

ϕ(v4r+1) =1.  

Case 4. n ≡ 3  (mod 4). 

Let n = 4r+3, where r ϵ ℕ. 

As in case 1 label the vertices w i, u i   (1 ≤ i ≤ 4r), v i   (1 ≤ i ≤ 4r-1). 

 ϕ(w4r+1) =0; 

ϕ(w4r+2) =0; 

ϕ(w4r+3) =3; 

ϕ(u4r+1) =2; 

ϕ(u4r+2) = 1; 

 ϕ(u4r+3) =2; 

ϕ(v4r) =3; 
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ϕ(v4r+1) =1; 

ϕ(v4r+2) =0. 

In view of above labelling, we get  

 

Now t m ϕ (0) = 

{
 

 
7𝑟 − 1 𝑖𝑓 n ≡  0  (mod 4)

7𝑟 + 1  𝑖𝑓 n ≡  1  (mod 4)

7𝑟 + 3  𝑖𝑓 n ≡  2  (mod 4)

7𝑟 + 4  𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (1) = 

{
 

 
7𝑟          𝑖𝑓 n ≡  0  (mod 4)

7𝑟 + 1  𝑖𝑓 n ≡  1  (mod 4)

7𝑟 + 3  𝑖𝑓 n ≡  2  (mod 4)

7𝑟 + 5  𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (2) = 

{
 

 
7𝑟 − 1  𝑖𝑓 n ≡  0  (mod 4)

7𝑟 + 1  𝑖𝑓 n ≡  1  (mod 4)

7𝑟 + 2  𝑖𝑓 n ≡  2  (mod 4)

7𝑟 + 5  𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (3) = 

{
 

 
7𝑟 − 1  𝑖𝑓 n ≡  0  (mod 4)

7𝑟 + 1  𝑖𝑓 n ≡  1  (mod 4)

7𝑟 + 3  𝑖𝑓 n ≡  2  (mod 4)

7𝑟 + 4  𝑖𝑓 n ≡  3  (mod 4).

 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.5. The graph Bn,n ∪ Bn,n is 4 – TMC. 

Proof. Let v1,v2,….., vn, w1,w2,….., wn, be the pendent vertices  and v, w be the apex vertices of  Bn,n. Let 

x1,x2,….., xn, y1,y2,….., yn, be the pendent vertices  and x, y be the apex vertices of  Bn,n. 

 Define  𝜃: V (Bn,n ∪ Bn,n ) →{0,1,2,3} by 

θ (v) = 0; 

θ(w) = 1; 

θ (x) = 2; 

θ(y) = 3. 

θ(v1) = θ(v2) =………..= θ(vn) =0; 

θ(w1) = θ(w2) =………..= θ(wn ) =1; 

θ(x1) = θ(x2) =………..= θ(xn) =2; 

θ(y1) = θ(y2) =………..= θ(yn) =3. 

Now t m θ (0) = t m θ (2) = 2n+1; 

t m θ (1) = t m θ (3) = 2n+2. 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.6. The graph Bn,n ∪ Jn,n is 4 – TMC. 

Proof. Let w1,w2,….., wn, z1,z2,….., zn, be the pendent vertices  and w, z be the apex vertices of  Bn,n. Take the 

vertex set and edge set of Jn,n as in Definition 3.1. 

 Define  ϕ: V (Bn,n ∪ Jn,n ) →{0,1,2,3} as follows: 

ϕ (w) = 0; 

ϕ(z) = 1; 

ϕ (u) = 3; 

ϕ(v) = 3; 

ϕ (x) = 3; 

ϕ(y) = 1. 

ϕ(w1) = ϕ(w2) =………..= ϕ(wn ) =0; 

ϕ(z1) = ϕ(z2) =………..= ϕ(zn) =1; 

ϕ(u1) = ϕ(u2) =0; 

ϕ(u3) = ϕ(u4) =………..= ϕ(un) =2. 

ϕ(v1) = ϕ(v2) =………..= ϕ(vn) =3. 

Now t m ϕ (0) = t m ϕ (1) = 2n+3; 

t m ϕ(2) = t m ϕ (3) = 2n+3. 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.7. The graph Bn,n ∪ CHn is 4 – TMC. 

Proof. Let x1,x2,….., xn, y1,y2,….., yn, be the pendent vertices  and x, y be the apex vertices of  Bn,n. Let 

v1v2.............. vn v1 be the cycle C n . Now V(CHn) = V(Cn) ∪ {v,wi :1 ≤ i ≤ n} and  E(CHn) = E(Cn) ∪ {vi wi :1 ≤ i 

≤ n}∪ {vvi}∪ {wi wi+1 :1 ≤ i ≤ n-1}∪ {wn w1}. 

 Define  ψ: V (Bn,n ∪ CHn ) →{0,1,2,3} by 

ψ (x) = 2; 



Turkish Journal of Computer and Mathematics Education       Vol.12 No.9 (2021),951-956 

                                                                                                                            Research Article                                                                                                                                                                                        

955 

 

ψ(y) = 3; 

ψ(v) = 2. 

Case 1. n is odd. 

Let n = 2r+1, where r ϵ ℕ. 

ψ(x1) = ψ(x2) =………..= ψ(xr+2 ) =0; 

ψ(xr+3) = ψ(xr+4) =………..= ψ(x2r+1) =3; 

ψ(y1) = ψ(y2) =………..= ψ(yr+2 ) =3; 

ψ(yr+3) = ψ(yr+4) =………..= ψ(y2r+1) =2; 

ψ(v1) = ψ(v2) =………..= ψ(v2r+1) =0; 

ψ(w1) = ψ(w2) =………..= ψ(w2r+1) =2. 

Case 2. n is even. 

Let n = 2r, where r ϵ ℕ. 

ψ(x1) = ψ(x2) =………..= ψ(xr+1 ) =0; 

ψ(xr+2) = ψ(xr+3) =………..= ψ(x2r) =3; 

ψ(y1) = ψ(y2) =………..= ψ(yr+1 ) =3; 

ψ(yr+2) = ψ(yr+3) =………..= ψ(y2r) =2; 

ψ(v1) = ψ(v2) =………..= ψ(v2r) =0; 

ψ(w1) = ψ(w2) =………..= ψ(w2r) =2.    

Now t m ψ (0) = t m ψ (1) = {
5𝑟 + 4    𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑
5𝑟 + 1   𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛;

 

t m ψ (2) = t m ψ (3) = {
5𝑟 + 3      𝑖𝑓 𝑛 𝑖𝑠 𝑜𝑑𝑑
5𝑟 + 1    𝑖𝑓 𝑛 𝑖𝑠 𝑒𝑣𝑒𝑛.

 

 

This satisfies the condition of 4 – TMC graph. 

Theorem 4.8. The graph Bn,n ∪ Tn is 4 – TMC. 

Proof. Let x1,x2,….., xn, y1,y2,….., yn, be the pendent vertices  and x, y be the apex vertices of  Bn,n.  Take the 

vertex set and edge set of Tn as in Definition 3.2. 

Define ϕ: V (Bn,n ∪ Tn ) →{0,1,2,3} as follows: 

ϕ(x) = 0; 

ϕ(y) = 1. 

Case 1. n ≡ 0  (mod 4). 

Let n = 4r, where r ϵ ℕ. 

ϕ(x1) = ϕ(x2) =………..= ϕ(x2r) =0; 

ϕ(x2r+1) = ϕ(x2r+2) =………..= ϕ(w4r) =1;ϕ 

ϕ(y1) = ϕ(y2) =………..= ϕ(y4r) =3; 

ϕ(u1) = ϕ(u2) =………..= ϕ(ur) =0; 

ϕ(ur+1) = ϕ(ur+2) =………..= ϕ(u2r) =1; 

ϕ(u2r+1) = ϕ(u2r+2) =………..= ϕ(u3r) =2; 

ϕ(u3r+1) = ϕ(u3r+2) =………..= ϕ(u4r) =3; 

ϕ(v1) = ϕ(v2) =………..= ϕ(vr) =0; 

ϕ(vr+1) = ϕ(vr+2) =………..= ϕ(v2r-1) =1;  

ϕ(v2r) = ϕ(v2r+1) =………..= ϕ(v3r-1) =2;  

ϕ(v3r) = ϕ(v3r+1) =………..= ϕ(v4r-1) =3.  

Case 2. n ≡ 1  (mod 4). 

Let n = 4r+1, where r ϵ ℕ. 

As in case 1 label the vertices x i,y i, u i   (1 ≤ i ≤ 4r), v i   (1 ≤ i ≤ 4r-1). 

ϕ(x4r+1) =0; 

ϕ(y4r+1) =1; 

ϕ(u4r+1) =3; 

ϕ(v4r) =0.  

Case 3. n ≡ 2  (mod 4). 

Let n = 4r+2, where r ϵ ℕ. 

Label the vertices x i,y i, u i   (1 ≤ i ≤ 4r+1), v i   (1 ≤ i ≤ 4r) as in case 2. 

ϕ (x4r+2) =0; 

ϕ (y4r+2) =1; 

ϕ( u4r+2) =3; 

ϕ (v4r+1) =0.  

Case 4. n ≡ 3  (mod 4). 

Let n = 4r+3, where r ϵ ℕ. 

As in case 1 label the vertices x i, y i, u i   (1 ≤ i ≤ 4r+2), v i   (1 ≤ i ≤ 4r+1). 

ϕ (x4r+3) =1; 
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ϕ (y4r+3) =3; 

ϕ (u4r+3) =3; 

ϕ (v4r+2) =0.  

In view of above labelling, we get  

 

Now t m ϕ (0) = 

{
 

 
9𝑟 − 1 𝑖𝑓 n ≡  0  (mod 4)

9𝑟 + 2 𝑖𝑓 n ≡  1  (mod 4)

9𝑟 + 5 𝑖𝑓 n ≡  2  (mod 4)

9𝑟 + 6 𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (1) = 

{
 

 
9𝑟         𝑖𝑓 n ≡  0  (mod 4)

9𝑟 + 2 𝑖𝑓 n ≡  1  (mod 4)

9𝑟 + 4 𝑖𝑓 n ≡  2  (mod 4)

9𝑟 + 6 𝑖𝑓 n ≡  3  (mod 4);

 

t m ϕ (2) = t m ϕ (3) = 

{
 

 
9𝑟          𝑖𝑓 n ≡  0  (mod 4)

9𝑟 + 2 𝑖𝑓 n ≡  1  (mod 4)

9𝑟 + 4 𝑖𝑓 n ≡  2  (mod 4)

9𝑟 + 7 𝑖𝑓 n ≡  3  (mod 4).

 

This satisfies the condition of 4 – TMC graph. 
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