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Abstract 

Let 𝐺 = (𝑉𝐺), 𝐸(𝐺)) be a graph . Let Γ be a group .For 𝑢 𝜖 Γ, let 𝑜(𝑢) denotes the order of 𝑢  in  Γ . Let 𝑓 ∶

V(𝐺) → Γ be a function . For each edge 𝑢𝑣   

assign the label |𝑜(𝑓(𝑢)) − 𝑜(𝑓(𝑣))|. Let  𝑣𝑓(𝑖)  denotes the number of vertices of 

𝐺 having label 𝑖  under 𝑓. Also 𝑒𝑓 (1),  𝑒𝑓 (0) respectively denote the number  

of edges labeled with 1and not with 1.Now 𝑓 is called a group difference cordial        

labeling  if |𝑣𝑓(𝑖) − 𝑣𝑓(𝑗)| ≤ 1 for every  𝑖, 𝑗 𝜖 Γ, 𝑖 ≠ 𝑗 and  |𝑒𝑓(1) − 𝑒𝑓(0)| ≤ 1. 𝐴 

 graph which admits a group difference  cordial  labeling( 𝐺𝐷𝐶𝐿)is called group  

difference cordial graph . In this paper  we fix the group  Γ  as the group {1, −1, i, −i}which is the group of 

fourth roots of unity, that is cyclic with generators i and -i. We proved that path graph, bistar graph, and Crown 

graph are group differenceCordial  graph We further characterized Ladder graph, and star graph is a group   

difference cordial graph. 𝐀𝐌𝐒 𝐬𝐮𝐛𝐣𝐞𝐜𝐭 𝐜𝐥𝐚𝐬𝐬𝐢𝐟𝐢𝐜𝐚𝐭𝐢𝐨𝐧: 05C78 

Keywords:  Cordial labeling , difference labeling , group difference cordial labeling. 

 

       1   Introduction  

Graphs considered here are finite, undirected and simple. An assignment of integers to the vertices, edges or 

both in a graph is known as labeling and it depends on a few factors. Cahit et.al introduced the concept of 

cordial labeling [3].Ponraj et al. introduced a new labeling called difference cordial labeling[6].Athisayanathan et 

al. introduced the concept of group A cordial labeling[1].Labelled graphs are valuable models for a variety of 

applications including  constraint programming across finite domains, circuit design, addressing in 

communication networks and astronomy. 

       𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟏. 𝟏. [3]  Let 𝑓 ∶  V(𝐺) → {0,1} be any function . For each edge 𝑥𝑦 assign the  

        label |𝑓(𝑥) − 𝑓(𝑦)|. 𝑓 is called a cordial labeling if the number of vertices labeled 0 and   

       the number of  vertices labeled 1 differ by at most 1. Also the number of edges labelled   

       0 and the number of edges labeled 1 differ by at most 1. 

           In[6] , Ponraj et al. introduced a new labeling called difference cordial labeling . 

      𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟏. 𝟐. [6] Let G be a  (𝑝, 𝑞) graph . Let  f ∶ V(𝐺) → {1,2 … 𝑝}  be a bijection . For  

      each edge 𝑢𝑣 , assign the label   |𝑓(𝑢) − 𝑓(𝑣)| . 𝑓 is called a difference cordial labeling if  

      𝑓 is  1 − 1 and   |e𝑓(0) − e𝑓(1)| = 1 where  e𝑓(1) and e𝑓(0) denote the number of   edges  

      with 1 and not labeled with  1 respectively .  A graph with a difference cordial labeling is    

      called a difference cordial graph. 

          Athisayanathan et al. [1] introduced the concept of group A cordial labeling. 



Tuijin Jishu/Journal of Propulsion Technology 

ISSN: 1001-4055 

Vol. 44 No. 4 (2023) 

__________________________________________________________________________________ 

4643 

      𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟏. 𝟑.  [1]   Let 𝐴  be a group. We denote the order of an element  𝑎𝜖𝐴 by  𝑜(𝑎). 

      Let 𝑓: 𝑉(𝐺) → 𝐴 be a function . For each edge 𝑢𝑣 assign the label 1 if (𝑜(𝑓(𝑢)), 𝑜(𝑓(𝑣))) 

       = 1 or 0  otherwise. 𝑓 is called a group  𝐴  Cordial labeling if    |𝑣𝑓(𝑎) − 𝑣𝑓(𝑏)|  ≤ 1  and  

       |e𝑓(0) − e𝑓(1)| ≤ 1, where 𝑣𝑓(𝑥) and𝑒𝑓(𝑛) respectively  denote the number of  vertices             

       labeled with an element 𝑥 and number of edges labeled with 𝑛(𝑛 = 0,1) A graph which  

       admits a group 𝐴 Cordial labeling is called a group 𝐴  cordial graph. 

Motivated by these , we define group difference cordial labeling of graphs . Terms not     

      defined here are used  in the sense of  Harary  [4]and  Gallian [3] . For any real number 𝑥, 

      we denote  ⌊𝑥⌋ , the greatest integer smaller than or equal to 𝑥  and  by ⌈𝑥⌉ , we mean the  

       smallest integer greater than or equal to 𝑥. 

       A path is an alternating sequence of 𝑣1, e1,  𝑣2, e2, … ,  𝑣𝑛−1,  e𝑛−1,  𝑣𝑛  .  A path on  𝑛 vertices 

       is denoted by 𝑃𝑛.. A bipartite graph is a graph whose vertex set V(𝐺) can be partitioned in      

      to two subsets 𝑉1and 𝑉2  such that every edge of G joins a vertex of  𝑉1with a vertex of 𝑉2.   

      If every vertex of  𝑉1 is adjacent with every vertex of  𝑉2  , then 𝐺 is a complete bipartite  

       graph .If |𝑉1| =  𝑚 and |𝑉2| =  𝑛 then the complete bipartite graph is  denoted by 𝐾𝑚,𝑛. 

       𝐾1,𝑛  is called a star graph . The Bistar  𝐵𝑚,𝑛  is the graph obtained by making adjacent  

       the two central vertices of 𝐾1,𝑚 and 𝐾1,𝑛.The graph 𝐿𝑛 = 𝑃𝑛 × 𝑃2is called a ladder. 

       The corona of  𝐺1with  𝐺2,   𝐺1⨀𝐺2  is the graph obtained by taking one copy of  𝐺1 

       and 𝑝1 copies of 𝐺2and joiningthe i 𝑡ℎ vertex of𝐺1with an edge to every  vertex in the 

        i𝑡ℎ copy of 𝐺2. The graph 𝐶𝑛⨀𝐾1is called a crown.  

 

       𝟐. 𝐆𝐫𝐨𝐮𝐩 𝐃𝐢𝐟𝐟𝐞𝐫𝐞𝐧𝐜𝐞 𝐜𝐨𝐫𝐝𝐢𝐚𝐥 𝐆𝐫𝐚𝐩𝐡𝐬 

       𝐃𝐞𝐟𝐢𝐧𝐢𝐭𝐢𝐨𝐧 𝟐. 𝟏. Let  𝐺 = (V(𝐺) , E(𝐺)) be a graph . Let  Γ  be a group . For 𝑢𝜖Γ, let  𝑜(𝑢)  

       denote the order of 𝑢  in Γ . Let 𝑓: V(𝐺) →  Γ be a function . For each edge 𝑢𝑣  assign the 

        label  |𝑜(𝑓(𝑢)) − 𝑜(𝑓𝑣))|. Let  𝑣𝑓(𝑖) denote the number of  vertices of 𝐺 having label 𝑖 

        under 𝑓. Also 𝑒𝑓 (1), 𝑒𝑓 (0)respectively denote the number of edges labeled with 1 and           

        not with 1. Now 𝑓 is called a group difference cordial labeling if |𝑣𝑓(𝑖) − 𝑣𝑓(𝑗)| ≤ 1    

        for every  𝑖 , 𝑗  ϵ Γ, 𝑖 ≠ 𝑗  and  |e𝑓(1) − e𝑓(0)|  ≤  1.  A graph which admits a group  

      difference cordial  labeling  is called group difference cordial graph . 

                        In this paper we take  the group Γ as the group {1, −1, i, −i}which is the group 

      of fourth roots of unity , that is cyclic with generators  i and − i. 

     𝐓𝐡𝐞𝐨𝐫𝐞𝐦  𝟐. 𝟐.  The Path 𝑃𝑛 is a group difference cordial graph  for all ‘𝑛’. 

     𝐏𝐫𝐨𝐨𝐟 ∶  Let  𝐺 = 𝑃𝑛 have  𝑛  vertices  and 𝑓 be the group difference cordial labeling of G. 
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Let  𝑉(𝐺) =  {𝑢1, 𝑢2 … 𝑢𝑛}. Clearly  𝑃𝑛  is  a group difference cordial graph  for   𝑛 ≤ 3. 

     Assume  𝑛 ≥ 4  and  define   𝑓 ∶   𝑉(𝐺) →  {1, −1, i, −i}   as  follows 

     𝐶𝑎𝑠𝑒 (i) ∶  𝑛 ≡ 0 (mod 4), Let  𝑛 = 4𝑘, 𝑘 ≥ 1.            

             𝑓(𝑢2𝑖−1 ) = {  i     𝑖𝑓 𝑘+1 ≤𝑖 ≤2𝑘
1    𝑖𝑓 1≤ 𝑖 ≤𝑘

 

                𝑓(𝑢2𝑖) = {  −i   𝑖𝑓 𝑘+1≤𝑖≤2𝑘
−1  𝑖𝑓 1≤𝑖≤𝑘

 

      Clearly  V𝑓(1) = 𝑘, V𝑓(−1) = 𝑘, V𝑓(i) = V𝑓(−i) = 𝑘. As 2𝑘 consecutive vertices are labelled  

      alternatively, with 1 𝑎𝑛𝑑 − 1.we get  e𝑓(1) = 2𝑘 − 1 𝑎𝑛𝑑 e𝑓(0) = 2𝑘.Therefore, 𝑓 is a group     

      difference cordial labeling of 𝐺 .   

      Case (ii): 𝑛 ≡ 1 (mod 4), Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1. 

         𝑓(𝑢2𝑖−1 ) = {i    𝑖𝑓   𝑘+2 ≤𝑖 ≤2𝑘+1
1   𝑖𝑓   1≤ 𝑖 ≤𝑘+1

 

             𝑓(𝑢2𝑖) = {−i   𝑖𝑓   𝑘+1≤𝑖≤2𝑘
−1  𝑖𝑓   1≤𝑖≤𝑘

 

    Clearly  V𝑓(1) = 𝑘 + 1 , V𝑓(−1) = V𝑓(i) =  V𝑓(−i) = 𝑘. Also  e𝑓(1) = 2𝑘 = e𝑓(0). Therefore, 

    𝑓 is a group difference cordial labeling of 𝐺.   

    Case (iii): 𝑛 ≡ 2 (mod 4), Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1. 

         𝑓(𝑢2𝑖−1 ) = {i   𝑖𝑓   𝑘+2 ≤𝑖 ≤2𝑘+1
1   𝑖𝑓   1≤ 𝑖 ≤𝑘+1

 

            𝑓(𝑢2𝑖) = {−i   𝑖𝑓  𝑘+2≤𝑖≤2𝑘+1
−1  𝑖𝑓   1≤𝑖≤𝑘+1

 

    Clearly V𝑓(1) = 𝑘 + 1 = V𝑓(−1), V𝑓(i) = V𝑓(−i) = 𝑘. Also e𝑓(1) = 2𝑘 + 1 and e𝑓(0) = 2𝑘. 

     Therefore, 𝑓 is a group difference cordial labeling of 𝐺 .  

     Case (iv):  𝑛 ≡ 3 (mod 4),Let  𝑛 = 4𝑘 + 3, 𝑘 ≥ 1. 

          𝑓(𝑢2𝑖−1 ) = {i   𝑖𝑓    𝑘+2 ≤𝑖 ≤2𝑘+2
1   𝑖𝑓    1≤ 𝑖 ≤𝑘+1

 

              𝑓(𝑢2𝑖) = {−i   𝑖𝑓   𝑘+2≤𝑖≤2𝑘+1
−1  𝑖𝑓   1≤𝑖≤𝑘+1

 

     Clearly  V𝑓(1) = V𝑓(−1) = V𝑓(i) = 𝑘 + 1,  V𝑓(−i) = 𝑘. Also e𝑓(1) = 2𝑘 + 1 = e𝑓(0) 

     Therefore, 𝑓 is a group difference cordial labeling of 𝐺.  

 

     𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟐. 𝟑. The Ladder 𝐿𝑛 is a group difference cordial graph  if and only if  𝑛 is odd, 

      𝑛 ≥ 3. 

      𝐏𝐫𝐨𝐨𝐟:   Assume 𝐺 =  𝐿𝑛  is a group difference cordial graph and 𝑓  is  a group difference cordial 

labeling  of  𝐺. 

      Claim: 𝑛 is odd 

Suppose if 𝑛 is even, 𝑛 = 2𝑘, for 𝑘 ≥ 1 then by definition  𝐿𝑛 has 4𝑘 vertices and 6𝑘 − 2      edges. So V𝑓(1) =

V𝑓(−1) = 𝑉𝑓(i) = 𝑉𝑓(−i) = 𝑘 for any group difference cordial labeling   𝑓.To get an edge 𝑒 = 𝑢𝑖𝑢𝑖+1 with 

label 1 we must have the labeling as  𝑓(𝑢𝑖) = 1 or 

      𝑓(𝑢𝑖+1) = −1 and vice versa for  2𝑘   vertices. Therefore, the maximum number of edges that   
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      could be labelled with  1  are  3𝑘 − 2 

      So the number of edges that are labelled other than 1 is 3𝑘 (ie), 𝑒𝑓(1) = 3𝑘 − 2  and 𝑒𝑓(0) 

      = 3𝑘. which is a contradiction. 

     Conversely, assume 𝑛 is odd, that is 𝑛 = 2𝑘 + 1, 𝑘 ≥ 1.Therefore 𝐺 = 𝐿𝑛 has 4𝑘 + 2 vertices       

      and 6𝑘 + 1 𝑒dges.Let V(𝐺) = {𝑢1, 𝑢2 … 𝑢𝑛}.Define 𝑓 ∶ 𝑉(𝐺) → {1, −1, i, −i} as follows  

                  𝑓(𝑢2𝑖−1 ) = {i  𝑖𝑓  𝑘+2 ≤𝑖 ≤2𝑘+1
1  𝑖𝑓  1≤ 𝑖 ≤𝑘+1

 

                  𝑓(𝑢2𝑖) = {−i  𝑖𝑓 𝑘+2≤𝑖≤2𝑘+1
−1 𝑖𝑓  1≤𝑖≤𝑘+1

 

      Clearly V𝑓(1) = 𝑘 + 1 = V𝑓(−1), V𝑓(i) = V𝑓(−i) = 𝑘.Also e𝑓(1) = 3𝑘 + 1 and e𝑓(0) = 3𝑘. 

      Therefore, 𝑓 is a group difference cordial labeling of 𝐺  

   𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟐. 𝟒.  The Crown graph  𝐶𝑛 ⊙ 𝑘1  is  a group difference cordial graph for every 𝑛, 

     𝑛 ≥ 3. 

   Proof: Let 𝐺 = 𝐶𝑛 ⊙ 𝑘1 have 2𝑛 vertices and 𝑓 be the group difference cordial labeling of G. 

    Let V(𝐺) = {𝑢1, 𝑢2 … 𝑢2𝑛}.    Define 𝑓 ∶ 𝑉(𝐺) → {1, −1, i, −i} as follows                    

   𝐶𝑎𝑠𝑒 (i) ∶  𝑛 ≡ 0 (mod 4), Let  𝑛 = 4𝑘, 𝑘 ≥ 1. 

         𝑓(𝑢2𝑖−1 ) = { i    𝑖𝑓    2𝑘+1 ≤𝑖 ≤4𝑘
1   𝑖𝑓   1≤ 𝑖 ≤2𝑘

 

             𝑓(𝑢2𝑖) = {−i   𝑖𝑓    2𝑘+1≤𝑖≤4𝑘
−1  𝑖𝑓   1≤𝑖≤2𝑘

 

   Clearly  V𝑓(1) = 2𝑘, V𝑓(−1) = 𝑉𝑓(i) = 𝑉𝑓(−i) = 2𝑘. Also   e𝑓(1) = 4𝑘 = e𝑓(0). Therefore,                                      

   𝑓 is  a group difference cordial labeling of G. 

  𝐶𝑎𝑠𝑒 (ii): 𝑛 ≡ 1 (mod 4), Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1. 

       𝑓(𝑢2𝑖−1 ) = {  i  𝑖𝑓      2𝑘+2 ≤𝑖 ≤4𝑘+1
 1  𝑖𝑓     1≤ 𝑖 ≤2𝑘+1

 

            𝑓(𝑢2𝑖) = { −i     𝑖𝑓     2𝑘+2≤𝑖≤4𝑘+1
 −1    𝑖𝑓     1≤𝑖≤2𝑘+1

 

    Clearly  V𝑓(1) = 2𝑘 + 1 = V𝑓(−1)  , V𝑓(i) = V𝑓(−i) = 2𝑘. Also  e𝑓(1) = 4𝑘 + 1 = e𝑓(0). 

   Therefore, 𝑓 is  a group difference cordial labeling of G. 

 𝐶𝑎𝑠𝑒 (iii): 𝑛 ≡ 2 (mod 4), Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1. 

       𝑓(𝑢2𝑖−1 ) = {  i  𝑖𝑓      2𝑘+2 ≤𝑖 ≤4𝑘+2
1  𝑖𝑓     1≤ 𝑖 ≤2𝑘+1

 

           𝑓(𝑢2𝑖) = {  −i    𝑖𝑓       2𝑘+2≤𝑖≤4𝑘+1
  −1   𝑖𝑓       1≤𝑖≤2𝑘+1

 

   Clearly  V𝑓(1) = V𝑓(−1) = V𝑓(i) = V𝑓(−i) = 2𝑘 + 1. Also   e𝑓(1) = 4𝑘 + 2 = e𝑓(0) 

   Therefore, 𝑓 is  a group difference cordial labeling of G. 

  𝐶𝑎𝑠𝑒 (iv): 𝑛 ≡ 3 (mod 4), Let  𝑛 = 4𝑘 + 3, 𝑘 ≥ 1. 

      𝑓(𝑢2𝑖−1 ) = {   i  𝑖𝑓        2𝑘+3≤𝑖 ≤4𝑘+3
   1  𝑖𝑓       1≤ 𝑖 ≤2𝑘+2

 

           𝑓(𝑢2𝑖) = { −i    𝑖𝑓      2𝑘+3≤𝑖≤4𝑘+3
 −1   𝑖𝑓      1≤𝑖≤2𝑘+2

 

       Clearly  V𝑓(1) = 2𝑘 + 2 = V𝑓(−1), V𝑓(i) = V𝑓(−i) = 2𝑘 + 1.Also e𝑓(1) = 4𝑘 + 3 = e𝑓(0) 
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       Therefore, 𝑓 is  a group difference cordial labeling of G. 

        𝐓𝐡𝐞𝐨𝐫𝐞𝐦 𝟐. 𝟓.   The 𝑆𝑛   is a group difference cordial graph if and only if  𝑛 ≤ 6. 

        𝐏𝐫𝐨𝐨𝐟: Let 𝐺 = 𝑆𝑛 have 𝑛 vertices and 𝑓 be the group difference cordial labeling of G. 

         Let 𝑉(𝐺) = {𝑢1, 𝑢2 … 𝑢𝑛}.  

          Suppose   𝑛 ≤ 6.The group difference cordial labeling  of 𝑆𝑛 is given in the following table 

 

 

 

           Conversely suppose 𝑆𝑛  is a group difference cordial graph .To prove 𝑛 ≤ 6. 

           Suppose 𝑛 > 6. 

           𝐶𝑎𝑠𝑒 (i): 𝑛 ≡ 0 (mod 4),  

           Let  𝑛 = 4𝑘, 𝑘 ≥ 2. So V𝑓(1) = V𝑓(−1) = V𝑓(i) = V𝑓(−i) = 𝑘 for any group difference      cordial 

labeling. Let  𝑢1 be the apex vertex that is assigned label  1  for all graph. Since−1  is assigned to  𝑘  vertices,we 

get  𝑘 edges with label 1 and remaining  3𝑘 − 1 edges without label 1.(ie)e𝑓(1) = 𝑘 and e𝑓(0) = 3𝑘 −

1 which is a contradiction for  𝑘 ≥ 2.  

          𝐶𝑎𝑠𝑒 (ii): 𝑛 ≡ 1 (mod 4) 

Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 2. So V𝑓(1) = V𝑓(−1) = V𝑓(i) = 𝑘, V𝑓(−i) = 𝑘 + 1 for any group  

            difference cordial labeling. Here 𝑘 + 1 vertices are assigned label −1 and so we get 𝑘 + 1          

            edges with labeling  1  and remaining  3𝑘 − 1 edges are labelled with labels other than  1.          

            (ie)e𝑓(1) = 𝑘 + 1 and e𝑓(0) =  3𝑘 − 1 which is a contradiction for  𝑘 ≥ 2.                                       

             𝐶𝑎𝑠𝑒 (iii): 𝑛 ≡ 2 (mod 4) 

             Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 2. So  V𝑓(1) = V𝑓(−1) = 𝑘 + 1, V𝑓(i) = V𝑓(−i) =  𝑘 for any group     

             difference cordial labeling. Here 𝑘 + 1 vertices are assigned label−1 and so we get 𝑘 + 1    

             edges with labeling 1 and remaining   3𝑘 edges as without 1 .(ie)  e𝑓(1) = 𝑘 + 1 and  

             e𝑓(0) = 3𝑘. which is a contradiction for  𝑘 ≥ 2.           

            𝐶𝑎𝑠𝑒 (iv): 𝑛 ≡ 3 (mod 4) 

            Let  𝑛 = 4𝑘 + 3, 𝑘 ≥ 1. So V𝑓(1) = V𝑓(−1) = V𝑓(i) = 𝑘 + 1, V𝑓(−i) = 𝑘 for any group      

           difference cordial labeling. Here 𝑘 + 1 vertices are assigned label −1 and so we get 𝑘 + 1     

𝑛 𝑢1 𝑢2 𝑢3 𝑢4 𝑢5 𝑢6 

1 1      

2 1 −1     

3 1 −1 i    

4 1 −1 i −i   

5 1 −1 i −i −1  

6 1 −1 i −i −1 1 
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           edges with labeling 1 and remaining  3𝑘 + 1 edges as without 1 .(ie ) e𝑓(1) = 𝑘 + 1 and  

           e𝑓(0) = 3𝑘 + 1  which is a contradiction for  𝑘 ≥ 1. Hence  𝐺 = 𝑆𝑛 is a group difference    

            cordial graph for 𝑛 ≤ 6.     

            𝐓𝐡𝐞𝐨𝐫𝐞𝐦𝟐. 𝟔. The Bistar 𝐵𝑛,𝑛is a group difference cordial graph   for all ‘𝑛’. 

            𝐏𝐫𝐨𝐨𝐟:   Let  𝐺 = 𝐵𝑛,𝑛  have   2𝑛 + 2 vertices,𝑓 be the group difference cordial labeling     

            of G.Let V(𝐺) = {𝑢, 𝑣, 𝑢𝑖 , 𝑣𝑖 : 1 ≤ 𝑖 ≤ 𝑛}. 𝑎𝑛𝑑 𝐸(𝐺) = {𝑢𝑣, 𝑢𝑢𝑖,𝑣𝑣𝑖: 1 ≤ 𝑖 ≤ 𝑛}.        

            Clearly  𝐵𝑛,𝑛  is a group difference cordial graph  for   𝑛 ≤ 3.Assume 𝑛 ≥ 4 and fix 𝑢         

            as 1 𝑎𝑛𝑑 𝑣 as − 1 . Define 𝑓 ∶ 𝑉(𝐺) → {1, −1, i, −i} 𝑎𝑠 follows. 

            𝐶𝑎𝑠𝑒 (i): 𝑛 ≡ 0 (mod 4), Let  𝑛 = 4𝑘, 𝑘 ≥ 1. 

                  𝑓(𝑢𝑖 ) = {  −i     𝑖𝑓    2𝑘+1 ≤𝑖 ≤4𝑘
  −1     𝑖𝑓   1≤ 𝑖 ≤2𝑘

 

                  𝑓(𝑣𝑖) = { i     𝑖𝑓    2𝑘+1≤𝑖≤4𝑘
 1     𝑖𝑓    1≤𝑖≤2𝑘

 

            Clearly V𝑓(1) =  2𝑘 + 1 =  V𝑓(−1),  V𝑓(i) =  V𝑓(−i) = 2𝑘.Also   e𝑓(1) = 4𝑘 + 1  and    

            e𝑓(0) = 4𝑘.  Therefore, 𝑓 is  a group difference cordial labeling of G. 

            𝐶𝑎𝑠𝑒 (ii): 𝑛 ≡ 1 (mod 4), Let 𝑛 = 4𝑘 + 1, 𝑘 ≥ 1. 

                  𝑓(𝑢𝑖 ) = {  −i     𝑖𝑓       2𝑘+1 ≤𝑖 ≤4𝑘+1
  −1     𝑖𝑓      1≤ 𝑖 ≤2𝑘

 

                  𝑓(𝑣𝑖) = {i  𝑖𝑓 2𝑘+1≤𝑖≤4𝑘+1
1 𝑖𝑓  1≤𝑖≤2𝑘

 

           Clearly  𝑉𝑓 (1) =  𝑉𝑓 (−1) =  𝑉𝑓 (i) =  𝑉𝑓 (−i) =  2𝑘 + 1 . Also 𝑒𝑓 (1) =  4𝑘 + 1  and 

          𝑒𝑓(0) = 4𝑘 + 2.   Therefore 𝑓 is  a group difference cordial labeling of G. 

          𝐶𝑎𝑠𝑒 (iii): 𝑛 ≡ 2 (mod 4), Let 𝑛 = 4𝑘 + 2, 𝑘 ≥ 1. 

                  𝑓(𝑢𝑖 ) = {   −i    𝑖𝑓       2𝑘+2 ≤𝑖 ≤4𝑘+2
   −1    𝑖𝑓       1≤ 𝑖 ≤2𝑘+1

 

                  𝑓(𝑣𝑖) = {  i     𝑖𝑓     2𝑘+2≤𝑖≤4𝑘+2
   1    𝑖𝑓    1≤𝑖≤2𝑘+1

 

          Clearly V𝑓  (1) = 2𝑘 + 2 = V𝑓(−1), V𝑓 (i) = V𝑓(−i) = 2𝑘 + 1.Also e𝑓  (1) = 4𝑘 + 3 and 

          e𝑓(0) = 4𝑘 + 2. Therefore, 𝑓 is  a  group difference cordial labeling of G. 

          𝐶𝑎𝑠𝑒 (iv): 𝑛 ≡ 3 (mod 4), Let  𝑛 = 4𝑘 + 3, 𝑘 ≥ 1. 

                  𝑓(𝑢𝑖 ) = {  −i  𝑖𝑓      2𝑘+2 ≤𝑖 ≤4𝑘+3
  −1  𝑖𝑓    1≤ 𝑖 ≤2𝑘+1

 

                  𝑓(𝑣𝑖) = { i  𝑖𝑓   2𝑘+2≤𝑖≤4𝑘+3
 1 𝑖𝑓    1≤𝑖≤2𝑘+1

 

          Clearly  V𝑓(1) = 2𝑘 + 2 = V𝑓(−1), V𝑓(i) = 2𝑘 + 2 = V𝑓(−i).Also e𝑓(1) = 4𝑘 + 3 𝑎𝑛𝑑  

          e𝑓(0) = 4𝑘 + 4. Therefore, 𝑓 is  a  group difference cordial labeling of G. 
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