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Abstract —Let an injective function 𝒇 from vertex set 𝑽 of a graph 𝑮 to the 
set	𝑭𝟎, 𝑭𝟏, 𝑭𝟐, . . . , 𝑭𝒏, where 𝑭𝒋 is the 𝒋th Fibonacci number	(𝒋	 = 	𝟎, 𝟏, . . . , 𝒏), is said to be 
Fibonacci cordial labeling if the induced function 𝒇∗ from the edge set 𝑬 of graph 𝑮 to the set 
{𝟎, 𝟏} defined by 𝒇∗(𝒖𝒗) 	= 	 (𝒇	(𝒖) + 𝒇	(𝒗))	(𝒎𝒐𝒅	𝟐) satisfies the condition |𝒆𝒇(𝟎) −
𝒆𝒇(𝟏)| 	≤ 	𝟏, where 𝒆𝒇(𝟎) is the number of edges with label	𝟎 and 𝒆𝒇(𝟏) is the number of 
edges with label 𝟏. A graph which admits Fibonacci cordial labeling is called Fibonacci 
cordial graph. 
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I. INTRODUCTION  

All graphs in this paper are finite, simple and undirected. For various graph theoretic notations and 
terminology we follow Gross and Yellen [1]. A graph labeling is the assignment of labels, usually 
represented by an integer, to the vertices or edges or both of a graph. Labeling of graphs plays an important 
role in the field of graph theory because of its diversified and rigorous application such as design and 
analysis of communication networks, military surveillance, social sciences, optimization, Neutral 
Networks, Coding Theory, and Circuit Analysis and etc. In most applications, labels are positive or non-
negative integers [2]. 

In this paper, [3] introduce Fibonacci cordial labeling. Assume 𝐺 to be a simple connected graph with n 
vertices. An injective function 𝑓 from vertex set 𝑉 of a graph 𝐺 to the set 	𝐹!, 𝐹", 𝐹#, . . . , 𝐹$ , where 𝐹% is the 
𝑗th Fibonacci number (𝑗	 = 	0, 1, . . . , 𝑛), is said to be Fibonacci cordial labeling if the induced function 𝑓∗ 
from the edge set 𝐸 of graph 𝐺 to the set 0, 1 defined by 𝑓∗(𝑢𝑣) 	= 	 (𝑓(𝑢) 	+ 	𝑓(𝑣))(𝑚𝑜𝑑	2) satisfies the 
condition 7𝑒'(0) − 𝑒'(1)7 ≤ 1, where 𝑒'	(0) is the number of edges with label 0 and 𝑒'	(1) is the number 
of edges with label 1. A graph which admits Fibonacci cordial labeling is called Fibonacci cordial graph. 
In this paper we discuss the Fibonacci cordial labeling. 

 

II. BASIC CONCEPTS 

Definition 2.1. An alternate triangular snake graph	𝐴(𝑇$) obtained from a path 𝑣", 𝑣#, 𝑣(, . . . , 𝑣$ by 
joining 𝑣) 	and 𝑣)*" (alternately) to new vertex	𝑢). That is every alternate edge of a path is replaced by	𝐶(. 

Definition 2.2. A quadrilateral Snake Graph 𝑄$ is obtained from a path 𝑣", 𝑣#, … , 𝑣$ by joining 𝑣) and 
𝑣)*" to two new vertices 𝑢) 	and 𝑤) for 1 ≤ 𝑖 ≤ 𝑛 − 1 respectively and then joining 𝑢) and	𝑤). 

Definition 2.3. A double alternate quadrilateral snake graph 𝐷𝐴(𝑄𝑆$) consists of two alternate 
quadrilateral snakes that have a common path. That is, a double alternate quadrilateral snake is obtained 
from a path 𝑣", 𝑣#, 𝑣(, . . . , 𝑣$ by joining 𝑣)	and 𝑣)*" (alternately) to two new vertices 𝑢) , 𝑥) 	and 𝑤) , 𝑦) 
respectively and then joining 𝑢) , 𝑥) 	and	𝑤) , 𝑦). 

Definition 2.4. The cycle quadrilateral snake graph 𝐶𝑄$	with 𝑞 = 4𝑛 edges is a graph obtained from the 
cycle 𝐶$ by identifying each edge of 𝐶$ with an edge of	𝐶,. 

 

III. RESULTS AND DISCUSSIONS 

Theorem 3.1. [4] Let 𝑓) be the 𝑖th term of the Fibonacci sequence. Then, for each 𝑛	𝜖	ℕ, 𝑓($ is even, and 
all of the other terms in the Fibonacci sequence are odd. 

Theorem 3.2. The Alternate Triangular Snake Graph 𝐴(𝑇$) admits fibonacci cordial labeling for all 𝑛	 ≥
	2. 
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Proof. Let 𝐴(𝑇$) be an alternate triangular snake graph obtained from a path 𝑣", 𝑣#, 𝑣(, . . . , 𝑣$ by joining 
𝑣) 	and 𝑣)*" (alternately) to new vertex 𝑢) 	where 1	 ≤ 	𝑖	 ≤ $

#
 if 𝑛 is even (Figure 1) and 1	 ≤ 	𝑖	 ≤ 	 $-"

#
	if 𝑛 

is odd (Fig 2). 

 
Fig. 1. An alternate triangular snake graph 𝐴(𝑇!). 

To prove the theorem, we will consider the following cases: 
Case 1:	𝑛 is even, 𝑛	 ≥ 	2. 
The order and size of the alternate triangular snake graph is 𝐴(𝑇$) 
|𝑉(𝐴(𝑇$))| =

($
#

 and	|𝐸(𝐴(𝑇$))| = 2𝑛 − 1, 
respectively. 

Define a function 𝑓: 𝑉O𝐴(𝑇$)P → R𝐹!, 𝐹", 𝐹#, … , 𝐹!"
#
S	by: 

 
𝑓(𝑢)) = 	𝐹(()-"),	1 ≤ 𝑖 ≤

𝑛
2 

𝑓(𝑣)) = T
𝐹()-"

#
, 𝑖 = 1, 3, 5, … , 𝑛 − 1

𝐹()-#
#
, 𝑖 = 2,4,6, … , 𝑛  

 
By using Theorem 3.1, the edges of 𝐴(𝑇$)with labels zero and one are the following: 
For 1 ≤ 𝑖 ≤ $

#
, we have 

 
𝑓∗(𝑣#)-"𝑢)) = 1 
𝑓∗(𝑣#)𝑢)) = 1 

 
For 1 ≤ 𝑖 ≤ 𝑛 − 1, we have 
 

𝑓∗(𝑣)𝑣)*") = 0 
 
In view of the above labeling, we have, 
 

𝑒'(0) = 𝑛 − 1	and 𝑒'(1) =
$
#
+ $

#
= 𝑛 

 
Hence, 7𝑒'(0) − 𝑒'(1)7 = |(𝑛 − 1) − 𝑛| = |−1| = 1 ≤ 1. Thus, the alternate triangular snake graph 

𝐴(𝑇$) is a fibonacci cordial graph if 𝑛 is even, 𝑛	 ≥ 	2. 
Case 2: 𝑛 is odd, 𝑛	 ≥ 	3. 

 

 
Fig. 2. An alternate triangular snake graph 𝐴(𝑇!). 

The order and size of the alternate triangular snake graph 𝐴(𝑇$) is 
 

|𝑉(𝐴(𝑇$))| =
($-"
#

 and |𝐸(𝐴(𝑇$))| = 2𝑛 − 2, 
 

respectively. 

Define a function 𝑓: 𝑉O𝐴(𝑇$)P → R𝐹!, 𝐹", 𝐹#, … , 𝐹!"$%
#
S	by: 



   EJ-MATH, European Journal of Mathematics and Statistics 
ISSN: 2736-5484 

DOI: http://dx.doi.org/10.24018/ejmath.2023.4.2.193  Vol 4 | Issue 2 | March 2023 31 
 

𝑓(𝑢)) = 	𝐹(()-"),1 ≤ 𝑖 ≤
𝑛
2 

𝑓(𝑣)) = T
𝐹()-"

#
, 𝑖 = 1, 3, 5, … , 𝑛

𝐹()-#
#
, 𝑖 = 2,4,6, … , 𝑛 − 1 

 
By using Theorem 3.1, the edges of 𝐴(𝑇$)with labels zero and one are the following: 
For 1 ≤ 𝑖 ≤ $-"

#
, we have 

 
𝑓∗(𝑣#)-"𝑢)) = 1 
𝑓∗(𝑣#)𝑢)) = 1 

 
For 1 ≤ 𝑖 ≤ 𝑛 − 1, we have 
 

𝑓∗(𝑣)𝑣)*") = 0 
 
In view of the above labeling, we have, 
 

𝑒'(0) = 𝑛 − 1	and 𝑒'(1) =
$-"
#
+ $-"

#
= 𝑛 − 1 

 
Hence, 7𝑒'(0) − 𝑒'(1)7 = |(𝑛 − 1) − (𝑛 − 1)| = 0 ≤ 1. Thus, the alternate triangular snake graph 

𝐴(𝑇$) is a fibonacci cordial graph if 𝑛 is odd, 𝑛	 ≥ 	3. 
Considering the cases above, we could say that, the alternate triangular snake graph 𝐴(𝑇$) is a 

fibonacci cordial graph for all	𝑛	 ≥ 	2. ∎ 
Theorem 3.3. The Quadrilateral Snake Graph (𝑄$) admits fibonacci cordial labeling for all 𝑛 ≥ 	2. 
Proof. Let 𝑄$ be a quadrilateral snake graph obtained from a path 𝑣", 𝑣#, 𝑣(, . . . , 𝑣$ by joining 𝑣) 	and 𝑣)*" 

to new vertices 𝑢) 	and 𝑤) 	where 1	 ≤ 	𝑖	 ≤ 𝑛 − 1 for all 𝑛 ≥ 2 (See Fig. 3). 
 

 
Fig. 3. A quadrilateral snake graph 𝑄!. 

The order and size of the quadrilateral snake graph 𝑄$ is 
 

|𝑉(𝑄$)| = 3𝑛 − 2 and |𝐸(𝑄$)| = 4𝑛 − 4, 
 

respectively. 
Define a function 𝑓: 𝑉(𝑄$) → {𝐹!, 𝐹", 𝐹#, … , 𝐹($-#}	by: 
 

𝑓(𝑣)) = 	𝐹(()-"),			1 ≤ 𝑖 ≤ 𝑛 
𝑓(𝑢)) = 	𝐹()-#,						1 ≤ 𝑖 ≤ 𝑛 − 1 
𝑓(𝑤)) = 	𝐹()-",						1 ≤ 𝑖 ≤ 𝑛 − 1 

 
By using Theorem 3.1, the edges of 𝑄$	with labels zero and one are the following: 
For	1 ≤ 𝑖 ≤ 𝑛 − 1, we have 

𝑓∗(𝑣)𝑣)*") = 0 
𝑓∗(𝑢)𝑤)) = 0 
𝑓∗(𝑣)𝑢)) = 1 
𝑓∗(𝑣)*"𝑤)) = 1 

 
In view of the above labeling, we have, 
 

𝑒'(0) = 𝑛 − 1 + 𝑛 − 1 = 2𝑛 − 2 
 

and  
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𝑒'(1) = 𝑛 − 1 + 𝑛 − 1 = 2𝑛 − 2 
 
Hence, 7𝑒'(0) − 𝑒'(1)7 = |(2𝑛 − 2) − (2𝑛 − 2)| = 0 ≤ 1. Thus, the quadrilateral snake graph 𝑄$	is a 

fibonacci cordial graph for all 𝑛	 ≥ 	2. ∎ 
Theorem 3.4 The Double Alternate Quadrilateral Snake Graph (𝐷𝐴(𝑄𝑆$)) admits fibonacci cordial 

labeling for all 𝑛	 ≥ 	2. 
Proof. Let(𝐷𝐴(𝑄𝑆$)) be a double alternate quadrilateral snake graph obtained from a path 

𝑣", 𝑣#, 𝑣(, . . . , 𝑣$ by joining 𝑣) 	and 𝑣)*" (alternately) to two new vertices 𝑢) , 𝑥) 	and 𝑤) , 𝑦) respectively and 
then joining 𝑢) , 𝑥) 	and 𝑤) , 𝑦) where 1	 ≤ 	𝑖	 ≤ $

#
 if 𝑛 is even (Figure 4) and 1	 ≤ 	𝑖	 ≤ 	 $-"

#
	if 𝑛 is odd (Fig. 

5). 

 
Fig. 4. Double Alternate Quadrilateral Snake Graph 𝐷𝐴(𝑄𝑆$). 

To prove the theorem, we will consider the following cases: 
Case 1: 𝑛 is even, 𝑛	 ≥ 	2. 
The order and size of the double alternate quadrilateral snake graph (𝐷𝐴(𝑄𝑆$)) is 
 

|𝑉(𝐷𝐴(𝑄𝑆$))| = 3𝑛 and |𝐸(𝐷𝐴(𝑄𝑆$))| = 4𝑛 − 1, 
 

respectively. 
Define a function 𝑓: 𝑉(𝐷𝐴(𝑄𝑆$)) → {𝐹!, 𝐹", 𝐹#, … , 𝐹($}	by: 
 

𝑓(𝑣)) = 	𝐹()-(,			1 ≤ 𝑖 ≤ 𝑛 

𝑓(𝑢)) = 	𝐹1)-2,			1 ≤ 𝑖 ≤
𝑛
2 

𝑓(𝑥)) = 	𝐹1)-,,			1 ≤ 𝑖 ≤
𝑛
2 

𝑓(𝑤)) = 	𝐹1)-#,			1 ≤ 𝑖 ≤
𝑛
2 

𝑓(𝑦)) = 	𝐹1)-",			1 ≤ 𝑖 ≤
𝑛
2 

 
By using Theorem 3.1, the edges of 𝐷𝐴(𝑄𝑆$) with labels zero and one are the following: 
For	1 ≤ 𝑖 ≤ 𝑛 − 1, we have 
 

𝑓∗(𝑣)𝑣)*") = 0 
 
For	1 ≤ 𝑖 ≤ $

#
, we have 

 
𝑓∗(𝑣#)-"𝑢)) = 1; 																𝑓∗(𝑣#)𝑦)) = 1; 
𝑓∗(𝑣#)𝑥)) = 1; 																					𝑓∗(𝑢)𝑥)) = 0; 
𝑓∗(𝑣#)-"𝑤)) = 1; 																𝑓∗(𝑤)𝑦)) = 0;	

 
In view of the above labeling, we have, 
𝑒'(0) = 𝑛 − 1 + $

#
+ $

#
= 2𝑛 − 1  

and  
 

𝑒'(1) =
𝑛
2 +

𝑛
2 +

𝑛
2 +

𝑛
2 = 2𝑛 

 



   EJ-MATH, European Journal of Mathematics and Statistics 
ISSN: 2736-5484 

DOI: http://dx.doi.org/10.24018/ejmath.2023.4.2.193  Vol 4 | Issue 2 | March 2023 33 
 

Hence, 7𝑒'(0) − 𝑒'(1)7 = |(2𝑛 − 1) − (2𝑛)| = |−1| = 1 ≤ 1. Thus, the double alternate quadrilateral 
snake graph 𝐷𝐴(𝑄𝑆$) is a fibonacci cordial graph if 𝑛 is even,  𝑛	 ≥ 	2.  

Case 2:	𝑛	is odd, 𝑛	 ≥ 	3. 

 
Fig. 5. Double Alternate Quadrilateral Snake Graph 𝐷𝐴(𝑄𝑆!). 

The order and size of the double alternate quadrilateral snake graph (𝐷𝐴(𝑄𝑆$)) is 
 

|𝑉(𝐷𝐴(𝑄𝑆$))| = 3𝑛 − 2 and |𝐸(𝐷𝐴(𝑄𝑆$))| = 4𝑛 − 4, 
 
respectively. 
Define a function 𝑓: 𝑉(𝐷𝐴(𝑄𝑆$)) → {𝐹!, 𝐹", 𝐹#, … , 𝐹($-#}	by: 
 

𝑓(𝑣)) = 	𝐹()-(,			1 ≤ 𝑖 ≤ 𝑛 

𝑓(𝑢)) = 	𝐹1)-2,			1 ≤ 𝑖 ≤
𝑛 − 1
2  

𝑓(𝑥)) = 	𝐹1)-,,			1 ≤ 𝑖 ≤
𝑛 − 1
2  

𝑓(𝑤)) = 	𝐹1)-#,			1 ≤ 𝑖 ≤
𝑛 − 1
2  

𝑓(𝑦)) = 	𝐹1)-",			1 ≤ 𝑖 ≤
𝑛 − 1
2  

 
By using Theorem 3.1, the edges of 𝐷𝐴(𝑄𝑆$) with labels zero and one are the following: 
For	1 ≤ 𝑖 ≤ 𝑛 − 1, we have 
 

𝑓∗(𝑣)𝑣)*") = 0 
 
For	1 ≤ 𝑖 ≤ $-"

#
, we have 

 
𝑓∗(𝑣#)-"𝑢)) = 1; 																𝑓∗(𝑣#)𝑦)) = 1; 
𝑓∗(𝑣#)𝑥)) = 1; 																					𝑓∗(𝑢)𝑥)) = 0; 
𝑓∗(𝑣#)-"𝑤)) = 1; 																𝑓∗(𝑤)𝑦)) = 0;	

 
In view of the above labeling, we have, 
 

𝑒'(0) = 𝑛 − 1 +
𝑛 − 1
2 +

𝑛 − 1
2 = 2𝑛 − 2 

 
and  
 

𝑒'(1) =
𝑛 − 1
2 +

𝑛 − 1
2 +

𝑛 − 1
2 +

𝑛 − 1
2 = 2𝑛 − 2 

 
Hence, 7𝑒'(0) − 𝑒'(1)7 = |(2𝑛 − 2) − (2𝑛 − 2)| = 0 ≤ 1. Thus, the double alternate quadrilateral 

snake graph 𝐷𝐴(𝑄𝑆$) is a fibonacci cordial graph if 𝑛 is odd, 𝑛	 ≥ 	3. 
Considering the cases above, we could say that, the double alternate quadrilateral snake graph 𝐷𝐴(𝑄𝑆$) 

is a fibonacci cordial graph for all 𝑛	 ≥ 	2. ∎ 
Theorem 3.5. The Cycle Quadrilateral Snake Graph 𝐶𝑄$ admits fibonacci cordial labeling for all 𝑛	 ≥

	3. 
Proof. Let 𝐶𝑄$	be a cycle quadrilateral snake graph obtained from the cycle 𝐶$ by identifying each edge 

of 𝐶$ with an edge of	𝐶, (See Fig. 6). 
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Fig. 6. A cycle quadrilateral snake graph 𝐶𝑄!. 

The order and size of the cycle quadrilateral snake graph 𝐶𝑄$ is 
 

|𝑉(𝐶𝑄$)| = 3𝑛 and |𝐸(𝐶𝑄$)| = 4𝑛 − 4, 
 
respectively. 
Define a function 𝑓: 𝑉(𝐶𝑄$) → {𝐹!, 𝐹", 𝐹#, … , 𝐹($}	by: 
 

𝑓(𝑣)) = 	𝐹(()-"),			1 ≤ 𝑖 ≤ 𝑛 
𝑓(𝑢)) = 	𝐹()-#,						1 ≤ 𝑖 ≤ 𝑛 
𝑓(𝑤)) = 	𝐹()-",						1 ≤ 𝑖 ≤ 𝑛 

 
By using Theorem 3.1, the edges of 𝐶𝑄$	with labels zero and one are the following: 
 

	𝑓∗(𝑣"𝑣$) = 0 
	𝑓∗(𝑣"𝑤$) = 1 

 
For	1 ≤ 𝑖 ≤ 𝑛 − 1, we have 

	
	𝑓∗(𝑣)𝑣)*") = 0 
	𝑓∗(𝑣)*"𝑤)) = 1 

 
For	1 ≤ 𝑖 ≤ 𝑛, we have 
 

	𝑓∗(𝑢)𝑤)) = 0 
	𝑓∗(𝑣)𝑢)) = 1 

 
In view of the above labeling, we have, 
 

𝑒'(0) = 1 + (𝑛 − 1) + 𝑛 = 2𝑛 
 
and 
 

𝑒'(1) = 1 + (𝑛 − 1) + 𝑛 = 2𝑛 
 
Hence, 7𝑒'(0) − 𝑒'(1)7 = |2𝑛 − 2𝑛| = 0 ≤ 1. Thus, the cycle quadrilateral snake graph 𝐶𝑄$	is a 

fibonacci cordial graph for all 𝑛	 ≥ 	3. ∎ 
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