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Abstract - In this paper we discuss about the number of spanning cycles in closure of graph. The closure of a graph 𝐺 is the 

graph obtained by adding edges between non-adjacent vertices whose degree sum is at least |𝑉(𝐺)| , until this can no longer 

be done. There are countless generalizations of paths and cycles and Hamiltonian properties in graphs, and one of these 

generalizations is the uniquely Hamiltonian graph. A graph is uniquely Hamiltonian if it contains exactly one spanning cycle.  

We proved the results about the Hamiltonicity, uniquely Hamiltonicity of closure of graph.  
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I. INTRODUCTION 

Unless otherwise referred, throughout the paper by a graph we always mean a simple finite undirected connected graph 𝐺 with 

vertex set 𝑉(𝐺) and edge set 𝐸(𝐺). In general, we follow the most common graph-theoretical terminology and notation.  A 

path and a cycle in a graph 𝐺 that contains every vertex of graph 𝐺 is called spanning path and spanning cycle of 𝐺. A graph is 

Hamiltonian graph if it contains spanning cycle and a graph is traceable if it contains spanning path. The closure of a graph 𝐺, 

denoted by 𝐶𝑙(𝐺), is the graph obtained by adding edges between non-adjacent vertices whose degree sum is at least |𝑉(𝐺)| , 
until this can no longer be done. For two vertices 𝑢 and 𝑣, let 𝑑(𝑢, 𝑣) be the length of a minimum path between vertices 𝑢 and 

𝑣 in 𝐺, or equivalently the distance between 𝑢 and 𝑣. The minimum degree of a graph 𝐺 is denoted by 𝛿(𝐺). For a grand 

survey on the Hamiltonian problem see Gould[8].  

II. RESULTS AND DISCUSSION 

Dirac[6] obtained a nontrivial sufficient condition for a graph to be Hamiltonian, which was most likely the first achievement in 

the area. 

  

Theorem 2.1. Dirac[6]. If 𝐺 is a graph of order 𝑛 ≥  3 with minimum degree 𝛿(𝐺)  ≥  𝑛 /2, then 𝐺 is Hamiltonian.  

 

Ore[9]  elaborate the Dirac’s theorem. 

 

Theorem 2.2. Ore[9]. If 𝐺 is a graph of order 𝑛 ≥  3 and 𝑑(𝑥) + 𝑑(𝑦)  ≥  𝑛 for each pair of nonadjacent vertices 𝑥, 𝑦 ∈
 𝑉 (𝐺), then 𝐺 is Hamiltonian.  

Benhocine and Wojda [3]  gave the following result 

 

Theorem 2.3. Benhocine and Wojda[3]. If 𝐺 is a 2 −connected graph of order 𝑛 ≥  3 with independence number 𝛼(𝐺)  ≤
 𝑛/2, and 𝑚𝑎𝑥{𝑑(𝑥), 𝑑(𝑦)} ≥ (𝑛 − 1)/ 2  for each pair of vertices 𝑥, 𝑦 with distance 2, then either 𝐺 is Hamiltonian or 𝐺 ∈
𝐺𝑛 or 𝐺 =  𝐻9 where 𝐺𝑛 is a class of well characterized graphs and 𝐻9 is a specific graph of order 9. 

 
Chao, Song and Zhang[4] drop the independence restriction as stated in above theorem and assumed the slightly 

relaxed Fan type condition to give a Hamiltonian characterization,  

 

Theorem 2.4. Chao, Song and Zhang[4]. If 𝐺 is a 2 −connected graph of order 𝑛 ≥  3, and 𝑚𝑎𝑥{𝑑(𝑥), 𝑑(𝑦)} ≥ (𝑛 − 1)/ 2 

for each pair of vertices 𝑥, 𝑦 with distance 2, then either 𝐺 is Hamiltonian or 𝐺 ∈ 𝐺𝑛 or 𝐺 ∈ 𝐽𝑛 or 𝐺 =  𝐻9, where 𝐺𝑛 and 𝐽𝑛 are 

two classes of well characterized graphs and 𝐻9 is the graph prescribed in above theorem. 

 

Faudree, Gould, Lesniak and Lindquester[7] gave the sufficient conditions for Hamiltonian type properties of a graph 

with bounded independence number and the generalized degree of vertex,  
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Theorem 2.5. (Faudree, Gould, Lesniak and Lindquester[7]. Let 𝐺 be a graph of order 𝑛. Then for each pair of integers 𝑟 and 

𝑚  ( 1 ≤  𝑟 ≤  𝑛  and 3 ≤  𝑚 <  𝑛) , and for each non-negative function 𝑓(𝑟, 𝑚)  there exists a constant 𝐶 =

 𝐶(𝑟, 𝑚, 𝑓(𝑟, 𝑚)) such that if 𝛿𝑟(𝐺) ≥
𝑛

3
+ 𝐶 and 𝛼(𝐺) ≤ 𝑓(𝑟, 𝑚), then 

(i) 𝐺 is traceable if  𝛿(𝐺) ≥ 𝑟 and 𝐺 is connected, 

(ii) 𝐺 is Hamiltonian if 𝛿(𝐺) ≥ 𝑟 + 1 and 𝐺 is 2 −connected, and 

(iii) 𝐺 is Hamiltonian-connected if 𝛿(𝐺) ≥ 𝑟 + 2 and 𝐺 is 3 −connected.  

Our first result shows that if graph contains 2  independent path with some specific conditions then its closure is 

Hamiltonian. 

Theorem 2.6. Let 𝐺 be a connected graph of order 𝑛.  If a graph 𝐺 contains 2 independent path between any pair of vertices 

such that  𝑚𝑎𝑥{𝑑(𝑢), 𝑑(𝑣)} ≥ 𝑛/2  and 𝑑(𝑢, 𝑣) = 2 for all 𝑢, 𝑣 ∈ 𝑉(𝐺) then 𝐶𝑙(𝐺)  is Hamiltonian. 

Proof. Suppose on contrary  𝐶𝑙(𝐺)  has no spanning cycle. Let 𝑃 = {𝑢1 𝑢2 … 𝑢𝑘+1} be the maximum length path in 𝐺 with 

length 𝑘, select 𝑑(𝑢1) + 𝑑(𝑢𝑘+1)  is as large as possible.   If 𝑑(𝑢1) + 𝑑(𝑢𝑘+1) ≥ 𝑛 then there exist at least two consecutive 

vertices 𝑢𝑖  and 𝑢𝑖+1 such that (𝑢1, 𝑢𝑖) ∈ 𝐸(𝐺) and (𝑢𝑖+1, 𝑢𝑘+1) ∈ 𝐸(𝐺),  and thus we get a cycle of length 𝑘 + 1. Since 𝐺 is 

connected graph with above given properties we have either a spanning cycle or a path of length 𝑘 + 1. This will leads to a 

contradiction. Hence  𝑑(𝑢1) + 𝑑(𝑢𝑘+1) < 𝑛.   Without loss of generality assume 𝑑(𝑢𝑘+1) < 𝑛/2. 

Firstly suppose 𝐺  has no cycle of length 𝑘 + 1. Since graph 𝐺  contains 2 independent path between any pair of 

vertices, vertex 𝑢1  is connected with at least 2  vertices on path 𝑃 . Let (𝑢1, 𝑢𝑚) ∈ 𝐸(𝐺)  and 𝑚  is as large as possible. 

Obviously 𝑚 ≥ 2 𝑎𝑛𝑑 𝑚 < 𝑘, otherwise 𝐺 has a cycle of length 𝑘 + 1. Since  (𝑢1, 𝑢𝑚) ∈ 𝐸(𝐺), there is some other longest 

path 𝑢𝑚−1𝑢𝑚−2 … 𝑢1𝑢𝑚 … . 𝑢𝑘  . By the maximality of 𝑑(𝑢1) + 𝑑(𝑢𝑘) , we have 𝑑(𝑢𝑚−1) ≤ 𝑑(𝑢1) < 𝑛/2,  implies 

max (𝑑(𝑢𝑚−1), 𝑑(𝑢1)) < 𝑛/2. By the statement of theorem we have 𝑑(𝑢1, 𝑢𝑚−1) ≠ 2. Although 𝑢1 𝑢𝑚𝑢𝑚−1 is a path of length 

2 we must have (𝑢1, 𝑢𝑚−1 ) ∈ 𝐸(𝐺). By repeating above process we have  (𝑢1, 𝑢𝑖  ) ∈ 𝐸(𝐺) ∀ 1 ≤ 𝑖 ≤ 𝑚.  

Now we claim that 𝑑(𝑢𝑖) ≤ 𝑑(𝑢1)  ∀  1 ≤ 𝑖 ≤ 𝑚 − 1.   By above assertion (𝑢1, 𝑢𝑖+1) ∈
𝐸(𝐺),  𝑢𝑖𝑢𝑖−1 … 𝑢1𝑢𝑖+1 … 𝑢𝑚 … 𝑢𝑘   is another maximum length path with 𝑑(𝑢𝑖) + 𝑑(𝑢𝑘) > 𝑑(𝑢1) + 𝑑(𝑢𝑘),  which leads to 

contradiction. Hence 𝑑(𝑢𝑖) ≤ 𝑑(𝑢1)  ∀  1 ≤ 𝑖 ≤ 𝑚 − 1.  By our choice of 𝑢𝑚 ,  we have 𝑢1 𝑢𝑚𝑢𝑚+1 is a path of length 2 and 
(𝑢1, 𝑢𝑚+1 ) ∉ 𝐸(𝐺), we have 𝑑(𝑢1, 𝑢𝑚+1) = 2. By the statement of theorem we have max (𝑑(𝑢1), 𝑑(𝑢𝑚+1)) ≥ 𝑛/2. Since  

𝑑(𝑢1) < 𝑛/2 we have 𝑑(𝑢𝑚+1) ≥
𝑛

2
> 𝑑(𝑢1).  

Note that for all 𝑖,   1 ≤ 𝑖 ≤ 𝑚 − 1 , 𝑣𝑖  cannot be connected to other vertex outside path 𝑃 , since 

 𝑢𝑖𝑢𝑖−1 … 𝑢1𝑢𝑖+1 … 𝑢𝑚 … 𝑢𝑘  is a longest path.  Since graph 𝐺  contains 2  independent path between any pair of vertices, 

therefore there exists (𝑢𝑝, 𝑢𝑞) ∈ 𝐸(𝐺) such that 𝑝 < 𝑚 < 𝑞. Consider (𝑢𝑝, 𝑢𝑞) ∈ 𝐸(𝐺) such that 𝑝 < 𝑚 < 𝑞 and 𝑞 is as large 

as possible. Now there are two cases arises. 

Case 1. If 𝑞 ≥ 𝑚 + 2 . We have 𝑑(𝑢𝑞−1) ≤ 𝑑(𝑢1) <
𝑛

2
,   since 𝑑(𝑢𝑞) + 𝑑(𝑢𝑘)  is maximum and by above assumption 

(𝑢1, 𝑢𝑝+1) ∈ 𝐸(𝐺)  ,  𝑢𝑞−1𝑢𝑞−2 … 𝑢𝑝+1𝑢1 … 𝑢𝑝𝑢𝑞 … 𝑢𝑘  is a longest path.  Now again since  𝑑(𝑢𝑝) ≤ 𝑑(𝑢1) < 𝑛/2  so 

max (𝑑(𝑢𝑞−1), 𝑑(𝑢𝑝)) < 𝑛/2 then 𝑑(𝑢𝑝 , 𝑢𝑞−1) ≠ 2, but 𝑢𝑝𝑢𝑞−1𝑢𝑞  is a path of length 2 and thus we have(𝑢𝑝, 𝑢𝑞−1) ∈ 𝐸(𝐺). 

If 𝑞 − 1 > 𝑝 + 1 we have some other longest path 𝑢𝑞−2𝑢𝑞−3 … 𝑢𝑝+1𝑢1 … 𝑢𝑝𝑢𝑞−1𝑢𝑞 … 𝑢𝑘 . Repeating this process again and 

again we have (𝑢𝑝, 𝑢𝑞−2) ∈ 𝐸(𝐺). Consequently, we have  (𝑢𝑝,  𝑢𝑖) ∈ 𝐸(𝐺)  ∀  𝑝 + 1 ≤ 𝑖 ≤ 𝑞.  

Case 2. If 𝑞 = 𝑚 + 1. Since 𝑢𝑚𝑢𝑚−1 … 𝑢𝑞+1𝑢1 … 𝑢𝑝𝑢𝑚+1 … 𝑢𝑘   is longest path and 𝑑(𝑢1) + 𝑑(𝑢𝑘) is maximum we have 

𝑑(𝑢𝑚) ≤ 𝑑(𝑢1) < 𝑛/2. If 𝑚 + 1 = 𝑘 we get a cycle of length 𝑘 + 1,  which leads to contradiction. Let us assume 𝑚 + 1 < 𝑘. 
Since graph 𝐺 contains 2 independent path between any pair of vertices we have (𝑢𝑚 , 𝑢𝑗) ∈ 𝐸(𝐺)  such that 𝑗 ≥ 𝑚 + 2. This 

will implies there exist another longest path 𝑢𝑗−1𝑢𝑗−2 … . 𝑢𝑚+1𝑢𝑝 … 𝑢1𝑢𝑝+1 … 𝑢𝑚𝑢𝑗 … 𝑢𝑘. Since 𝑑(𝑢1) + 𝑑(𝑢𝑘) is maximum 

thus we have 𝑑(𝑢𝑗−1) ≤ 𝑑(𝑢1) < 𝑛/2. Repeating this process we have (𝑢𝑚 , 𝑢𝑖) ∈ 𝐸(𝐺)    ∀ 𝑖,   𝑚 + 1 ≤ 𝑖 ≤ 𝑗. Hence, there 

exist longest path since 𝑢𝑚+1𝑢𝑝 … 𝑢1𝑢𝑝+1 … 𝑢𝑚𝑢𝑚+1 … 𝑢𝑘 with 𝑑(𝑢𝑚+1) + 𝑑(𝑢𝑘) > 𝑑(𝑢1) + 𝑑(𝑢𝑘)   which is contradiction. 

Hence 𝐶𝑙(𝐺) contains a spanning cycle as desired. ∎ 

 

  In graph theory, for measuring the connectivity of graph we can use toughness of graph. If 𝑆 ⊂ 𝑉(𝐺), then denote 

𝑐(𝐺 −  𝑆), the number of components of 𝐺 −  𝑆. We say that a graph 𝐺  is 𝑡 − 𝑡𝑜𝑢𝑔ℎ if for every subset 𝑆 ⊂ 𝑉(𝐺) with 

𝑐(𝐺 −  𝑆)  >  1 we have |𝑆| > 𝑡𝑐(𝐺 − 𝑆). 
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Conjecture 2.1.  The closure of 𝑡 −tough graph with 𝑡 >
3

2
  is Hamiltonian.  

 

Chvàtal[5] conjectured the relationship between toughness and Hamiltonicity. He found the necessary condition for 1-

tough graph to be Hamiltonian.  
 

Conjecture 2.2. If the closure of graph is Hamiltonian then the graph is 1 −tough.  

 

 The complete bipartite graph 𝐾1,3 is also known as claw. Thus, a graph 𝐺 is said to be claw-free if, it does not contain 

an induced subgraph that is isomorphic to claw. 

 

Observation 2.1. If 𝐺 is a 4 −connected claw-free graph, then its closure is Hamiltonian.  

 

The line graph of 𝐺 is obtained by associating one vertex to each edge of 𝐺, and two vertices of line graph being 

joined by an edge if and only if the corresponding edges in 𝐺 are adjacent. A graph is uniquely Hamiltonian if it contains 
exactly one spanning cycle.  In Beineke[2] gives a characterization of line graphs in terms of forbidden induced subgraphs. 

Next we proved closure of line graph contains more than one spanning cycle.  

 

Theorem 2.7. If 𝐺 is a line graph with 𝛿(𝐺)  ≥  3, then the closure of 𝐺 is not uniquely Hamiltonian. 

  

Proof. If  𝐶𝑙(𝐺) has no spanning cycle, then we are done. Let 𝐶 be the spanning cycle in 𝐶𝑙(𝐺). For a vertex 𝑣 ∈ 𝑉(𝐶𝑙(𝐺)),  
denote by 𝑣− and 𝑣+ the vertex preceding and succeeding 𝑣, respectively. Consider 𝑣𝑛

− and 𝑣𝑛
+ vertices at distance 𝑣 along 𝐶 

with respect to the ordering of 𝑉(𝐶).  

Notice if 𝑥, 𝑦 ∈ 𝑉(𝐶𝑙(𝐺))  are vertices that are not connected by an edge of 𝐶 and 𝑥𝑦−, 𝑥+𝑦 ∈ 𝐸(𝐶𝑙(𝐺)), then  𝐶𝑙(𝐺) has a 

spanning cycle distinct from 𝐶, namely 𝐶 − {𝑥𝑥+, 𝑦−𝑦} + {𝑥𝑥−,  𝑥+𝑦}. This will form a structure we call it cycle exchange 

type structure. Suppose that 𝐶𝑙(𝐺) has no cycle exchange type structure. In particular if 𝑢𝑖 , 𝑢𝑖+1, 𝑢𝑖+2, 𝑢𝑖+3   are such that 𝑢𝑗
+ =

𝑢𝑗+1 for each 𝑗 = 0, 1, 2, then either 𝑢𝑖𝑢𝑖+2 or 𝑢𝑖+1𝑢𝑖+3  is not an edge. 

Let  𝑢 ∈ 𝐶𝑙(𝐺) such that 𝑢−𝑢+ ∉ 𝐸(𝐶𝑙(𝐺)) and 𝑣 be the neighbor of 𝑢 different from 𝑢− and  𝑢+. Since  𝐺 is a line graph this 

implies {𝑣,  𝑢−, 𝑢, 𝑢+} may not induce a complete bipartite graph 𝐾1,3, 𝑣 must be neighbour of at least one of 𝑢− and 𝑢+. Say 

𝑣𝑢+ ∈ 𝐸(𝐶𝑙(𝐺)). Since 𝐺 is line graph, one of 𝑢+𝑣+, 𝑣−𝑣+   or 𝑣−𝑢+ is an edge of 𝐶𝑙(𝐺).  In this way we have 𝐶 − 𝑣−𝑣𝑣+ +

𝑣−𝑣+ + 𝑢𝑣𝑢+ − 𝑢𝑢+  a second spanning cycle of 𝐶𝑙(𝐺). Assuming 𝑣−𝑢2
+ ∈ 𝐸(𝐶𝑙(𝐺)). Proceeding in similar manner we have 

𝑢𝑣, 𝑣𝑢+,𝑢+𝑣−𝑣−𝑢2
+, 𝑢2

+𝑢2
−, … contained in 𝐸((𝐶𝑙(𝐺)), where the sequence finishing when the last edge added has endpoints 

which lie at distance 2 from each other along 𝐶.  
 

Now, suppose the vertex 𝑣  and its adjacent vertices {𝑢, 𝑣−, 𝑣+}. Again, if 𝑢𝑣−  or 𝑢𝑣+ ∈  𝐸(𝐶𝑙(𝐺)) , then 𝐶𝑙(𝐺) 

contains a second spanning cycle. Thus we shall consider  that 𝑢𝑣+ ∈  𝐸(𝐶𝑙(𝐺)).  A similar argument to the one above shows 

that we have 𝑢𝑣+, 𝑣+𝑢−,𝑢−𝑣2
+, 𝑣2

+𝑢2
−, … contained in 𝐸((𝐶𝑙(𝐺)), where the sequence finishing when the last edge added has 

endpoints which lie at distance 2 from each other along 𝐶. 

 

Let 𝑆 =  {… , 𝑢2
−𝑣2

+, 𝑣2
+𝑢−, 𝑢−𝑣+, 𝑣+𝑢, 𝑢𝑣, 𝑣𝑢+ , 𝑢+𝑣−,  𝑣−𝑢2

+,    𝑢2
+𝑣2

−, … } be the set of edges added above sequence and also 

let  𝑎, 𝑏 be two vertices not connected to any edge of 𝑆. Since (𝐺) ≥  3, 𝑎 has at least two neighbour. If 𝑎𝑏 ∈ 𝐸(𝐶𝑙(𝐺)), it is 

straightforward to see that 𝐶𝑙(𝐺) contains a spanning cycle consisting of the edges of 𝑆 collectively with some cycle edge 

incident to each of 𝑎 and 𝑏. To complete the proof, we relabel the vertices of 𝑉(𝐶𝑙(𝐺)) \ {𝑎, 𝑏} for ease of notation. Also note 

that the edges of 𝑆 form a spanning path of 𝐺 − {𝑎, 𝑏}. Along this path we label the vertices in order  𝑦1 , 𝑧1, 𝑦2, 𝑧2, … will 

implies 𝑦1𝑎 ∈ 𝐸(𝐶).  
 

   If 𝑎𝑦𝑖 ∈ 𝐸(𝐶𝑙(𝐺)) for some 𝑖 , then 𝐶 − 𝑦1𝑦2 … 𝑦𝑖 − 𝑎𝑧1𝑧2 … 𝑧𝑖−1 + 𝑎𝑦𝑖 + 𝑦1𝑧1𝑦2𝑧2 … 𝑧𝑖−1  is a  spanning cycle of 

𝐶𝑙(𝐺) . If 𝑎𝑧𝑗 ∈ 𝐸(𝐶𝑙(𝐺))  for some 𝑗 , then 𝐶 − 𝑦1𝑦2 … 𝑦𝑗 − 𝑎𝑧1𝑧2 … 𝑧𝑗 + 𝑎𝑧𝑗 + 𝑦1𝑧1𝑦2𝑧2 … 𝑧𝑗−1𝑦𝑖  is a spanning cycle of 

𝐶𝑙(𝐺). After considering all cases, we conclude that closure of 𝐺 is not uniquely Hamiltonian.     ∎ 

 

To consider uniquely Hamiltonian graphs one natural strengthening of the problem is the graphs   having fixed degree. 

Now suppose 𝐺 be a Hamiltonian graph with some specified degree than 𝐺 contains more than one spanning cycle.  
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Theorem 2.8. Let 𝐺 be a Hamiltonian graph having one vertex of degree 2 or 4 and rest of vertex are of degree 3, then 𝐶𝑙(𝐺) 

is not uniquely Hamiltonian.   

   

Proof. Let 𝐶 = {𝑢1, 𝑢2, … 𝑢𝑛} be a spanning cycle of 𝐺 and also let 𝑑𝑒𝑔(𝑢1) = 2 and remaining vertices has degree 3 . Let 

𝐺′ be the graph with vertex set {𝑣1, 𝑣2, 𝑣3, 𝑣4}  and edge set {𝑣1𝑣2, 𝑣1𝑣3, 𝑣2𝑣3, 𝑣2𝑣4, 𝑣3𝑣4}. (𝐺 − 𝑢1) ∪ 𝐺′  forms a cubic 

Hamiltonian graph will implies it has minimum 3  spanning cycles. Since 𝐺′  has only two spanning paths,  𝐺 − 𝑢1 , has 

minimum two spanning paths. Therefore 𝐺 has minimum two spanning cycles. Since 𝐺′  has only 2 spanning path ending with 

𝑣1  and 𝑣4 , 𝐺 − 𝑢1  has at least 2 spanning paths ending with 𝑢2 and 𝑢𝑛.  Therefore, 𝐺 has at least two spanning cycles and it 

will implies 𝐶𝑙(𝐺) is not uniquely Hamiltonian. Similarly if 𝑑𝑒𝑔 (𝑢1) = 4, by deleting some edges incidence on 𝑢1  and 

proceeding as above we have our desired result.      ∎ 

  

Observation 2.2. If 𝑁(𝑣) –  𝑆  is the disjoint union of two complete graphs for every minimal cut set 𝑆 and neighborhood 𝑁(𝑣) 

of 𝑣, ∀ 𝑣 ∈ 𝑆  then connected graph 𝐺 is not uniquely Hamiltonian. 

 

III. CONCLUSION 

Lots of note has been written on the hamiltonicity of graph, but in this note we obtained the results on hamiltonicity of closure 

of graph.  

 

IV. ACKNOWLEDGEMENTS 

The author thanks the family and colleagues for their support. 

 

REFERENCES 
[1] Alhalabi, W., Kitanneh, A., Balfakih, Z., & Sarirete, A., Efficient solution for finding  hamilton cycles in undirected graphs. SpringerPlus, 5 (2016) 1192.  

doi: 10.1186/s40064-016-2746-8. 

[2] Beineke, L.W., Derived graphs and digraphs. Beitrfige zur Graphentheorie (Teubner, Leipzig) (1968).  

[3] Benhocine, A.   & Wojda, A. P., The geng-hua. fan conditions for pancyclic or hamilton connected graphs. Journal of Combinatorial Theory Series B, 42 

(1987) 167–180.  doi: 10.1016/00958956(87)90038-4.  

[4] Chao, K., Song, C. & Zhang, P., Fan type condition and characterization of hamiltonian graphs. Proceedings of the American Mathematical Society, 142 

(2014) 2303-2311. doi:10.1090/S0002-9939-2014-11977-0. 

[5] Chvátal, V., Tough graphs and hamiltonian cycles. Discrete Mathematics, 5 (1973) 215-228.  doi: 10.1016/j.disc.2006.03.011 

[6] Dirac, G. A., Some theorems on abstract graphs. Proceedings London Mathematical Society, 3 (1952) 69–81. doi: 10.1112/plms/s3-2.1.69 

[7] Faudree, R.J., Gould, R.J., Lesniak, L.M. & Lindquester, T.E., Generalized degree conditions for graphs with bounded independence number. Journal of 

Graph Theory, 19(1995)397-409. doi:10.1002/jgt.3190190312. 

[8] Gould, R. J., Advances on the hamiltonian problem—a survey. Graphs Combinatorics, 19 (2003) 7–52. doi:10.1007/s00373-002-0492-x. 

[9] Ore, O. Note on hamilton circuits. The American Mathematical Monthly, 67(1960) 55. doi:10.2307/2308928. 

 


