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Abstract 

In this paper, a detailed literature review and comparative analysis, based on 

simplicity, efficiency and the run-time complexity of some well-known approximation 

algorithms for Minimum Vertex Cover (MVC) problem have been carried out. The key 

contribution of this paper is the provision of small benchmark graphs on which the given 

approximation algorithms fail to provide optimal results. The small benchmark graphs 

will help the researcher to evaluate efficient approximation algorithms. Generally, 

different terminologies and different styles have been adopted for writing pseudo code for 

different algorithms. To avoid such kind of difficulties, a uniform set of terminologies and 

pseudo code for each algorithm is provided in this paper, which will help researchers to 

easily understand the approximation algorithms for the Minimum Vertex Cover (MVC) 

problem. 
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1. Introduction 

The graph plays an important role in the evaluation of algorithms in terms of their 

failure to provide optimal results. The graph is basically a collection of vertices 

connected by edges and same can be mathematically expressed as, G= (V, E), where 

vertices are denoted by ‘V’ and ‘E’ denotes edges. A graph can be used to model 

and simulate different real life problems, such as social systems and information 

systems. Graphs can also be utilized for the representation of computer networks 

and communication, computational devices, data organization, and the flow of 

computation [1-3].  

A vertex cover of a graph is the set of vertices which cover all the edges of a 

graph and the minimum vertex problem is the smallest set of vertices in G= (V, E) 

to cover all edges in a graph. The minimum vertex cover problem has many 

applications in numerous areas, such as in Very-Large-Scale Integration (VLSI) 

design, Bioinformatics, Network Security, Scheduling, ATM machine Placing, 

Mobile Towers Placing, and Guards Placing  [4-6]. These applications of minimum 

vertex cover have grabbed the attention of many researchers towards the problem, 

and consequently, numerous algorithms have been developed for tackling the MVC 

problem. 
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A problem which cannot be computed in polynomial time is said to be NP-

problem, it takes exponential time to compute the large problem. The NP-complete 

problem has few most important properties, as first “it should be NP and should be 

reducible to the NP-complete problem in polynomial time” [7-8]. The minimum 

vertex cover is also NP-problem because it takes exponential time when the size of 

the problem is large. Richard Karp has proved in 1972, that the minimum vertex 

cover is NP-complete [9]. The NP-complete problems can be solved in two ways, 

i.e. through a complete or exact algorithm and by approximation algorithm. The 

complete algorithm always gives an exact solution of a problem, but the running 

time increases exponentially with the increase in the size of a problem, sometimes it 

may take billion or trillion years if computed utilizing currently available 

computation power [7, 10]. The minimum vertex cover is NP problem and the exact 

solution of an NP problem is applicable when the size of the problem is small and 

the solution is required with no time limitations. The exact solution for large 

instances is impossible in a reasonable amount of time [10]. The approximation 

algorithms always give the approximate solution of a problem in reasonable time, it 

is the best choice when the approximate solution is required in quick time for a large 

benchmark graph [11, 12]. In the last decade, the approximation algorithms gained 

the attention of the researchers to solve the NP-complete problem, and many 

attempts have been made for this purpose.  

The approximation ratio is used to measure the performance of approximation 

algorithms, mathematically approximation ratio for MVC can be calculated by (1).  
 

                                                                                                                   (1) 

Where Ai represents the solution returned by an approximation algorithm and the 

Opti is the optimal solution of a problem.  The value of   must be always greater or 

equal to 1 (   1),   indicates that the solution returned by an approximation 

algorithm is optimal and the deviation from 1 indicates the poor solution of an 

approximation algorithm [13-14]. 

The problem of finding the best solution in all feasible solutions is known as 

optimization problem [11]. The graph can be covered by using different 

combinations of vertices, but in the minimum vertex cover problem, we cover all the 

edges by selecting the smallest set of vertices. The vertices other than MVC are MIS 

vertices in G, such as MIS: = V-MVC and similarly, MVC: = V-MIS. The maximum 

clique can be converted to MVC by taking the complement of a graph and subtract 

from G those vertices which are in the clique, so the remaining vertices will form an 

MVC set of G, such as, MVC:= V- w(G’) [9], [14].  

Further for the better understanding of the algorithms the terminologies are 

discussed in detail as: 

 

1.1. Terminologies 

Let G = (V, E), be an undirected graph, where elements of “V are called vertices, 

V = {v1, v2, V3 ….vn} and elements of E are called edges, E subset {{u, v}: u, v ∈ V}, 

and let |V| = n and |E |= m, p= |N (v)|”, [15]. 

“Neighborhood of a vertex: For each v ∈ V, N (v) = {u ∈ V /u is adjacent to v} and 

(N[v] = v U N (v)”, [16].  

Degree of a vertex:  The degree of a vertex is denoted by deg (v), where v ∈ V. 

Maximum degree of a vertex: It is denoted by ∆ (v) where v ∈ V, return the maximum 

degree of a vertex in G= (V, E). 

Minimum degree of a vertex: The minimum degree vertex in G is represented by δ in 

G= (V, E).  
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Support of a vertex: The sum of the degree of vertices adjacent to a vertex v ∈V is 

known as the support of that vertex, i.e. s (v) = support (v) = ). 

Maximum support of a vertex: The maximum support of a vertex u ∈ v having 

maximum support denoted by Ms (u) = maxsupport ( )). 

Minimum support of a vertex:  The minimum support of a vertex u ∈ v having 

minimum support denoted by ms (u) = minsupport ( )). 

Tie: The vertices having the same degree or equal deserve for being a vertex in vertex 

cover. 

Minimum sum of degrees: Minimum sum of degree GetMinVertex ( ). 

Bold circle: Bold circle in a graph represents the vertex in vertex cover. 

In this paper the survey of some well-known approximation algorithms is carried 

in detail. These algorithms are chosen based on simplicity, optimality, and low time 

complexity, with each algorithm we have also carried out a uniform pseudo code for 

better understanding for readers. A small graph is also given with each algorithm on 

which the given algorithms get fail, this will help researchers to design a better 

approximation algorithm for MVC.  

The rest of the paper is organized as the section 2 contains literature review, the 

section 3 contains a comparative analysis of the algorithms and finally the 

conclusion of the study is presented in section 4. 

 

2. Literature Review  

Clarkson et al. in [17], proposed efficient approximation algorithm for minimum 

vertex cover, it is a simple and fast algorithm. The maximum degree algorithm 

(MDG) is based on greedy approach, it is the modified version of the set cover 

problem developed by Chavatal in 1979 [18]. It incorporates and adds those vertices 

to the MVC which have a maximum degree, among all vertices. The pseudo code of 

the maximum degree algorithm is as in Figure 1.  

 
 

Maximum Degree Algorithm (MDG)         

Input: G= (V, E) 

Output: MVC  

Begin: 

1. C ←∅;   

                              //initially no vertex is in the vertex cover set. 

2. While E ≠∅ do { 

3. n ← |G(V,E| 

4. for i ← 1 to n { 

5. d (vi) 

                                 // calculate the degree of each vertex.  

6. } 

7. u← ∆ (G) 

                              // return a vertex having the maximum degree and assigned to u. 

8. V ← V − {u}. 

                              // deleted the maximum degree vertex u from the graph. 

9. C←C ∪ {u} 

                              // add u to vertex cover.  

10. Go to 2. } 

11. Return MVC 

End 

Figure 1. Pseudocode of Maximum Degree Algorithm 
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The worst runtime complexity of the MDG is O (E2), which indicates the 

computation power of algorithm. The disadvantage of the MDG algorithm is that it 

fails even on small benchmark graphs as on G1 the given graph fails to provide 

optimal result. 

By applying MDG on G1 the degree of each vertex is calculated, the maximum 

degree of the given graph is of vertex 1 which is 4. So according to the MDG 

algorithm, vertex 1 is included in MVC and it is removed from G1. In the second 

step the G1 becomes G1= G1-v1, the degree of each vertex is again calculated, the 

maximum degree is 1 and all the vertices in G1 have degree 1, so we selected vertex 

2 randomly and included in VC and the G1 become G1=G1-v2. This process continues 

until no edge remains in G1. 

 
G1 

 

 

 

 

 

 

 

 

Graph 1. (a). Optimal MVC ={2, 3, 4, 5} (b). MDG MVC = {1, 2, 3, 4, 5} 
 

The whole process of MDG is illustrated in Table 1 where the V represents the 

vertices of G1 which have the degree greater than zero and E represents the edges 

which have not yet been covered, d (V) represents the degree of each vertex of G1, 

u represents the vertex having a maximum degree. A number enclosed in {} 

represents the vertex or vertices, and a number(s) that is not enclosed in {} 

represents the degree of vertex or vertices. 

 

Balaji et al. in [5], proposed Vertex Support Algorithm (VSA) which is an 

approximation algorithm. In this algorithm, a new data structure vertex support is 

introduced. The vertex support is the sum of degrees of all adjacent vertices of a 

vertex. The support of all vertices is calculated and a vertex having maximum 

support among all vertices is added to MVC. This algorithm is also based on greedy 

strategy, the computation complexity of this algorithm is O (En2)  [5]. The 

pseudocode of the VSA algorithm is given in Figure 2. 

 

Table 1. Working Mechanism of MDG Algorithm on G1 

Sr. 

No. 

V E d(V) u C 

1 {1,2,3,4,5,6,7,8,9} {(1,2), (1,3), (1,4), (1,5), 

(2,6), (3,7), (4,8), (5,9)} 

4,2,2,2,2,1,1,1,1  4{1} {1} 

2 {2,3,4,5,7,8,9} {(2,6), (3,7), (4,8), (5,9)} 1,1,1,1,1,1,1,1 1{2} {1,2} 

3 {3,4,5,7,8,9} { (3,7), (4,8), (5,9)} 1,1,1,1,1,1 1{3} {1,2,3} 

4 {4,5,8,9} { (4,8), (5,9)} 1,1,1,1 1{4} {1,2,3,4} 

5 {5,9} {5,9}     U6V {1,2,3,4,5} 

6 {} { } ----- ------ {1,2,3,4,5} 

 4 

 1  3 

 2 

 5 

 6 

 7 

 8 

 9 

 4 

 1  3 

 2 

 5 

 6 

 7 

 8 

 9 
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Figure 2. Pseudo Code of Vertex Support Algorithm (VSA) 

The run time complexity of VSA is O (EV2). Like the MDG algorithm, it also 

fails on small benchmark instances and it fails on G1  

By applying VSA on G1, first the degree and then the support of each vertex is 

calculated, the maximum degree of G1 is of vertex 1, which is 8. So according to 

MDG algorithm vertex 1 is included in VC and it is removed from G1, so G1 

becomes G1= G1-v1. In the second step the, the degree and maximum support of 

each vertex are again calculated of new G1. In this case the maximum support of G1 

is 1 and all the vertices in G1 have support 1, so we selected vertex 2 randomly and 

included in VC and now the G1 become G1=G1-v2. This process continues till the 

graph turn out to be blank. The whole process of VSA is shown in the Table 2. 

 

Imran et al in [19] modified the vertex support algorithm which uses the same 

data structure introduced by VSA. MVSA calculates support of every vertex of a 

graph to find the minimum support vertices. All adjacent vertices to the minimum 

support vertex are then located and the vertex having minimum support is selected 

as the candidate vertex for MVC. The decision making process does not involve any 

extra computation complexity and its run time complexity is O (EV2log v). Like 

Vertex Support Algorithm (VSA) 

Input: G= (V, E) 

Output: MVC  

Begin: 

1. C ←∅;   

                                  //initially the vertex cover is empty. 

2. while E ≠ϕ do { 

3. n ← |G| 

4. for i ← 1 to n { 

5. d(vi ) 

                                 //calculate the degree of each vertex and assign to an array A. 

6. SV[i] ← s (vi)  

                                 // calculate the support of each vertex and assign to an array SV. 

7. } u ← Ms( SV[i] ))  

                                 // find out the maximum support vertex and assign to u. 

8. G← G \{u} 

                                 // delete the maximum support vertex u from the graph. 

9. C←C ∪ {u} 

                                 // add the maximum support vertex to the vertex cover. 

10. } return C. 

End 

Table 2. Working Mechanism of the VSA by applying it on G1 in Graph 1 

Sr. 

No. 

V E d(V) u C 

1 {1,2,3,4,5,6,7,8,9} {(1,2), (1,3), (1,4), (1,5), 

(2,6), (3,7), (4,8), (5,9)} 

4,2,2,2,2,1,1,1,1 4{1} {1} 

2 {2,3,4,5,7,8,9} {(2,6), (3,7), (4,8), 

(5,9)} 

1,1,1,1,1,1,1,1 1{2} {1,2} 

3 {3,4,5,7,8,9} { (3,7), (4,8), (5,9)} 1,1,1,1,1,1 1{3} {1,2,3} 

4 {4,5,8,9} { (4,8), (5,9)} 1,1,1,1 1{4} {1,2,3,4} 

5 {5,9} {5,9}    U6V {1,2,3,4,5} 

6 {} { } ----- ------ {1,2,3,4,5} 
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MDG and MVSA it also fails at small instances. The pseudo code of the MVSA is 

given in Figure 3. 

 

Figure 3. Pseudo code of Modified Vertex Support Algorithm (MVSA) 

When we apply the MVSA on a given graph G2, like VSA, the degree and support of 

each vertex are calculated, then the minimum support vertex is located, which is the 

vertex 1 and it has minimum support among all vertices of G2, and the adjacent vertices of 

the minimum support vertex are found which are  2 and 3. The support of  vertices 2 and 

3 are 9 and 6 respectively, the vertex 3 has minimum support hence, it is included in vetex 

cover and removed from G2, i.e. G2=G2-v3. In the second step, the minimum support 

vertex is again 1 which has minimum support among all vertices in G2-v3. The adjacent 

vertex of vertex 1 is 2, so it is included in VC, now the G2 = G2-v3-v2. 

 

 

The whole process of MVSA is presented in the Table 3. The S(V) represents the 

support of each vertex, ms(V) represents the minimum support vertex and 

ad_min(ms(G)) represents the vertices adjacent to the minimum support vertex. 

Modified Vertex Support Algorithm (MVSA)  

Input: G= (V, E). 

Output: MVC 

Begin: 

1. C ←∅;   

                                 //initially the vertex cover is empty. 

2. while E ≠ϕ do { 

3. n ← |G| 

4. for i ← 1 to n { 

5. d(vi ) 

                                 // calculate the degree of each vertex and assign to an array A. 

6. SV[i] ← s (vi)  
                                 // calculate the support of each vertex and assign to an array SV. 

7. x ← min(SV[i]) 

                                 // calculate the minimum support vertex in G and assign to x. 

8. ad_min_supp(x) 

                                 // find out all the adjacent vertices of the minimum support vertex. 

9. u ← min(ad_min_supp(x)) 

                                 // find out the minimum support vertex in all adjacent vertices of 

MSV. 

10. V←V- u 

11. C ← u 

12. Return C. 

End 

G2 

 

 

 

 

 

 

 

 

 

Graph 2. (a). Optimal MVC ={1,4,5} (b). MVSA MVC ={2,3,5,6} 
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Ahmad et al in [20], proposed a new algorithm for minimum vertex cover, i.e. 

Advanced Vertex Support Algorithm (AVSA). They have carried out small 

modification in MVSA. Like MVSA, AVSA uses the same data structure introduced 

in VSA. In AVSA first, the support of each vertex is calculated and the minimum 

support vertices are found out. All adjacent vertices to minimum support vertices 

are calculated and the vertex having maximum support of all neighbor vertices of 

the minimum support vertex is selected as the candidate vertex for MVC and it is 

removed, this process continues until no edge remains in G. The pseudo code of the 

AVSA is given in Figure 4. 

 

Advanced Vertex Support Algorithm (AVSA)  

Input: G= (V, E). 

Output: MVC 

Begin: 

1. C ←∅;   

                                  //initially the vertex cover is empty. 

2. while E ≠ϕ do { 

3. n ← |G| 

4. for i ← 1 to n { 

5. d(vi ) 

                                  // calculate the degree of each vertex and assign to an array A. 

6. SV[i] ← s (vi)  

                                      // calculate the support of each vertex and assign to an array SV. 

7. x ← max(SV[i]) 

                                  // calculate the minimum support vertex in G and assign to x. 

8. ad_min_supp(x) 

                                  // find out all the adjacent vertices of the minimum support vertex. 

9. u ← min(ad_min_supp(x)) 

                                 // find out the minimum support vertex in all adjacent vertices of 

MSV. 

10. V←V- u 

11. C ← u 

12. Return C. 

End  

Figure 4. Pseudo Code of Advanced Vertex Support Algorithm (AVSA) 

There is no extra complexity involved in computation and decisions is made 

straightforward. The runtime complexity of the MVSA is O (EV2log v). The AVSA 

also fails to provide optimal result on G1. 

Gujral et al in [21], introduced a new algorithm called near optimal vertex cover 

algorithm (NOVCA) which constructs the vertex cover by repeatedly adding, at each 

step, all vertices adjacent to the vertex having a minimum degree in the graph. In the 

Table 3. Deployment of MVSA on G2 

Sr. 

No. 

V E S(V) ms(G) Ad_min 

(ms(G)) 

u C 

1 
{1,2,3,4,5,6} 

{(1,2), (1,3), (2,4), 

(2,5),(3,5), (4,6), (5,6)} 
{5,9,6,9,10,7} 5{1} {2,3} 3 {3} 

2 {1,2,4,5,6} {(1,2), (2,4), (2,5), 

(4,5),(4,6),(5,6)} 

{3,7,8,8,6} 3 {2} 2 {2,3} 

3 {4,5,6,} {(4,5), (4,6), (5,6)} {4,4,4} 4 {5,6} 5 {2,3,5} 

4 {5,6} {(5,6)} {1,1} 1 {6} 5 {2,3,5,6} 

5 {} { } -------- ----- ------ - {2,3,4,5} 
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case of a tie, it chooses the one having the maximum sum of degrees of its 

neighbors. The pseudocode of the NOVCA is given in Figure 5. 

 

Near Optimal Vertex Cover Algorithm (NOVCA) 

Input: G = (V, E). 

Output: MVC 

Begin: 

1. C ←∅;   

                                  // initially vertex cover is empty.  

2. while E ≠ ϕ do {              

3. for i ← 1 to n { 

4. d (vi ) 

                                  //calculate the degree of each vertex of G.                            

5. } mind ← (G ) 

6. p ← |mindeg| 

7. ad_mindegv ← N (mindeg) 

                                 //calculate the neighbors of the minimum degree node(s) and assign 

to ad_mindeg. 

8. if ( p=1) { 

9. G ← G\{ad_mindegv} 
10. C← C U {ad_mindegv}   
11. If (p>1) { 

12. for i ← 1 to p { 

13. A[i] ← sumd_ad_mindegvi 

14. Go to for 

15. u ← max(A[i]) 

16. G ← G\u 

17. }} Go to while   

18. Return C    

End 

Figure 5. Pseudo Code of Near Optimal Vertex Cover Algorithm (NOVCA) 

The working mechanism of NOVCA is given in detail in Table 4 by applying it 

on G3. First, the degree of each vertex of G3 in calculated as shown in row 2, 

column 5 of Table 4. Then, the minimum degree vertex is calculated, which is ‘1’ 

having the minimum degree in all vertices of G3 which is 2 and only vertex in the 

given graph having the degree 2, and the adjacent vertices of vertex 1 are 2 and 3. 
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Gujral et al in [22], introduced modified version of NOVCA, In the NOVCA-II, 

all the vertices adjacent to the minimum degree vertex are included in the vertex 

cover. In the case of the tie that vertex is selected for vertex cover having the 

minimum sum of degrees of its neighbors.  The pseudocode of the NOVCA-II is 

given in Figure 6. 

 

Near Optimal Vertex Cover Algorithm-II (NOVCA-II) 

Input: G= (V, E) 

Output: MVC  

Begin: 

1. C ←∅;   

                                  // initially vertex cover is empty.  

2. while E ≠ϕ do {              

3. for i ← 1 to n { 

G3 

 

 

Graph 3. (a). Optimal MVC = {1, 4, 6, 8, 9, 10},  
 
 
 

(b). NOACA MVC = {2, 3, 4, 6, 8, 9, 10} 

Table 4. Working Mechanism of NOVCA on G3 

Sr. 

No

. 

V E d(V) mind T ad_mind A[i] u C 

1 

{1,2,3,4,

5,6,7,8,

9,10} 

{(1,2), 

(1,3),(2,4),(2,5), 

(3,4),(3,5),(4,5), 

(4,6), 

(5,6),(6,7), (6,8), 

(7,8), (7,9), 

(7,10),(8,9), (8,10), 

(9,10)} 

{2,3,3,4,4

,4,4,4,3,3

} 

{1} 1 {2,3} ----- ---- {2,3} 

2 {4,5,6,7,

8,9,10} 

{(4,5),(4,6),(5,6),(

6,7), (6,8), (7,8), 

(7,9), 8,9), (7,10),( 

(8,10), (9,10)} 

{3,3,4,4,4

,3,3,3} 

{4,5} 2 {5,6}, 

{4,6} 

{6,6} 6 {2,3,4,6} 

3 {7,8,9,1

0} 

{(6,8), (7,8), (7,9), 

8,9), (7,10),( 

(8,10), (9,10)} 

{2,2,2,1,1

} 

{7,8,9

,10} 

4 {8,9,10},{

7,9,10},{7,

8,10},{7,8,

9} 

{9,9,

9,9} 

9{7

} 

{2,3,4,6,8,

9,10} 

4 {} { } ------ -------  --------- ------ ---- {2,3,4,6,8,

9,10} 

 1 

 2  4 

 6 

 3  5 

 7   9 

  8 10 

 1 

 2  4 

 6 

 3  5 

 7   9 

  8 10 
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4. d (vi ) 

                                 //calculate the degree of each vertex of G.                            

5. } mindeg ←…. (G ) 

6. ad_mindegv ← N (mindeg) 

7. p ← |mindeg| 

8. if ( p=1) { 

9. G ← G\{ad_mindegv} 

10. C← C U {ad_mindegv}   

11. If (p>1){ 

12. for i ← 1 to p { 

13. A[i] ← sum_admindegvi 

14. Go to for 

15. u ← min(A[p]) 

16. G ← G\u 

17. }} Go to while   

18. return C    

End                      

Figure 6. pSEUDO CODE of Near Optimal Vertex Cover Algorithm-II 
(NOVCA-II) 

Table 5 illustrated that how the NOVCA-II works by applying it on G4, NOVCA-II 

has almost same strategy for selection of vertices of MVC as NOVCA.  

 

 

 

Li et al in [23] introduced a new concept max-share of degree Max-I.  According 

to this concept, the vertex is included in vertex cover which reduced the degree of 

its neighborhood to zero as much as possible or decreased the value of the degree of 

all its neighborhood as much as possible. In the case of tie, random selection is 

made.  The pseudo code of the Max-I algorithm is given in Figure 7. 

 

G4 

 

 

 

 

 

 

 

Graph 4. (a). Optimal MVC = {1, 3, 5}  (b). NOACA=II MVC = {2, 3, 4, 5} 

 

Table 5. The Working Mechanism of NOVCA-II 

S

r. 

N

o. 

V                    E d(V) mind p ad_mind A[i] u C 

1 

{1,2,3,4

,5,6} 

{(1,2),(1,3), (2,4), 

(2,5), (3,4), 

(3,5),(4,5),(4,6),(5,

6)} 

[2,3,3,4,4,2

] 
{1,6} 2 

{2,3}, 

{4,5} 
{6,8} 6{1} {2,3} 

2 {,4,5,6} {(4,5),(4,6),(5,6)}      [2,2,2] {4,5} 2 {4,5},{4,6

},{5,6} 

{4,4} 4 {2,3,4,5} 

3 {1,6} {} ------- ------ -- ------ 

 

------ ------ {2,3,4,5} 

 1 

 2  4 

 6 

 3  5 

 1 

 2  4 

 6 

 3  5 
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Max Share of Degree Algorithm (Max-I) 

Input: G = (V, E) 

Output: MVC  

Begin: 

1. C ← ∅;   

                                  //initially the vertex cover is empty. 

2. while E ≠ϕ do { 

3. for i ← 1 to n { 

4. d (vi ) 

                                 //calculate the degree of each vertex and assign to an array A. 

5. } u← MSD (vi)  

6. V ← V − {u}. 

                                 //delete the max share degree vertex from G. 

7. C←C ∪ {u} 

                                 //add max share degree to vertex cover C. 

8. } return C. 

End 

Figure 7. Pseudo Code of Max Share of Degree Algorithm (MAX-I) 

 

G5 

 

 

 

 

 

 

Graph 5. (a). Optimal MVC = {1,4,5},  (b). MAX-I MVC = {2, 3, 4, 5} 
 

Imran et al. in [24], proposed a new method, named degree contribution 

algorithm. In this algorithm first the degree calculation of each vertex is car ried in 

G, next the degree contribution value for each vertex is calculated and the vertex 

having higher degree contribution value is included in MVC. After the selection of a 

vertex for MVC, all its adjacent edges are removed. This process continues till no 

edge remains in the vertex cover set. The pseudocode of the proposed algorithm is 

given in Figure 8. 

 
Degree Contribution Algorithm (DCA) 

Input: G = (V, E) 

Output: MVC  

Begin: 

1. C ← ∅;   

                                  //initially the vertex cover is empty. 

2. while E ≠ϕ do { 

3. for i ← 1 to n { 

4. d (vi ) 

                                  //calculate the degree of each vertex. 

5. A[i] ←   dc(vi) 

                                 // calculate the degree contribution of each vertex in G. 

6. u ← max(A) 

7. G ← G\u 

8. }} Go to while   

9. Return C   

End  

Figure 8. Pseudo Code of Degree Contribution Algorithm (DCA) 
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Halldórsson et al in  [25], proposed an algorithm based on  greedy strategy, The 

greed is good has been proposed for the Maximum Independent Set (MIS) problem, 

in this algorithm first the degree of each vertex is calculated by using “Network 

Bench Model” (Degree Calculation Model) which calculates the degree for each 

node in O(E) where ‘E’ is the total number of edges in the graph” and the vertex 

having the minimum degree of G is selected for MIS. The selected vertex for MIS 

and all its adjacent vertices are removed from G, this process continues until no 

edges remain in G. The pseudocode of Greed is Good algorithm is given in Figure 9. 

 

Greed is Good (GIG ) 

Input: G = (V, E) 

Output: MIS  

Begin: 

1. I ← ∅;   

                                 //initially the vertex cover is empty. 

2. while E ≠ϕ do { 

3. for i ← 1 to n { 

4. d (vi ) 

                                  //calculate the degree of each vertex. 

5. A[i] ←   d(vi) 

6. u ← min(A) 

7. G ← G-(u & N(u)) 

8. }} Go to while   

9. return I   

End 

Figure 9. Pseudo Code of Greed is Good Algorithm 

Jovanovic et al in [26] proposed ant colony algorithm for MVC, it is based on the 

heuristic behavior of real ants for searching food. The Ant colony framework is 

frequently used for optimization problems. The ant colony algorithm was first 

introduced to solve traveling salesman (TSP) problem, by keeping it in mind that the 

graph in TSP should by fully connected and there must be weighted edges, but for 

solving the minimum vertex cover problem the graph is not necessary to be fully 

connected and here we are dealing with the un-weighted graph, hence, weights on 

the edges are also not necessary. In this approach the arbitrary edges are established 

between vertices having no edges among them if an edge is established between two 

vertices, it is given ‘0’ and if an edge is presented between two vertices in the 

original graph, then that vertex is weighted ‘1’. The graph for MVC is set as TSP 

graph and then the Ant colony is applied on the graph for calculating MVC vertices. 

In this paper, an idea is given but no details of implementation and results are 

provided. It is still very challenging problem to get MVC for un-weighted graph by 

applying ant colony algorithm. 

 

3. Comparative Analysis 

In Table 6 the different comparative analysis of some state of art approximations 

algorithms for MVC has been carried, The comparative study of these approaches 

will help us to understand the weakness and strengthens of these approximation 

algorithms for MVC and in the light of theses we would be able to design a simple, 

fast and efficient approximation algorithm for MVC. The run time complexity of 

each of algorithm which is described in the Table 6 given bellow.  

 

 



International Journal of Control and Automation 

Vol. 11, No. 2 (2018) 

 

 

Copyright © 2018 SERSC Australia 147 

Table 6. Approximation Algorithms for MVC Problem with Their Properties 

 

 

 

Ref. 

No. 

Algorithm Properties 

[5] Vertex Support 

Algorithm 

(VSA) 

 It takes O (En2) to compute. 

 It required sound efforts to implement. 

 A vertex selection for MVC is little bit complex. 

 It has 91% success rate. 

 It provides better approximation ratio. 

[17] Maximum 

Degree 

Algorithm 

(MDG) 

 It takes O (V2) to compute. 

 Easy to program and easy to understand. 

 It has 56% worst success rate. 

 Criteria for selection of vertex for MVC is very simple. 

 It is best for solving graphs having no cycle.  

[19] Modified 

Vertex Support 

Algorithm 

(MVSA) 

 It is the modified version of VSA. 

 The same data structure is used as in VSA. 

 Complex in implementation as compared to VSA. 

 It provides better approximation ratio as compared to VSA. 

[20] Advanced 

Vertex Support 

Algorithm 

(AVSA) 

 Like MVSA, it is also the modified version of VSA. 

 Data structure and selection criteria of a vertex for MVC is 

simple. 

 Same complex as MVSA. 

[21] Near Optimal 

Vertex Cover 

Algorithm 

(NOVCA) 

 Its run time complexity is O (n2log n). 

 Easy to implement and easy to understand. 

 It worst rate is 55%. 

 Criteria for selection of a vertex for MVC is simple. 

[20] Near Optimal 

Vertex Cover 

Algorithm-II 

(NOVCA-II) 

 Runtime complexity is = O (V2 (V log2 V)). 

 Like NOVCA, it is simple to implement and easy to 

understand. 

 The worst success rate is 50%. 

 Simple criteria for vertex selection in vertex cover set. 

 Almost same idea as NOVCA-I but has slight change. 

 It is not the modified version of NOVAC. 

[23] Max Share of 

Degree 

Algorithm  

(Max-I) 

 The time it takes to compute is O (n2). 

 Somehow prediction is involved and its implementation is a 

challenging task. 

 Worst approximation ratio of it is 1.01 when applying it on 

large benchmarks graphs. 

 Can give worst result when average results increase than 2. 

[24] Degree 

Contribution 

Algorithm 

(DCA) 

 It very fast even from the simplest algorithm of MVC MDG. 

 Its implementation is very simple and vertex selection for 

MVC criteria is very simple.  

 It provides better approximation on average benchmarks 

graphs. 

[25] Greed is Good  

(GIG) 

 It takes O(V2) to compute. 

 It is the simplest algorithm for MIS. 

 Its worst success rate is 75%. 

 It gives optimal results on trees. 

[26] Ant Colony 

Algorithm for 

MVC 

 It takes O (n2) for computation. 

 Just the idea is given no experiments and implementation 

details. 

 It is difficult to implement ant colony algorithm for MVC. 

 It is not suitable for MVC problem. 
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4. Conclusion  

Different type of pseudo code and algorithms are used for representing the NP 

problems approaches, Most of the authors used different symbols in their pseudo 

codes which actually make it complex for the reader to easily understand the 

proposed approaches for a problem, hence there was need of such literature server 

which uses same type of symbols of presentation for each pseudo code in order to 

easily the algorithms understandable for readers, hence in the proposed approach we 

have carried a detail literature review for this purpose for minimum vertex cover 

problem. 

The NP problems is consider difficult area for study because when one start study 

on a certain problem so first the researchers face difficulties to understand different 

algorithm for that problem and  second challenge that on which instances the given 

algorithm fails to provide optimal results, hence here we have also provided the 

small benchmarks on which the given algorithm fails to provide optimal result, 

which make this literature useful for researcher to develop a simple and efficient 

approximation for minimum vertex cover problem. 
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