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Abstract: This paper introduces the concept of value for a subgraph with 𝑘𝑘 given vertices and weighted edges. In the following will be 
described how this subgraph be generated and how the graph’s value is computed. The paper presentsalso a C++ written program that 
implements the mentioned algorithm. Furthermore, we will present an example of how this program can be used and integrated. 
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INTRODUCTION 
For graph theory an important concept is that of a subgraph of 
a finite graph, directed or undirected. If the number of vertices 
of a graph is too large, building the subgraph with 𝑘𝑘 vertices 
can be done only through automation and by using a program. 
In this paper we will present how a subgraph with k vertices 
can be built from the vertices of a given graph. The paper 
includes a C++ program that has as input a graph, 𝑘𝑘 vertices 
and generates the subgraph with the specified 𝑘𝑘 vertices. 
Furthermore, the paper will present a scenario of usage for the 
program. In the final chapter, we will present some future work 
ideas for this research.  
ALGORITHM 
In this section we will define the concept of subgraph and we 
will present how it can be generated.  
Let it be 𝑋𝑋 = {𝑥𝑥1,𝑥𝑥2,⋯ ,𝑥𝑥𝑛𝑛} the set of vertices, the application 
Γ:𝑋𝑋 → 𝑃𝑃(𝑋𝑋)  and the graph 𝐺𝐺 = (𝑋𝑋, Γ). Let it be 𝐴𝐴 = �𝑎𝑎𝑖𝑖𝑖𝑖 �  with 
𝑖𝑖 = 1,2,⋯ ,𝑛𝑛and 𝑖𝑖 = 1,2,⋯ ,𝑛𝑛, 𝑎𝑎𝑖𝑖𝑖𝑖 = 1 if Γ(𝑥𝑥𝑖𝑖) = 𝑥𝑥𝑖𝑖  and 𝑎𝑎𝑖𝑖𝑖𝑖 = 0 if 
Γ(𝑥𝑥𝑖𝑖) ≠ 𝑥𝑥𝑖𝑖  the adjacency matrix of the graph 𝐺𝐺 = (𝑋𝑋,Γ).  
Let us consider 𝑋𝑋′ = �𝑥𝑥𝑖𝑖1 ,𝑥𝑥𝑖𝑖2 ,⋯ , 𝑥𝑥𝑖𝑖𝑘𝑘 � ⊂ {𝑥𝑥1,𝑥𝑥2,⋯ ,𝑥𝑥𝑛𝑛} a subset 
not null of vertices of the 𝑋𝑋 set.  
Let it be Γ′ :𝑋𝑋′ → 𝑃𝑃(𝑋𝑋′) the application defined by Γ′ �𝑥𝑥𝑖𝑖𝑝𝑝 � =

Γ �𝑥𝑥𝑖𝑖𝑝𝑝 � ∩ 𝑋𝑋
′ , for every 𝑥𝑥𝑖𝑖𝑝𝑝 ∈ 𝑋𝑋′. The given pair 𝐺𝐺′ = (𝑋𝑋′,Γ′) is 

called the subgraph of a graph = (𝑋𝑋, Γ) , being defined by the 
set of vertices 𝑋𝑋′. The adjacency matrix 𝐴𝐴′ , of the subgraph 
𝐺𝐺′ = (𝑋𝑋′ ,Γ′), can be obtained from the adjacency matrix 𝐴𝐴 of 
graph 𝐺𝐺 = (𝑋𝑋, Γ) keeping the lines and columns with 
indexes𝑖𝑖1, 𝑖𝑖2,⋯ , 𝑖𝑖𝑘𝑘and canceling all lines and columns from 
𝐴𝐴matrix having indexes 𝑖𝑖 ∉ {𝑖𝑖1, 𝑖𝑖2,⋯ , 𝑖𝑖𝑘𝑘}. 
IMPLEMENTATION 
The algorithm is presented below in a program implemented in 
C++. 
The program receives as input the name of the file associated 
with the graph 𝐺𝐺 = (𝑋𝑋, Γ), the number of vertices and the 
vertices 𝑥𝑥𝑖𝑖1 ,𝑥𝑥𝑖𝑖2 ,⋯ , 𝑥𝑥𝑖𝑖𝑘𝑘  of the subgraph that will be generated. 
The program receives as arguments the name of the file and 
outputs the number of vertices, the number of edges, the 
adjacency matrix and the edges of graph 𝐺𝐺 = (𝑋𝑋, Γ). For the 
subgraph  𝐺𝐺′ = (𝑋𝑋′ ,Γ′) , the adjacency matrix and the edges of 
the subgraph will be printed.  
 
#include <stdio.h> 
#include <conio.h> 
#include <malloc.h> 
#define dim 1000 
 
typedefstruct arc  
{ 
int x; int y; intval; 
} edge; 
 
edge mu[dim];   // mu - the array of edges  
 
// Matrix space allocation 
// Function for the allocation of the square matrix 
// of dimension n+1 
// The function returns the address of the matrix or NULL 
// The matrix is initialized with 0s 

int ** alocmat (int n)  
{ 
inti; 
int ** p=(int **) malloc ((n+1)*sizeof (int *)); 
if ( p != NULL) 
for (i=0; i<=n ;i++) 
p[i] =(int *) calloc ((n+1),sizeof (int)); 
return p; 
} 
 
// Array allocation with  
// n integer elements 
int *alocv(int n) 
{ 
int *p; 
 p=(int *)malloc(n*sizeof(int)); 
return p; 
} 
 
// Print array 
voidprintv(intn,int *v) 
{ 
inti; 
printf(" { "); 
for(i=0;i<n-1;i++) 
printf(" %d , ",v[i]); 
printf(" %d ",v[i]); 
printf(" } \n"); 
}     
 
// Function for printing the matrix n x n   
voidprintm(int **a,intn,char *c) 
{ 
inti,j; 
printf("\n %s \n\n",c); 
for(i=1;i<=n;i++) 
     { 
for(j=1;j<=n;j++) 
printf("%2d ",a[i][j]); 
printf("\n"); 
     } 
     } 
 
// Function for printing the matrix n x n     
voidprintmm(int **a,intn,char *c,intk,int *v) 
{ 
inti,j; 
printf("\n %s ",c); 
printv(k,v); 
for(i=1;i<=n;i++) 
     { 
for(j=1;j<=n;j++) 
printf("%2d ",a[i][j]); 
printf("\n"); 
     } 
     } 
 
// Read the array 
voidreadv(intn,int *v) 
{ 
inti; 
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for(i=0;i<n;i++) 
 { 
printf(" Vertice %d = ",i+1); 
scanf("%d",&v[i]); 
} 
} 
 
// Search value in the array 
int search(intk,intn,int *v) 
{ 
inti,found;  
found=0; 
for(i=0;i<n;i++) 
if(v[i]==k) 
 { 
found=1; 
break; 
  } 
return found; 
} 
 
// Read file  
intread_n_m(int&n, int&m, char *name)  
{ 
    FILE *f; 
if((f=fopen(name,"r"))!= NULL) 
    {  
fscanf(f,"%d %d",&n,&m); 
fclose(f); 
return 1; 
    } 
else 
return 0; 
} 
 
// Function for printing all edges of the graph 
voidprint_edges(int m) 
{  
inti; 
printf("\n Graph G has %d edges \n\n",m);  
for(i=1;i<=m;i++) 
printf(" Edge %d:\t ( x%d , x%d ) \n",i,mu[i].x,mu[i].y); 
printf("\n"); 
} 
 
// Function for reading the input file and  
// generating the adjacency matrix 
intread_graph(char *name,int **a)  
{ 
inti,j,x,y,val,n,m; 
     FILE *f; 
if((f=fopen(name,"r")) != NULL) 
     { 
fscanf(f,"%d %d",&n,&m); 
for(i=1;i<=m;i++) 
     { 
fscanf(f,"%d %d",&mu[i].x,&mu[i].y); 
a[mu[i].x][mu[i].y]=1; 
     } 
fclose(f); 
return 1; 
     } 
else 
return 0; 
     } 
 
// Generating the matrix of the subgraph 
void gen(intn,int **a,intk,int *v,int **ap) 
{ 
inti,j; 
for(i=1;i<=n;i++) 
if(search(i,k,v)==1)  
for(j=1;j<=n;j++) 
if(search(j,k,v)==1) 
ap[i][j]=a[i][j]; 
} 

 
// Function for printing the edges of the subgraph 
voidprint_edges_s(intn,int **ap) 
{  
inti,j,m; 
for(m=1,i=1;i<=n;i++) 
for(j=1;j<=n;j++) 
if(ap[i][j]==1) 
{ 
mu[m].x=i; 
mu[m].y=j; 
m++; 
} 
m--; 
printf("\n The subgraph has %d edges \n\n",m);  
for(i=1;i<=m;i++) 
printf(" Edge %d:\t ( x%d , x%d ) \n",i,mu[i].x,mu[i].y); 
printf("\n"); 
} 
 
// Main function 
int main() 
{ 
intn,m,k,**a,**ap,*v; 
char name[30]; 
printf("\n File name ");  
fflush(stdin); 
gets(name);  
if(read_n_m(n,m,name))  
 { 
printf("\n Number of vertices %d \n",n); 
printf(" Number of edges %d \n",m);  
getch(); 
 a=alocmat(n); 
if(read_graph(name,a)) 
 { 
printm(a,n,"Adjacency matrix of the graph \n");  
print_edges(m);  
printf(" Number of vertices from subgraph k = ");  
scanf("%d",&k); 
 v=alocv(k); 
ap=alocmat(n); 
readv(k,v); 
gen(n,a,k,v,ap); 
printmm(ap,n,"Adjacency matrix of the subgraph ",k,v);  
print_edges_s(n,ap);  
getch(); 
}}} 
 
EXAMPLE 

 
Let us consider the graph 𝐺𝐺 = (𝑋𝑋,Γ)directed definiedby  

the set 𝑋𝑋 = {𝑥𝑥1,𝑥𝑥2,𝑥𝑥3,𝑥𝑥4,𝑥𝑥5,𝑥𝑥6}and the application Γ:𝑋𝑋 →
𝑃𝑃(𝑋𝑋)definied through the following equalities: Γ(𝑥𝑥1) =
{𝑥𝑥1,𝑥𝑥3,𝑥𝑥5},  Γ(𝑥𝑥2) = {𝑥𝑥1,𝑥𝑥4,𝑥𝑥5,𝑥𝑥6},  Γ(𝑥𝑥3) = {𝑥𝑥2,𝑥𝑥4,𝑥𝑥5,𝑥𝑥6}, 
Γ(𝑥𝑥4) = {𝑥𝑥2,𝑥𝑥3,𝑥𝑥6}, Γ(𝑥𝑥5) = {𝑥𝑥1,𝑥𝑥3,𝑥𝑥4,𝑥𝑥6}, 
Γ(𝑥𝑥6) = {𝑥𝑥1,𝑥𝑥2,𝑥𝑥3,𝑥𝑥4,𝑥𝑥6}.   The adjacency matrix of the graph 
𝐺𝐺 = (𝑋𝑋, Γ) is: 

 

𝐴𝐴 =

⎝

⎜⎜
⎛

1 0 1
1 0 0
0 1 0

0 1 0
1 1 1
1 1 1

0 1 1
1 0 1
1 1 1

0 0 1
1 0 1
1 0 1⎠

⎟⎟
⎞

. 

 
Let us consider the subgraph 𝐺𝐺′ = (𝑋𝑋′ ,Γ′) defined by the 
subset 𝑋𝑋′ = {𝑥𝑥2,𝑥𝑥4,𝑥𝑥5}. .. We will compute the adjacency 
matrix of the subgraph 𝐺𝐺′ = (𝑋𝑋′ ,Γ′). We compute the following:  

 
Γ′(𝑥𝑥2) = Γ(𝑥𝑥2)⋂𝑋𝑋′ =
{𝑥𝑥1,𝑥𝑥4,𝑥𝑥5,𝑥𝑥6}⋂{𝑥𝑥2,𝑥𝑥4,𝑥𝑥5}={𝑥𝑥4,𝑥𝑥5}.Γ′(𝑥𝑥4) = Γ(𝑥𝑥4)⋂𝑋𝑋′ =
{𝑥𝑥2,𝑥𝑥3,𝑥𝑥6}⋂{𝑥𝑥2,𝑥𝑥4,𝑥𝑥5} =  {𝑥𝑥2}. 
Γ′(𝑥𝑥5) = Γ(𝑥𝑥5)⋂𝑋𝑋′ = {𝑥𝑥1,𝑥𝑥3,𝑥𝑥4,𝑥𝑥6}⋂{𝑥𝑥2,𝑥𝑥4,𝑥𝑥5} ={𝑥𝑥4}. 
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The adjacency matrix 𝐴𝐴′of the subgraph  𝐺𝐺′ = (𝑋𝑋′ ,Γ′)  is 
obtained from the adjacency matrix 𝐴𝐴  of graph 𝐺𝐺 = (𝑋𝑋, Γ) by 
canceling all elements from lines and columns 1, 4, 5. We get 
the matrix : 

𝐴𝐴′ =

⎝

⎜⎜
⎛

0 0 0
0 0 0
0 0 0

0 0 0
1 1 0
0 0 0

0 1 0
0 0 0
0 0 0

0 0 0
1 0 0
0 0 0⎠

⎟⎟
⎞

. 

The program receives as input a text file with the name 
graph.txt. The file has on the first line the number 𝑛𝑛 of vertices 
and the number 𝑚𝑚  of edges separated with spaces. The next 
𝑚𝑚 lines will contain the edges of the graph. For the graph 
presented in the example, the input file graph.txt is displayed 
below: 

 
6 23 
1 1  
1 3  
1 5  
2 1  
2 4  
2 5  
2 6  
3 2  
3 4  
3 5  
3 6  
4 2  
4 3  
4 6  
5 1  
5 3  
5 4  
5 6  
6 1  
6 2  
6 3  
6 4  
6 6  
An example of running this program is: 
 
File name graph.txt 
Number of vertices 6 
Number of edges 23 
 
Adjacency matrix of the graph 
1  0  1  0  1  0 
1  0  0  1  1  1 
0  1  0  1  1  1 
0  1  1  0  0  1 
 

1  0  1  1  0  1 
1  1  1  1  0  1 
 
Graph G has 23 edges 
 
Edge 1:         ( x1 , x1 ) 
Edge 2:         ( x1 , x3 ) 
Edge 3:         ( x1 , x5 ) 
Edge 4:         ( x2 , x1 ) 
Edge 5:         ( x2 , x4 ) 
Edge 6:         ( x2 , x5 ) 
Edge 7:         ( x2 , x6 ) 
Edge 8:         ( x3 , x2 ) 
Edge 9:         ( x3 , x4 ) 
Edge 10:       ( x3 , x5 ) 
Edge 11:       ( x3 , x6 ) 
Edge 12:       ( x4 , x2 ) 
Edge 13:       ( x4 , x3 ) 
Edge 14:       ( x4 , x6 ) 
Edge 15:       ( x5 , x1 ) 
Edge 16:       ( x5 , x3 ) 
Edge 17:       ( x5 , x4 ) 
Edge 18:       ( x5 , x6 ) 
Edge 19:       ( x6 , x1 ) 
Edge 20:       ( x6 , x2 ) 
Edge 21:       ( x6 , x3 ) 
Edge 22:       ( x6 , x4 ) 
Edge 23:       ( x6 , x6 ) 
 
Number of vertices from subgraph k = 3 
 
Vertix 1 = 2 
Vertix 2 = 4 
Vertix 3 = 5 
 
Adjacency matrix of the subgraph   {  2 ,  4 ,  5  } 
 
0  0  0  0  0  0 
0  0  0  1  1  0 
0  0  0  0  0  0 
0  1  0  0  0  0 
0  0  0  1  0  0 
0  0  0  0  0  0 
 
The subgraph has 4 edges 
 
Edge 1:         ( x2 , x4 ) 
Edge 2:         ( x2 , x5 ) 
Edge 3:         ( x4 , x2 ) 
Edge 4:         ( x5 , x4 ) 
 

This example of execution of the program underlines the 
correctness of the theoretical and practical results obtained.  

Conclusions 
In this paper we presented an algorithm and a program written in C++ language for generating the subgraph composed of the k vertices 
of a given graph.  
Among the multiple future direction for this research we will present some of them: 

- finding all the subgraph with k given vertices of a graph 
- finding all the subgraphs with k given vertices and their values 
- finding the subgraphs with minimum value 
- finding the subgraphs with maximum value 
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