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Introduction 
 
  A graph is a collection of vertices and edges, G =(V, E) where V is 
set of vertices and E is set of edges. An edge is defined as pair of 
vertices, which are adjacent to each other. When these pairs are ordered, 
the graph is known as directed graph. 
 
 These graphs have many properties and they are very important because 
they actually represent many practical situations, like networks. In our 
current discussion we are interested on the algorithms which will be used 
for most of the problems related to graphs like to check connectivity, the 
depth first search and breadth first search, to find a path from one 
vertex to another, to find multiple paths from one vertex to another, to 
find the number of components of the graph, to find the critical vertices 
nd edges. a

 
  The basic problem about the graph is its representation for 
programming. 
 
Adjacency Matrix and Adjacency lists 
 
 We can use the adjacency matrix, i.e. a matrix whose rows and columns 
both represent the vertices to represent graphs. In such a matrix when the 
ith row, jth column element is 1, we say that there is an edge between the 
ith and jth vertex. When there is no edge the value will be zero. The other 
representation is to prepare the adjacency lists for each vertex. 
 
 Now we will see an example of a graph and see how an adjacency matrix 
can be written for it. We will also see the adjacency relations expressed 
in form of a linked list. 
 
For Example:           
             
 
 
             
             
             
             
             
             
             
             
       
 
 
 
   Fig 1 Graph 
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The adjacency matrix for representing this graph is: 
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  V1 V2 V3 V4 V5 V6 V7 V8 
 

V1 0 1 0 0 1 1 0 0 
 

V2 1 0 0 1 1 0 0 0 
 
V3 0 0 0 1 1 0 0 1 
 
V4 0 1 1 0 0 0 0 0  
 
V5 1 1 1 0 0 1 1 1  
 
V6 1 0 0 0 1 0 0 0 
 
V7 0 0 0 0 1 0 0 0 
 
V8 0 0 1 0 1 0 0 0    

             
        

Fig 2. Adjacency Matrix representation of graph in fig 1  
 
Adjacency list will be: 
 
 V1 -> V2 -> V5 -> V6 
 V2 -> V1 -> V4 -> V5 
 V3 -> V4 -> V5 -> V8 
 V4 -> V2 -> V3 
 V5 -> V1 -> V2 -> V3 -> V6 -> V7 -> V8 
 V6 -> V1 -> V5 
 V7 -> V5 
 V8 -> V3 -> V5 
 
Fig 3. Adjacency List representation of graph in fig 1  
 

Breadth first search and Depth first search 
 
 Suppose the graph is represented as an adjacency matrix, and we are 
required to have the breadth first search of the graph. Here we will 
require the starting vertex from which this search will begin. First that 
vertex will be printed, then all the vertices, which are adjacent to it, 
are printed and so on. 
 
 If we have a matrix and there are n vertices. Let the starting vertex 
be j. Now the jth vertex will be printed first, and to find all the 
vertices adjacent to this vertex, we must travel along jth row of the 
matrix, and whenever we find 1 we will print the corresponding column 
number. Next time we will require each of the vertices printed recently so 
that we can travel level by level. For the same purpose we will push into 
a queue all the columns with the value one in the jth row. Next time pop 
the vertex number from the queue and print it. Replace the value of j, 
which is currently printed. Again push all the vertices that are adjacent 
to this vertex into the queue and continue the above process until all the 
vertices are dealt with. 
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 Remember there will be many vertices, which will be connected to more 
than a vertex, and therefore there are chances that we may repeat some of 
the vertices or there will be an infinite loop. To avoid this problem, we 
use what is known as visited array. It will be initially all zeroes. 
Whenever a vertex is pushed into the queue the corresponding position the 
visited array is changed to 1. Now we use another rule that we push only 
those vertices into the queue whose corresponding value in the visited 
array at that point is zero. When all the vertices are printed we will 
stop. Sometimes it happens that a particular vertex or a group of vertices 
is non reachable from the current vertex and in this case the graph is 
‘not connected’.  
 

Therefore a connected graph is the one in which we can travel through 
all the vertices starting from a current node. 
 
Algorithm for the breadth first traversal in a graph: 
 

1. Initialize the adjacency matrix p to all zeroes. 
2. Accept the number of vertices from the user, say n. 
3. Initialize the visited array v to all zeroes. 
4. Accept the graph. 

a. Initialize i to 0. 
b. Accept the vertex adjacent to ith vertex, say j. 
c. Make p[i][j] = p[j][i] = 1, as they are adjacent to each other. 
d. If more vertices are adjacent to ith vertex then goto step (a). 
e. Now consider the next vertex i.e. increment i and repeat from 

step(a). 
5. Accept the starting vertex say i. 
6. Push i to the queue, and mark it as visited, i.e. v[i]=1. 
7. Pop a vertex from queue, say i. 
8. Print i. 
9. Search in ith row for 1, 

 
a. Initialize j to 0. 
b. If the jth vertex is adjacent to i and not visited i.e. 

If(p[i][j]==1 && v[i] != 1), push j to the queue and mark it as 
visited, i.e. v[j]=1. 

c. Increment j and if the number of vertices is not over then 
repeat from step(b). 

 
10.  If queue is not empty repeat from step 7. 
11.  Now check whether all vertices are visited. 
 

a. Initialize j=0 and flag = -1. 
b. If jth vertex is not visited, set flag to j. 
c. Increment j, and if number of vertices is not over, repeat from 

step b. 
12.  If flag != -1, the graph is not a connected graph. Otherwise it is a 

connected graph. 
13.  Stop. 

 
The algorithm will give us a clear idea about connectedness of the 

graph. Here we are accepting the graph as the adjacency list. 
 
The above algorithm can be changed for the linked lists as below. 
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1. Accept the number of vertices from the user , say n. 
2. Create a list having n nodes. This list is called as a header list. 

It will be connected by the down pointer where as the adjacency list 
will be connected by the next pointer. Remember that these two lists 
will follow different structures. 

3. Initialize the visited array v to zeroes.  
4. Accept the graph. 

a. Accept an edge say i,j. 
b. Search in the header list for vertex i, and in the adjacency 

list of that vertex i, attach a node of vertex j. 
c. Search in the header list for vertex j, and in the adjacency 

list of that vertex j, attach a node of vertex i. 
d.  If more edges then goto step (a). 
 

5. Accept the starting vertex say i. 
6. Push i to the queue, and mark it as visited, i.e. v[i]=1. 
7. Pop a vertex from queue, say i. 
8. Print i. 
9. Move in the adjacency list of ith vertex, and for every node say j 

which is not visited, push it to the queue and mark it as visited, 
i.e. v[j]=1. 

10. If queue is not empty repeat from step 7. 
11.  Now check whether all vertices are visited. 
 

a. Initialize j=0 and flag = -1. 
b. If jth vertex is not visited, set flag to j. 
c. Increment j, and if number of vertices is not over, repeat from 

step b. 
12.  If flag != -1, the graph is not a connected graph. Otherwise it is a 

connected graph. 
13.  Stop. 

 

  For depth first search, the algorithm is same as breadth first but in 
place of queues we have to use stacks. 

 

Consider the following graph, 
 
 
             
             
            

   
 
 
 
 

 

Fig 4. Graph 
The adjacency matrix will be 

0 

5

4

21

6

3 
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  0 1 2 3 4 5 6 
  
 0 0 1 0 1 0 0 0 
 1 1 0 1 1 1 0 0 
 2 0 1 0 0 1 1 0 
 3 1 1 0 0 0 0 1 
 4 0 0 1 0 0 1 1 
 5 0 0 1 0 1 0 1 

6 0 0 0 1 1 1 0 
             
  

Fig 5. Adjacency Matrix representation of graph in fig 4  
 
 
The adjacency list will be:     X = NULL 
 
 
 
             
             
             
             
             
   

 2 3 4   X  0  1 

 3   X 1  0 

 
             
             
             
             
             
             
             
             
        

5    X 1  4 2 

 0 6    X 1 3 

 2 6 X 5 4 

 
 2  4 6 X 5  

 
  4 5 X 3  6 

X  
 
 

Fig 6. Adjacency List representation of graph in fig 4  
 
 
 The figure 5 shows how the graph is stored using the matrices and 
figure 6 shows it stored as adjacency list. The logic of both the 
algorithms remain same but the change in representation is due to the data 
structure that we are using. The data structure will always provide some 
additional features and facilities applicable to a particular problem. 
When we try to utilize these facilities the algorithm is bound to change. 
 
 Observe that in the above two cases when we are using the arrays, we 
have a simple representation but once the graph is inputted, to check the 
adjacency we have to check again whether a particular position contains a 
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zero or one. This check is not required hen we are using the linked list. 
Here the vertices which are adjacent to a particular vertex are available 
directly and can be used without any checks. 
 
 While creating the adjacency list, observe that we are required to 
check for the appropriate position in the header list and then only we can 
insert the node. In case of arrays we simply place the elements in the ith 
row and jth column, there is no check involved in the process.  
 
 In both the methods, we have used the same array visited. This is 
because, we are assuming that the vertices are given numbers and not 
names. If we use names to refer vertices then we need a linked list to 
store the status of vertices. Here before inserting any vertex into the 
queue the whole visited list has to be scanned, as there is no direct way 
of getting the information that whether a particular vertex is visited. 
 
 As stated earlier, observe that the header list as well as the 
adjacency lists have different structures. These structures are given 
below: 
 
 struct adj_node 
    { 
  int ver; 
  struct adj_node *next; 
  } 
 

struct head_node 
    { 
  int ver; 
  struct head_node *down; 
  struct adj_node *next; 
  } 
 
 In the creation of the lists we find that we are required to have 
checks for searching the vertex in the head list. Do not have the 
misconception as the headlist will contain all the nodes in a sorted 
fashion. The headlist will also get created simultaneously. Whenever a new 
vertex is received, it will be inserted in the head list. Here we are 
required to keep  track of the additions as well as search and traversals 
in both the types of the lists. 
 
 Sometimes a combination of data structures will give us a better  
algorithm suitable for the current application. In fact we should have 
array for header nodes and not the list. By this we can reduce the initial 
searching time and directly go to a particular adjacency list. 
 
 The following program will read the graph, given by the user in the 
form of edges. A proper list is formed as shown in the previous figure. 
The aim of the program is to print the breadth first and depth first 
search of the given graph. 
 
 The logic is implemented by the use of stack or queue, which are in 
turn implemented using, linked lists. 
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 This program can also be considered as a good example for handling of 
the multiple lists. Here we are handling the adjacency list corresponding 
to all the vertices. 
 
 While writing the complete program you are expected to write the 
following functions yourself. The functions use linked list representation 
for queues and stacks. 
 
1. Function to create the queue. 

Q create(); 
 
2. Function To insert an element into the queue.  

void push1 (char data,  Q head); 
 
3. Function To delete an element from the queue.  
 char pop1 ( Q head); 
  
6. Function to check whether the queue is empty. 
 int q_empty(Q head); 
 
7. Function to create a stack. 
 STK createst(); 
 
8. Function to check whether the stack is empty.  
 int stk_empty(STK head); 
 
9. Function To push an element into the stack.  
 void push(char data, STK h); 
   
10.Function To pop an element from the stack. 
 char pop ( STK h); 
   
/* The graph representation starts here */ 
 
typedef struct verlist 
  { 
 char vertex; 
 struct verlist *right; 
  }*VR;   /* for adjacency list */ 
 
 
typedef struct hlist 
  { 
 int flag 
 char vertex; 
 struct verlist *right; 

struct hlist *down; 
  }*VH;   /* the list of all vertices */ 
 
VH create1() 
{ 
  VH header; 
   
 header = malloc(sizeof(struct hlist)); 
 header->down = header ->right = NULL; 
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 return(header); 
} 
/* function to find the vertex c, in the header list */ 
 
VH find(char c, VH header)   
 { 
   VH ttmp; 
   ttmp = header; 
 
 do 
 { 
   if(ttemp->vertex == c) 
  return ttmp;  /* returns pointer to the header node */ 
   else 
  ttmp= ttmp->down; 
 }while (ttmp); 
 
 return(ttmp);  /* returns NULL, when absent */ 
} 
 
 
VR get_ver(char c2) 
 { 
   VR new1; 
   
 new1 = malloc(sizeof(struct verlist)); 
 new1->vertex=c2;    /* generating a node for adj. List */ 
 new1->right = NULL; 
 return(new1); 
 } 
 
 
VH get_ch(char c) 
 { 
   VH new2; 
   
 new2 = malloc(sizeof(struct hlist)); 
 new2->vertex = c; /* generating a node for header List */ 
 new2->right = NULL; 

new2->down = NULL; 
new2->flag = 0; 

 
 return(new2); 
 } 
 
 
/* function to display the adjacency list */ 
 
void display(CH header) 
 { 
    VH ttmp; 
    VR t; 
 
 ttmp = header -> down; 
 while(ttmp) 

- 8 -



 

Data Structures (9067) 

 Graphs
 
  { 
  printf(“%c ==> “, ttmp->vertex); 
  t= ttmp->right; 
 
  while(t) 
   { 
   printf(“%c ”t->vertex); 
   t = t->right); 
   } 
  printf(“NULL\n”); 
  ttmp = ttmp->down; 
 } 
  } 
 
 
void search(char c1, char c2, VH header) 
 { 
   VH ttmp, new1; 
   VR new2; 
  
 ttmp = header; 
 
 while(ttmp->down != NULL && ttmp->down->vertex != c1) 
  ttmp = ttmp->down; /*search node c1 in the header  

list */ 
 
 if(ttmp->down->vertex == c1) 
  { 
  new2 = get_ver(c2);  /* generate a node for c2 and add  

to the list */ 
  new2->right = ttmp->down->right; 
  ttmp->down->right = nwe2; 
   } 
 else 
  { 
  new1 = get_vh(c1); /* if header list does not contain  

node for c1 */ 
  new1->down = ttmp->down; 
  ttmp->down = new1; 
  new1->flag = 0; 

 ttmp=new1; 
 new2=get_ver(c2); 

  new2->right = ttmp->right; 
  ttmp->right=new2; 
 } 
} 
 
 
 
 
/* function for BREADTH FIRST SEARCH */  
 
void bfs(VH header) 
 { 
   char c1, ans[30]; 
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   int k=0, i=0; 
   VR t; 
   VH ttmp; 
   Q head1, hh; 
 
 head1 = create(); 
 ttmp = header->down; 
 
 while(ttmp) 
  { 
  ttmp->flag = 0; 
  ttmp = ttmp->down; 
  } 
 
 ttmp = header->down; 
 
 printf(“Enter the character you want to start from\n”); 
 flushall(); 
 
 c1=getchar(); 
 
 do 
  { 
  ttmp = find(c1,header); 
  printf(“%c\n”, ttmp->vertex); 
  ans[i++]= ttmp->vertex; 
  ttmp->flag = 1; 
  t = ttmp->right; 
 
  while(t) 
   { 
   ttmp= find(t->vertex, header); 
 
   if(ttmp->flag == 0) 
    { 
    push1(t->vertex, head1); 

printf(“\n %c vertex is pushed in the queue \n”, t-
>vertex); 
ttmp->flag = 1; 
getch(); 

    } 
  t = t-> right; 
  } 
  printf(“ now the queue is …\n”); 
  hh= head1->next; 
  printf(“-------------------------\n”); 
  
  while(hh) 
   { 
   printf(“%c\t”, hh->val); 
   hh = head->next; 
   } 
 
  printf(“\n ------------------------\n”); 
  getch(); 
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  k = q_empty(head1); 
 
  if(!k) 
   { 
  printf(“\n Removing the character from the queue …”);  
  c1 = pop1(head1); 
  } 
 }while(!k); 
 
 ans[i] = ‘\0’; 
 printf(“THE BFS IS:\n”); 
 
 for(i=0; ans[i] != ‘\0’; i++) 
   printf(“%c\t”,ans[i]); 
 } 
 
 
/* function for DEPTH FIRST SEARCH */ 
 
void dfs(VH header) 
 { 
   char c1, ans[30]; 
   int k=0, i=0; 
   VR t; 
   VH ttmp; 
   STK head1, hh; 
 
 head1 = createst(); 
 ttmp = header->down; 
 
 while(ttmp) 
  { 
  ttmp->flag = 0; 
  ttmp = ttmp->down; 
  } 
 
 ttmp = header->down; 
 
 printf(“Enter the character you want to start from\n”); 
 flushall(); 
 
 c1=getchar(); 
 
 do 
  { 
  ttmp = find(c1,header); 
  printf(“%c\n”, ttmp->vertex); 
  ans[i++]= ttmp->vertex; 
  ttmp->flag = 1; 
  t = ttmp->right; 
 
  while(t) 
   { 
   ttmp= find(t->vertex, header); 
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   if(ttmp->flag == 0) 
    { 
    push(t->vertex, head1); 

printf(“\n %c vertex is pushed in the stack \n”, t-
>vertex); 
ttmp->flag = 1; 
getch(); 

    } 
  t = t-> right; 
  } 
  printf(“ now the stack is …\n”); 
  hh= head1->next; 
  printf(“-------------------------\n”); 
  
  while(hh) 
   { 
   printf(“%c\t”, hh->val); 
   hh = head->next; 
   } 
 
  printf(“\n ------------------------\n”); 
  getch(); 
 
  k = stk_empty(head1); 
 
  if(!k) 
   { 
  printf(“\n Removing the character from the stack …”);  
  c1 = pop(head1); 
  } 
 }while(!k); 
 
 ans[i] = ‘\0’; 
 printf(“THE DFS IS:\n”); 
 
 for(i=0; ans[i] != ‘\0’; i++) 
   printf(“%c\t”,ans[i]); 
 } 
 
 
/* MAIN */ 
 
main() 
 { 
 VH header; 
 char c1,c2; 
 int choice; 
 
 header = create1(); 
 
 do 
  { 
  printf(“WHICH CHARACTERS ARE ADJACENT \n”); 
  flushall(); 
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  c1 = getchar(); 
  flushall(); 
  c2 = getchar(); 
  
  search(c1,c2,header); 
  search(c2,c1,header); 
 
  printf(“DO YOU WANT TO CONTINUE ? \n”); 
  flushall(); 
 }while(getchar() == ‘y’); 
 
 display(header); 
 
 do 
  { 
  printf(“\n\n ******* menu ******\N”); 
  printf(“\N ENTER YOUR CHOICE\n”); 
  printf(“1:***BFS***\n”); 
  printf(“2:***DFS***\n”); 
  printf(“3:QUIT\n”); 
  printf(“************************\n”); 
 
  scanf(“%d”, &choice); 
 
  switch(choice) 
   { 
   case 1: bfs(header); 
       break;  
 
   case 2: dfs(header); 
       break;  
   } 
 }while(choice != 3); 
} 
 
 
 
 
Output : 
 
WHICH CHARACTERS ARE ADJACENT? 
a b 
DO YOU WANT TO CONTINUE? 
y 
WHICH CHARACTERS ARE ADJACENT? 
a c 
DO YOU WANT TO CONTINUE? 
y 
WHICH CHARACTERS ARE ADJACENT? 
a d 
DO YOU WANT TO CONTINUE? 
y 
WHICH CHARACTERS ARE ADJACENT? 
b c 
DO YOU WANT TO CONTINUE? 
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y 
WHICH CHARACTERS ARE ADJACENT? 
b e 
DO YOU WANT TO CONTINUE? 
y 
WHICH CHARACTERS ARE ADJACENT? 
e f 
DO YOU WANT TO CONTINUE? 
y 
WHICH CHARACTERS ARE ADJACENT? 
f g 
DO YOU WANT TO CONTINUE? 
n 
 
a ==> d--> c --> b --> NULL 
b ==> e--> c --> a --> NULL 
c ==> b--> a --> NULL 
d ==> a --> NULL 
e ==> f --> b --> NULL 
f ==> g --> e --> NULL 
g ==> f --> NULL 
 
******** MENU ******** 
 
ENTER YOUR CHOICE 
1:***BFS*** 
2:***DFS*** 
3:QUIT 
 
*********************** 
 
1 
ENTER THE CHARACTER YOU WANT TO START FROM 
a 
a 
d vertex is pushed in the queue 
c vertex is pushed in the queue 
b vertex is pushed in the queue 
 
Now the queue is … 
------------------------------- 
d c b 
------------------------------- 
 
Removing the character from the queue … d 
 
Now the queue is … 
------------------------------- 
c b 
------------------------------- 
 
Removing the character from the queue … c 
 
Now the queue is … 
------------------------------- 
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b 
------------------------------- 
 
Removing the character from the queue … b 
 
e vertex is pushed in the queue 
 
Now the queue is … 
------------------------------- 
e 
------------------------------- 
 
Removing the character from the queue … e 
 
f vertex is pushed in the queue 
 
 
 
Now the queue is … 
------------------------------- 
f 
------------------------------- 
Removing the character from the queue … f 
 
g vertex is pushed in the queue 
 
Now the queue is … 
------------------------------- 
g 
------------------------------- 
Removing the character from the queue … g 
 
Now the queue is … 
------------------------------- 
 
------------------------------- 
 
THE BFS IS … 
 
a d c b e f g 
 
 
******** MENU ******** 
 
ENTER YOUR CHOICE 
1:***BFS*** 
2:***DFS*** 
3:QUIT 
 
*********************** 
 
2 
ENTER THE CHARACTER YOU WANT TO START FROM 
a 
a 

- 15 -



 

Data Structures (9067) 

 Graphs
 
d vertex is pushed in the stack 
c vertex is pushed in the stack 
b vertex is pushed in the stack 
 
Now the stack is … 
------------------------------- 
b c d 
------------------------------- 
 
Removing the character from the stack … b 
 
e vertex is pushed on the stack 
 
Now the stack is … 
 
------------------------------- 
e c d 
------------------------------- 
 
Removing the character from the stack … e 
 
f vertex is pushed on the stack 
 
Now the stack is … 
------------------------------- 
f c d 
------------------------------- 
 
Removing the character from the stack … f 
 
g vertex is pushed in the stack 
 
Now the stack is … 
------------------------------- 
g c d 
------------------------------- 
 
Removing the character from the stack … g 
 
f vertex is pushed in the stack 
 
Now the stack is … 
------------------------------- 
c d 
------------------------------- 
 
Removing the character from the stack … c 
 
Now the stack is … 
------------------------------- 
d 
------------------------------- 
 
Removing the character from the stack … d 
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Now the stack is … 
------------------------------- 
 
------------------------------- 
 
THE DFS IS … 
 
a b e f g c d 
 
 
 
******** MENU ******** 
 
ENTER YOUR CHOICE 
1:***BFS*** 
2:***DFS*** 
3:QUIT 
 
*********************** 
3 
 
 The purpose of the above program is to make the header familiar with 
the generation concepts for the linked lists as well as the use of stacks 
and queues for the operations on the graph. 
 
 The output is self-explanatory. As you read the output of the 
program, you will understand the total procedure or the logic to get the 
BFS or DFS of the graph. 
  
Other Tasks For The Graphs: 
 
 Some other functions, which are associated with graph for solving the 
problems are: 
 

a. To find the degree of the vertex 
 

The degree of the vertex is defined as a number of vertices 
which are adjacent to given vertex, in other words, it is number of 
1’s in the row of that vertex in the adjacency matrix or it will be 
number of nodes present in the adjacency list of that vertex. 

 
b. To find the number of edges. 

 
By hand shaking lemma , we know that the number of edges in a 

graph is half of the sum of degrees of all the vertices. 
 

c. To print a path from one vertex to another. 
 

Here we are required to follow the above algorithm of BFS such 
that one of the vertices is the starting vertex for the algorithm and 
the process will continue till we reach the second vertex. 

 
 

d. To print the multiple paths from one vertex to another. 
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The previous algorithm should be used in some different form so 
that we can get  multiple paths.  

 
e. To find the number of components in a graph. 

 
In this case we will again use the BFS, and check the visited 

array, if it does not contain all the vertices marked as visited then 
increment the  component counter by 1 and from any of the vertex 
which is not visited, restart the BFS. Repeat till all the vertices 
are visited. 

 
f. To find the critical vertices and edges. 

 
The vertex which when removed from the graph, leaves the graph 

as disconnected, will be termed as critical vertex. To find the 
critical vertex we should first remove each vertex and check the 
number of components of the remaining graph. If the graph, which is 
remaining, is not a connected graph, the vertex, which is removed, is 
a critical vertex. 

 
Similarly removal of an edge from the graph, if increases the 

number of components, it will be known as critical edge. If we try to 
check whether a particular vertex or edge is critical, then remove 
the same and rerun the program for finding the number of components. 

 
Exercise: 
 

1. WAP to accept the graph from the user along with weight attached 
to each edge . Accept a path from the user which is in the form of 
sequence vertices and we are required to print the weight of that 
path. 
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