
 

Data Structures (9067) 

Stacks and Queues 
 
Introduction 
  

While solving a problem we have to represent relation between their 
data items, for this we use data structures. Its implementation will be 
our main interest. The functions should be discussed in detail and a 
proper way of representing the data should be decided. In this session we 
will mainly discuss two important structures, STACKS & QUEUES. 
 
 Stack is a data structure in which the latest data will be processed 
first. The data is coming in a sequence and we want to decide the sequence 
in which it must be processed. It is many times necessary that we accept a 
data item, which in turn depends on some other data item and so we accept 
that data item. The processing of the earlier data item will be 
temporarily suspended till we process the new data item completely. This 
process should be considered very seriously as the data items will have 
dependence between themselves and it should be preserved. 
 
 At one time it will so happen that the processing of the current data 
item is over and some new data item has come. The decision will be 
dependent as in which situation current data has been processed. If it has 
been due to the previous data then the whole processing is suspended and 
will be continued at the completion of the current data, then we will have 
to continue with the processing of that item and not the new one. It has 
been independent then immediately new data item can be processed. 
 
 Thus we will have to think about the storage of the suspended data 
items. In many other cases it so happens that we will be processing the 
data in a sequence in which it arrived. But normally before the completion 
of the processing of a particular data, next data arrives. We have to 
store these arriving data in an order so that after the current processing 
is over, we can service the arrived data. 
 
Stacks 
 
  The first problem discussed above can be solved, by using a stack. 
In stacks one data item will be placed on the other as they arrive. 
  
 STACK is a special type of data structure where insertion is done 
from one end called ‘top’ of stack and deletion will be done from the same 
end.  
 
 Here, the last element inserted will be on the top of the stack. 
Since deletion is done from the same end, last element inserted is the 
first element to be deleted. So, stack is also called Last In First 
Out(LIFO) data structure. 
 
 As we find that there must be facility to push the items on the 
stack, or to remove them (pop) from the top of the stack. Also we should 
have a way by which we will be able to know about the status of the stack 
as whether it is full or empty. 
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 There are several applications where a stack can be used. For 
example, recursion, keeping tack of function calls, evaluation of 
expression etc. 
 
Implementation of Stacks using Arrays 
 
 Stacks are one of the most important linear data structures of 
variable size. This is an important subclass of the lists(arrays) that 
permit the insertion and deletion from only one end TOP. But to allow 
flexibility sometimes we can say that the stack allows us to access(read) 
elements in the middle and also change them as we will see in two 
functions to be explained later. But this is a very rare phenomenon. 
 
Some terminologies 
 
Insertion  : the operation is also called push 
Deletion   : the operation is also called pop 
 
Top  : A pointer, which keeps track of the top element in  

  the  Stack. If an array of size N is declared to be  
  a stack, then TOP will be –1 when the stack is empty  
  and is N when the stack is full. 

Pictorial representation of stack 
 
      Insertion   Deletion 
 
 
 
 
 
 Current       Maximum 
 TOP     Size 
     Allocated                  Fixed 
 Bottom         Bottom 
 
 

Fig 1 Memory representation of Stacks 
 
 

Function To Insert an element into the stack 
 
 Before inserting any element into the stack we must check whether the 
stack is full. In such case we cannot enter the element into the stack. If 
the stack is not full, we must increment the position of the TOP and 
insert the element. So, first we will write a function that checks whether 
the stack is full. 
 
/* function to check whether stack is full */ 
  
 int stack_full(int top) 
  { 
   if(top == SIZE -1) 

return (1); 
   else 
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return (0); 
  } 
 
 The function returns 1, if, the stack is full. Since we place TOP at 
–1 to denote stack empty condition, the top varies from 0 to SIZE –1 when 
it stores elements. Therefore TOP at  SIZE-1 denotes that the stack is 
full.   
 
/* function to insert an element into the stack */ 
 
 push ( float s[], int *t, float val) 
  { 
  if( ! stack_full(*t)) 
   { 
   *t = *t + 1; 
   s[*t] = val; 
   } 
  else 
   { 
   printf(“\n STACK FULL”); 
   } 
 } 
 
 Note that we are accepting the TOP as a pointer(*t). This is because 
the changes must be reflected to the calling function. If we simply pass 
it by value the changes will not be reflected. Otherwise we have to 
explicitly return it back to the calling function. 
 
Function to delete an element from the stack 
 
 Before deleting any element from the stack we must check whether the 
stack is empty. In such case we cannot delete the element from the stack. 
If the stack is not empty, we must delete the element by decrementing the 
position of the TOP. So, first we will write a function that checks 
whether the stack is empty. 
 
/* function to check whether stack is empty */ 
  
 int stack_empty(int top) 
  { 
   if(top == -1) 

return (1); 
   else 

return (0); 
  } 
 
 This function returns 1 if the stack is empty. Since the elements are 
stored from positions 0 to SIZE-1, the empty condition is considered when 
the TOP has –1 in it. 
 
/* function to delete an element from the stack */ 
 
 float pop ( float s[], int *t) 
  { 
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  float val; 
  if( ! stack_empty(*t)) 
   { 
   val = s[*t]; 
   *t = *t - 1; 
   return val; 
   } 
  else 
   { 
   printf(“\n STACK EMPTY”); 
   return 0; 
   } 
  
    } 
 
 Since the TOP points to the current top item, first we store this 
value in a temporary variable and then decrements the TOP. Now return 
temporary variable to the calling function. 
 
 We can also see functions to display the stack, either in the same 
way as they arrived or the reverse( the way in which they are waiting to 
be processed). 
 
/* displays from top to bottom */ 
 
 void display_TB(float s[], int top) 
  { 
  while( top >= 0) 
   { 
   printf(“%f\n”, s[top]); 
   top--; 
   } 
  } 
 
/* displays from  bottom to top */ 
 
 void display_BT(float s[], int top) 
  { 
  int i; 
  for( i=0; i<=top ;i++) 
   { 
   printf(“%f\n”, s[i]); 
   top--; 
   } 
 
 

 } 

 We can use these functions in a program and see how they look in the 
stack. 
 
 # define SIZE 10 
 
 main() 
  { 
   float stk[SIZE], val; 
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   int top = -1,ele; 
 
  push(stk, &top, 10);   
  push(stk, &top, 20); 
  push(stk, &top, 30); 
  ele = pop(stk,&top);   
    printf(“%f”, ele); 
  ele = pop(stk,&top);   
    printf(“%f”, ele); 
  push(stk, &top, 40); 
 

ele = pop(stk,&top);   
    printf(“%f”, ele); 
  } 
Now we will see the working of the stack with diagrams. 
 
 
 
 
    Stack Area 
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 Fig 2. Trace of stack values with push and pop functions 
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 Occasionally stack is permitted to have two more options namely, 
peep() and change(). In peep() function we are allowed to copy value of 
any position in the stack and in change() function we are allowed to 
change a value of any position in the stack. But in both the cases the 
stack size remains intact. 
The functions are shown below: 
 
Function to peep an element from the stack 
 
 float peep ( float s[], int *t, int i) 
  { 
  float val; 
  if( (*t-i+1) > 0) 
   { 
   val = s[*t-i+1]; 
   return val; 
   } 
  else 
   { 
   printf(“\n STACK UNDERFLOW ON PEEP”); 
   return 0; 
   } 
  
    } 
 
 In this function we return ‘ith’ element from the top of the stack. 
Thee element is not deleted by the function. 
 
Function to change an element in the stack 
 
 Even though this is not allowed in a strict stack , sometimes it 
becomes necessary to change an element than popping all the elements up to 
it and then inserting all of them with one value changed. 
  
 void  change ( float s[], int *t, int i, float cval) 
  { 
  if( (*t-i+1) > 0) 
   { 
       s[*t-i+1]=cval; 
   } 
  else 
   { 
   printf(“\n STACK UNDERFLOW ON PEEP”); 
   return 0; 

  } 
  } 
 This function changes the value of the ‘ith’ element from the top of 
the stack to the value contained in cval.  
 
Implementing Stacks using Linked Lists 
 
 In previous section we have seen how the stacks can be implemented 
using ARRAYS. We have also stated the limitations of arrays for 
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implementation. Another way by which we can implement the data structure 
using the dynamic allocation of memory i.e. better use of memory. 
 In following sections we will consider all the functions for data 
structure stack in detail, using linked lists. 
 
 The structure for the LIFO data structure stack is as follows: 
 
 typedef struct stack_link 
  { 
  int val; 
  struct stack_link *next; 
  }*STAK; 
 
 The linked list will have header node, which will always point to the 
top of the stack. Another important thing for this implementation is that 
the new element will be always added at the beginning of the linked list 
and while deleting the element it will be deleted from the same end i.e. 
the beginning of the linked list. Let us have a function for getting the 
address of every new node say new_node. 
 
 STAK new_node() 
  { 
  return (malloc(sizeof(struct stack_link)); 
  } 
 
The header node will be declared as : 
 
 STAK hlist; 
 

Observe there is a small change in this declaration when compared to 
the one we  used in the linked list in the previous session. We used to 
declare a variable as NODE *list. But here a pointer is omitted while 
declaring because we have defined the pointer to the stack as *STAK in the 
type definition itself. If we type defined it as STAK instead of *STAK we 
need to define variables as  STAK *hlist. 
 
Function to check whether the stack is empty 
 
 To check whether the stack is empty we, we will pass the header node, 
it will always point to the top of the stack. Thus when the header points 
to NULL, the stack will be empty. 
 
 int stack_empty(STAK h) 
  { 
   if(h->next == NULL) 

return (1); 
   else 

return (0); 
  } 
 
 
Function to check whether the stack is full 
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 There is no condition base on any existing pointer, but if the 
new_node function returns NULL, i.e. no more memory is available for 
allocation. 
 
/* function to check whether stack is full */ 
  
 STAK stack_full() 
  { 

return(new_node)); 
  } 
 
 The function should be used very carefully, we should not generate a 
new node when the stack is not full. The stack_full function must have 
returned the address of the new allotted node. 
 
Function To push an element into the stack 
 
 push ( STAK h, int data) 
  { 
  STAK n; 
  

n =stack_full(); 
if( n != NULL) 

   { 
   n->val = data; 
   n -> next = h->next; 
   h->next = n; 
   } 
  else 
   { 
   printf(“\n NO free Memory”); 
   } 
 } 
 
Function To pop an element from the stack 
 
 int pop ( STAK h) 
  { 
  int data; 
  STAK d; 
 
  if( ! stack_empty(h)) 
   { 
   data = h->next->val; 
   d = h ->next; 
   h->next = h->next->next; 
   free(d); 
 
   return data; 
   } 
  else 
   { 
   printf(“\n STACK EMPTY”); 
   return 0; 
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   } 
  
    } 
 
Queues 
 

The data structure queue can be considered as the processing by FIRST 
IN FIRST OUT technique, commonly known as FIFO.  
 
 As we find there must be facility to put the items at the rear end of 
the queue, or to remove them from the front end. Also we should have a way 
by which we will be able to know about the status of the queues as whether 
it is full or empty. 
 
 Queues like stacks, also arise quite naturally in the computer 
solution of many problems. Perhaps the most common occurrence of a queue 
in computer applications is for the scheduling of the jobs. In batch 
processing the jobs are “queued-up” as they are read-in and executed, one 
after another in the order they were received. 
 
Implementing Queues using Arrays 
  

As mentioned earlier, when we talk of queues we talk about two 
distinct ends; the front and the rear. Additions to the queue take place 
at the rear. Deletions are made from the front. So, if the job is 
submitted for execution, it joins at the rear of the job queue. The job at 
the front of the queue is the next one to be executed. 
  
      front          rear 
 
 
 
   12   34  45  60  11  33  49 
                         
   
  deletion from   insertion from 
  this end.    this end. 
 

 Fig 3. Queue 
 

- The element, which will be deleted first is 12, addition will take 
place after 49. 

 
We will see some important functions with respect to queues. As we 

will be using array to represent the queue, the SIZE will be the 
limitation on the functions. The front and the rear are the two positions 
of the array, both filled, indicating that the queue exists from front 
position to rear position. Initially front is 0 and rear is –1. 

 
Function to insert an element into the Queue 
 
 Before inserting any element into the queue we must check whether the 
queue is full.  
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/* function to check whether queue is full */ 
  
 int q_full(int rear) 
  { 
   if(rear == SIZE -1) 

return (1); 
   else 

return (0); 
  } 
 
 This function returns 1, if the queue is full. Since we place rear at 
–1 to denote queue empty condition, the rear varies from 0 to SIZE –1 when 
it stores elements. Therefore rear at  SIZE-1 denotes that the queue is 
full.   
 
 
/* function to insert an element into the queue */ 
 
 add_q ( int a[], int *r, int val) 
  { 
  if( ! q_full(*r)) 
   { 
   *r = *r + 1; 
   a[*r] = val; 
   } 
  else 
   { 
   printf(“\n STACK FULL”); 
   } 
 } 
 
The call for the function will be 
 
 
 

add_q(a, &rear, value); 

Function to delete an element from the queue 
 
 Before deleting any element from the queue we must check whether the 
queue is empty. In such case we cannot delete the element from the queue. 
 
 /* function to check whether queue is empty */ 
  
 int q_empty(int front, int rear) 
  { 
   if( front > rear) 

return (1); 
   else 

return (0); 
  } 
 
 This function returns 1 if the queue is empty.  
 
/* function to delete an element from the queue */ 
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 int delete_q ( int a[], int *f, int *r) 
  { 
  int val; 
  if( ! q_empty(*f,*r)) 
   { 
   *f = *f +1;  /* the new front position */ 
   val = a[*f-1]; 
   if( *f > *r) 
    { 
    *f = 0; 
    *r = -1; 
     } 
   return (val); 
   } 
  else 
   { 
   printf(“\n QUEUE EMPTY”); 
   return 0; 
   } 
    } 
 
 The major problem in the above implementation is that whenever we 
remove an element from the queue, front will increment and the location 
used by the element cannot be used again. This problem can be solved if we 
shift all the elements to the left by one location on every delete 
operation. This will be very time consuming and is not the effective way 
of solving the problem. 
 
Queues using linked lists 
 
 Just like stacks, even queues can be implemented using linked lists. 
The structure for the linked list for a queue will be given below: 
 
typedef struct q_link 
 { 
 int val; 
 struct q_link *next; 
 }*QT; 
 
 The linked queue will have a header node, which will always point to 
the front position of the queue. Another pointer will be required which 
will always point to the last node of the queue. Remember that the new 
element will be always added at the rear end of the list and while 
deleting the element it will be deleted from the front end. Let us have a 
function for getting the address of every new node say new_node. 
 
 QT new_node() 
  { 
  return (malloc(sizeof(struct q_link)); 
  } 
 
The header node will be declared as : 
 
 

QT qlist; 
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Function to check whether the queue is empty 
 
 To check whether the queue is empty we, we will pass the header node, 
it will always point to the front of the queues. Thus when the header 
points to NULL, the queue will be empty. 
 int q_empty(QT h) 
  { 
   if(h->next == NULL) 

return (1); 
   else 

return (0); 
  } 
 
Function to check whether the queue is full 
 
 There is no condition that only a predetermines number of nodes 
should exist. But if the new_node function returns NULL, i.e. no more 
memory is available for allocation. 
  
 QT q_full() 
  { 

return(new_node)); 
  } 
 
 The function should be used very carefully, we should not generate a 
new node when the queue is not full. The q_full function must have 
returned the address of the new allotted node. 
 
Function To insert an element into the queue 
 
 insert ( QT *rear, int data) 
  { 
  QT n; 
   

n =q_full(); 
 
if( n != NULL) 

   { 
   n->val = data; 
   n -> next = NULL; 
   *rear->next = n; 
   *rear = n; 
   } 
  else 
   { 
   printf(“\n NO free Memory”); 
   } 
 } 
 
Function To delete an element from the queue 
 
 int delete ( QT h) 
  { 
  int data; 
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  QT d; 
 
  if( ! q_empty(h)) 
   { 
   data = h->next->val; 
   d = h ->next; 
   h->next = h->next->next; 
   free(d); 
 
   return data; 
   } 
  else 
   { 
   printf(“\n QUEUE EMPTY”); 
   return 0; 
   } 
  
    } 
 
NOTE: 
  
 When we want to actually use these functions in some program, 
remember that the header of the list must be created in the main itself 
and its next must be set to NULL. Also the rear pointer that we have 
discussed for the addition of the node should be initialized to header 
node. 
  
Circular Queue  

 
 The above problem can be solved only when the first position in the 
array will be logically the next position of the last position of the 
array. By this way we can say that the array is circular in nature because 
every position in the array will have logical next position in the array. 
The queue, which we are going to handle, using this approach is called the 
circular queue. Remember that it is not the infinite queue but we reuse 
the empty locations effectively. Now all the functions, which we have 
written previously will change. We will have a very fundamental function 
for such case, which will find the logical next position for any given 
position in the array. 
 
Function to find the next position in the circular  
       queue 
 
 int next_position(int p)  
  { 
   if( p == (SIZE-1)) 
  return 0; 
   else 
  return(p+1); 
  } 
 
Function to find whether the circular queue is empty 
 
 The circular queue will be empty when rear is –1. 
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 cq_empty(int r) 
  { 
    if( r == -1) 
    return 1; 
  else 
   return 0; 
  } 
 
Function to find whether the circular queue is full 
 

The circular queue will be full when, the front is logically the next 
position in the queue. 
 
 cq_empty(int r) 
  { 
    if( f == next_position(r)) 
    return 1; 
  else 
   return 0; 
  } 

 
 
 The circular queue will be full, when the front is 0 and the rear is 
SIZE–1. Also in all cases when the immediate next position of the rear is 
front. 
 
Function to add an element to the circular queue 
 
 add_cq(int a[], int *r, int val) 
  { 
  if(!cq_empty(*r)) 
      { 
   *r= next_position(*r); 
   a[*r]=val; 
    } 
  else 
   { 
   printf(“\n Cannot add an element”); 
   } 
 } 
 
Function to delete an element to the circular queue 
 
 delete_cq(int a[], int *f, int *r) 
  { 
    int data; 
 
  if(!cq_full(*f,*r)) 
   { 
   data = a[*f]; 
 
   if( *f == *r) 
    { 
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    *f = 0; 
    *r = -1; 
     } 
   else 
     { 
    *f = next_position(*f); 
     } 
   return data; 
    } 
  else 
   { 
   printf(“\n No elements in the queue ”); 
   } 
  } 
 
Circular Queue using linked list[ Circular Lists] 
 
 The implementation for a circular queue using a linked list is known 
as a circular list. 
 

The structure for the linked list for a circular list will be given 
below: 
 
typedef struct cq_link 
 { 
 int val; 
 struct cq_link *next; 
 }*CQT; 
 
 In case of circular lists, there will be a node after the last 
element of the list and it will be the front of the list. We can say that 
the last node will point to the first. The linked circular list will have 
a header node, which will always point to the front position of the 
circular list. Another pointer will be required which will always point to 
the last node of the circular list. Remember that the new element will be 
always added at the rear end of the list and while deleting the element it 
will be deleted from the front end. Thus header as well as the rear will 
point to the first node. Let us have a function for getting the address of 
every new node say new_node. 
 
 CQT new_node() 
  { 
  return (malloc(sizeof(struct cq_link)); 
  } 
 
The header node will be declared as : 
 
 CQT qlist; 
 
Function to check whether the circular list is empty 
 
 To check whether the circular list is empty we, we will pass the 
header node, it will always point to the front of the circular lists. Thus 
when the header points to NULL, the circular list will be empty. 
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 int cq_empty(CQT h) 
  { 
   if(h->next == NULL) 

return (1); 
   else 

return (0); 
  } 
 
Function to check whether the circular list is full 
 
 There is no condition base on any existing pointer, but if the 
new_node function returns NULL, i.e. no more memory is available for 
allocation. 
  
 CQT cq_full() 
  { 

return(new_node)); 
  } 
 
 As already stated earlier, the function should be used very 
carefully, we should not generate a new node when the circular list is not 
full. The cq_full function must have returned the address of the new 
allotted node. 
 
Function To insert an element into the circular list 
 
 Here we are required to pass the address of the pointer rear so that 
when the new node is added at the end, the rear will be modified. The 
added node will now be the new rear of the list. If we want to have its 
value back in the function, which is calling it, we should pass the 
address of the same. This will actually be pointer-to-pointer concept. 
 
 insert (CQT *rear, int data) 
  { 
  CQT n; 
   

n =cq_full(); 
 
if( n != NULL) 

   { 
   n->val = data; 
   n -> next = rear->next; 
   *rear->next = n; 
   *rear = n; 
   } 
  else 
   { 
   printf(“\n NO free Memory”); 
   } 
 } 
 
Function To delete an element from the circular list 
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 int delete ( CQT h, CTQ rear) 
  { 
  int data; 
  CQT d; 
  if( ! q_empty(h)) 
   { 
   data = h->next->val; 
   d = h ->next; 
   h->next = h->next->next; 
   rear->next = h->next;   

 free(d); 
 
   return data; 
   } 
  else 
   { 
   printf(“\n circular list EMPTY”); 
   return 0; 
   } 
    } 
 Sometimes we are required to delete the data from the list and again 
insert it in the same list. Consider the operation like search. With 
circular list it will be very easy. We will just keep the header moving to 
its next till the required node is found. But remember that due to 
circular nature there are chances of going into infinite loop, when not 
handles carefully. 
 
 Thus we will remember the initial value of headers next and keep 
dragging the header till again the headers next points to the original 
node. 
 
 CTQ search(CTQ *h, int data) 
  { 
 
    CTQ first; 
 
  first = *h->next; 
  
  do 
   { 
   if( *h->next->val != data) 
    *h = *h->next; 
   else 
    return (*h->next); 
   }while(h->next != first); 
  
  return (h); 
 } 
 
 
 The function returns the address of the node where the data is 
present as well as the header is also pointing to the same node. In other 
words header has moved ahead till it finds the value. When such a value is 
not found the header itself is returned. When the  control is returned 
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back, we can check whether the data is present at the first position, 
otherwise it is absent. 
 
Recursion and Stacks 

 
Recursion is a powerful tool in C. It is an important facility that 

is available in most of the programming languages such as Pascal, C, C++ 
etc. Now we would understand the meaning of recursion, how a recursive 
definition for a problem can be obtained, the designing aspects and how 
they are implemented in  C language. Finally we compare the iterative 
technique with recursion, their merits and demerits. 
 
Definition 
  
     There are many instances in programming where the solution can t be 
described using recursion. 

 
Recursion is a process of expressing a function in terms of itself.  

A function, which contains a call to the same function or a call to 
another function(direct recursion), which eventually call the first 
function(indirect recursion) is also termed as recursion. We can also 
define recursion as a process in which a function calls itself with 
reduced input and has a base condition to stop the process. i.e, any 
recursive function must satisfy two conditions: 

1. it must have a terminal condition 
2. after each recursive call it should reach a value nearing the 

terminal condition. 
An expression, a language construct or a solution to a problem can be 

expressed using recursion. We will understand the process with the help of 
a classic example ; to find the factorial of a number. 

 
The recursive definition to obtain factorial of n is shown below 

                           
           Fact (n) =          1       if n =0 
                               n*fact(n-1)  otherwise 

We can compute 5! as shown below 

 5!=5*4! 
  4!=4*3! 
   3!=3*2! 
    2!=2*1! 
     1!=1*0! 
      0!=1 
 

 By definition 0! Is 1. So, 0! Will not be expressed in terms of 
itself. Now, the computations will be carried out in reverse order as 
shown 
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0!=1 
     1!=1*0!=1*1=1 
    2!=2*1!=2*1=2 
   3!=3*2!=3*2=6 
  4!=4*3!=4*6=24 
 5!=5*4!=5*24=120 
     
The C program for finding the factorial of a number is as shown: 

#include<stdio.h> 
int fact(int n) 
 { 
 if(n==0) 
  return 1; 
 return n*fact(n-1); 
} 
 
main() 
{ 
 int n; 
  
 printf(“Enter the number \n”); 
 scanf(“%d”,&n); 
 printf(“The factorial of %d = %d\n”,n,fact(n)); 
} 
 
 In fact() the terminal condition is fact(0) which is 1. if we don’t 
write terminal condition, the function ends up in calling itself forever, 
i.e. in an infinite lop. 
 
 Every tine the function is entered in a recursion a separate memory 
is allocated for the local variables and formal variables. Once the 
control comes out the function the memory is de-allocated. 
 
 When a function is called, the return address, the values of local 
and formal variables are pushed onto the stack, a block of memory of 
contiguous locations, set aside for this purpose. After this the control 
enters into the function. Once the return statement is encountered, 
control comes back to the previous call, by using the return value present 
in the stack, and it substitutes the return value to the call. If the 
function does not return any value, control goes to the statement that 
follows the function call.  
 To explain how the factorial program actually works, we will write it 
using indirect recursion: 

# include<stdio.h> 
 
int fact(int n) 
 { 
 int x, y, res; 
 
 if(n==0) 
  return 1; 
 x=n-1; 
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 y=fact(x); 
 res= n*y; 
 
 return res; 
} 
 
main() 
{ 
 int n; 
  
 printf(“Enter the number \n”); 
 scanf(“%d”,&n); 
 printf(“The factorial of %d = %d\n”,n,fact(n)); 
} 
 
 Suppose we have the statement 
 
 A= fact(n); 
 

In the function main(), where the value of n is 4. When the function 
is called first time, the value of n in the function and the return 
address say XX00 is pushed on to the stack. Now the value of formal 
parameter is 4. since we have not reached the base condition of n=0 the 
value of n is reduced to 3 and  the function is called again with 3 as 
parameter. Now again the new return address say XX20 and parameter 3 are 
stored into the stack. This process continues till n takes up the value 0, 
every time pushing the return address and the parameter, Finally control 
returns after folding back each time from one call to another with the 
result value 24. The number of times the function is called recursively is 
called the Depth of recursion. 
 
 Now let see the working of this program to find the factorial of 4 
using the pictorial representation of stack  and understand how the 
recursion takes place in the system. 

 
 
     
4 -- -- -- XX00 
n x y res pc 
 
Fact(4) in main 
 

 
4 3 -- --   XX20 
4 -- -- -- XX00 
N x y res pc 
 
 fact(4)   

  
 
     
3 2 -- -- XX20 
4 3 -- -- XX20 
4 -- -- -- XX00 

n x y Res pc 

 
fact(3)  
 

     
2 1 --  --   XX20 
3 2 -- -- XX20 

4 3 -- -- XX20 

4 -- -- -- XX00 

n x y res pc 

 
fact(2)  
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1 

 
0 

 
-- 

 
-- 

 
  XX20 

2 1 -- --   XX20 
3 2 -- -- XX20 
4 3 -- -- XX20 
4 -- -- -- XX00 

n x y Res pc 

 
fact(1) base condition  
Trace of stack to find 
fact(4) 

  

n x y res=n*y 

1 0 1 1 

2 1 1 2 

3 2 2 6 

4 3 6 24 

Data Structures (9067) 21



    

Iteration versus Recursion 
 
 In recursion, every time a function is called, all the local variables 
, formal variables and return address  will be pushed on the stack. So, it 
occupies more stack and most of the time is spent in pushing and popping. On 
the other hand, the non-recursive functions execute much faster and are easy 
to design. 
 
 There are many situations where recursion is best suited for solving 
problems. In such cases this method is more efficient and can be understood 
easily. If we try to write such functions using iterations we will have to 

e stacks explicitly. us
 
Evaluation of expressions using stacks 

All the arithmetic expressions contain variables or constants, 
operators and parenthesis. These expressions are normally in the infix form, 
where the operators separate the operands. Also, there will be rules for the 
evaluation of the expressions and for assigning the priorities to the 
operators. The expression after evaluation will result in a single value. 
We can evaluate an expression using the stacks.  
 
Evaluation of Expressions 
 

 An expression consists of operators and operands. In an expression if 

the operator, which performs an operation , is written in between the 

operands it is called an infix expression. If the operator is written before 

the operands , it is called prefix expression. If the operator is written 

after the operands, it is called postfix expression. 

Consider an infix expression: 

2 + 3 * ( 4 – 6 / 2 + 7 ) / (2 + 3) – (4 –1) * (2 – 10 / 2)) 

 
When it comes to the evaluation of the expression, following rules are 

used. 
 
1. brackets should be evaluated first. 
2. * and / have equal priority, which is higher than + and -. 
3. All operators are left associative, or when it comes to equal operators, 

the evaluation is from left to right. 
 

In the above case the bracket (4-1) is evaluated first. Then (2-10/2) 
will be evaluated in which /, being higher priority, 10/2 will be evaluated 
first. The above sentence is questionable, because as we move from left to 
right, the first bracket, which will be evaluated, will be (4-6/2+7). 
 
The evaluation is as follows:- 
 

Step 1: Division has higher priority. Therefore 6/2 will  
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result in 3. The expression now will be (4-3+7). 
 Step 2: As – and + have same priority, (4-3) will b  

evaluated first.  
 Step 3: 1+7 will result in 8. 

 
The total evaluation is as follows. 

 
 2 + 3 * (4 – 6 / 2 + 7) / (2 + 3)-(( 4 – 1) * (2 – 10 /2 )) 
=2 + 3 * 8 / (2 + 3) - ((4 - 1) * (2 – 10 / 2)) 
=2 + 3 * 8 / 5 -((4 - 1) * (2 – 10 / 2)) 
=2 + 3 * 8 /5 -(3 * (2 – 10 / 2)) 
=2 + 3 * 8 /5 -(3 * (2 - 5)) 
=2 + 3 * 8 / 5 - (3 * (-3)) 
=2 + 3 * 8 / 5 + 9 
=2 + 24 / 5 + 9 
=2 + 4.8 + 9 
=6.8 + 9 
=15.8 

        
Postfix Expressions 

 
In the postfix expression, every operator is preceded by two operands 

on which it operates. The postfix expression is the postorder traversal of 
the tree. The postorder traversal is Left-Right-Root. In the expression 
tree, Root is always an operator. Left and Right sub-trees are expressions 
by themselves, hence they can be treated as operands. 
 

If we want to operate the postfix expression from the given infix, 
then consider the evaluation sequence and apply it from bottom to top, every 
time converting infix to postfix. 
 
 
 

         e7 
       = e6 + a 
But e6 = e5 - e4 
But e5 = a -  b 
But e4 = e3 * b 
But e3 = e2 + a 
But e2 = c * e1 
But e1 = d / a 
 

  e7 
= e6 a + 
= e5 e4 – a + 
= ab – e4 – a + 
= ab – e3 b * - a + 
= ab – e2 a + b * -a + 
= ab – ce1 * a + b * -a + 
= ab – cda / * a + b * -a + 

  
 The postfix expression does not require brackets. The above method 
will not be useful for programming. For programming, we use a stack, which 
will contain operators and opening brackets. The priorities are assigned 
using numerical values. Priority of + and – is equal to 1. Priority of * and 
/ is 2. The incoming priority of the opening bracket is highest and the 
outgoing priority of the closing bracket is lowest. An operator will be 
pushed into the stack, provided the priority  of the stack top operator is 
less then the current operator. Opening bracket will always be pushed into 
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the stack. Any operator can be pushed on the opening bracket. Whenever 
operand is received, it will directly be printed. Whenever closing bracket 
is received, elements will be popped till opening bracket and printed, the 
execution is as shown. 
 
e.g. 

 
 b -( a + b ) * (( c - d) / a + a ) 

 
1. Symbol is b, hence print b. 
2. On -, Stack being empty, push. Therefore 

 
Top  - 

3. On (, push. Therefore 
Top ( 

  - 
4. On a, operand, Hence Print a. 
 
5. On +, Stack being (, push. Therefore 

 
Top + 

 ( 
 - 

 
6. On b, operand, Hence Print b. 
 
7. On ) , pop till (, and then print. 

Therefore pop +, print +.   Top   - 
  Pop (. 
 

8. On *, Stack being -, push, Therefore 
Top  * 

     - 
 

9. On (, push. Therefore    
Top  ( 

  *  
  - 

 
Note : For Convenience, we will draw horizontal stack. 
 
10. On (, push. Therefore   - *  ( ( 
          Top 
 
11. On C, operand, Hence print C.  - * ( ( - 
12. On-, push. Therefore         Top 
13. On d, operand, Hence print d. 
 
14. On ) , pop till (, and then print. 
 Therefore pop -, print -.   - * ( 
   Pop(       Top 
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15. On /, push. Therefore   - * ( / 
         Top 
16. On a, operand, Hence print a. 
 
17. On +, Stack top is /, pop till (, and then print. 
 Therefore pop/, print/.   - * + 
   Pop(.       Top 
   Push+. 
 
18. On a, operand, Hence print a. 
 
19. On ), pop till (, and then print + 
 Therefore pop +, print_+.   - * 
     Pop(.        Top 
 
20. End of the Infix expression.   - * 
           Top 
 pop all and print, Hence print +. 
        print -. 
 
Therefore the generated postfix expression is  
 
 b a b + c d – a / a + * - 
 
Algorithm to convert an infix expression to postfix expression 
 
Step1: Accept infix expression in a sting S. 
Step2: i  being the position, let it be equal to 0. 
Step3: Initially top = -1, indicating stack is empty. 
Step4: If S[i] is equal to operand, print it, go to step 8. 
Step5: If S[i] is equal to opening bracket, push it, go to  

  step 8. 
Step6: If S[i] is equal to operator, then 

Step6a: Pop the operator from the stack, say, p, 
 If priority of P is less than priority of s[i], then push   
     S[i], push p, go to step 8. 
 Else print p, goto step 6a. 

Step7: If S[i] is equal to operator, then 
  Step7a: pop the operator from the stack, say, p, 
           If p is not equal to opening bracket, then print  

p, step 7a. 
  Else go to step 8. 
Step8: Increment i. 
Step9: If s[i] is equal to ‘\0’, then go to step 4. 
Step10: pop the operator from the stack, say, p. 
Step11: Print p. 
Step12: If stack is not empty, then go to step 10. 
Step13: Stop. 
 
Prefix Expression 
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To convert Infix expression to prefix expression, we can again have 

steps, similar to the above algorithm, but a single stack may not be 
sufficient. We will require two stacks for the following. 
 
1. Containing operators for assigning priorities. 
2. Containing operands or operand expression. 
 

 Every time we get the operand, it will be pushed in stack2 and 
operator will be pushed in stack1. Pushing the operator in stack1 is 
unconditional, whereas when operators are pushed, all the rules of previous 
methods are applicable as they are. When an operator is popped from stack1, 
the corresponding two operands are popped from stack2, say O1 and O2 
respectively. We form the prefix expression as operator, O1, O2 and this 
prefix expression will be treated as a single entity and pushed on stack2. 
Whenever closing bracket is received, we pop the operators from stack1, till 
opening bracket is received. At the end stack1 will be empty and stack2 will 
contain single operand in the form of prefix expression. 

 
e.g. 

 
( a + b ) * ( c – d ) + a 
 
 

Stack1 
 

Stack2 

1. (    
  

 
   

2. (  a  
  

 
   

3. + 
( 

 a  

  
 

   

4. + 
( 

 b 
a 

 

  
 

   

5. (    +ab      O1=a 
 O2=b  

  
 

   

6. (  +ab  
  

 
   

7.   +ab  
  

 
   

8. *  +ab  
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9. ( 
* 

 +ab  

  
 

   

10. ( 
* 

 c+ab  

  
 

   

11. - 
( 
* 

 c+ab  

  
 

   

12. - 
( 
* 

 d 
c 
+ab 

 

  
 

   

13. ( 
* 

  
+ab 

O1=c 
O2=d 

 
 

  -cd   

14. ( 
* 

 -cd 
+ab 

 

 
 

    

15. *  -cd 
+ab 

 

 
 

    

16.    O1=-cd 
O2=+ab 

     
    
    *+ab-cd 
17. +  *+ab-

cd 
 

 
 

    

18. +  a 
*+ab-
cd 

 

 
 

    

19.    O1=*+ab- 
    cd 
O2=a 

 
 

Data Structures (9067) - 27 -



    

The expression is + * + ab -cda 
 
 The trace of the stack contents and the actions on receiving each 
symbol is shown. Stack2 can be stack of header nodes for different lists, 
containing prefix expressions or could be a multidimensional array or could 
be an array of strings. 
 
 The recursive functions can be written for both the conversions. 
Following are the steps for the non-recursive algorithm for converting Infix 
to Prefix. 
 
Step1 : Get the prefix expression, say S. 
Step2 : Set the position counter, i to 0. 
Step3 : Initially top1 and top2 are –1, indicating that the  

   stacks are empty. 
Step4 : If S[i] is equal to opening bracket, push it in  

   stack1, go to step8. 
Step5 : If S[i] is equal to operand it in stack2, go to step8. 
Step6 : If S[i] is equal to operator, stack1 is empty or stack  

   top elements has less priority as compared to S[i] ,    
   go to step 8. 
   Else p= pop the operator from stack1. 

O1= pop the operator from stack1. 
O2= pop the operand from stack2. 
From the Prefix expression p, O1, O2, 
Push in stack2 and go to step6. 

Step7 : If S[i]= opening bracket, then 
Step7a: p= pop the operator from stack1. 
  If p is not equal to closing bracket, then 
  O1= pop the operand from stack2. 
  O2= pop the operand from stack2. 

From the prefix expression p, O1, O2, 
  Push in stack2 and go to step 7a. 
  Else go to step 8. 
Step8 : Increment i. 
Step9 : If s[i] is not equal to “/0”, then go to step4. 
Step10: Every time pop one operator from stack1, pop2 operands  
        from stack2, from the prefix expression p, O1, O2,  
        push in stack2 and repeat till stack1 becomes empty. 
Step11: Pop operand from stack2 and print it as prefix  
        expression. 
Step12: Stop. 
 
 The reverse conversions are left as exersise to the students. 
 
Exercises: 
  
1.  In case we are required to reverse the stack, the one way  
    will be to pop each element from the existing stack and put      
    it in another stack. Thus it is possible to reverse the stack  
    using the stack. This is very obvious but when we are      
    required to use the queue for the same purpose then we will  

Data Structures (9067) - 28 -



    

    use the following steps (algorithm): 
1. pop a value from the stack. 
2. add that value to the queue. 
3. Repeat the above steps till the stack is empty. 
4. Now the stack is empty and queue contains all the elements. 
5. Delete a value from the queue and push it in the stack. 
6. Repeat from step 5 till the queue is empty. 

 
The value, which was popped from the stack for the first time, will 
also be the first value getting deleted from the queue and is the 
first value getting pushed back into the stack. Thus the top value of 
the original stack will be the bottom value and hence the stack will 
be reversed. Use the functions written for stacks and queues to write 
the program.  

2.  A double-ended queue is a linear list in which additions  
 and deletions may be at either end. Write functions to add      
 and delete elements from either end of the queue. 

 
3. Write a program using stacks, to check whether a given string is 

palindrome. The string is palindrome when it reads same in both the 
directions. Remember we are not supposed to store the string in the 
array of characters. The general logic will be to remember the first 
character and push all others in the stack. As the string ends pop a 
character from the stack, it will be the last character, it should be 
equal to the first character remembered. Now pop the next character, and 
repeat the procedure. 
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