Unit 11

Stack

Stack — Definition, Array representation of stack, Operations on stack: Infix,
prefix and postfix notations, Conversion of an arithmetic expression from Infix

to postfix, Applications of stacks.



Stack Data Structure

Stack is a linear data structure which follows a particular order in which the operations are
performed. The order may be LIFO(Last In First Out) or FILO(First In Last Out).
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There are many real-life examples of a stack. Consider an example of plates stacked over one

Pop

another in the canteen. The plate which is at the top is the first one to be removed, i.e. the plate
which has been placed at the bottommost position remains in the stack for the longest period
of time. So, it can be simply seen to follow LIFO(Last In First Out)/FILO(First In Last Out)

order.
Mainly the following three basic operations are performed in the stack:

= Push: Adds an item in the stack. If the stack is full, then it is said to be an Overflow

condition.

= Pop: Removes an item from the stack. The items are popped in the reversed order in

which they are pushed. If the stack is empty, then it is said to be an Underflow condition.
= Peek or Top: Returns top element of stack.
= isEmpty: Returns true if stack is empty, else false.

Time Complexities of operations on stack:
push(), pop(), isEmpty() and peek() all take O(1) time. We do not run any loop in any of

these operations.

Applications of stack:

= Balancing of symbols


https://www.geeksforgeeks.org/check-for-balanced-parentheses-in-an-expression/

= Infix to Postfix /Prefix conversion
= Redo-undo features at many places like editors, photoshop.
= Forward and backward feature in web browsers
= Used in many algorithms like Tower of Hanoi,tree traversals, stock span
problem, histogram problem.
= Other applications can be Backtracking, Knight tour problem, rat in a maze, N queen
problemand sudoku solver.
= In Graph Algorithms like Topological Sorting and Strongly Connected Components
Implementation:
There are two ways to implement a stack:
= Using array
= Using linked list
Implementing Stack using Arrays

// C program for array implementation of stack
#include <stdio.h>

#include <stdlib.h>

#include <limits.h>

// A structure to represent a stack
struct Stack
{

int top;

unsigned capacity;

int* array;

b

// function to create a stack of given capacity. It initializes size of
// stack as 0
struct Stack* createStack (unsigned capacity)

{

struct Stack* stack = (struct Stack*) malloc(sizeof (struct Stack)):;
stack->capacity = capacity;

stack->top = -1;

stack->array = (int*) malloc (stack->capacity * sizeof (int));

return stack;

}

// Stack is full when top is equal to the last index
int isFull (struct Stack* stack)
{ return stack->top == stack->capacity - 1; }

// Stack is empty when top is equal to -1
int isEmpty(struct Stack* stack)
{ return stack->top == -1; }

// Function to add an item to stack. It increases top by 1
void push(struct Stack* stack, int item)
{
if (isFull (stack))
return;
stack->array[++stack->top] = item;
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printf ("%d pushed to stack\n", item);
}

// Function to remove an item from stack. It decreases top by 1
int pop(struct Stack* stack)

{
if (isEmpty(stack))
return INT MIN;
return stack->arrayl[stack->top--];

}

// Driver program to test above functions
int main ()

{
struct Stack* stack = createStack(100);

push (stack, 10);
push (stack, 20);
push (stack, 30);

printf ("%d popped from stack\n", pop(stack));

return 0;

Pros: Easy to implement. Memory is saved as pointers are not involved.
Cons: It is not dynamic. It doesn’t grow and shrink depending on needs at runtime.
Output :

10 pushed into stack
20 pushed into stack
30 pushed into stack
30 popped from stack



Pros: The linked list implementation of stack can grow and shrink according to the needs at
runtime.

Cons: Requires extra memory due to involvement of pointers.

Infix, Prefix and Postfix Expressions

When you write an arithmetic expression such as B * C, the form of the expression provides
you with information so that you can interpret it correctly. In this case we know that the variable
B is being multiplied by the variable C since the multiplication operator * appears between
them in the expression. This type of notation is referred to as infix since the operator is in

between the two operands that it is working on.

Consider another infix example, A + B * C. The operators + and * still appear between the
operands, but there is a problem. Which operands do they work on? Does the + work on A and

B or does the * take B and C? The expression seems ambiguous.

In fact, you have been reading and writing these types of expressions for a long time and they
do not cause you any problem. The reason for this is that you know something about the
operators + and *. Each operator has a precedence level. Operators of higher precedence are
used before operators of lower precedence. The only thing that can change that order is the
presence of parentheses. The precedence order for arithmetic operators places multiplication
and division above addition and subtraction. If two operators of equal precedence appear, then

a left-to-right ordering or associativity is used.

Let’s interpret the troublesome expression A + B * C using operator precedence. B and C are
multiplied first, and A is then added to that result. (A + B) * C would force the addition of A
and B to be done first before the multiplication. In expression A + B + C, by precedence (via

associativity), the leftmost + would be done first.

Although all this may be obvious to you, remember that computers need to know exactly what
operators to perform and in what order. One way to write an expression that guarantees there
will be no confusion with respect to the order of operations is to create what is called a fully
parenthesized expression. This type of expression uses one pair of parentheses for each
operator. The parentheses dictate the order of operations; there is no ambiguity. There is also

no need to remember any precedence rules.



The expression A + B * C + D can be rewritten as ((A + (B * C)) + D) to show that the
multiplication happens first, followed by the leftmost addition. A + B + C + D can be written

as (((A + B) + C) + D) since the addition operations associate from left to right.

There are two other very important expression formats that may not seem obvious to you at
first. Consider the infix expression A + B. What would happen if we moved the operator before
the two operands? The resulting expression would be + A B. Likewise, we could move the
operator to the end. We would get A B +. These look a bit strange.

These changes to the position of the operator with respect to the operands create two new
expression formats, prefix and postfix. Prefix expression notation requires that all operators
precede the two operands that they work on. Postfix, on the other hand, requires that its
operators come after the corresponding operands. A few more examples should help to make

this a bit clearer (see Table 2).

A + B * C would be written as + A * B C in prefix. The multiplication operator comes
immediately before the operands B and C, denoting that * has precedence over +. The addition

operator then appears before the A and the result of the multiplication.

In postfix, the expression would be A B C * +. Again, the order of operations is preserved since
the * appears immediately after the B and the C, denoting that * has precedence, with + coming
after. Although the operators moved and now appear either before or after their respective

operands, the order of the operands stayed exactly the same relative to one another.

Infix Expression Prefix Expression Postfix Expression
A+B +AB AB+
A+B*C +A*BC ABC*+

Now consider the infix expression (A + B) * C. Recall that in this case, infix requires the
parentheses to force the performance of the addition before the multiplication. However, when
A + B was written in prefix, the addition operator was simply moved before the operands, + A
B. The result of this operation becomes the first operand for the multiplication. The

multiplication operator is moved in front of the entire expression, giving us * + A B C.



Likewise, in postfix A B + forces the addition to happen first. The multiplication can be done
to that result and the remaining operand C. The proper postfix expression is then AB + C *.

Consider these three expressions again (see Table 3). Something very important has happened.
Where did the parentheses go? Why don’t we need them in prefix and postfix? The answer is
that the operators are no longer ambiguous with respect to the operands that they work on. Only
infix notation requires the additional symbols. The order of operations within prefix and postfix
expressions is completely determined by the position of the operator and nothing else. In many

ways, this makes infix the least desirable notation to use.

Infix Expression Prefix Expression Postfix Expression

(A+B)*C *+ABC AB+C*

Table 4 shows some additional examples of infix expressions and the equivalent prefix and
postfix expressions. Be sure that you understand how they are equivalent in terms of the order

of the operations being performed.

Infix Expression Prefix Expression Postfix Expression
A+B*C+D ++A*BCD ABC*+D+
(A+B)*(C+D) *+AB+CD AB+CD+*
A*B+C*D +*AB*CD AB*CD*+
A+B+C+D +++ABCD AB+C+D+

Conversion of Infix Expressions to Prefix and Postfix

So far, we have used ad hoc methods to convert between infix expressions and the equivalent
prefix and postfix expression notations. As you might expect, there are algorithmic ways to
perform the conversion that allow any expression of any complexity to be correctly

transformed.

The first technique that we will consider uses the notion of a fully parenthesized expression

that was discussed earlier. Recall that A + B * C can be written as (A + (B * C)) to show



explicitly that the multiplication has precedence over the addition. On closer observation,
however, you can see that each parenthesis pair also denotes the beginning and the end of an

operand pair with the corresponding operator in the middle.

Look at the right parenthesis in the subexpression (B * C) above. If we were to move the
multiplication symbol to that position and remove the matching left parenthesis, giving us B C
*, we would in effect have converted the subexpression to postfix notation. If the addition
operator were also moved to its corresponding right parenthesis position and the matching left

parenthesis were removed, the complete postfix expression would result (see Figure 6).
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If we do the same thing but instead of moving the symbol to the position of the right
parenthesis, we move it to the left, we get prefix notation (see Figure 7). The position of the

parenthesis pair is actually a clue to the final position of the enclosed operator.

So in order to convert an expression, no matter how complex, to either prefix or postfix
notation, fully parenthesize the expression using the order of operations. Then move the
enclosed operator to the position of either the left or the right parenthesis depending on whether

you want prefix or postfix notation.

Here is a more complex expression: (A + B) * C - (D - E) * (F + G). Figure 8 shows the

conversion to postfix and prefix notations.

APPLICATIONS OF STACK

Expression Evaluation
Stack is used to evaluate prefix, postfix and infix expressions.
Expression Conversion

An expression can be represented in prefix, postfix or infix notation. Stack can be used to

convert one form of expression to another.



Syntax Parsing

Many compilers use a stack for parsing the syntax of expressions, program blocks etc. before

translating into low level code.
Backtracking

Suppose we are finding a path for solving maze problem. We choose a path and after following
it we realize that it is wrong. Now we need to go back to the beginning of the path to start with

new path. This can be done with the help of stack.

Parenthesis Checking

Stack is used to check the proper opening and closing of parenthesis.
String Reversal

Stack is used to reverse a string. We push the characters of string one by one into stack and

then pop character from stack.
Function Call

Stack is used to keep information about the active functions or subroutines.



