Stacks

Chapter 5
What’s important about stacks

· What is the stack data type and 

· How do you use its four methods: push, pop, peek, and empty

· How can stacks be implemented

· How are stacks used

· Finding palindromes, 

· Testing for balanced (properly nested) parentheses

· By the OS for method calls

· Evaluating postfix arithmetic expressions

Stack Abstract Data Type

· A stack is a data structure with the property that only the top element of the stack is accessible

· The stack’s storage policy is 
Last-In, First-Out
The  Stack Abstract Data Type

· Only the top element of a stack is visible

· therefore the number of operations performed by a stack are few

· The only methods needed are:

· Inspect the top element (peek)

· Retrieve the top element (pop)

· Push a new element on the stack (push)

· Test for an empty stack (isEmpty)

Two simple stack applications

· Palindrome finder

· A Palindrome is a string that reads the same in either direction

· Examples: “Able was I ere I saw Elba”

· Parentheses matcher

· One of the first htings a compiler does is check for matched parentheses (or brackets)

· (a+b*(c/(d-e)))+(d/e)

Implementing a Stack as an Extension of Vector

· The Java API includes a Stack class as part of the package java.util

· It extends class Vector with five operations that allow a vector to be treated as a stack. 

· The usual push and pop operations are provided, as well as

·  a method to peek at the top item on the stack, 

· a method to test for whether the stack is empty, and 

· a method to search the stack for an item and discover how far it is from the top. 

· When a stack is first created, it contains no items.

· The Vector class is synchronized, so runs slower than the ArrayList class

· It should not be used unless using threads. 
Implementing a Stack using a List Component

· An alternative to using the Stack class is to write a class that has a list component with restricted methods

· Only those methods legal for a stack should be implemented

· This is said to be an adapter class because it adapts the methods of another class to fit the requirements of this class.
Implementing a Stack class

public class ListStack < E > {
  private List < E > theData;

       public ListStack( ) {    theData = new ArrayList < E > ( );  }

       public E push(E obj) {    
           theData.add(obj);    return obj;  }

     public E peek( ) {    
        if (empty( )) throw new EmptyStackException( ); 
        return theData.get(theData.size() - 1);  }

     public E pop( ) {    
        if (empty()) throw new EmptyStackException( ); 
        return theData.remove(theData.size() - 1);  }

       public boolean empty() {
         return theData.size() == 0;  } 
 }

Comparison of Stack Implementations

· Vector is poor choice for stack implementation as all Vector methods are accessible

· Easiest implementation would be to use an ArrayList component for storing data

· All insertions and deletions are constant time regardless of the type of implementation discussed

· All insertions and deletions occur at one end
Additional Stack Application:  
Evaluating arithmetic expressions


· People usually like infix notation

· Binary operations inserted between their operands

· Computers use postfix notation

· The binary operator is entered after the operands

· Example:  3  4  7  *  2  /  +

· Advantage of postfix form is that 

· there is no need to group sub expressions in parentheses

· No need to consider operator precedence

· Stacks can be used to evaluate a postfix expression and to convert an infix expression to postfix

Evaluating a postfix expression

· While there are more tokens

· Get the next token

· If the token is an operand

· Push the integer onto the stack

· Else if the token is an operator

· Pop the right operand off the stack

· Pop the left operand off the stack

· Use the operator to evaluate the operation

· Push the result onto the stack

· Pop the stack and return the result

· Use a stack t evaluate this postfix expression:
4  2  4  7  +  *  8  +  5 /  +

Chapter Review

· A stack is a last-in, first-out (LIFO) data structure

· A stack is a simple but powerful data structure; its four operations include empty, peek, pop, and push

· Stacks are useful to process information in the reverse of the order that it is encountered

· Java.util.Stack is implemented as an extension of the Vector class

