Stack implementation:


Stack  help computers in unfolding their recursive jobs; used in converting an expression to its postfix form; used in Graphs to find their traversals (we have seen that); helps in non-recursive traversal of binary trees (we'll see this) and so on.... 

Memory management:

Any modern computer environment uses a stack as the primary memory management model for a running program.  Whether it's native code (x86, Sun, VAX) or JVM, a stack is at the center of the run-time environment for Java, C++, Ada, FORTRAN, etc.

The discussion of JVM in the text is consistent with NT, Solaris, VMS, Unix runtime environments.

Backtracking


Backtracking is used in algorithms in which there are steps along some path (state) from some starting point to some goal.  Find your way through a maze.  Find a path from one point in a graph (roadmap) to another point.  Play a game in which there are moves to be made (checkers, chess).  

In all of these cases, there are choices to be made among a number of options.  We need some way to remember these decision points in case we want/need to come back and try the alternative

Consider the maze.  At a point where a choice is made, we may discover that the choice leads to a dead-end.  We want to retrace back to that decision point and then try the other (next) alternative.

Again, stacks can be used as part of the solution.  Recursion is another, typically more favored, solution.

Stack:

  - Construction of class myStack (array implementation)

   class myStack{

- variable to hold the capacity of the stack.


- variable to indicate the size of the stack.


- array to hold the elements of the stack.


myStack{} default constructor.


myStack(int size) constructor which takes an argument as the size of the stack.


{


   - set the size of the stack to be the size of the parameter.


   - set the size of the array to be the size of the passing parameter.


}


size(){} //method to return the size of the stack.


push(Object o)  //method to add an object onto the stack.



{


   - Check the stack to see if it is full.



- If it full then return a message telling the user that the stack is full.



- Otherwise, set the top element of the stack to be the object passing 



from the method. Increment the size of the object BEFORE adding the object



onto the stack (why?)


}


pop()  //method to remove an object form the stack.


{


   - declare a tmp object;


   - If the stack is empty, then can not return anything. Thus give a warning and


     exit the method. (use return)


   - Otherwise, set tmp to be the object return.


   - Reduce the size of the stack by 1.


   return the object tmp.


}


peek()  //method to retrieve the information from the top element of the stack


{
//WITHOUT removing this element.


   - If the stack is empty, then can not return anything. Give a warning message.


   - Else display the contents of the top element of the stack.


}


isEmpty()  //a boolean method to return TRUE if the stack is empty and FALSE otherwise.


{


   - IF the size of the stack is less than 0, then it is empty.


   - Otherwise, return FALSE.


}


isFull()  ////a boolean method to return TRUE if the stack is full and FALSE otherwise.



{


   - If the size of the stack is equivalent to the capacity less 1, then the


     stack is full.


   - Otherwise, the stack is not full.


}   


infix()  //a method to process mathematical operations


{


}


postfix()  //a method to process mathematical operations


{


}

}
Evaluating a Postfix Expression

You may be asking what a stack is good for, other than reversing a sequence of data items. One common application is to convert an infix expression to postfix. Another is to find the value of a postfix expression. We will not look at the conversion algorithm here, but we will examine the algorithm to evaluate a postfix expression. 

First, let's explain the terminology. An infix expression is the type that we are used to in ordinary algebra, such as 3 + 9, which is an expression representing the sum of 3 and 9. Infix expressions place their (binary) operators between the two values to which they apply. In the above example, the addition operator was placed between the 3 and the 9. 

A postfix expression, in contrast, places each operator after the two values to which it applies. (Post means "after", right?) The above expression would be 3 9 +, when rewritten in postfix. 

Here are a few more examples in the following table. The infix form is shown on the left, and the postfix form is given on the right. 

	Infix:
	Postfix:

	16 / 2
	16 2 /

	(2 + 14) * 5
	2 14 + 5 *

	2 + 14 * 5
	2 14 5 * +

	(6 - 2) * (5 + 4)
	6 2 - 5 4 + *


Note that postfix expressions do not use parentheses for grouping; it is not needed! Infix sometimes requires parentheses to force a certain order of evaluation. For example, in the second example above, parentheses were needed to indicate that the addition should be done before the multiplication. Without the parentheses you get the third example, where the multiplication is done before the addition (using the precedence rules from ordinary arithmetic, or from C++, for that matter). 

Arithmetic expressions like the above can of course be much longer. We could also allow other operators, such as ^ for exponentiation, or perhaps a unary minus. A sample infix expression that uses exponentiation is 4 ^ 2, which means 4 to the second power. A unary minus is sometimes used as in the infix expression -(4 + 2). A unary operator is one that is applied to a single value, as opposed to the typical binary operators, which are applied to two values. We will not consider unary operators or exponentiation further here. 

The algorithm to evaluate a postfix expression works like this: Start with an empty stack of floats. Scan the postfix expression from left to right. Whenever you reach a number, push it onto the stack. Whenever you reach an operator (call it Op perhaps), pop two items, say First and Second, and then push the value obtained using Second Op First. When you reach the end of the postfix expression, pop a value from the stack. That value should be the correct answer, and the stack should now be empty. (If the stack is not empty, the expression was not a correct postfix expression.) 

Let's look at the postfix expression evaluation algorithm by way of example. Consider the postfix expression 2 14 + 5 * that was mentioned above. We already know from its infix form, (2 + 14) * 5, that the value should be 16 * 5 = 80. The following sequence of pictures depicts the operation of the algorithm on this example. Read through the pictures from left to right. 
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Let's evaluate another postfix expression, say 2 10 + 9 9 - /, which is (2 + 10) / (9 - 6) in infix. Clearly the value should work out to be 12 / 3 = 4. Trace through the algorithm by reading the following pictures from left to right. 
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When one reaches an operator in this algorithm, it is important to get the order right for the values to which it applies. The second item popped off should go in front of the operator, while the first one popped off goes after the operator. You can easily see that with subtraction and division the order does matter. 

A good exercise for the reader is to develop a program that repeatedly evaluates postfix expressions. In fact, with enough work, it can be turned into a reasonable postfix calculator. 

Infix Expression                              Equivalent Postfix Expression 

3*4+5                   


34*5+ 

3*(4+5)/2               


345+*2/

(3+4)/(5-2)             


34+52-/ 

7-(2*3+5)*(8-4/2)       


723*5+842/-*-

3-2+1                   



32-1+

Assume 1-digit integer operands and the binary operators + - * / only 

3*(4+5)/2               


345+*2/ 

Infix Expression Properties:

             Usual precedence and associativity of operators

               Parentheses used to subvert precedence 

Postfix Expression Properties:

             Both operands of binary operators precede operator

               Parentheses no longer needed 

Postfix Expression String Processing
Rules for processing the postfix string:
  Starting from the left hand end, inspect each character of the string
1. 
      if it’s an operand – push it on the stack
2.  if it’s an operator – remove the top 2 operands from the stack,
      perform the indicated operation, and push the result on the stack

An Example:  3*(4+5)/2 ( 345+*2/ ( 13
Remaining Postfix String               int Stack (top()           Rule Used


345+*2/                
empty


45+*2/                 
3                 
1


5+*2/                  
3  4              
1


+*2/                   
3  4  5           
1


*2/                    
3  9              
2


2/                     
27                
2


/                      
27 2              
1


null                   
13                
2

Infix to Postfix Conversion

Rules for converting the infix string:
  Starting from the left hand end, inspect each character of the string
1. 

if it’s an operand – append it to the postfix string
2.  if it’s a ‘(‘ – push it on the stack
3.  if it’s an operator – if the stack is empty, push it on the stack else pop operators of greater or equal precedence and append them to the postfix string, stopping when a ‘(‘ is reached, an operator of lower precedence is reached, or the stack is empty; then push the operator on the stack
4.  if it’s a ‘)’ – pop operators off the stack, appending them to the postfix string, until a ‘(‘ is encountered and pop the ‘(‘ off the stack
5.  when the end of the infix string is reached – pop any remaining operators off the stack and append them to the postfix string

An Example: 7-(2*3+5)*(8-4/2) ( 723*5+842/-*-

      Remaining Infix String              
char Stack         
Postfix String             Rule Used


7-(2*3+5)*(8-4/2) 
empty      
null


-(2*3+5)*(8-4/2)    empty      
7                 1


(2*3+5)*(8-4/2)        -       
7                 3


2*3+5)*(8-4/2)         -(      
7                 2


*3+5)*(8-4/2)          -(         72                1


3+5)*(8-4/2)           -(*        72                3

+5)*(8-4/2)            -(*        723               3

5)*(8-4/2)             -(+        723*              3

)*(8-4/2)              -(+        723*5             1

*(8-4/2)               -          723*5+            4

(8-4/2)                -*         723*5+            3


8-4/2)                 -*(        723*5+            2

-4/2)                  -*(        723*5+8           1

4/2)                   -*(-       723*5+8           3

/2)                    -*(-       723*5+84          1

2)                     -*(-/      723*5+84          3

)                      -*(-/      723*5+842         1

null                    empty     723*5+842/-*-    4&5
Evaluating a Postfix expression

The following explains how to write a program that uses a stack to evaluate a postfix expression, e.g., 3 4 * 5 +, directly. The algorithm is:

(1) As you read the expression from left to right, push each operand on the stack (here 3 and 4) until you encounter an operator (here, *).

(2) Pop the stack twice and perform a calculation using the operator and the two operands popped (here, 3*4 or 12). Push this result (here, 12) on the stack.

(3) Next push 5 on the stack and when the "+" is encountered, pop 5 and then 12 from the stack and get 5 + 12 or 17. Then push 17 onto the stack. Since there is no more data, pop the stack and obtain 17 as the final answer. If during the program you can't pop the stack or there is data remaining on the stack at the end, then our postfix expression is wrong. 

Converting an Infix to a Postfix expression without parentheses

The algorithm is:

(1) As you read the input string from left to right, add each operand to the ouput string (in 3 * 4 + 5, add 3 to the output string).

(2) When you encounter the first operator (here, *) push it on the stack.

(3) Add the next operand to the ouput string (it is now 3 4).

(4) When you encounter the next operator (here, +), while the operator on the stack top (here, *) has a higher or equal precedence to this operator, pop it and add it to the output string (it is now 3 4 *). 
     Push the operator (here, +) on the stack.

(5) Continue this process until you read the entire input string 
(in our example, the output string becomes 3 4 * 5).

(6) Pop the stack and add the operators to the output string until the stack is empty 
(our output becomes 3 4 * 5 +).

The psuedocode for the while loop performed as valid is true and not eoln is:

if operand( token ) then

    postfix := postfix + token

else if operator( token ) then

     while not stack.empty and precedence( stack.top, token ) do

          postfix := postfix + stack.pop;

     stack.push( token )

else valid := false

After the loop is done and valid is true then

   while not stack.empty do

        postfix := postfix + stack.pop;

The precedence is such that:

  Top of stack          Precedence over

----------------------------------------

  '*', '/'              everything

  '+', '-'               '+', '-'

Converting an Infix to a Postfix expression with parentheses.

When a '(' is encountered, its always pushed on the stack. When its on the stack, all incoming tokens (except the ")" ) have precedence over it and are pushed on the stack.  When a ')' is encountered, everything on the stack to the first ')' is popped and added to the postfix expression. Then the ')' is popped and discarded.

Lets look at (2+3)/(4*5)

(1) The '(' is pushed.

(2) The 2 is added to the output.

(3) The '+' is pushed on the stack.

(4) The 3 is added to the out; its now 23.

(5) The ')' triggers the '+' to be popped and added to output; its now 23+.

(6) The '(' is popped and discarded.

(7) The '/' is pushed.

(8) The '(' is pushed.

(9) The 4 is added to the output; its now 23+4

(10) The "*' is pushed.

(11) The 5 is added to the output; its now 23+45

(12) The  ')' triggers the '*' to be popped and added to output; its now 23+45*

(13) The eoln is now true, so if no invalid characters have been encountered.

     all the tokens remaining on the stack are popped  and added to the output;

     its now  23+45*/

The psuedocode for the while loop performed when valid is true and not eoln is:

if operand( token ) then

    postfix := postfix + token

else if operator( token ) then

     while not stack.empty and precedence( stack.top, token ) do

          postfix := postfix + stack.pop;

     if operator( token ) <> ')' then

          stack.push( token )

      else

          pop stack and discard it

else valid := false

Algorithm evaluatePostfix(postfix)
// Evaluates a postfix expression.

valueStack = a new empty stack
while (postfix has characters left to parse)

{

nextCharacter = next nonblank character of postfix

switch (nextCharacter)

{

case variable:

valueStack.push(value of the variable nextCharacter)

break

case '+': case '-': case '*': case '/': case '^':

operandTwo = valueStack.pop()

operandOne = valueStack.pop()

result = the result of the operation in nextCharacter and its operands

operandOne and operandTwo

valueStack.push(result)

break

default: break

}

}

return valueStack.peek()


The Program Stack
When a method is called

•

Runtime environment creates activation record

•

Shows method's state during execution

• Contains arguments, local vars, PC

Activation record pushed onto the program stack (in Java, the Java stack)

•

Top of stack is currently executing method

•

Next method down in stack is the one that called current method



The Program Stack
The program stack 

(a) when main begins execution; 

(b)when methodA begins execution, 

(c) when methodB begins execution.



Recursive Methods

A recursive method making many recursive calls

•

Places many activation records in the program stack
•

Hence recursive methods can use much memory

Possible to replace recursion with iteration by using a stack


Using a Stack Instead of Recursion

private boolean binarySearch(int first, int last, Comparable desiredItem)

{

boolean found;

int mid = (first + last)/2;

if (first > last)

found = false;

else if (desiredItem.equals(entry[mid]))

found = true;

else if (desiredItem.compareTo(entry[mid]) < 0)

found = binarySearch(first, mid-1, desiredItem);

else

found = binarySearch(mid+1, last, desiredItem);

return found;

} // end binarySearch



Iterative Binary Search using Stack
private boolean binarySearch(int first, int last, Comparable desiredItem)

{ 

StackInterface programStack = new ArrayStack();

boolean found = false;

boolean done = false;

programStack.push(new Record(first, last));

while (!done && !programStack.isEmpty()) {

Record topRecord = (Record)programStack.pop();

first = topRecord.first; last = topRecord.last;

int mid = (first + last)/2;

if (first > last) { found = false; done = true; }

else if (desiredItem.equals(entry[mid])) {

found = true; done = true; }

else {

if (desiredItem.compareTo(entry[mid]) < 0)

programStack.push(new Record(first, mid-1));

else

programStack.push(new Record(mid+1, last));

} // end if

} // end while

return found;

} // end binarySearch
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Call and return process

When a method/function is called

1. An activation record is created; its size depends on the number and size of the local variables and parameters. 

2. The Base Pointer value is saved in the special location reserved for it 

3. The Program Counter value is saved in the Return Address location 

4. The Base Pointer is now reset to the new base (top of the call stack prior to the creation of the AR) 

5. The Program Counter is set to the location of the first bytecode of the method being called 

6. Copies the calling parameters into the Parameter region 

7. Initializes local variables in the local variable region 

While the method executes, the local variables and parameters are simply found by adding a constant associated with each variable/parameter to the Base Pointer.

When a method returns

1. Get the program counter from the activation record and replace what's in the PC 

2. Get the base pointer value from the AR and replace what's in the BP 

3. Pop the AR entirely from the stack. 

