Introduction to Abstract Data Types & Stacks

Objectives:  

Review the concept of an abstract data type 
Introduce the stack abstract data type 
Implement the stack abstract data type using an array 
Implement the stack abstract data type using pointers

A.  Abstract Data Type Review

To fully specify an abstract data type we must give the following: 

1. A description of the elements that make up the data type and a description of the relationships between individual elements in the data type. 

2. A description of all operations that can be performed on the elements of the data type. 

For example, the C++ statement 

typedef float ArrayType[50];

defines an abstract data type called ArrayType which you have previously studied.  Note: 

1. Description of elements:  What are the elements in this data structure?  Any array with float elements of type Arraytype.  How do these elements relate to  each other?  Two elements of this type are equal if they contain the same elements in the same order. 

2. Description of operations:  Here we should describe operations that can be performed on an array.   The  operations we perform using arrays include: 
     (a) update the contents of an element in the array, 
     (b)  determine if two arrays are equal, 
     (c)  copy the  elements in one array to another, 
     (d)  order (sort) the elements in an array.

B.  Stacks

A stack is an abstract data type that permits insertion and deletion at only one end called the top.  Note: 

1. Description of elements:  A stack is defined to hold one type of data element.  Only the element indicated by the top can be accessed.  The elements are related to each other by the order in which they are put on the stack. 

2. Description of operations:  Among the standard operations for a stack are: 
(a)  insert an element on top of the stack (push), 
(b)  remove the top element from the stack (pop), 
(c) determine if the stack is empty.

An example of a stack is the pop-up mechanism that holds trays or plates in a cafeteria.  The last plate placed on the stack (insertion) is the first plate off the stack (deletion).  A stack is sometimes called a Last-In, First-Out or LIFO data structure.  Stacks have many uses in computing.  They are used in  solving such diverse problems as "evaluating an expression" to "traversing a maze." 

A stack data structure is used when subprograms are called.  The system must remember where to return after the called subprogram has executed.  It must remember the contents of all local variables before control was transferred to the called subprogram.  The return from a subprogram is to the instruction following the call that originally transferred control to the subprogram.  Therefore, the return address and the local variables of the calling subprogram must be stored in a designated area in memory.  For example, suppose function A has control and calls B which calls C which calls D.  While D is executing, the return stack might look like this: 
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The first "return" would return (from D) to the return address in Function C and the return stack would then look like: 
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The last function called is the first one completed.  Function C cannot finish execution until Function D has finished execution.  The sequence in which these functions are executed is last-in, first-out.  Therefore, a stack is the logical data structure to use for storing return addresses and local variables during subprogram invocations.  You can see that the "stack" keeps the return addresses in the exact order necessary to reverse the steps of the forward chain of control as A calls B, B calls C, C calls D. 

Suppose we want to print a linked list in reverse order.  A stack is the storage structure we need to hold the data in the nodes of the list as we traverse the list in a forward fashion.  We traverse the linked list starting at the head.  As each node is visited its data value is pushed onto a stack.  Once the stack is built, we will take each item off the stack one at a time and print it giving the last to first order desired. 
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For example, traversing the list and "pushing" each element onto a stack would give the following stack: 
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Removing one element at a time from the stack and printing we have the following: 

75.44,   56.25,   92.75,  35.60

  

The stack data structure is one example of a restricted list.  It is restricted because insertion and deletion can only occur at the top of the stack.  A stack is the simplest type of list. 

We will use a class called Stack to represent the stack abstract data type. Insertion and deletion operations have special names in stacks--insertion is called "push" and deletion is called "pop".  Thus s.push(item) means to insert "item" at the top of stack s and  s.pop() means to remove the value at the top of the stack. 

C.  Array Implementation of  the Stack Class

There are numerous ways to implement a stack class.  We will illustrate two methods and discuss the merits of each.  First, we demonstrate how it can be implemented using an array. 

The data in a stack could be implemented using a data member which is an array called elements[0..n-1].  The stack of elements could be built up (from low index, 0, toward higher indices) or down (from high index, n-1, toward lower indices).   It is just a matter of taste.   We also need a data member that indicates the location of the top of the stack.  Call it top.  When the stack is empty we have the following  (the ?? means the memory locations are uninitialized) : 
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Note that s.top contains the value -1, meaning that the stack is empty. 

If we push one item, say 92, on the stack we have: 
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Note that s.top now contains the value 0 meaning that the top of the stack is s.element[0]. 



An array has some fixed limit like n above.  If top is n-1, the stack is full and an error should occur if you try to push another item onto the stack.   If an array implementation were used, a member function full() should be included which will perform a test for a full stack.  Likewise, a member function empty() should be included which will be used to determine if a pop were valid.  A pop from an empty stack (top is -1) should cause an error condition.  Both error conditions must be handled. 

  

This implementation of a stack has a few disadvantages.  Since we are using an array, we must know in advance the upper bound for the number of elements in the list.  In some situations, knowledge of such an upper bound is impossible.  If we use an upper bound which is extremely large (in order to have a stack which can contain our data), we may be wasting space if our data turns out to be quite small.  If we select an upper bound too small, then we have to worry about a stack overflow.  Thus  we may find it advantageous to use a dynamic linked list implementation instead of the static array implementation.   In a linked list implementation, space is allocated only as needed.  If we do have a reasonable upper bound for the number of elements, the static implementation of the stack has the advantage of using less space per element than a dynamic list since a dynamic linked list must contain nodes with a data  field and a link field. 

D.   Pointer Implementation of Stacks

The problem with a "full" stack almost disappears if we use a linked list implementation of a stack.  With a list, the "full" condition will only be true if there is no more memory for the system to allocate to your program.   While this can happen (and does), it is much less frequent than filling up an array. 

Here is a picture of a stack implemented as a linked list: 
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