STACK STRUCTURE

Implementing a stack as a C++ structure

Delroy A. Brinkerhoff
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Presentation Notes
A general stack is an example of an abstract data type (or ADT). An ADT is a structured type consisting of two or more values that work together to manage a collection of client data. Computer scientists characterize them by how they organize the data and what they can do with it. To simplify the demonstration and focus on stack operations, the example creates a stack that can only store characters.



STACK HEADER FILE

Stack Structure

Stack Function Prototypes

//#define SIZE 100
//enum { SIZE = 100; }
const int SIZE = 100;

struct stack

{
char  st[SIZE];
int sp;

Iy

stack make_ stack();

void 1init stack(stack* s);

void push(stack* s, char data);
char pop(stack* s);

int size(stack* s);

char peek(stack* s);
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Early programming languages introduced structures and similar constructs to facilitate data grouping and processing. The current implementation specifies a stack structure consisting of an array and a stack pointer. It must specify the array’s size with a compile-time constant, and the example illustrates three ways of setting the constant’s value, with the enumeration or constant being preferred.
Software developers typically put the structure specification and its supporting function prototypes in a header file, making them easy to use in client programs. The compiler reads files once from top to bottom. Consequently, the structure specification must precede the prototypes that use it. Also, notice that most of the functions have a stack pointer that binds them to a specific stack object while they run.



INSTANTIATING AND INITIALIZING

L B = T S N

stack make_stack()
{
stack temp;
temp.sp = 0;
return temp;

«— sp=0 }

void init stack(stack* s)

{

S->Sp = 0;

}
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The stack pointer, which is just an index into the array, indicates the top of the stack. This location is where the push operation stores the next data element, and is one element beyond the data the pop operation returns. The program must initialize the stack pointer to 0 for these operations to work correctly.
The example includes two functions that perform similar tasks. The first follows the previous Time example for continuity, while the second is more typical and paves the way for the introduction of classes in a subsequent chapter. Critically, both functions initialize the stack pointer. It’s essential for clients using the stack to initialize it, an operation elegantly automated by classes.



REQUIRED OPERATIONS

void push(stack* s, char data) char pop(stack* s)
{ {
if (s->sp < SIZE) if (s->sp > @)
s->st[s->sp++] = data; return s->st[--(s->sp)];
else else
throw "Stack Overflow"; throw "Stack Underflow";
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Push and pop are the fundamental stack operations. The push operation puts the next data value at the index location indicated by the stack pointer. It also increments the stack pointer, making it ready for the next push. If the stack is full, push throws an exception, preventing a buffer overflow. A subsequent chapter covers exceptions in more detail.
The pop operation removes and returns the top element from the stack. The function decrements the stack pointer before using it as an array index. Without the parentheses, the function evaluates the decrement and arrow operators from left to right. If the stack is empty, the function throws an exception, preventing a buffer underflow.



OPTIONAL OPERATIONS

int size(stack* s) char peek(stack* s)
{ {
return s->sp; return s->st[s->sp - 1];
} }
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The size and peek functions are helpful, but not always included in every stack implementation. By pointing to the next available position in the stack, the stack pointer doubles as the stack’s size. The peek function allows the client to see the top element without removing it by subtracting 1 from the stack pointer before indexing into the array. The subtraction operation does not change the stack pointer like the decrement operation used in the pop function.



#include <iostream>
#include "stack.h"
using namespace std;

int main()

{
stack s;
init _stack(&s);
MAKING AND USING A push(&s, 'x');
STACK push(&s, 'y');

push(&s, 'z');

char c = peek(&s);
cout << c << endl;

A simple client

c = pop(&s);
cout << c << endl;

while (size(&s) > 9)
cout << pop(&s) << endl;

return 0;
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A simple client program demonstrates and validates the stack structure. It creates and initializes a stack using the most common approach. The stack functions require an argument indicating the stack on which they operate. The functions modify the stack, so the argument must be passed with an INOUT mechanism, either as a pointer or a reference. The demonstration uses a pointer to set the stage for an object-oriented feature introduced in a subsequent chapter. Consequently, the client finds and passes the stack’s address. The client pushes three characters onto the stack, peeks at the top character, and pops them off.
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