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Implementing a stack with an array allocated on the heap

Delroy A. Brinkerhoff


Presenter
Presentation Notes
The second stack example is logically equivalent to the first, but differs in where the program allocates memory for the stack array. Whereas the previous example allocated the array automatically on the runtime stack, this version allocates it on the heap with the “new” operator.



STACK IMPLEMENTATIONS

AUTOMATIC ARRAY DYNAMIC ARRAY
Easy to use Flexible
The array size is fixed at creation The user specifies the array size at creation
Memory is wasted if the array is much Error-prone

larger than needed ,
Easy to forget to delete the array, causing a

The program may fail if the array is too memory leak
small


Presenter
Presentation Notes
The automatic version is relatively easier for clients to use than the dynamic version. However, it also has a significant problem: if programmers make the array much larger than what the client needs, they waste memory. Alternatively, if they make it too small, the program will fail.
Dynamically allocated arrays solve this problem. However, they are error-prone and therefore more difficult to use. If the client fails to deallocate the memory when the program no longer uses the array, a memory leak occurs. Remembering to deallocate the array is the primary problem with dynamic arrays.



DYNAMIC STACK
HEADER FILE

Stack Structure

Stack array allocated on the heap with new

struct dstack

{

s

char* st;
int Sp;
int max;

dstack make stack(int size);

void
void
char
int

char
void

init_stack(dstack* s, int size);
push(dstack* s, char data);
pop(dstack* s);

size(dstack* s);

peek(dstack* s);

cleanup(dstack* s);


Presenter
Presentation Notes
The dynamic-array version of the stack structure changes the array to a pointer. In this context, a pointer is a variable that stores a memory address, and shouldn’t be confused with the stack pointer, which is an integer that points to the top of the stack. This implementation also adds a field to store the array’s maximum size. Clients specify the stack’s maximum size when they create it. This value replaces the symbolic constant in the previous version, while the remaining prototypes are unchanged. The online code illustrates both stack creation and initialization functions, but the video focuses only on the latter.



INSTANTIATING AND INITIALIZING

dstack s;
init_stack(&s, 10);

void init_stack(dstack* s, int size)

{

0 = Rka L

s->st = new char[size];
—sp=0

+ S->Sp = 0;
s->max = size;



Presenter
Presentation Notes
The client creates and initializes a stack object, specifying its size during initialization. Remembering to initialize a stack before using it is another requirement complicating its use. Classes present an improved creation and initialization syntax, solving the initialization problem. The initialization function allocates the array memory on the heap, initializes the stack pointer, and sets the array’s maximum size.



REQUIRED OPERATIONS

void push(dstack* s, char data) char pop(dstack* s)
{ {
if (s->sp < s->max) if (s->sp > 0)
s->st[s->sp++] = data; return s->st[--(s->sp)];
else else
throw "Stack Overflow"; throw "Stack Underflow";


Presenter
Presentation Notes
The dynamic versions of the push and pop functions are nearly identical to the previous example. The only change is that the test in the push function now compares the stack pointer to the array’s maximum size.



OPTIONAL OPERATIONS

int size(stack* s) char peek(stack* s)

{ {

return s->sp; return s->st[s->sp - 1];

} }


Presenter
Presentation Notes
The size and peek functions are unchanged.



DESTROYING / DEALLOCATING
MEMORY

Memory allocated on the heap with new void cleanup(dstack* s)

remains allocated until deleted {

Memory cannot be reused until it’s delete[] s->st;

deallocated

}

If a program “loses” the address of
memory, it can’t use or deallocate it

Unused heap memory is called “garbage”


Presenter
Presentation Notes
C++ tasks programmers with managing dynamic or heap memory. The trade-off for the increased effort is faster, more flexible programs. Memory allocated with “new” remains allocated and unavailable for reuse by the program until the program deletes it. So, if a program loses its address, that memory is lost to the program. The dynamic stack implementation adds a function to deallocate the stack’s array, making the memory available for reuse.



int main()

{

dstack s;
init_stack(&s, 10);

push(&s, 'x');

push(&s, 'y');

MAKING AND USING A push(&s, 'z");
DYNAMIC STACK

char ¢ = peek(&s);
cout << ¢ << endl;

A simple client
¢ = pop(&s);
cout << c << endl;

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

cleanup(&s);

return 0;



Presenter
Presentation Notes
Changing the stack’s implementation has surprisingly little impact on how a client uses it. The testing program illustrates the two needed changes. First, the client must specify the stack’s size, and second, it must deallocate the stack’s array.
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