Chapter 12: Dynamic Data Structure

* The sizes fo dynami c data structures can grow abd shrink at
execution tinme.

* Linked lists: collections of data itens "lined up in a row'

i nsertions and del etions are nmade anywhere in a linked |ist.

* Stacks are inportant in conpilers and operating systens; insertions
and del etions are nmade only at one end of stack, which is top

* Queues represent waiting lines; insertions are nade at the back
(also referred to as the tail) of a queue, and del etions are nade from
the front (also referred as the head) of the queue.

* Binary tree facilitate high-speed searching and sorting of data,
efficient elimnation of duplicate data itens, representing

file systemdirectories, and conpiling expressions into machi ne

| anguage.

Sel f-Referential Structures

* it contains a pointer nenmber that points to a structure of the sane
structure type

* E g.
struct node
{
i nt dat a;
struct node *nextPtr;
}s

* menber "nextPtr" points to a structure of type struct node - a
structure of the sane type as the one being declared

* "nextPtr" is referred to as a link, i.e., "nextPtr" can be used to
"tie" a structure of type "struct node" to another structure of the
same type

* this is the basic formof lists, queues, stacks and trees
* the rel ationship can be shown by

[15]*]-->[10]\]
* a slash - representing a "NULL" pointer - is placed in the |ink
menber of the last self-referential structure to indicate that the
I ink does not point to another structure.

Dynam c Menory Allocation
* the ability for a programto obtain nore nenory space at execution
time to hold new nodes, and to rel ease space no | onger needed

* Function "malloc" takes as an argunent the number of bytes to be
all ocated, and return a pointer of type "void *" (pointer to void) to
the all ocated nenory
* e.g.

newPtr = mal |l oc(sizeof (struct node));
* the "sizeof(struct node)" is evaluted to deternmine the size in bytes
of a structure of type "struct node", allocates a new area of nenory
for "sizeof(struct node)" byte, and stores a pointer to the allocated
menory in variable "newPtr". If no nenory is available, "nmalloc"
returns a "NULL" pointer

* Function "free" deallocates nenory, i.e., the nenory is returned to
the systemso that the nmenory can be reallocated in the future. To
free menory dynamically allocated by the prec%ding "mal | oc" call, use



t he statenent,
* e.g.
free(newPtr);

Li nked Lists
*alinked list is a linear collection of self-referential structures,
cal | ed nodes, connected by pointer |inks
* alinked list is accessed via a pointer to the first node of the
list
* subsequent nodes are accessed via the |ink pointer nenber stored in
each node
* the link pointer in the last node of a list is set to "NULL" to nmark
the end of the Iist
* data are stored dynanically; each node is created as necessary.
* linked list is appropriate when the nunber of data el enents to be
represented in the data structure at once is unpredictable; the length
of a list can increase ot decrease as necessary
* the size of array cannot be altered, because array nenory is
all ocated at conpile tine
* arrarys can becone full; linked lists becone full when the system
has insufficient menory to satisfy dynanic storage allocation requests
* linked lists can be naintained in sorted order by inserting each new
el ement at the proper point in the |ist
* e.g.

[17]*1->[29] *]1-> ... ->[93|\]

N

startPtr

Mai n Program

* The main program nmani pul ates a |ist of charachers is shown in the
fol | owi ng.

* The programis used to insert a character in the list in

al phabetical order and delete a character fromthe |ist.

* e.g.
#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>

struct listNode { /* self-referential structure */
char data
struct |istNode *nextPtr;

}s

typedef struct |istNode LI STNODE
typedef LI STNODE *LI STNODEPTR,

voi d insert (LI STNODEPTR *, char);
char del et e(LI STNODEPTR *, char);
int isEnpty(LlI STNODEPTR);

voi d printList(LI STNODEPTR);

void instructions(void);

mai n()

{
LI STNODEPTR startPtr = NULL
i nt choi ce;



char item

instructions(); /* display the menu */
printf("? ");
scanf ("%l", &choice);

while (choice !'= 3) {

switch (choice) {
case 1:
printf("Enter a character: ");
scanf ("\n%", & tem;
insert(&starthPtr, iten);
printList(startptr);
br eak;
case 2:
if (lisEmpty(startbPtr)) {
printf("Enter character to be deleted: ");
scanf ("\n%", & tem;

if (delete(&startPtr, itenm) {
printf("% deleted.\n", item;
printList(startPtr);

}
el se
printf("% not found.\n\n", iten);

}
el se

printf("List is empty.\n\n");
br eak;

def aul t:

printf("lnvalid choice.\n\n");
i nstructions();
br eak;

}

printf("? ");
scanf ("%l", &choice);

}

printf("End of run.\n");
return O,

}

/* Print the instructions */
void instructions(void)

{
printf("Enter your choice:\n"
1toinsert an element into the list.\n"
2 to delete an elenent fromthe list.\n"
3to end \n");
}

i nt isEnpty(LI STNODEPTR sPtr)

return sPtr == NULL;



}

* Function isEnpty determines if the list is enpty. If the list is
enpty, 1 is return; otherwise, 0 is returned

printList
void printList(LI STNODEPTR currentPtr)
{
if (currentPtr == NULL)
printf("List is empty.\n\n");
el se {
printf("The list is:\n");
while (currentPtr !'= NULL) {
printf("% -->", currentPtr->data);
currentPtr = currentPtr->nextPtr;
}
printf("NULL\n\n");
}
}

* Function printList prints the |ist.

* it receives a pointer to the start of the list as an argunent, and
refers to the pointer as currentPtr.

* The function first determines if the list is enpty.

* herwise, it prints the data in the list. Wile "currentPtr” is not
"NULL", "currentPtr->data" is printed by the function, and
"currentPtr->nextPtr" is assigned to "currentPtr".

* Note that if the link in the last of the list is not NULL, the
printing algorithmw Il try to print past the end of the list, and an
error will occur.

I nsert

voi d insert (LI STNODEPTR *sPtr, char val ue)

{
LI STNODEPTR newPtr, previousPtr, currentPtr;

newPtr = mal |l oc(sizeof (LI STNODE)) ;
if (newPtr != NULL) { /* is space available */
newPt r - >data = val ue;

newPtr->next Ptr = NULL;

previ ousPtr = NULL;
currentPtr = *sPtr;

while (currentPtr !'= NULL && value > currentPtr->data) {
previousPtr = currentPtr; /* walk to ... */
currentPtr = currentPtr->nextPtr; /* ... next node */
}

if (previousPtr == NULL) {
newPtr->nextPtr = *sPtr;
*sPtr = newPtr;



}

el se {
previ ousPtr->nextPtr = newPtr;
newPtr->nextPtr = currentPtr;
}
}

el se
printf("% not inserted. No nenory avail able.\n",
val ue);

}

* Functions insert (and delete) receives the address of the list and a
character to be inserted (or deleted). The address of the list is
necessary when a value is to be inserted at the start of the list.
* Providing the address of the list enables the list (i.e. the pointer
to the first node of the list) to be nodified via a call by reference.

* The steps are as foll ows:

1) Create a node by calling malloc, assigning to newPtr the address of
the allocated nenory, assigning the character to be inserted to
newpPt r- >data, and assigning NULL to newPtr->nextPtr

2) Initialize previousPtr to NULL, and currentPtr to *sPtr (the
pointer to the start of the list). Pointers previousPtr and currentPtr
are used to store the locations of the node preceding the insertion
poi nt and the node after the insertion point

3) Wiile currentPtr is not NULL and the value to be inserted is
greater than currentPtr->data, assign currentPtr to previousPtr and
advance currentPtr to the next node in the list. This |ocates the
insertion point for the value in the list.

4) |f previousPtr is NULL, the new node is inserted as the first node
inthe list. Assign *sPtr to newPtr->nextPtr (the new node |ink points
to the fornmer first node), and assign newPtr to *sPtr (*sPtr points to
the new node). If previousPtr is not NULL, the new node is inserted in
pl ace. Assign newPtr to previousPtr->nextPtr (the previos node points
to the new node), and assign currentPtr to newPtr->nextPtr (the new
node |ink points to the current node).

char del et e(LI STNODEPTR *sPtr, char val ue)

{
LI STNODEPTR previ ousPtr, currentPtr, tenpPtr;

if (value == (*sPtr)->data) {
tempPtr = *sPtr;
*sPtr = (*sPtr)->nextPtr; /* de-thread the node */
free(tempbtr); /* free the de-threaded node */
return val ue;

}

el se {
previ ousPtr = *sPtr;
currentPtr = (*sPtr)->nextPtr;

while (currentPtr !'= NULL && currentPtr->data != value) {
previousPtr = currentPtr; /* walk to ... */



currentPtr = currentPtr->nextPtr; /* ... next node */

}

if (currentPtr !'= NULL) {
tempPtr = currentPtr;
previ ousPtr->nextPtr = currentPtr->nextPtr
free(tempbtr);
return val ue

}

return '\0';

}

* Function delete receives the address of the pointer to the start of
the Iist and a character to be deleted. The steps for deleting a
character fromthe list are as foll ows:

1) If the character to be del eted natches the character in the first
node of the list, assign *sPtr to tenpPtr (tenpPtr will be used to
free the unneeded nenory), assign (*sPtr)->nextPtr to *sPtr (*sPtr now
points to the second node in the list), free the nenory pointed to by
tenpPtr, and return the character that was del et ed.

2) Oherwise, initialize previousPtr with *sPtr and initialize
currentPtr with (*sPtr)->nextPtr

3) Wiile currentPtr is not NULL and the value to be deleted is not
equal to currentPtr->data, assign currentPtr to previousPtr, and
assign currentPtr->nextPtr to currentPtr. This |locates the character
to be deleted if it is contained in the |ist

4) If currentPtr is not NULL, assign currentPtr to tenpPtr, assign
currentPtr->nextPtr to previousPtr->nextPtr, free the node pointed to
by tenpPtr, and return the character that was deleted fromthe |ist.
If currentPtr is NULL, return the NULL character ('\0") to signify
that the character to be deleted was not found in the Iist

Dumry Head Version
#i ncl ude <stdi o. h>
#i ncl ude <stdlib. h>

struct |istNode
{
char data
struct |istNode *nextPtr;

}s

typedef struct |istNode LI STNODE
typedef LI STNODE *LI STNODEPTR,

voi d insert (LI STNODEPTR, char);
char del et e(LI STNODEPTR, char);
int isEnpty(LlI STNODEPTR);

voi d printList(LI STNODEPTR);
void instructions(void);



mai n()

{

LI STNODEPTR startPtr = NULL;
i nt choi ce;

char item

LI STNODEPTR dunp;

dunp = nal |l oc(si zeof (LI STNCDE) ) ;
dunp->next Ptr = NULL;
startPtr = dunp;

i nstructions();
printf("? ");
scanf ("%", &choice);

while (choice != 3)
{
swi tch (choice)
{
case 1:
printf("Enter a character: ");
scanf ("\n%", & tem;
insert(startPtr, item;
printList(startPtr);
br eak;
case 2:
if (lisEmpty(startPtr))
{
printf("Enter character to be deleted: ");
scanf ("\n%", & tem;

if (delete(startPtr, item)

{
printf("% deleted.\n", item;

printList(startPtr);
}

el se

{
}

printf("% not found.\n\n",item;

}

el se

{
}

br eak;
def aul t:
printf("lnvalid choice.\n\n");
i nstructions();
br eak;

printf("List is enmpty. \n\n");

}

printf("? ");
scanf (" %", &hoi ce) ;

}

printf("End of run. \n");



void instructions()

{
printf("Enter your choice:\n"
" 1 toinsert an element into the list. \n"
" 2 to delete an elenment fromthe list. \n"
" 3toend \n");
}
voi d insert (LI STNODEPTR sPtr, char val ue)
{
LI STNODEPTR newPtr, previousPtr, currentPtr;
newPtr = mal |l oc(sizeof (LI STNODE)) ;
if (newPtr != NULL)
{
newPt r - >data = val ue;
newPtr->next Ptr = NULL;
previ ousPtr = sPtr;
currentPtr = sPtr->nextPtr;
while (currentPtr !'= NULL && val ue > currentPtr->data)
{
previousPtr = currentPtr;
currentPtr = currentPtr->nextPtr;
}
previ ousPtr->nextPtr = newPtr;
newPtr->nextPtr = currentPtr;
}
el se
{
printf("% not inserted. No nenory avail able.\n", val ue);
}
}
char del et e(LI STNODEPTR sPtr, char val ue)
{

LI STNODEPTR previ ousPtr, currentPtr, tenpPtr;

previ ousPtr = sPtr;
currentPtr = sPtr->nextPtr;

while (currentPtr !'= NULL & currentPtr->data != val ue)
{

previousPtr = currentPtr;
currentPtr = currentPtr->nextPtr;

}
if (currentPtr !'= NULL)
{
tempPtr = currentPtr;
previ ousPtr->nextPtr = currentPtr->nextPtr;
free(tempbtr);
return val ue;
}

return '\0';



}

i nt isEnpty(LI STNODEPTR sPtr)

{
return (sPtr->nextPtr == NULL);
}
void printList(LI STNODEPTR currentPtr)
{
currentPtr = currentPtr->nextPtr;
if (currentPtr == NULL)
{
printf("List is empty.\n\n");
}
el se
{
printf("This list is: ");
while (currentPtr !'= NULL)
{
printf("% -->", currentPtr->data);
currentPtr = currentPtr->nextPtr;
}
printf("NULL\n\n");
}
}
Execri se

1. Modify the delete procedure to delete all nodes of the specified
character.

2. Wite a recursive and iterative procedures to search a linked |ist
for a
particular data item



