Linked Lists



Static and Dynamic Variables

. Static Variables:

- They are created during compilation. (Fixed
memory is reserved for them.)

- They cannot be allocated / de-allocated during the
execution of the program.

- Names are associated with them.

| Nt X;
char y[ 10];
I nt z[ 100];

- Dynamic Variables:

- They are created (allocated) and de-allocated
during the execution of the program.

- No names are associated with them. The only way
to access them is to use pointers.

- They don’'t exist during compilation. Once they
are created they contain data and must have atype
like any other variable. Thus we can talk about
creating a new dynamic variable of type x and
setting a pointer to point to it, or returning a

dynamic variable of type x to the system (de-
alocation).
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Dynamic Data

For example:

- We must maintain alist of data
- At some moments, the list is small, so we want

to use only alittle memory

- At other moments, the list is larger, so we need
to use more memory

- Declaring variables in the standard way won't
work here because we don’'t know how many

variables to declare
- We need a way to allocate and de-allocate data

dynamically (i.e., on the fly)



Dynamic Memory Allocation

Creating and maintaining dynamic data structures
requires dynamic memory allocation — the ability for
a program to obtain more memory space at execution
time to hold new values, and to release space no
longer needed.

In C, functions nal | oc and free, and operator
si zeof areessentia to dynamic memory allocation.

- Unary operator si zeof isused to determine the size in
bytes of any datatype.

eg.
si zeof (doubl e)
si zeof (int)

- Function mal | oc takes as an argument the
number of bytesto be allocated and return a pointer
of type void * to the alocated memory. (A

voi d * pointer may be assigned to a variable of
any pointer type. ) It is normally used with the

si zeof operator.



L et us say we want to store an integer pointed by
nump, a character pointed by letp and a user defined
structure of type planet_t pointed by planetp. This
will be done as follows:

Int *nump;

char  *letp;

planet_t *planetp; user defined structure type
nump = (int *)malloc(sizeof (int));

letp = (char *)malloc(sizeof (char));

planetp = (planet_t *)malloc(sizeof (planet_t));

nump will now point to one byte of integer location
IN memory.

Letp will now point to one location in memory to
hold a character

Planetp will now point to a group of locationsin
memory sufficient to hold the information needed for
a structure of type planet_t.



An example:

struct node{
| nt dat a;
struct node *next:;

}
struct node *ptr;

ptr = (struct node *)
mal | oc(si zeof (struct node));

ptr >

- Function free dealocates memory- i.e. the
memory is returned to the system so that the
memory can be reallocated in the future.

e.g.

free(ptr);

ptr 2




Linked Lists

- |t isan important data structure.
- An abstraction of alist: i.e. a sequence of nodesin which

each node is linked to the node following it.

- Lists of data can be stored in arrays, but linked lists

provide several advantages.

Arrays

In an array each node (element) follows the previous one
physically (i.e. contiguous spaces in the memory)

Arrays are fixed size: either too big (unused space ) or
not big enough (overflow problem)

Maximum size of the array must be predicted which is
sometimes impossible.

Inserting and deleting elementsinto an array is difficult.

Have to do lot of data movement, if in array of size 100,
an element is to be inserted after the 10" element, then
al remaining 90 have to be shifted down by one
position.



Linked Lists

- Linked lists are appropriate when the number of
data elements to be represented in the data
structure are not known in advance.

- Linked lists are dynamic, so the length of alist can
INncrease or decrease as necessary.

- A linked list is a collection of nodes, each node
containing a data element.

- Each node does not necessarily follow the previous
one physically in the memory. Nodes are scattered
at random in memory.

- Insertion and Deletion can be made in Linked lists,
by just changing links of a few nodes, without
disturbing the rest of the list. This is the greatest
advantage.

- But getting to a particular node may take large
number of operations, as we do not know the
address of any individual node .

- Every node from start needs to be traversed to
reach the particular node.



A smple Node Structure

A node in a linked list is a structure that has at least two
fields. One of the fields is adata field; the other is a pointer
that contains the address of the next node in the sequence.

struct list {
I nt dat a;
struct li1st *next:

data next

The pointer variable next iscalled alink. Each structureis
linked to a succeeding structure by way of the field next .
The pointer variable next contains an address of either the
location in memory of the successor struct |ist
element or the special value NULL.
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M or e examples of Nodes

A nodewith onedatafield:

struct node{
I nt nunber:
— > struct node * |ink

¥

nunmber |ink

A nodewith 3 datafieds:

struct student{
char nane[ 20] ;
int id;
doubl e grdPts;
struct student

e

nane id grdPts next student *next _student ;

A structurein a node:

, struct person{
‘ ‘ ‘ ‘ char nane[ 20] ;

char address[ 30];
—> char phone[ 10];
nane address phone }

struct person_node{

struct person data
dat a next struct person_node
*next ;
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A simple Linked List

head

\

- The head pointer addressesthe first node of thelist,
and each node points at its successor node.

- Thelast node has alink value NULL.

Empty List

No data elements, no nodes. So Head pointsto NULL.

Empty Linked list is asingle pointer having the value
of NULL.

pHead = NULL,;

head
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Basic Linked List Operations

1.Add anode

2.Delete anode

3.Looking up anode

4.List Traversal (e.g. Counting nodes)

Add a Node

There are four steps to add a node to alinked list:

1. Allocate memory for the new node.

2. Determine the insertion point (you need to know
only the new node’ s predecessor (pPr e)

3. Point the new node to its successor.

4. Point the predecessor to the new node.

Adding to Empty List

Let usfirst define a structure to hold two pieces of
Information in each node- an integer value, and the
address corresponding to the next structure of same
type.
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t ypedef struct node_s{

| nt dat a;
struct node_ s *next;
} node t;

node _t *pNew, *pHead;
pHead = NULL,;

Now to store 39 in the data part of the node, we can
use
(*pNew) . data = 39;

A more convenient way is to use the notation

pNew >dat a
pNew >next

39:
NULL;:

At this moment there are no elementsin the list. (why?)
Pointer pHead pointsto NULL.
First element 39 is stored in node pNew.
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BEFORE

pNew | ——» 39

pHead

pNew >next = pHead;
/[* set |ink to NULL*/

pHead = pNew,
[* point list to first node*/

AFTERWARDS

pNew | —1—» 39

pHead | .

pPre




Add Node at Beginning

Suppose we want to add node containing data 39 to a

list 75, 124,.....
containing first element 75.

BEFORE

pNew

pHead

pPre

pPNew >next

pHead = pNew,

AFTER

pHead

pPre

—» 39

» 75

The head node points to node

= pHead,;

124

<

39

e

r/m

124
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Insert anodein themiddle

Now a new node containing value 96 is to be inserted
In between nodes containing 75 and 124 . Let pPre
be the previous node containing 75.

pNew | —1—» 96

/{ 75 1 124 >

pNew >next = pPre->next;
pPre->next = pNew,

pPre pd

AFTER

pNew > 96 /

/4 INEREE

pPre pd
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Add Node at End

124

BEFORE
pNew | ——» 134
.‘> 75 B I
Wi
pPre //
pNew >next = NULL,;
pPre->next = pNew,
OR:
pNew >next = pPre->next;
pPre->next = pNew,
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AFTER

pNew

pPre

% 134

124
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InsertingaNodein alLinked List

Given the head pointer (pHead), the predecessor
(pPr e) and the datato be inserted (i t em), we must
allocate memory for the new node (pNew) and adjust

the link pointers.
/[*Insert a node in a linked |ist*/

struct node *pNew,

pNew =(struct node*)
mal | oc(si zeof (struct node));

pNew >data = item
1 f (pPre == NULL){

[ *Addi ng before first node or to
enpty |list*/

pNew —T—» 39 L

pHead d r/75 1y 124 >

pPre
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pNew >next = pHead;
pHead = pNew,
}
el se {
/[* Adding in mddle or at end*/

pPNew > 96 /
/4 75 \ r 124 >
pPre |
pNew >next = pPre->next;
pPre->next = pNew,

}



Countingthenodesin aList

Recursive version:

I nt count (struct node * pHead)

{

I nt

| f (pHead==NULL)
return O;
el se
return(l + count (pHead->next));

| terative version:

count (struct node *pHead)

struct node * p;
Iint ¢ = O;

(p 1= NULL){
c + 1;
p- >next :
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L ook up an item in thelist pointed by head

[* Given the item and the pointer to the head of the
list,

the function returns NULL if the item is not found;
or

returns a pointer to the node which matches the item
*/

struct node * | ookup(int item
struct node *pHead)

{
| f (head == NULL)
return NULL;
else if (item == pHead- >dat a)
return pHead,
el se

return(l ookup(item pHead->next));
}
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CreatingalList

Recur sive version:

/'l Copies the contents of an array into
a dynamcally growmng |ist.

struct node *alist(int a[],int j, int n)

{
struct node *pHead;

1f (] >=n) [//base case
return NULL;

el se {
pHead = (struct node *)
mal | oc(si zeof (struct node));
pHead->data = a[]];
pHead->next = alist(a, j+1, n);
return pHead,

Calling the function:

int array[] = {1, 2, 3, 4};
struct node *ny |1 st;

ny list = alist(array, 0, 4);
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|ter ative version:

struct node *alist(int a[], int n)
{
struct node *pHead, *current;
Int |;
I1f (n == 0)

[/the array Iis enpty
return NULL;

el se {

[/ create the head node for
[/the first el enent

pHead = (struct node *)
mal | oc(si zeof (struct node));
current = pHead,

current->data = a[0];
[/ create nodes for the other el enents
;=1

while (Jj < n){
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current->next = (struct node *)
mal | oc(si zeof (struct node));

current = current->next;
current->data = al[j];

j =] +1;
}

current - >next = NULL;

[/finish the |1 st

return head:

Calling the function:

ny_list = alist(nunbers, 4);
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