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C Linked List Data Structure
· Dynamic Memory Allocation - malloc function ( )
When a variable is declared, compiler automatically allocates memory for it. This is known as compile time memory allocation or static memory allocation. Memory can be allocated for data variables after the program begins execution. This mechanism is known as runtime memory allocation or dynamic memory allocation. The concept of dynamic memory allocation in c language enables the C programmer to allocate memory at runtime. 
malloc function is used to allocate a block of memory of specified size. It returns a pointer of type void so; we can assign it to any type of pointer variables.
Malloc syntax
ptr = (cast_type *) malloc (byte_size);



Where, ptr is a pointer variable of type cast_type and byte_size is the memory size that we want to allocate.
In the following example we are allocating memory space of size 5 bytes to store 5 characters.char *cptr;  // char pointer
cptr = (char *) malloc (5 * sizeof(char)); // allocate memory








We are passing 5 to the malloc function and on successfully allocating the required memory space it returns a void pointer which we cast into char type pointer by writing (char *).
Then we are assigning the first address of the allocated memory space to a character pointer variable cptr.
[image: ]



Example
Write a program in C to dynamically allocate memory using malloc function to store N integer numbers entered by the user and then print the sum
#include <stdio.h>
#include <stdlib.h>
int main(void) {
  int N = 0;      // integer variables
  int sum = 0;
  int i;
  int *iptr, *tmp;    // integer pointer variables
  // take user input
  printf("Enter value of N [1-10]: ");
  scanf("%d", &N);
  iptr = (int *) malloc (N * sizeof(int));      // allocate memory
  // check if memory allocated
  if (iptr == NULL) {
    printf("Unable to allocate memory space. Program terminated.\n");
    return -1;
  }
  // take integers
  printf("Enter %d integer number(s)\n", N);
  for (i = 0, tmp = iptr; i < N; i++, tmp++) {
    printf("Enter #%d: ", (i+1));
    scanf("%d", tmp);   
    // compute the sum
    sum += *tmp;
  }
  // display result
  printf("Sum: %d\n", sum);
  // free memory location
  free(iptr);
  return 0;
}

































In the above example, a temporary integer pointer tmp is used to take user integer number and save it in the allocated memory location. Note! If we use the iptr pointer variable to take user integer numbers, then in the process we will lose the allocated memory location address. So, it’s better to work with a copy and keep the allocated memory location address safe.
· Singly Linked List
A Singly linked list is a set of dynamically allocated nodes, arranged in such a way that each node contains data and one pointer. The pointer always points to the next member of the list. If the pointer is Null, then it is the last node in the list. The first node is always used as a reference to traverse the list and is called Head
[image: ]
· Declaring a Linked list 
In C language, a linked list can be implemented using structure and pointers.struct LinkedList{
    int data;
    struct LinkedList *next;
 };









The above definition is used to create every node in the list. The data field stores the element and the next is a pointer to store the address of the next node.
Notice that, struct LinkedList is written before next That's because it’s a self-referencing pointer. It means a pointer that points to whatever it is a part of. Here next is a part of a node and it will point to the next node.






Investigate the following example
#include<stdio.h> 
#include<stdlib.h> 
  
struct Node  
{ 
  int data; 
  struct Node *next; 
}; 
  
// Program to create a simple linked  
// list with 3 nodes 
int main() 
{ 
  struct Node* head = NULL; 
  struct Node* second = NULL; 
  struct Node* third = NULL; 
    
  // allocate 3 nodes in the heap   
  head = (struct Node*)malloc(sizeof(struct Node));  
  second = (struct Node*)malloc(sizeof(struct Node)); 
  third = (struct Node*)malloc(sizeof(struct Node)); 
  
  /* Three blocks have been allocated  dynamically.  
     We have pointers to these three blocks as head, 
     second and third      
       head           second           third 
        |                |               | 
        |                |               | 
    +---+-----+     +----+----+     +----+----+ 
    | #  | #  |     | #  | #  |     |  # |  # | 
    +---+-----+     +----+----+     +----+----+   */
    
  head->data = 1; //assign data in first node 
  head->next = second; // Link first node with the second node  
                     
  second->data = 2;   // assign data to second node  

  second->next = third;    // Link second node with the third node 

  third->data = 3;  //assign data to third node  
  third->next = NULL; 
    
  /* data has been assigned to data part of third 
    block (block pointed by third). And next pointer 
    of the third block is made NULL to indicate 
    that the linked list is terminated here. 
  
           head     
             | 
             |  
        +---+---+     +---+---+       +----+------+ 
        | 1  | o----->|  2  | o-----> |  3 | NULL | 
        +---+---+     +---+---+       +----+------+   */     
          
  return 0; 
} 



































[bookmark: _GoBack]// A simple C program for traversal of a linked list 
#include<stdio.h> 
#include<stdlib.h>  
struct Node  
{ 
  int data; 
  struct Node *next; 
}; 
// This function prints contents of linked list starting from  
// the given node 
void printList(struct Node *n) 
{ 
  while (n != NULL) 
  { 
     printf(" %d ", n->data); 
     n = n->next; 
  } 
}   
int main() 
{ 
  struct Node* head = NULL; 
  struct Node* second = NULL; 
  struct Node* third = NULL; 
  // allocate 3 nodes in the heap   
  head  = (struct Node*)malloc(sizeof(struct Node));  
  second = (struct Node*)malloc(sizeof(struct Node)); 
  third  = (struct Node*)malloc(sizeof(struct Node));   
  head->data = 1; //assign data in first node 
  head->next = second; // Link first node with second      
  second->data = 2; //assign data to second node 
  second->next = third;      
  third->data = 3; //assign data to third node 
  third->next = NULL;    
  printList(head); 
  return 0; 
}
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