 DYNAMIC DATA STRUCTURES AND POINTERS


Chapter Objectives

At the completion of this chapter, you would have learnt:

· Difference between static / dynamic variables

· Pointers in C

· Allocating and Freeing Dynamic Variables

· Linked List as Dynamic Variables

2.1
Introduction

This chapter aims to explain the differences between the static and dynamic variables and also, the limitations of a static variable. From this, we will go into the idea of a pointer and why is it needed.

2.1.1
Static Variables and Data Structures

You have seen basic C data types such as integer, float, char and some simple data structures such as array and structure. All these are static data types. The 4 characteristics of a static data type are:

· Its size is fixed at compilation time.

· A certain memory location is reserved.

· Declared in a variable declaration section.

· Cannot be created or destroyed during the execution of the program.

A disadvantage of using only static data structure is that the number of variables needed in a program must be predetermined. When you are working with an array and you anticipate needing a thousand locations, you would define 

int num[1000];

This creates two problems :

· Overestimate the length of the array and part of the memory is wasted.

· Underestimate the necessary array length and unable to process all the data unless the program is modified.

Example:Given a list of cities and the distance between city-pairs. Required to find the shortest distance between two cities. The number of cities may vary from time to time.

Example:Process a collection of student records of a course and the number of students may change.

C solves these problems with the use of dynamic variables.

2.2
Dynamic Variables

In C there is special class of variables called dynamic variables. These dynamic variables are designed to be used as the nodes in dynamic data structures such as the list in Figure 2-1.


In many ways, dynamic variables are like the ordinary variables we have seen until now. Like other variables, dynamic variables have a type. Dynamic variables may be of almost any type. Dynamic variables can be assigned a value by means of an assignment operator, or a input statement, or by any other means that the value of an ordinary variable can be set. Similarly, the value in a dynamic variable can be accessed in any ways that the values of an ordinary variable can be accessed : by a output statement, by being an actual parameter to a function, or by any other means that the value of an ordinary variable can be accessed.

Dynamic variables differ from ordinary variables in a few ways. First, they may be created and destroyed by the program, and hence the number of such dynamic variables need not --- indeed cannot --- be determined at the time the program is written. Second, they have no name in C; there are no identifiers that name them in the way that ordinary variables are named by identifiers. For these reason, dynamic variables are not declared.

2.3
Memory Location

An area in the computer memory that stores a value is called a location. When a C program is directing computer operation, only the values of one particular type may be stored in a given location. Every location has a type association with it.

2.4      Allocation and Access

A variable declaration makes the computer allocate, or set aside, a small portion of its memory as a location.  To access the value in the memory allocation, we use two methods and they are direct access and indirect access. 

2.4.1
Direct Access

An assignment to a variable changes the value stored in `its' location. For all practical purposes, the variable identifier and its location are the same. Because of this, an assignment to an ordinary variable identifier is called a direct access of a location. 


eg.



num = 5;

2.4.2
Indirect Access

Indirect Acess is using pointers to access the values of memory location.  These pointers are used to point to memory locations and to retrieve or to assign values of these memory location, the pointers will be used.


e.g




*NumPointer = 5;

2.5
Pointers

In order to refer to dynamic variable, C uses another type of variable called a pointer variable.  Pointer is a variable that references, or points to, a storage location. Its value is the address of the memory location. The contents of the location can be inspected or changed through the pointer (indirect access) if we use special notation(* symbol). Without this notation, an assignment to a pointer-type variable changes the particular location the variable references, without affecting the contents of that location.

2.6
Nodes

A pointer is, quite plainly and simply, something that points. That definition is very abstract. To make it concrete, we will give it a geometric interpretation in terms of figures drawn on paper. These figures will always be configurations of boxes connected by arrows. In these figures, a pointer is represented by a arrow. Each of these arrows, or pointers, usually points to an object called a node. In these drawings, a node is represented by a box, of any shape, in which things may be written or, more abstractly, in which data may be stored. Nodes are the actual memory location that stores the actual data.  For example, a list of records might be represented as nodes and pointers in the manner of Figure 2-1. In this case each record contains a number and a letter, and so the records might be student numbers and final course grades.

2.7
Defining Pointer Type

To define a pointer :

int *NumberPointer;

char *CharPointer;

or

typedef int *intPointer;

intPointer NumberPointer;
Number Pointer is a pointer type to a location of type integer and CharPointer is a pointer type to a location of type char.

Pointer variables are declared and do have identifiers associated with them, and this type specifies the type of the dynamic variables with which they can be used. The declaration of a pointer-type variable looks like any other variable declaration.

However, we cannot use NumberPointer and CharPointer to store values yet, because none of them reference specific locations.  Those pointers are dangling/undefined pointers.

2.8
Dynamic Allocation of Memory

Memory space is not allocated for a pointer type variable at the compilation time. The location of a pointer variable references must be dynamically allocated with the malloc function.  


NumberPointer = (int *) malloc(sizeof(int));



or


NumberPointer = (intPointer) malloc(sizeof(int));

Malloc dynamically allocates a portion of memory of  integer size and returns a pointer to an item of type integer.

A location can be disposed of (for the computer to re-allocate later, if necessary) with the standard procedure dispose. 


free(NumberPointer);

Free the memory location that NumberPointer is pointing.

Free will free the memory location and returns it to the heap.  Heap is a part of the memory where dynamic variables are created.

After execution of this statement, NumberPointer still exists, but it's undefined and does not reference any location. 

2.9
Null Pointer

The value 0 (zero) can be used in a C program as the null pointer.  Any pointer variable may be set to this value.  Usually, a standard header to a C program includes the definition


#define NULL 0

to allow the zero pointer value to be written as NULL.  This NULL does not reference a storage location but instead denotes the pointer that does not point to anything.  The value NULL (zero) may be assigned to any pointer variable.


NumberPointer = NULL;

Problem with dangling pointers is there are no way of detecting if the pointers are pointing to anywhere.

The advantage of a null pointer over one that is simply undefined is that a pointer variable's null / not null status can be checked with a boolean expression.  

If (NumberPointer == NULL)

   printf(“NumberPointer is not pointing anywhere”);

else

   printf(“NumberPointer is pointing to a location”);

2.10
Assigning to Locations

To assign a value to (or read a value from) the location referenced by a pointer variable, write the symbol (*) first then the pointer variable name. The pointer must not be NULL, because a Null pointer does not have a location. 

Example:

int *First,*Second; {First & Second are pointer variable}
int num; {num is a static variable}

num = 100;

First = (int *) malloc(sizeof(int));

Second = (int *) malloc(sizeof(int));

{Dynamically allocate a memory location for First & Second}

*First = 5; 
{assign 5 to location that First is pointing}

*Second = num;

{assign num to location that Second is pointing}

printf(“First Number : %d” , *First);

printf(“Second Number : %d” , *Second);

{display the value that First & Second is pointing}

*First = *Second;
{Assign the value in location Second into location First}

scanf(“%d”,*First);

{Input value into location of First}

2.11
Address, the Value of a Pointer

We also have to understand how to give a value to the pointer itself, to make it access a different location. The value of a pointer is an address. 

You can compare two pointers to check whether they are pointing at the same location.

if (First == Second)


printf(“First and Second are pointing to the same 

        location”);

else


printf(“First and Second are not pointing at the same 

        location”);

2.12
Changing Address

A pointer's value (and thus, the address of the location the pointer references) can be changed in three ways :

1. With function malloc. This gives it a brand new address whose contents are undefined.

First = (int *) malloc(sizeof(int));
2. By assigning it the value null, which gives it a null address.

First = NULL;
3. By assigning it the address of another pointer of the same type.

Both pointers will then access the same location.

First = Second;

#include<stdio.h>

#include<stdlib.h>

struct student{


int number;


char grade;

};

typedef struct student *StudentPointer;

void main(){


StudentPointer P1,P2;

P1 = (StudentPointer) malloc(sizeof(struct student));


P1->number = 1;


P1->grade = 'A';


printf("%d %c \n",P1->number,P1->grade);


P2 = (StudentPointer) malloc(sizeof(struct student));


P2->number = 2;


P2->grade = 'B';


printf("%d %c \n",P2->number,P2->grade);


P1 = P2;


P2->number = 3;


P2->grade = 'C';


printf("%d %c %d %c \n",P1->number,P1->grade,

                        P2->number,P2->grade);

}
Here is the output of this program:

1A

2B

3C 3C


In the example, the statement P1 = P2 makes P1 points to the location of P2.  Since both of them are pointing to the same memory location, values of  *P1 and *P2 are the same.

When dealing with pointers, make sure the difference between P1 = P2 and *P1 = *P2.  The difference is shown below.

P1 = P2  
Make P1 points to the same location as P2 is pointing

*P1=*P2
Assign the value in the location that P2 is pointing to the location that 

P1 is pointing
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2.13
Linked Lists using dynamic variables

Now we know the concept of dynamically allocating and freeing a variable, let us see how dynamic variables can be used to implement linked list.  Linked list consists of a set of nodes, each of which has two fields: an information field and a pointer to the next node in the list.  

Example :

struct node {




int number;




char grade;




struct node *Link;



};

typedef struct node *NodePointer;
The declaration above identify NodePointer as a pointer type. A pointer variable of type NodePointer points to a structure of type Node with three fields : Number, Grade and Link. The Link field is also a pointer variable. We can use this field to point to the next node in a dynamic data structure.

2.13.1
Connecting Nodes

One purpose of dynamically allocated nodes is to enable us to grow data structures of varying size. We accomplish this by connecting individual nodes. We use the link field to point to the next node. The pointer assignment statement

First->Link = Second;

This statement will connect the first’s node with second’s node.  It is actually copies the address store in Second into the Link field. Similarly, the pointer assignment statement 

Second->Link = Third;

copies the address stored in pointer variable Third into the Link field, thereby connecting Second’s node to Third’s node. The situation after execution of these two assignment statements is shown in Figure 2-5. 
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The data structure pointed to by First has now grown to include all three nodes. The first node is referenced by First. The second node can be reference by Second or First->Link. Finally, the third node can be referenced by Third, Second->Link or even First->Link->Link.

Exercises

1. Briefly explain what is meant by the expression indirect access and direct access.

2. In the following statements assume that Pt1, Pt2 and Pt3 are pointers to integer storage locations. Briefly explain the what does each of the statement does.

(i) *Pt1 = *Pt2 + *Pt3;
(ii) Pt2 = NULL;
(iii) printf(“%d”,*Pt1);
(iv) Pt1 = Pt2;

3. What is meant by the -> symbol expression like : Head->Link->Link?

4. How many nodes are in the linked list represented by the statement 
Head->Link->Link->Link->Link =NULL?

5. Briefly explain the function of the statements *P = 3; and Q = 4.

6. Given

int *First, *Second, *Third;
 State what each of the following statements will do if it is legal or give a reason for it being illegal.

(i) *First := Second+Third;
(ii) First := Second;
(iv) *First = 'A';
(v) *Second = *Third;
(vi) *Second = NULL ;

7. List three ways in which a pointer’s value can be changed and state briefly how this change is made

8. What is the function of a pointer variable?

9. What is the purpose of the free command?

10.  (i) Describe two problems which can arise from the use of static data structures.
(ii) Explain three ways by which dynamic data types differ from static data types, and give an 
      example of a dynamic data structure.

11. Explain what happens if two pointers, P1 and P2, point to the same node, and the following statements are executed:

free(P1);
free(P2);
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