Structures



7.1 Introduction

Simple variables can hold one piece of information at a time and arrays can hold a number of 
pieces of
 information of the same data type. These two data storage mechanisms can handle a great variety of data manipulation situations. But often programs, particularly data processing programs, need to operate on data items of different types packaged together as a single unit. In this case, neither a variable nor an array is adequate. 



For instance, consider a program that is supposed to manage data of students in a course. Typical information elements for a specific student would include name, domicile of the province and the student’s age. It may be 
desirable
 to package these information elements so that they may be managed and processed efficiently and 
conveniently
. For a number of students, an array of such an information package may be required.



Even multidimensional arrays cannot solve this problem, since all the elements of an array must be of the same data type. It may be possible for the programmer to use several different arrays, a string array for names, another string array for course and an integer array for age. Consider the following example,



#include <stdio.h>

#include <string.h>



void enterData(char Names[][40],char Domicile[][40],int *Age);

void findNShow(char Names[][40],char Domicile[][40],int *Age,char *Query);



int main(void)

{

	char Names[5][40];

	char Domicile[5][40];

	int Age[5];

	char Query[40];

	enterData(Names,Domicile,Age);

	do

	{

		printf("Enter name to search, * to exit to operating system : ");

		gets(Query);

		findNShow(Names,Domicile,Age,Query);

	}

	while(strcmp(Query,"*") != 0);

	return(0);

}



void findNShow(char Names[][40],char Domicile[][40],int Age[5],char *Query)

{

	int Found = 0;

	int i = 0;

	while((! Found) && (i < 5))

	{

		if (strcmp(Names[i],Query) == 0)

		{

			printf("Name      : %s\n",Names[i]);

			printf("Domicile  : %s\n",Domicile[i]);

			printf("Age       : %d\n",Age[i]);

			Found = 1;

		}

		else

		{

			i++;

		}

	}

	if (! Found)

	{

		printf("No matching record for Name = %s\n",Query);

	}

}



void enterData(char Names[][40],char Domicile[][40],int Age[5])

{

	int i;

	printf("Entering Data\n");

	printf("======== ====\n");

	for(i=0;i<5;i++)

	{

		printf("Entering data for person %d\n",i);

		printf("Name     : ");

		gets(Names[i]);

		printf("Domicile : ");

		gets(Domicile[i]);

		printf("Age      : ");

		scanf("%d",&Age[i]);

		getchar();

		printf("\n\n");

	}

}



This program allows the user to enter data (names, domicile and ages) for five students. The individual information elements gets stored in arrays Names, Domicile and Age. The user can search for a record by specifying the full name of the student. A typical execution session of this program is shown below,



Entering Data

======== ====

Entering data for person 0

Name     : Omar Bashir

Domicile : Punjab

Age      : 32



Entering data for person 1

Name     : Salman Khalid

Domicile : Sind

Age      : 30



Entering data for person 2

Name     : Waqar Haider

Domicile : NWFP

Age      : 33



Entering data for person 3

Name     : Amir Abbas

Domicile : Federal

Age      : 34



Entering data for person 4

Name     : Qamar Abbas

Domicile : Baluchistan

Age      : 35



Enter name to search, * to exit to operating system : Amir Abbas

Name     :  Amir Abbas

Domicile :  Federal

Age      :  34

Enter name to search, * to exit to operating system : Amir Kaleem

No matching record for Name = Amir Kaleem

Enter name to search, * to exit to operating system : Qamar Abbas

Name     : Qamar Abbas

Domicile : Baluchistan

Age      : 35

Enter name to search, * to exit to operating system : *



This approach does solve the problem of managing several different data elements of potentially different data types used to define an entity in a program. However, this approach is cumbersome to implement and maintain. For instance, if the number of information elements describing a student increase, the number of arguments being passed to each function increase as well.



To solve such problems, C provides a special data type known as the structure. A structure consists of a number of data items grouped together. These data items need not be of the same type. Moreover structures are used as the basis of more complex data types, such as the linked lists, queues and stacks.



7.2 Basics of Structures

To understand the basic concepts used  in defining and using structures, a simple example is given below,



#include <stdio.h>



struct Student

{

	char Name[25];

	char Domicile[25];

	int Age;

};



int main(void)

{

	struct Student AStudent;

	printf("Enter Name      : ");

	gets(AStudent.Name);

	printf("Enter Domicile  : ");

	gets(AStudent.Domicile);

	printf("Enter Age       : ");

	scanf("%d",&(AStudent.Age));



	printf("\n\nStudent Details\n");

	printf("======= =======\n");

	printf("Name     : %s\n",AStudent.Name);

	printf("Domicile : %s\n",AStudent.Domicile);

	printf("Age      : %d\n",AStudent.Age);

	return(0);

}



The program declares a simple structure Student, which 
contains
 three data items. Two of these are arrays of characters and one is an integer variable. Data items in a structure may be referred to as its members or fields. The main function declares a variable, AStudent,  of this structure and allows the user to assigns values to the fields of this structure. The main function then prints the value of each field of the structure variable.



A typical execution session of this program is shown below,



Enter Name      : Saif Imran

Enter Domicile  : NWFP

Enter Age       : 28





Student Details

======= =======

Name      : Saif Imran

Domicile  : NWFP

Age       : 28



This 
program
 highlights the three fundamental aspects of using structures,

declaring the structure type or template,

defining structure variables,

accessing members or fields of the structure.



7.2.1 Declaring a Structure Type or Template

The fundamental data types used in C, such as int, long and float, are predefined by the compiler. Thus, all variables of type long will always consist of 4 bytes, and the compiler will always interpret the contents of these four bytes in a certain way. However, this is not true for a structure, as a structure is a data type whose format is defined by the programmer. The programmer must, therefore, specify to the compiler, the number and types of fields a structure is composed of. This specification or declaration should be made any variable of that structure type is used.



In the above mentioned example, the following statement declares the structure type,



struct Student

{

	char Name[25];

	char Domicile[25];

	int Age;

};



This statement declares a new data type called struct Student. Each variable of this type will consist of three members, an array of characters called Name, another array of characters called Domicile and an integer variable called Age. Note that this statement does not define any variables and, therefore, it does not set aside any storage in memory. It merely informs the compiler what is the format of the data type struct Student. Thus, this is also known as the structure template or a structure plan. 



The keyword struct introduces this declaration. The name Student is called the tag. It names the kind of structure being defined. It should be noted that a tag is a type name and not a variable name. The members of the structure are surrounded by braces and the entire statement is terminated by a semicolon.



7.2.2 Defining Structure Variables

Structure type declaration merely specifies to the compiler the format and the size of a structure variable. With a structure type declaration, a compiler does not actually allocate any memory for structure variables. For the above mentioned example, a structure variable is defined as shown below,



struct Student AStudent;



This statement causes the computer to create a variable AStudent. A specified by the structure declaration, space is allocated for two character arrays of 25 bytes each and an integer variable of 2 bytes. This package is named as AStudent. Figure 7-1 shows the memory allocation for the structure.



�

Figure 7-1 : Memory Allocation for a Structure



In this declaration, struct Student plays the same role that int or float does in a declaration. For example, two variables of the struct Student type can be declared, or even a pointer to that kind of structure,



struct Student AStudent, BStudent, *StudentPtr;



The structure variables AStudent and BStudent would each have their own Name, Domicile and Age members. The pointer StudentPtr can point to AStudent, BStudent or any other Student structure.



7.2.3 Accessing Structure Members

Structures use the dot operator (also known as the membership operator), “.”. For instance, the expression AStudent.Age provides access to the Age member of the structure AStudent. Astudent.Age can be used exactly like any other integer variable. Similarly, AStudent.Name can be used exactly like any array of the type char. For instance, the statement printf("Age      : %d\n",AStudent.Age); prints the value of the Age member of structure AStudent. Similarly the statement scanf("%d",&(AStudent.Age)); requires the address of a location of an integer, which is provided by the expression &(AStudent.Age). 



If there are two variables of the type Student, then the following statement would print the value of the member Age for each of these structures,



printf("Age1 : %d\nAge2 : %d\n ",AStudent.Age,BStudent.Age);



Similarly, the following statement would allow a user to enter values for member Age for these two variables of type Student,



scanf(“%d %d”,&AStudent.Age,&BStudent.Age);



The dot operator has higher precedence than the address operator. Therefore, the expression &AStudent.Age is the same as the expression &(AStudent.Age).



7.3 Initialising Structures

Like simple variables and arrays, structure variables can be initialised, i.e., given specific values, at the beginning of the program. The format used is quite similar to that used to initialise arrays. A structure variable in a declaration can be initialised by following it with an assignment operator and a comma separated list of constants contained within braces. If not enough values are used to assign all the members of the structure, the remaining members are assigned the value zero by default. 



Consider the following version of the previous example. In this example, the variable AStudent of the type Student is initialised at declaration.



#include <stdio.h>



struct Student

{

	char Name[25];

	char Domicile[25];

	int Age;

};



int main(void)

{

	struct Student AStudent = {"Tahir Majeed","FATA",29};



	printf("\n\nStudent Details\n");

	printf("======= =======\n");

	printf("Name     : %s\n",AStudent.Name);

	printf("Domicile : %s\n",AStudent.Domicile);

	printf("Age      : %d\n",AStudent.Age);

	return(0);

}



The Name member of the structure AStudent is initialised to “Tahir Majeed”, the Domicile member is initialised to “FATA” and the Age member is initialised to 29. The output of this program is shown below,



Student Details

======= =======

Name     : Tahir Majeed

Domicile : FATA

Age      : 29



7.4 Assigning a Structure Variable to Another Structure Variable of Same Type

In the original C language, it was impossible to assign values of one structure variable to another variable using a simple assignment statement. Thus, value of each element of one structure variable (i.e., the source) had to be assigned to the corresponding element of the second structure variable (i.e., the destination). In ANSI compatible versions of C, it is possible to assign values of one structure variable to another variable using a simple assignment statement. 



Consider the following example. Here, two structures (AStudent and BStudent) of type Student are declared and initialised. Then the value of AStudent is assigned to BStudent using a simple assignment statement.



#include <stdio.h>



struct Student

{

	char Name[25];

	char Domicile[25];

	int Age;

};



int main(void)

{

	struct Student AStudent = {"Tahir Majeed","FATA",29};

	struct Student BStudent = {"Ahmed Karim","NWFP",28};



	printf("\n\nStudent Details\n");

	printf("======= =======\n");

	printf("AStudent : %s %s %d\n",AStudent.Name,AStudent.Domicile,

						 AStudent.Age);

	printf("BStudent : %s %s %d\n",BStudent.Name,BStudent.Domicile,

						 BStudent.Age);



	BStudent = AStudent;



	printf("\n\nStudent Details\n");

	printf("======= =======\n");

	printf("AStudent : %s %s %d\n",AStudent.Name,AStudent.Domicile,

						 AStudent.Age);

	printf("BStudent : %s %s %d\n",BStudent.Name,BStudent.Domicile,

						 BStudent.Age);



	return(0);

}



Output of this program is given below,



Student Details

======= =======

AStudent : Tahir Majeed FATA 29

BStudent : Ahmed Karim NWFP 28





Student Details

======= =======

AStudent : Tahir Majeed FATA 29

BStudent : Tahir Majeed FATA 29



The statement BStudent = AStudent; causes the values of all the members of AStudent to be assigned to the corresponding members of 
BStudent
.



7.5 Nested Structures

Just as there can be arrays of arrays, there can also be structures that contain other structures. This allows a powerful way to create complex data types. The structure that contains other structures will be referred to as composite structure whereas the structure contained within composite structure is referred to as the component structure.



Consider the following version of the initial example. In this example, the structure Student, instead of having member Age, has a variable of another structure DateOfBirth as its member. The structure DateOfBirth has three integers as its members representing day, month and year. 



#include <stdio.h>



struct DateOfBirth

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char Name[25];

	char Domicile[25];

	struct DateOfBirth BirthDay;

};



int main(void)

{

	struct Student AStudent;

	printf("Enter Name                       : ");

	gets(AStudent.Name);

	printf("Enter Domicile                   : ");

	gets(AStudent.Domicile);

	printf("Enter Date of Birth (dd/mm/yyyy) : ");

	scanf("%d/%d/%d",&(AStudent.BirthDay.Day),&(AStudent.BirthDay.Month),

			    &(AStudent.BirthDay.Year));



	printf("\n\nStudent Details\n");

	printf("======= =======\n");

	printf("Name          : %s\n",AStudent.Name);

	printf("Domicile      : %s\n",AStudent.Domicile);

	printf("Date of Birth : %d/%d/%d\n",AStudent.BirthDay.Day,									   AStudent.BirthDay.Month,

						   AStudent.BirthDay.Year);

	return(0);

}



In this example, to access a member of the component structure, the dot operator has to be used twice. First to access the component structure within the variable of the composite structure and the second to access the specific variable of the component structure. For instance, the expression AStudent.BirthDay.Year provides access to the variable Year which is the member of the structure variable BirthDay which in turn is a member of the structure variable 
AStudent
. A typical execution session of this program is given below,



Enter Name                       : Amir Ali

Enter Domicile                   : Kashmir

Enter Date of Birth (dd/mm/yyyy) : 23/8/1966



Name          : Amir Ali

Domicile      : Kashmir

Date of Birth : 23/8/1966



The following example is another version of this program, where the composite structure variable is initialised upon declaration.



#include <stdio.h>



struct DateOfBirth

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char Name[25];

	char Domicile[25];

	struct DateOfBirth BirthDay;

};



int main(void)

{

	struct Student AStudent = {"Amir Ali","Kashmir",{1966,8,23}};



	printf("\n\nStudent Details\n");

	printf("======= =======\n");

	printf("Name          : %s\n",AStudent.Name);

	printf("Domicile      : %s\n",AStudent.Domicile);

	printf("Date of Birth : %d/%d/%d\n",AStudent.BirthDay.Day,

							AStudent.BirthDay.Month,

							AStudent.BirthDay.Year);

	return(0);

}



The output of this program is given below,





Student Details

======= =======

Name          : Amir Ali

Domicile      : Kashmir

Date of Birth : 23/8/1966



The statement 

struct Student AStudent = {"Amir Ali","Kashmir",{1966,8,23}};

initialises the respective members of the variable AStudent. Note that nested braces contain the values used to initialise the members of the component structure.



7.6 Arrays of Variables of a Structure

Consider the following program. This program uses a array of variables of the structure Student.



#include <stdio.h>



struct DateOfBirth

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char Name[25];

	char Domicile[25];

	struct DateOfBirth Birthday;

};



int main(void)

{

	struct Student Class[5];

	int i;

	/* Entering data */

	for (i=0;i<5;i++)

	{

		printf ("Entering data for student[%d]\n",i);

		printf ("Enter name                  : ");

		gets   (Class[i].Name);

		printf ("Enter domicile              : ");

		gets   (Class[i].Domicile);

		printf ("Enter date of birth [d/m/y] : ");

		scanf  ("%d/%d/%d",&Class[i].Birthday.Day,

				      &Class[i].Birthday.Month,

				      &Class[i].Birthday.Year);

		getchar();

	}



	printf ("============****==============\n");



	/* Printing Data */

	for (i=0;i<5;i++)

	{

		printf ("STUDENT[%d] :: ",i);

		printf ("%s of %s born on %d/%d/%d\n",Class[i].Name,

							     Class[i].Domicile,

							     Class[i].Birthday.Day,

							     Class[i].Birthday.Month,

							     Class[i].Birthday.Year);

	}



	return(0);

}



The statement 

struct Student Class[5];

declares an array Class of five elements of the type struct Student. Each element of the array Class is a structure of Student type. Thus Class[0] is a structure of type Student and is the first element of the array Class, and Class[1] is a structure of type Student and is the second element of the array Class. This can be visualised as shown in figure 2.



�

Figure - 2 : Declaration struct Student Class[5]



Members of an array of structures are identified by applying the same rule as used for individual structures, i.e., 
referring
 to the structure variable name, followed by a subscript, followed by the dot operator and ending with the name of the desired structure element. Thus Class[2].Name gives access the element Name of the third variable in the array Class, where Class[2] is a variable name, just as Class[1] is another variable name. 



7.7 Pointers to Variables of a Structure

Pointers can also be used to contain the addresses of structures. Consider the following example,



#include <stdio.h>

#include <string.h>



struct Date

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char FirstName[25];

	char SecondName[25];

	struct Date DateOfBirth;

};



int main(void)

{

	struct Student AStudent;

	struct Student *PtrStudent;

	strcpy(AStudent.FirstName,"Farooq");

	strcpy(AStudent.SecondName,"Omar");

	AStudent.DateOfBirth.Day = 26;

	AStudent.DateOfBirth.Month = 11;

	AStudent.DateOfBirth.Year  = 1965;



	PtrStudent = &AStudent;

	printf("STUDENT DETAILS\n======= =======\n");

	printf("NAME : %s %s\n",PtrStudent->FirstName,PtrStudent->SecondName);

	printf("DoB  : %d/%d/%d\n",PtrStudent->DateOfBirth.Day,

							    PtrStudent->DateOfBirth.Month,

							    PtrStudent->DateOfBirth.Year);

	getchar();

	return(0);

}



The statement struct Student AStudent; creates a structure variable AStudent of the type struct Student whereas the statement struct Student *PtrStudent; creates a pointer PtrStudent to a variable of the type struct Student. The statement 

PtrStudent = &AStudent;



assigns the address of the variable AStudent of the structure to the pointer variable PtrStudent. Elements of the variable of structure pointed to by a pointer can be accessed by using the arrow operator or the indirect membership operator (->). This operator is formed by typing a hyphen (-) followed by the greater than symbol (>). A pointer to a structure followed by the arrow operator works the same as a structure name followed by the dot operator. Thus AStudent.FirstName is the same as PtrStudent->FirstName. It is important to remember that  PtrStudent is a pointer but FirstName is a member of the structure pointed to.



Similarly DateOfBirth is a variable of the structure Date and is, therefore, a member of the structure pointed to by PtrStudent. Thus, the expression 

PtrStudent->DateOfBirth.Year provides the value of the Year element of the structure variable DateOfBirth, which is a member of the structure pointed to by PtrStudent.  



In addition to the arrow operator, the indirection operator can be used in conjunction with the dot operator to access individual members of a structure variable pointed to. For instance, PtrStudent->DateOfBirth.Year can be replaced by the expression

(*PtrStudent).DateOfBirth.Year. 
Parenthesis
 are needed around *PtrStudent as the dot operator has a higher precedence than the indirection operator and will operate in the expression before the indirection operator. 



Thus, the example shown above can be re-written as follows,



#include <stdio.h>

#include <string.h>



struct Date

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char FirstName[25];

	char SecondName[25];

	struct Date DateOfBirth;

};



int main(void)

{

	struct Student AStudent;

	struct Student *PtrStudent;

	strcpy(AStudent.FirstName,"Farooq");

	strcpy(AStudent.SecondName,"Omar");

	AStudent.DateOfBirth.Day = 26;

	AStudent.DateOfBirth.Month = 11;

	AStudent.DateOfBirth.Year  = 1965;



	PtrStudent = &AStudent;

	printf("STUDENT DETAILS\n======= =======\n");

	printf("NAME : %s %s\n",(*PtrStudent).FirstName,(*PtrStudent).SecondName);

	printf("DoB  : %d/%d/%d\n",(*PtrStudent).DateOfBirth.Day,

							  (*PtrStudent).DateOfBirth.Month,

							  (*PtrStudent).DateOfBirth.Year);

	getchar();

	return(0);

}



The output of both the programs is 



STUDENT DETAILS

======= =======

NAME : Farooq Omar

DoB  : 26/11/1965



7.8 Communicating Variables of a Structure to Functions

In C, structures can be passed as arguments to functions and can be returned from them. Consider the following example,



#include <stdio.h>



struct Student

{

	char Name[50];

	int  RollNumber;

	int  Class;

	char Section;

};



struct Student getData(void);

void printData(struct Student);



int main(void)

{

	struct Student AStudent;

	AStudent = getData();

	printData(AStudent);

	return(0);

}



void printData(struct Student StudentData)

{

	printf("***************************************************\n");

	printf("                     Student Data\n");

	printf("***************************************************\n");

	printf("Name        : %s\n",StudentData.Name);

	printf("Roll Number : %d\n",StudentData.RollNumber);

	printf("Class       : %d\n",StudentData.Class);

	printf("Section     : %c\n",StudentData.Section);

	printf("***************************************************\n");

}



struct Student getData(void)

{

	struct Student StudentData;

	printf("Enter student's name         : ");

	gets(StudentData.Name);

	printf("Enter student's roll number  : ");

	scanf("%d",&(StudentData.RollNumber));

	getchar();

	printf("Enter student's class        : ");

	scanf("%d",&(StudentData.Class));

	getchar();

	printf("Enter student's section      : ");

	StudentData.Section = getchar();

	return(StudentData);

}



A variable of the structure Student (AStudent) is declared in function main. The members of the structure are initialised by the structure returned by the function getData. In function getData, another variable of the structure Student (StudentData) is declared. Subsequent statements prompt the user to enter data from the keyboard to initialise the respective fields of the structure. In the end the structure is returned to the calling function.



In function main, the function printData is then called. This function call takes as an argument a variable of the structure Student. The values of the fields of the structure passed in the function call are copied to the respective fields of another variable (StudentData) of the same structure Student defined as the formal argument. The printData function then prints the values of the respective fields of the structure variable StudentData. A typical session of this program produces the following output on the display,



Enter student's name         : Shameer Omar

Enter student's roll number  : 32

Enter student's class        : 2

Enter student's section      : b

***************************************************

			Student Data

***************************************************

Name        : Shameer Omar

Roll Number : 32

Class       : 2

Section     : b

***************************************************



When a structure is passed as an argument to a function, it is passed by value. This means that a local copy is made for use in the body of the function. If a member of the structure is an array, then the array gets copied as well. If the structure has many members or members that are large arrays, then passing a structure as an argument can be inefficient. For most applications, functions are written so as to take the address of the structure as an argument instead. Consider the following version of the program written above,



#include <stdio.h>



struct Student

{

	char Name[50];

	int  RollNumber;

	int  Class;

	char Section;

};



void getData(struct Student*);

void printData(struct Student*);



int main(void)

{

	struct Student AStudent;

	getData(&AStudent);

	printData(&AStudent);

	return(0);

}



void printData(struct Student *StudentData)

{

	printf("***************************************************\n");

	printf("                     Student Data\n");

	printf("***************************************************\n");

	printf("Name        : %s\n",StudentData->Name);

	printf("Roll Number : %d\n",StudentData->RollNumber);

	printf("Class       : %d\n",StudentData->Class);

	printf("Section     : %c\n",StudentData->Section);

	printf("***************************************************\n");

}



void getData(struct Student *StudentData)

{

	printf("Enter student's name         : ");

	gets(StudentData->Name);

	printf("Enter student's roll number  : ");

	scanf("%d",&(StudentData->RollNumber));

	getchar();

	printf("Enter student's class        : ");

	scanf("%d",&(StudentData->Class));

	getchar();

	printf("Enter student's section      : ");

	StudentData->Section = getchar();

}



In the program shown above, only one variable of the structure Student (AStudent) is declared in the entire program. Function main passes the pointer to AStudent to the functions getData and printData. Therefore, these functions, when in execution, are actually accessing the fields of the same structure variable (AStudent) declared in function main. This eliminates the overhead associated with local copies of structures created when the structures are passed as arguments to functions.



7.9 Dynamic Memory Allocation

In the following example, an array of structure variables is used to hold the details of students on a course. 



#include <stdio.h>



#define MAX_STUDENTS 5



struct Date

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char Name[25];

	char RollNumber[25];

	struct Date DateOfBirth;

};



int  AddAStudent(struct Student *StudentList,int Count);

void EnterStudentDetails(struct Student *AStudent);

void ListStudents(struct Student *StudentList,int Count);

void ShowOneStudent(struct Student *AStudent);



int main(void)

{

	struct Student Students[MAX_STUDENTS];

	int Count = 0;

	char Choice;

	do

	{

		printf("STUDENTS DATABASE\n");

		printf("=================\n");

		printf("1. Add a student\n");

		printf("2. List all students\n");

		printf("9. Exit\n");

		Choice = getchar();

		getchar();

		switch (Choice)

		{

			case '1':

				if (Count < MAX_STUDENTS)

				{

					Count = AddAStudent(Students,Count);

				}

				else

				{

					puts("No more space");

				}

				break;

			case '2':

				ListStudents(Students,Count);

				break;

			case '9':

				break;

			default:

				puts("Command Not Recognised");

		}

	}

	while (Choice != '9');

	return(0);

}



int AddAStudent(struct Student *StudentList,int Count)

{

	EnterStudentDetails(StudentList+Count);

	Count++;

	return(Count);

}



void ListStudents(struct Student *StudentList,int Count)

{

	int i;

	if (Count <= 0)

	{

		printf("List is empty\n");

	}

	else

	{

		for (i = 0;i < Count;i++)

		{

			ShowOneStudent(StudentList+i);

			printf("Press ENTER to continue...");

			getchar();

		}

	}

}



void ShowOneStudent(struct Student *AStudent)

{

	printf("NAME           : %s\n",AStudent->Name);

	printf("Roll Number    : %s\n",AStudent->RollNumber);

	printf("Date of Birth  : %02d/%02d/%04d\n", AStudent->DateOfBirth.Day,

															  AStudent->DateOfBirth.Month,

															  AStudent->DateOfBirth.Year);

}



void EnterStudentDetails(struct Student *AStudent)

{

	printf("Enter Name                       : ");

	gets(AStudent->Name);

	printf("Enter Roll Number                : ");

	gets(AStudent->RollNumber);

	printf("Enter Date of Birth (dd/mm/yyyy) : ");

	scanf("%d/%d/%d",&(AStudent->DateOfBirth.Day),

						  &(AStudent->DateOfBirth.Month),

						  &(AStudent->DateOfBirth.Year));

	getchar();

}



The statement 	struct Student Students[MAX_STUDENTS] creates an array of elements of the structure Student. As the value of MAX_STUDENTS is 5 and the size of each element of the array is 56 bytes, this statement allocates 280 bytes even when data for only one or two students is entered in the array. If the size of the array is increased to 100 elements, then upon the execution of the program, 5600 bytes are allocated for the array even when data is not entered for a single record.



In such cases it is 
desirable
 to use dynamic memory allocation techniques. These techniques allow the allocation of required amount of memory during program execution. C provides two functions for dynamic memory allocation. malloc() (memory allocation) is used to allocate memory of specified size whereas calloc() (contiguous allocation) allocates contiguous space in memory for an array of specified number of elements. Both these functions are implemented in the standard library and their prototypes are specified in stdlib.h.



(a) malloc

malloc takes in a single argument of the type size_t and returns a pointer of type void * if the call is successful and memory has been allocated. If the call in unsuccessful and memory is not allocated, this function returns NULL. Allocated memory is not initialised. The prototype of the function is given below,



void* malloc(size_t); 



Consider the following version of the program shown above.



#include <stdio.h>

#include <alloc.h>



#define MAX_STUDENTS 5



struct Date

{

	int Year;

	int Month;

	int Day;

};



struct Student

{

	char Name[25];

	char RollNumber[25];

	struct Date DateOfBirth;

};



void InitialiseArray(struct Student *StudentList[]);

void DeleteList(struct Student *StudentList[]);

void DeleteAStudent(struct Student *StudentList[]);

void AddAStudent(struct Student *StudentList[]);

void EnterStudentDetails(struct Student *AStudent);

void ListStudents(struct Student *StudentList[]);

void ShowOneStudent(struct Student *AStudent);



int main(void)

{

	struct Student *Students[MAX_STUDENTS];

	char Choice;

	InitialiseArray(Students);

	do

	{

		printf("STUDENTS DATABASE (uses malloc)\n");

		printf("===============================\n");

		printf("1. Add a student\n");

		printf("2. List all students\n");

		printf("3. Delete a student\n");

		printf("9. Exit\n");

		Choice = getchar();

		getchar();

		switch (Choice)

		{

			case '1':

				AddAStudent(Students);

				break;

			case '2':

				ListStudents(Students);

				break;

			case '3':

				DeleteAStudent(Students);

				break;

			case '9':

				DeleteList(Students);

				break;

			default:

				puts("Command Not Recognised");

		}

	}

	while (Choice != '9');

	return(0);

}



void InitialiseArray(struct Student* List[])

{

	int i;

	for (i=0;i < MAX_STUDENTS;i++)

	{

		List[i] = NULL;

	}

}



void DeleteList(struct Student* List[])

{

	int i;

	for (i=0;i < MAX_STUDENTS;i++)

	{

		if (List[i] != NULL)

		{

			free(List[i]);

			List[i] = NULL;

			printf("Location %d deleted\n",i);

		}

		else

		{

			printf("Location %d not occupied\n",i);

		}

	}

}



void AddAStudent(struct Student *StudentList[])

{

	int i = 0;

	while((i < MAX_STUDENTS) && (StudentList[i] != NULL))

	{

		i++;

	}

	if (i < MAX_STUDENTS)

	{

		printf("Entering student details at %d\n",i);

		StudentList[i] = (struct Student*) 

					    malloc(sizeof(struct Student));

		if (StudentList[i] != NULL)

		{

			EnterStudentDetails(StudentList[i]);

			printf("Student details entered at %d\n",i);

		}

		else

		{

			printf("LESS PHYSICAL MEMORY SPACE\n");

		}

	}

	else

	{

		printf("No more space\n");

	}

}



void ListStudents(struct Student *StudentList[])

{

	int i;

	for (i = 0;i < MAX_STUDENTS;i++)

	{

		printf("Location # : %d\n",i);

		ShowOneStudent(StudentList[i]);

		printf("Press ENTER to continue...");

		getchar();

	}

}



void ShowOneStudent(struct Student *AStudent)

{

	if (AStudent != NULL)

	{

		printf("NAME           : %s\n",AStudent->Name);

		printf("Roll Number    : %s\n",AStudent->RollNumber);

		printf("Date of Birth  : %02d/%02d/%04d\n", 

				 AStudent->DateOfBirth.Day,

				 AStudent->DateOfBirth.Month,

				 AStudent->DateOfBirth.Year);

	}

	else

	{

		printf("Location empty\n");

	}

}



void DeleteAStudent(struct Student* List[])

{

	int Index;

	ListStudents(List);

	printf("Enter Index to Delete : ");

	scanf("%d",&Index);

	getchar();

	if ((Index < 0) || (Index >= MAX_STUDENTS))

	{

		printf("Index Out of Range\n");

	}

	else

	{

		if (List[Index] == NULL)

		{

			printf("Location %d already empty\n",Index);

		}

		else

		{

			free(List[Index]);

			List[Index] = NULL;

			printf("Location %d deleted\n",Index);

		}

	}

}



void EnterStudentDetails(struct Student *AStudent)

{

	printf("Enter Name                       : ");

	gets(AStudent->Name);

	printf("Enter Roll Number                : ");

	gets(AStudent->RollNumber);

	printf("Enter Date of Birth (dd/mm/yyyy) : ");

	scanf("%d/%d/%d",&(AStudent->DateOfBirth.Day),

					 &(AStudent->DateOfBirth.Month),

					 &(AStudent->DateOfBirth.Year));

	getchar();

}



In this program, only an array of pointers to structures is initialised, as opposed to an array of structure variables. Therefore, only the amount of memory required for the array of addresses is allocated. All unused elements of the pointer array are initialised to NULL. Once the user wishes to add details of a student in the program (in function AddAStudent), a structure variable is created dynamically (using malloc) and its pointer is assigned to an unused pointer element of the array. Similarly, once the details of a student are to be removed from the program, the memory for the appropriate structure variable is deallocated and then the element in the pointer array pointing to that memory location is assigned a NULL. To release (or deallocate) memory dynamically allocated for a structure variable, function free is called (in function DeleteAStudent). The call for this function takes, as argument, pointer to the memory location that has to be released. If the pointer passed as argument to this function is pointing towards NULL, the function call has no effect.



(b) calloc

calloc takes two arguments, both of type size_t. In ANSI C, size_t must be an unsigned integral type. The first argument specifies the number of elements for which contiguous memory space has to be allocated, and the second argument specifies the size of each element.
 If the 
calloc
 function call is successful, a pointer of the type 
void*
 is returned that i
s pointing to the base of the 
allocated
 
array in memory
. If the 
calloc
 function call is unsuccessful, 
NULL
 is returned. The 
space 
is 
in
itialised with all bits set to 0.






Consider the following example,



 



#include <stdio.h>



#include <stdlib.h>

#include <alloc.h>



int   CreateArray(float **Array);

void  FillData(float *Array,int Size);

void  PrintData(float *Array,int Size);

float GetAverage(float *Array,int Size);

void pause(void);



int main(void)

{

	float *ArrayPointer = NULL;

	int   DataSize;

	float Average;

	DataSize = CreateArray(&ArrayPointer);

	if (DataSize > 0)

	{

		printf("Array of %d elements created\n",DataSize);

		FillData(ArrayPointer,DataSize);

		pause();

		PrintData(ArrayPointer,DataSize);

		pause();

		Average = GetAverage(ArrayPointer,DataSize);

		printf("Average = %9.2f\n",Average);

		free(ArrayPointer);

		pause();

	}

	else

	{

		printf("Array not created\n");

	}

	return(0);

}



void pause(void)

{

	puts("Press ENTER to continue...");

	getchar();

}



int CreateArray(float* *Array)

{

	int DataSize;

	printf("Enter data size : ");

	scanf("%i",&DataSize);

	getchar();

	*Array = (float*) calloc(DataSize,sizeof(float));

	if (*Array == NULL)

	{

		DataSize = 0;

	}

	return(DataSize);

}




void FillData(float *Array,int DataSize)

{

	int i;

	char DataString[15];

	for (i=0;i<DataSize;i++)

	{

		printf("Enter Data[%d] : ",i);

		gets(DataString);

		Array[i] = atof(DataString);

	}

}



void PrintData(float *Array,int DataSize)

{

	int i;

	for (i=0;i<DataSize;i++)

	{

		printf("Data[%d] = %9.2f\n",i,*(Array+i));

	}

}



float GetAverage(float *Array,int DataSize)

{

	float Sum = 0.0;

	float Average;

	int i;

	for (i=0;i<DataSize;i++)

	{

		Sum += *(Array+i);

	}

	Average = Sum/DataSize;

	return(Average);

}
 






The function 
CreateArray
 
takes, as argument, a pointer to a pointer variable to the floating point variable.
 
The user is asked to
 
specify the 
size of the array of floating point numbers that is required.
 
The function call 
calloc(DataSize,sizeof(float))
 
attempts to create an array of 
number of elements 
specified by the 
DataSize
 variable
 
where the size of each element is specified by the expression 
sizeof(float)
 and returns a pointer to memory created. This pointer is type casted to 
float*
 and is ass
igned to the pointer variable pointed to by the 
Array
 argument.
 
Once the array has been created and the pointer to its first element assigned to a suitabl
e pointer variable, 
its elements can be assigned values
 and these values accessed and processed as in normal arrays
.





At the end of the program
,
 
the 
st
a
tement
 
free(ArrayPointer);
 
causes the space in
 memory 
pointed 
to 
by 
ArrayPointer
 to be deallocated and returned to the system.






The function call 
m
alloc(DataSize*(
sizeof(float
)
))
 
would also create a memory space of the same size as the function call 
calloc(DataSize,sizeof(float))
 
wo
uld. However, the former 
does 
not 
initialis
e the space in memory that it makes available. If there is no reason to initialis
e the array to zero, then the use of either 
malloc
 or 
calloc
 is acceptable. In a l
arge program, 
malloc
 may take less time.
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