Module 8
Structure/Union

1.1 Structures

Introduction

Arrays are useful to refer separate variables which are the same type. i.e. Homogeneous referred by a
single name. But, we may have situations where there isa need for us to refer to different types of data
(Heterogeneous)inorder to derivemeaningfulinformation.

Let us consider the details of an employee of an organization. His details include employer’'s number
(Integer type), employee’s name (Character type), basic pay( Integer type) and total salary ( Float data
type) . Allthese details seemto be of different data types and ifwe group themtogether, theywillresult in
givingusefulinformationabout employee ofthe organization.

In above said situations, C provides a special data types called Structure, which is highly helpful to
organize different types of variablesunder a single name.

Definition of Structure
A group of one or more variables of different data types organized together under a single name is called
Structure.

Or
A collection of heterogeneous (dissimilar) types of data grouped together under a single name is called a
Structure.

A structure can be defined to be a group of logically related data items, which maybe of different types,
storedin contiguous memory locations, sharing a commonname, but distinguished byits members.
Hence a structure can be viewed as a heterogeneous user-defined data type. It can be used to
createvariables, which can be manipulated in the same way as variables ofbuilt-in data types. It helps
betterorganizationandmanagementofdataina  program.

When a structure is defines the entire group s referenced through the structure name. The
individualcomponents present in the structure are called structure members and those can be
accessed and processed separately.

Structure Declaration
The declaration of a structure specifies the grouping of various data items intoa single unit without assigning
anyresourcesto them.Thesyntaxfordeclaringa structure inCisas follows:

struct Structure Name

{
Data Type member-1; Data
Type member-2;
DataType member-n;

k

The structure declaration starts with the structure header, which consists of the keyword ‘struct’
followed by a tag. The tag serves as a structure name, which can be used for creating structure
variables. The individual members of the structure are enclosed between the curly braces and they
can be of the similar or dissimilar data types. The data type of each variable is specified in the individual
memberdeclarations.
Example:
Let us consider an employee database consisting of employee number, name,andsalary.Astructure
declarationto holdthisinformationisshownbelow:

struct employee

{



int eno;
char name [80];

float sal;

L
The data items enclosed between curly braces in the above structure declaration are called
structure elements or structure members.
Employee is the name of the structure and is called structure tag. Note that, some members of employee
structure areintegertype and someare character arraytype.
The individual members of a structure can be variables of built — in data types (int, char, float etc.),
pointers, arrays, or even other structures. Allmember names within a particular structure must be different.
However, member names maybe thesameas those of variables declared outside the structure. The individual
memberscannot beinitializedinsidethe structure declaration.
Note
Normally, structure declarationsappear at the beginningofthe program file, beforeanyvariablesor
functionsare declared.
Theymayalso appear before the main( ), along with macro definitions, such as#define.
Insuch cases, the declarationis globaland can be used by other functions as well.

Structure Variables
Similarto other typesof variables, the structure data type variables can be declared usingstructure
definition.

struct

{
int  rollno;
char name[20];

float average; a, b;

}
In the above structure definition, a and b are said to be structure type variables. ‘a’ isa structure type variable
containing rollno, name average as members, whichare of differentdata types. Similarly‘’b’isalsoa structure type
variable withthe same membersof‘a“.
Structure Initialization
The membersofthe structure canbe initialized like other variables. This canbe done at the time of
declaration.

Example 1
struct
{
int  day;
int  month;
int  year;
}
date = { 25,06,2012};
i.e
date. day =25

date. month = 06

date. year = 2012

Example 2
struct address
{char name [20];



char  desgn [10];

char  place [10];

¥

structaddress my-add={‘Sree’, ‘AKM’, ‘RREDDY’);

ie
my-add . name = ‘Sree’

my-add . desgn = AKM

my-add . place = RREDDY
As seen above, the initial values for structure members must be enclosed with ina pair of curly braces.
The values to be assigned to members must be placed in the same order as they are specified in
structure definition, separated by commas. If some of the members of the structure are not initialized,
thenthe c compilerautomaticallyassignsavalue ‘zero’ to them.

1.2 Accessing Structure Elements
As seen earlier, the structure can be individually identified using the period operator ( . ). After
identification, we can access them by means of assigning some values to them as well as obtaining the
stored values in structure members. The following program illustrates the accessing of the structure
members.
Example: Writea C program, usingstructure definitionto accept the time and display it.

/ * Programto accept time anddisplayit */ #

include<stdio.h>

main( )
{

struct
{

int hour, min;
float seconds;

} time;
printf ( “Enter time in Hours, min and Seconds\n”);

scanf(“%d %d %f”, &time. hour, & time . min, & time . seconds); printf(“The

acceptedtimeis %d %d %f“, time. hour, time. min, time
. seconds “);
}
Nested Structures
The structureis going to certain number of elements /members of different data types. If the members of
astructure are of structure data type, it can be termedasstructure withstructure or nested structure.
Examaple
struct
{

int  rollno; char
name[20]; float

avgmarks; struct

{



int day, mon, year;

} dob’

} student;
Inthe above declaration, student isa variable of structure type consisting of the membersnamelyrollno,
name,avgmarksandthe structurevariabledob.
The dob structure is within another structure student and thus structure is nested. In this type of
definitions, the elements of the require structure can be referenced by specifying appropriate qualifications
toit, usingthe periodoperator (. ).
For example, student. dob. day refers to the element day of the inner structure dob.

1.3 Way of Storage of Structure Element

Whatever be the elements of a structure, they are always stored in contiguous memory locations. The
following program would illustrate this:

/* Memory map of structure elements */

main( )

{

struct book
{

char name;
float price;
int pages;
b

struct book b1 ={'B',130.00,550};

printf ( "\nAddress of name = %u", &b1l.name ) ;
printf ( "\nAddress of price = %u", &b1.price ) ;
printf ( "\nAddress of pages = %u", &b1l.pages);
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Output: Here is the output of the program...

Address of name = 65518
Address of price = 65519

Address of pages = 65523

Structure memory allocation
1. how structure members are stored in memory?
2. Whatis structure padding?

1. HOW STRUCTURE MEMBERS ARE STORED IN MEMORY?
Always, contiguous(adjacent) memory locations are used to store structure members in memory.
Consider below example to understand how memory is allocated for structures.

EXAMPLE PROGRAM FOR MEMORY ALLOCATION IN C STRUCTURE:
ttinclude <stdio.h>

#include <string.h>

struct student



intidl;
intid2;
char a;
char b;
float percentage;
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int main()
{
inti;
struct student record1 = {1, 2, 'A', 'B', 90.5};
printf("size of structure in bytes : %d\n",
sizeof(recordl));
printf("\nAddress of id1 =%u", &recordl.idl);
printf("\nAddress of id2 =%u", &recordl.id2 );
printf("\nAddress of a =%u", &recordl.a);
printf("\nAddress of b =%u", &recordl.b);
printf("\nAddress of percentage = %u",&recordl.percentage);
return O;
}

#include <stdio.h>
#include <string.h>

OUTPUT:

size of structure in bytes : 16

Address of id1 = 675376768

Address of id2 = 675376772

Address of a = 675376776

Address of b =675376777

Address of percentage = 675376780

There are 5 members declared for structure in above program. In 32 bit compiler, 4 bytes of
memory is occupied by int datatype. 1 byte of memory is occupied by char datatype and 4 bytes
of memory is occupied by float datatype.

Please refer below table to know from where to where memory is allocated for each
datatype in contiguous (adjacent) location in memory.



Memory allocation in C
(32 bit compiler)

Datatype Total
From Address | To Address
bytes
int id1 675376768 |67/5376711 4
int id2 675376772 | 675376775 4
char a 675376776 1
charb 675376777 1

Addresses 675376778 and 675376779 are
left empty.

(Do you know why? Please refer below, the
next topic C - Structure padding)

float

675376780 |675376783 4
percentage

The pictorial representation of above structure memory allocation is given below. This diagram
will help you to understand the memory allocation concept in C very easily.

Member Name idl id2 a b percentage
Data 1 2 AlB 90.5
I} | | |
| ¥
Add 675376768 t0 67537677210 EE‘;;?E?';D 675376780 to
ress
673376771 673376775 ‘ 2 = 673376733
(4 bytes) (4 bytes) {-empy (bytes)
bytes)
W
673370777
¢ (1byte)
675376776
(1byte)

2. What is Structure Padding?

® In order to align the data in memory, one or more empty bytes (addresses) are inserted
(or left empty) between memory addresses which are allocated for other structure
members while memory allocation. This concept is called structure padding.

®  Architecture of a computer processor is such a way that it can read 1 word (4 byte in 32 bit
processor) from memory at a time.

® To make use of this advantage of processor, data are always aligned as 4 bytes package
which leads to insert empty addresses between other member’s address.

@ Because of this structure padding concept in C, size of the structure is always not same as
what we think.



1.4 Defining Structure and Array of Structure
Structures and Arrays

Arrayisgroup of identical stored in consecutive memory locations with a single / common variable name.
Thisconceptcanbeusedinconnectionwiththe structureinthefollowing ways.

a. Arrayofstructures
b. structurescontainingarrays(or) arrayswithina structure

C. Arraysofstructurescontainarrays.
Array of Structures

Student detailsina class can be stored using structure data type and the student detailsof entire class
canbeseenasanarrayofstructure.

Examaple
struct student

{

introllno;
int year;
inttmarks;

}

struct student class[40];
Inthe above class [40] is structure variable accommodating a structure type student up to 40.
Theabovetype of arrayof structure can beinitialized asunder

struct student class [2] ={ {001,2011,786},{ 002, 2012, 710}};
i.e class[0] . rollno =001
class[0] . year = 2011
class[0] . tmarks = 777
and
class[1] . rollno = 002
class[1] . year= 2012

class[1] . tmarks = 777

Structures containing Arrays

A structure data type can hold an arraytype variable as its member or members. Wecandeclarethe
memberofastructure asarraydata typesimilar to int, float or char.

Example
struct employee
{
char ename [20]; int
eno;
b

Inabove, the structure variable employee contains character array type enameasits
member. The initializationofthis type canbe done as usual.
struct employee = { ‘ Rajashekar’, 7777};
Arrays of Structures Contain Arrays
Arraysofstructures canbedefinedand inthat typeof structure variables of array type can be used as
members.
Example



struct rk

{
int empno;
char ename[20];

flat salary;

} mark[50];

In the above, mark is an array of 50 elements and such element inthe array is of structure type rk. The
structure type rk, inturn contains ename as array type whichisa member of the structure. Thus mark
isanarrayofsutures and thesestructuresinturnholdscharacternamesinarray ename.

Program

The initialization of the above type can be done as:

{
7777, Prasad’ , 56800.00}
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i.e mark[0] . empno = 7777; mark[0] .

eame = ‘Prasad’; mark[0] . salary =

56800.00

Write a C program to accept the student name, rollno, average marks presentinthe classof student
and to print the name of students whose average marks are greater than 40 by using structure concept

witharrays.

# include<stdio.h>

main()

{

inti, n, struct

{

char name [20];
int rollno;

flat avgmarks;

}
class [40];
printf(“Enterthe no. of studentsinthe class\n”0; scanf( “ %d”,

&n);

for(i=0,i<n,i++)
{
print ( “ Enter students name, rollno, avgmarks\n”);
scanf( “ %s %d”, &class[i].name, class[i].rolino, &class[i].avgmarks)’

}

printf(“The name of the students whose average”); printf
(“marksisgreaterthan40\n”);

for(i=0,i<n,i++)
if ( class[i].avgmarks > 40) pirintf

(“ %s”, class[i].name);

}



Advantages of Structure Type over Array Type Variables

1. Usingstructures, we cangroup items of different typeswithin a single entity, whichis

not possiblewitharrays, asarraystores similar elements.

2. The position of a particular structure type variable within a group is not needed in
orderto accessit, whereas the position of anarray member in the group isrequired,
inorder toreferto it.

3. Inorderto store the dataabout a particular entitysuchasa ‘Book’, usinganarray
type, we need three arrays, one for storing the ‘name’, another for storingthe ‘price’
andathirdone for storingthe ‘number of pages’ etc., hence, the overheadishigh.
Thisoverhead canbe reduced byusingstructuretype variable.

4. Onceanewstructure has beendefined, one or more variablescan be declared to
beof that type.

5. Astructuretype variable can be used as a normalvariable for accepting the user’s
input, for displayingtheoutput etc.,

6. Theassignment of one ‘struct’ variableto another, reducesthe burdenof the
programmer infillingthe variable’sfieldsagainand again.

7. Itispossibleto initializesome or allfieldsof a structure variableat once, when itis
declared.

8. Structuretypeallowsthe efficientinsertionand deletion of elements but arrays cause
theinefficiency.

9. Forrandomarrayaccessing, large hashtables are needed. Hence, large storage
space andcosts are required.

10. When structure variable is created, all of the member variables are created
automaticallyandare grouped underthegivenvariable’sname.

Structure Contains Pointers
A pointer variable can also be used as a member in the structure.
Intheabove, *rrisa pointervariable ofstructuretypewhichholdsinsideit another two pointervariables
plandp2asits members.
# include <stdio.h>

main( )

{

sturct
int *p1, *p2;
Y
inta, b;
a=70;
b =100’
rr—pl==&a;rr—
p2=&b;

printf( “ The contents of pointer variables”);
printf(“Presentinthe structure asmembersare \n”); printf

(“%d %d”, *rr — p1, *rr — p2);
}

Inthe above program, two pointer variables p1 and p2 are declared as members of
the structureandtheircontents/ variablesare printerafterassignment in theprogram.






1.5 Basic Definition of Union

Introduction

A Unionisa collection of heterogeneous elements. That is, it isa group of elements; each elementis
of different type. They are similar to structures. However, there is a difference in the way the
structures members and union members are stored. Each member within a structure is assigned
its own memory location. But the union members all share the common memory location. Thus,
unionsare used to save memory. Unionsare chosen for applicationsinvolving multiple members,
where values need to be assigned to allof the membersat any one time.
Unionisadatatypethroughwhichobjects of different typesandsizes can be stored at different
times.

The generalformof uniontypevariabledeclarationis Union name

Definition of Union

{

data type member-1;
data type

member-2; data type

member-3;

data type member-n;

}

The declaration includes a key word Union to declare the union data type. It is
followed by user defined name, followed by curly braces which includes the members of

theunion
Example

union value

{
int
no;
float
sal;
char
sex;

|3

Characteristics of Union

1. Unionstores values of different typesina singlelocationinmemory

2. Aunionmaycontain one of manydifferent types of valuesbut onlyone is
stored at atime.

3. Theuniononlyholdsavalue for one data type. Ifa newassignmentis made
the previousvalue hasno validity.

4. Anynumber of unionmemberscanbe present. But, uniontype variable takes
thelargest memoryoccupied byits members.



1.6 Comparison between Structure and Union with example

Structure Union

1. Struct StructureName 1. Union name {
{ datatype
datatype member-1;
member-1; datatype
datatype member-2;
member-2;

datatype
datatype member-n;
member-n; }s
35

2. Every structure member is allocated|
memory when a structure variable is
defined

3. All the members can be assigned
values at a time

4. Allmembers of a structure can be
nitialized at the same time

5. value assigned to one member will
not cause the change in other members

6. The usage of structure is efficient
when allmembers are actively used in

the program

2. The memoryequivalent to the
largest item isallocated commonly for
allmembers

3. Values assigned to one ember may
cause the change in value of other
members.

4. Only one union member can be
initialized at a time

5. Value assigned to one member
may cause the change in value of
other members.

6. The usage o union is efficient wher
members of it are not required to bg
accessed at the same time.

Structure

struct Emp

{

char X;
ﬂoat Y . j{ size 4 byte
pes

/I X Y
i)

5 b € (structure variable)

Unions

union Emp

{
char X;

floatY ;
ie;

Memory Sharing
o

L
o oaEF, |

fim
- - o
€ (union variable) \
4 bytes allocates storage
equal to largest one
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