
Module 8
Structure/Union

1.1 Structures
Introduction
Arrays are useful to refer separate variableswhich are the same type. i.e. Homogeneous referred by a
single name. But, we mayhave situationswhere there isa need for us to refer to different types of data
(Heterogeneous)inorder toderivemeaningfulinformation.
Let us consider the details of an employee of an organization. His details include employer’s number
(Integer type), employee’sname(Character type) , basic pay( Integer type) and total salary ( Float data
type) .All these details seemto beofdifferentdatatypesand ifwegroup themtogether, theywillresult in
givingusefulinformationaboutemployeeoftheorganization.
In above said situations, C provides a special data types called Structure, which is highly helpful to
organizedifferent typesofvariablesunder a single name.

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

Or
A collection ofheterogeneous (dissimilar) typesof data grouped together under a single name is calleda
Structure.

A structure can bedefined to be a group of logically related data items, whichmaybeofdifferent types,
storedin contiguousmemory locations,sharinga commonname,butdistinguishedbyitsmembers.
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 wayasvariablesofbuilt-indatatypes. 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
accessedandprocessed separately.

Structure Declaration
Thedeclarationofa structure specifiesthegroupingof variousdata items intoasingleunitwithoutassigning
anyresourcesto them.Thesyntaxfordeclaringa structure inC isas follows:

struct Structure Name
{

Data Type member-1; Data

Type member-2;

…. ….
DataType member-n;

};
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 individualmembers 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 employeedatabase consisting of employeenumber, name,andsalary.Astructure
declarationtoholdthisinformationisshownbelow:

struct employee
{



int eno;
char name [80];

float sal;

};
The data items enclosed between curly braces in the above structure declaration are called
structure elements or structure members.
Employee is thenameof the structureand is called structuretag. Note that, somemembersof employee
structure are integertypeandsomeare character arraytype.
The individual members of a structure can be variables of built – in data types (int, char, float etc.),
pointers,arrays,or evenotherstructures.Allmembernameswithinaparticularstructuremustbedifferent.
However,membernamesmaybethesameasthoseof variablesdeclaredoutsidethestructure.Theindividual
memberscannotbeinitializedinsidethestructuredeclaration.
Note
Normally, structure declarationsappearat thebeginningoftheprogram file,beforeanyvariablesor
functionsaredeclared.
Theymayalsoappearbefore themain( ), alongwithmacro definitions, such as#define.
Insuchcases, thedeclarationisglobalandcanbeusedbyother functions aswell.

Structure Variables
Similartoother typesofvariables,thestructuredata typevariablescanbe declaredusingstructure
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, nameaverage as members, whichareofdifferentdatatypes. Similarly‘b’isalsoastructuretype
variablewiththe samemembersof‘a ‘.
Structure Initialization
Themembersofthe structure canbe initializedlikeother variables.This canbedoneat the timeof
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];
} ;
struct address my-add= { ‘Sree’, ‘AKM’, ‘RREDDY’);

i.e

my-add . name = ‘Sree’

my-add . desgn = AKM

my-add . place = RREDDY
As seen above, the initial values for structure membersmust 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 themembers of the structure are not initialized,
thenthe ccompilerautomaticallyassignsavalue‘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 bymeans of assigning some values to themas well as obtaining the
stored values in structure members. The following program illustrates the accessing of the structure
members.
Example:WriteaCprogram,usingstructuredefinitionto acceptthetime and display it.

/ * Programto accept timeanddisplayit*/ #

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
Thestructure isgoing to certainnumberofelements/membersofdifferent data types. If themembersof
a structure areof structuredata type, it canbe termedasstructurewithstructureornestedstructure.

Examaple
struct
{

int rollno; char

name[20]; float

avgmarks; struct

{



int day, mon, year;
} dob’
} student;

Intheabovedeclaration, student isa variableofstructure typeconsisting ofthemembersnamelyrollno,
name,avgmarksandthestructurevariabledob.
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 referencedbyspecifyingappropriatequalifications
to it,usingtheperiodoperator ( . ) .
For example, student. dob. day refers to the element day of the inner structure dob.

1.3Way of Storage of Structure Element
Whatever be the elements of a structure, they are always stored in contiguous memory locations. The
following programwould illustrate this:

/*Memorymap of structure elements */
main( )
{
struct book
{
char name ;
float price ;
int pages ;
} ;
struct book b1 = { 'B', 130.00, 550 } ;

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

Address of name = 65518

Address of price = 65519

Address of pages = 65523
Structurememory allocation

1. how structuremembers are stored inmemory?
2. What is structure padding?

1. HOW STRUCTUREMEMBERS ARE STORED INMEMORY?
Always, contiguous(adjacent) memory locations are used to store structuremembers in memory.
Consider below example to understand howmemory is allocated for structures.

EXAMPLE PROGRAMFORMEMORY ALLOCATION IN C STRUCTURE:
#include <stdio.h>
#include <string.h>

struct student



{
int id1;
int id2;
char a;
char b;
float percentage;

};

intmain()
{

int i;
struct student record1 = {1, 2, 'A', 'B', 90.5};

printf("size of structure in bytes : %d\n",
sizeof(record1));

printf("\nAddress of id1 = %u", &record1.id1 );
printf("\nAddress of id2 = %u", &record1.id2 );
printf("\nAddress of a = %u", &record1.a );
printf("\nAddress of b = %u", &record1.b );
printf("\nAddress of percentage = %u",&record1.percentage);

return 0;
}
#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
ofmemory 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.



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

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
memberswhilememory 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) frommemory 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 othermember’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
Array isgroup of identical stored inconsecutivememorylocationswitha single/ commonvariablename.
Thisconceptcanbeusedinconnectionwiththe structureinthefollowingways.

a. Arrayofstructures
b. structurescontainingarrays(or) arrayswithinastructure
c. Arraysofstructurescontainarrays.

Array of Structures
Student details ina classcanbestored using structuredata typeand the studentdetailsofentireclass
canbeseenas anarrayofstructure.

Examaple
struct student
{

int rollno;

int year;

int tmarks;

}
struct student class[40];

In the aboveclass [40] is structure variableaccommodatinga structure typestudentup to 40.
Theabovetypeofarrayofstructure canbeinitialized 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. Wecandeclare the
memberofastructureasarraydata typesimilar to int,floatorchar.

Example
struct employee
{

char ename [20]; int

eno;

};
In above, the structure variableemployeecontainscharacter arraytype enameas its

member. The initializationofthis typecanbedoneasusual.
struct employee = { ‘ Rajashekar’, 7777};

Arrays of Structures Contain Arrays
Arraysofstructures canbedefinedand inthat typeofstructurevariables ofarraytypecanbeused as
members.

Example



struct rk
{

int empno;
char ename[20];

flat salary;

} mark[50];
In the above, mark is an arrayof 50 elements and such element inthe array is of structure type rk. The
structure type rk, in turn contains enameas array type which isamemberof the structure. Thusmark
isanarrayofsuturesand thesestructures inturnholdscharacternamesinarrayename.

The initialization of the above type can be done as:
{
7777, ‘ Prasad’ , 56800.00}
};
i.e mark[0] . empno = 7777; mark[0] .

eame = ‘Prasad’; mark[0] . salary =

56800.00

Program
Write a C program to accept the student name, rollno, average marks present intheclassof student
and to print the nameof studentswhoseaverage marks are greater than 40 byusing structure concept
witharrays.

# include<stdio.h>

main()

{
int i, n, struct

{
char name [20];
int rollno;
flat avgmarks;
}
class [40];
printf(“Entertheno.ofstudentsintheclass\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].rollno, &class[i].avgmarks)’

}
printf(“Thenameof thestudentswhoseaverage”); printf

( “marks isgreater than40\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,wecangroup itemsofdifferenttypeswithinasingleentity,whichis
notpossiblewitharrays,asarraystoressimilarelements.

2. The position of a particular structure type variable within a group is not needed in
order to access it, whereas the positionof anarraymember in the group isrequired,
inorder to refer to it.
3. Inorder to store thedataabout aparticularentitysuchasa ‘Book’, usinganarray
type,weneedthreearrays,oneforstoringthe ‘name’, anotherforstoringthe‘price’
andathirdonefor storingthe‘numberof pages’etc., hence, theoverhead ishigh.
Thisoverheadcanbereduced byusingstructuretypevariable.
4. Onceanewstructurehasbeendefined,oneormore variablescanbe declared to
beofthat type.
5.Astructuretypevariablecanbeusedasa normalvariableforaccepting theuser’s
input, fordisplayingtheoutputetc.,
6. Theassignmentofone‘struct’ variableto another,reducestheburdenof the
programmerinfillingthevariable’sfieldsagainandagain.
7. It ispossibleto initializesomeorallfieldsofastructurevariableatonce,when itis
declared.
8. Structuretypeallowstheefficientinsertionanddeletionofelementsbut arrayscause
theinefficiency.
9. Forrandomarrayaccessing, largehashtablesareneeded.Hence, large storage
spaceandcosts are required.
10.When structure variable is created, all of the member variables are created
automaticallyandaregroupedunderthegivenvariable’sname.

Structure Contains Pointers
A pointer variable can also be used as a member in the structure.
Intheabove,*rr isapointervariable ofstructuretypewhichholdsinsideit another two pointervariables
p1andp2as itsmembers.

# include<stdio.h>

main( )

{
sturct

int *p1, *p2;
} *rr;

int a, b ;

a = 70;

b = 100’
rr — p1 = &a; rr —

p2 = & b;

printf( “ The contents of pointer variables”);
printf(“Present inthestructureasmembersare\n”); printf

( ‘%d%d”, *rr—p1, *rr—p2);

}
In the above program, two pointer variables p1 and p2 are declared as members of

thestructureandtheircontents/variablesareprinterafterassignment in theprogram.





1.5 Basic Definition of Union
Introduction
AUnionisa collectionofheterogeneouselements. That is, it isa groupof elements; each element is
of different type. They are similar to structures. However, there is a difference in the way the
structuresmembers andunionmembersare stored. Eachmemberwithina structure is assigned
its own memory location. But the union members all share the common memory location. Thus,
unionsare used to savememory. Unionsare chosen for applicationsinvolvingmultiplemembers,
where valuesneed to beassignedto allof themembersat anyone time.
Unionisadatatypethroughwhichobjectsofdifferent typesandsizescan bestoredat different
times.
ThegeneralformofuniontypevariabledeclarationisUnion 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

followedbyuser definedname, followedbycurlybraceswhich includes the membersof
theunion

Example
union value
{

int

no;

float

sal;

char

sex;

};

Characteristics of Union
1. Unionstores valuesofdifferenttypesinasinglelocationinmemory
2. Aunionmaycontainoneofmanydifferent typesofvaluesbutonlyone is
storedat a time.
3. Theuniononlyholdsavalueforonedatatype. Ifanewassignment ismade
thepreviousvaluehasnovalidity.
4. Anynumberofunionmemberscanbepresent.But,uniontypevariable takes
the largestmemoryoccupiedbyitsmembers.



1.6 Comparison between Structure and Union with example

Structure
1. Struct StructureName
{
datatype
member-1;
datatype
member-2;
….
….

datatype
member-n;
};

Union
1. Union
datatype
member-1;
datatype
member-2;
….
….

datatype
member-n;
};

name {

2. Everystructuremember is allocated 2. Thememoryequivalent to the
memory when a structure variable is
defined
3. All the members can be assigned
values at a time
4.Allmembersof a structure canbe
initializedat the sametime

5. valueassigned to onememberwill

largest itemisallocatedcommonlyfor
allmembers
3. Valuesassigned to one embermay
cause the change in value of other
members.
4. Onlyone unionmember canbe
initializedat a time
5. Valueassigned to onemember

not cause the change inothermembersmaycause thechange invalueof
other members.

6. The usage of structure is efficient
whenallmembersare activelyused in
theprogram

6. Theusage o union isefficientwhen
members of it are not required to be
accessed at the same time.
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