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Data Structures
.5  Introduction to Data Structures

Data Management Concepts

The (.:(mcept of data management deals wi
appropriate data structures and use of appropri

Data

e Data is a collection of information but it

¢ When data is processed it becomes information.
character or any kind of information.

d information.

th collection of ‘data, data organization in
ate algorithm for implementation.

is in raw form.

e Data can be a number, symbol,

e The logical and meaningful form of data is calle
is singular form.

kind of data a specific variable may hold in
le in C there the data types are

¢ Data is plural and datum

e A data. type is a term which to the
programming language- For examp
int float,char,double etc.

e Generally a programming language supports a set of built in data types and
allows the user to define a new type those are called user defined data types. So
there are two types of data types -

1. Built in data type : Such as int, float, char, double which are defined by

programming language itself.

2. User defined data type : Using the set of built in data types user can define his

own data type.

b

For example :
. Char name; .
}s _
ssl, o ' S
structure student and sl is

s is tag for user definéd data type which defines the

variable of data type s.

Data Object

Data object is a term that refers t
infinite.

. o a set of elements such a set may be finite Of

e For example - consider a set of students studying in second year of computer
engineering. .
e It is a finite set, whereas set of natural numbers is an infinite set
___..—F"‘
TECHNICAL PUBLICATIONS - An up thrust for knowledge
——4
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Data Structure

. The combination which describes the set of elements tog
of all legal operations is termed as data structure. It other words
will tell us which are the elements required as well as the Jegal operati
those set of elements.

e For example :
¢ are addition,

perahons on intege
integer along

the data object -
tructure.

« Consider the set of elements as integer, and the
subtraction, multiplication, division etc. Therefore
with description of these operation will be a data s

The standard way of defining data structure is as follows -

e Definition :

A data structure is a set of domains D, a set 0

This triple (D, F, A) denotes the data structure d. Where D is the domain.

f functions F and set of axioms A.

m Abstract Data Type

e The abstract data type is
A - axioms in which only what

is not mentioned.

e In ADT, all the unplementahon details

ains, F - set of functions,

a triple of D - set of dom
d but how is to be done

is to be done 1s mentione

are hidden. In short

f each functlon .

ADT = Type + Functlon names * Beha\nor 0
in further chapters how the ADT can be wntten

-__We will dlSCLlSS

"B Example of ADT

e The abstract data type consists of following things

1. Data used along with its data type.

2. Declaration of functions which specify only the purpose. That means "What is
to be done" in parncular function has to be mentioned but "how is to be done"

must be hidden.

3. Behaviour of function can be specified with the help of data and functions

together.
e Thus ADT allows programmer to hide the implementation details. Hence it is

called abstract. For example : If we want to write ADT for a
set of
we will use following method integers, then

fu
TECHNICAL PUBLICATIONS - An up thrust for knowledge

Scanned by CamScanner



1-4 Introduction to Data S‘mcfwes

:""iisaslﬁ'ac;tﬁ;ttaType Set { .
Instances : Set is a collection of integer type of elements.

i Preconditions : none

Operations :

1. Store' () : This operation is for storing the integer element in a set.

2,

A T —

Retrieve () : This operation is for retrieving the desired element from the given
set. 4

Display () : This operation is for displaying the contents of set.

There is a specific method using which an ADT can be written. We begin_‘i;i_a
keyword AbstractDataType which is then followed by name of the data structure
for which we want to write an ADT. In above given example we have taken Set
data structure. ‘

Then inside a pair of curly brackets ADT must be written.

We must first write instances in which the basic idea about the corresponding
data structure must be given. Generally in this section definition of corresponding
data structure is given.

Using Preconditions or Postconditions we can mention specific conditions that
must be satisfied before or after execution of corresponding function.

Scanned by CamScanner
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Introduction to Data Structures

Data Structures ,.__j-i""/-’_

o —————ata A e i WA

2. Float Data Type : '
This data type is used to store the real values in a variable. The value may contain

some fractional data.

For example

; float a;
a=6; i{s allowed but
it will be interpreted as

a=b.,0
W, similarly
| ¢ by float val;
% daia S:n g val=3.79 is perfectly allowed.
e ave lak 3. Character Data Type :
; abetical information in a variable.

lﬂ This data type is used to have some text or alph

For example
as T or F, then we will use the variable which is of

he COrpeg If one needs to store the status
: :‘n character type which is denoted by char.
char status; :
status='T",

Note that the character is always written within single quotes.

1C conditions 4

on,
4. Double Data Type :

This data type is used to store the nume
meant for the real values. It is same

ric information in the variable. This data type

Winter !
as of float data type but the capacity of

)ee.-05,
is mainly
this data type is larger than the float data type.

For example

double val;
To summarize everything -

§ g‘ Name Format specification Memory requirement Range
i Int %d | 2 b)f.te; IS ._- 128 to 1;.7_____
v el - ~ 4bytes . 768 802767
hﬂuw( e R ' 0/‘_’_C L _hl_b?*te - e -.”3.4e -38 téd‘3:_4€+38
ae* o o 170 w80 L7e®

Note that the C language is a case-sensitive anld everything should be written in
lower case mCC thldOI;e can give the variable name in capital letters. Simil arly every
statement in C should be terminated by ; (se

; (semicolo atin
symbol. n), Wthh is known as terminating

I
TECHNICAL PUBLICATIONS"- An e :
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mes- FOIIOW in

Va!idltg.r of variable names e P
C, the identifier S 0 ve
g hile deciding

dw
should be follow® .. 2 collec
1) The variable name is a nd sh ould

letter should be an alphabet' N
i e

2) Special characters are not allowed in ,

3) The variable name. i_'s case sensifive: A va

But variable d and variable D are¢ two diffe
iable name can be any

haracters in which the firs

anumeric c .
any specnal character.

variable name except underscore.
riable name can pe in capital letters.

rent yariables.

put only first 31 characters "are

4) The length of the var
recognised.

5) The keywords are no

6) Blank spaces Or special characters,
in the variable name.

t valid variable names.

commas, use of quotes "or'

7) Arithmatic operators should not be used in the variable names.

its name.
e For example : int count,sum ;
e The variable name ¢ i in valu T

ne count itself indicates that it i
. e at it is used h
. i ; : sed to store
unting, similarly sum is a variable which stores the sum of e Of somig
some numbers

e Instead of usin
g lengthy variabl
For example. usi e names make use of )
ple, using employee_id is more suitable than unCIiErscoreS in between.
employeeid

The primitiv, |
e data ty
pes are th
~ types can be buyilt using pn'rnitive
' e
‘Examples of Primitive ¢
int, float, double, char.

fundamenta] da;
1 dat
data types, Ypes. The non primitive data

ata types are;

e Th i
| € non-primitive daty

e
* Examples of nop types are user defined da

- r' o
Primitive datg types ar

Data Structures

g are the rules which |

are not alloweq |

e For example

Bt Rax i, INDEX Xy bckOL 61 v PR SRR R

__The invalid variable names are ) - .
2L 2

o The variable names should be informative. It should descri.be thé purpose of it by

f
5

EEXA Frimitive and Non Primitive .

Data Stri

.~ con
lin

Solutic
breakd

r

[
Revie
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Data Structures 1-7 Introduction to Data Structures
__-_.—.—-_._._-___ . ——

Examples :

Primitive Data Tyf,ues Non-primitive Data Types

[ Eouni s TR typedef
float average; . o
char chofeer: i r o i

Strl-'lct student ; e ”%;";fé

int roll_no;
float marks;

}S;
S 51

m A communications network is represented by graph. Each node represents a.

communication line and each edge indicate the presence of interconnection between the

r - - k) 1 ? -

lines. Which traversal technique can be used to find preakdown in line ? Explain.
Solution : » The Breadth First Traversal technique of graph can be used to find

breakdown in line.
e The Breadth First Traversal (BFS) starts
all neighboring nodes or adjacent nodes.’

frorn any desired node and start finding

e Thus using BFS one can reach to all the nodes.
o If the neighboring node is not found then that indicates the broken link, in

communication network.

Review Questions

1. Explain primitive and non

-primitive data structure and give the example of them.
GTU : CE, Dec.-03, Marks 4

- Atasunbn immortance of abstract datatype with suitable example.
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Introduction to Data Sfﬂmu;,,;
st

Data Stiuctures wai#_ﬂ_ljﬁ.._-—— e
Step 4 Perform the addition of both the numbers 1.€- and store the resulg 4,
variable ‘¢’. .
Step 5: Print the value of ‘¢’ a8 2 result of addition-
Step 6: Stop.
e some characteristics o

not ugeful, Here ar

Only defining an algorithm is again

algorithm,

EEXD characteristics of Algorithm
uantities.

with zero or more external q

1. Each algorithm'is supplied
ut to the algorithm.

Here supplying external quantities means giving inp
. Each algorithm must produce at least one quantity. '

Production of at least one quantity means there should be some output.
. Each algorithm should have definiteness ie. each instruction must be clear and

unambiguous. -

. Each algorithm should have finite
algorithm, then for all cases the a
steps.

Each algorithm should have effectiveness ie. every instruction must be sufficienty
basic that it can in principal be carried out by a person using only pencil and

paper. Moreover each instruction of an algorithm must also be feasible.

performance Analysis and Measurement
GTU : May-05, 07, 09, 12, IT, Dec.-05,

orithm can be decided by measuring the performance of an

formance of an algorithm by computing two factors-

e trace out the instructions of an

ness ie. if w
finite number of

Igorithm will terminate after

1. What do you understand by the term algorithm ? Describe the characteristics of an*algorithm. \

06, Winter-14,17, Summer-17

The efficiency of an alg
algorithm. We can measure the per
1. Amount of time required by an algorithm to execute.

2. Amount of storage required by an algorithm.

This is popularly known as time complexity and space complexity of an algoritham-

EEXR Time

Complexity

the amount of time taken by the program for execution. As

o Time complexity 18
is difficult to measure the time complexity in terms of clock units, W¢ w
measure the time complexity using the frequency count.
__._.—-—'/
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* Frequency count - The efficiency of a program iy menauired :y i;:mr ng 2 munttfr
in the algorithm in order to count the number of timgﬁ .t 2 ! amcrupwat_i.tm I%
executed. This is a straightforward method of measuring the time u:mplr_mty of

the program.

Consider following piece of code for obtaining the frequency count -
~ void display()

{
int a,b,c;
a = 10;
b = 20;
C = a+bhb;
printf("%d",c);
}
Solution :
' Code : Frequency count
b =20 _ __1
c=a+b ‘ 1
printf("%d", c) Lk
3 Total 4

Explanation :

In above code, the statements such as assignment statements, input and output
statements or if statements execute for once. Hence the frequency count of such
statement is considered as 1. Therefore we get the frequency count as 4 in above case.

Find the frequency count of :

Pfor (i=1;i<=mn1i++)
far{f = 1) <. = 1j ¥++)
x=x+ 1
i=1
while (i < = n)
{ x=x+1;
i=i+ T

GTU : May-05, Marks 6
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Introduction to Data Structurg,

Data Stucturos ez
Seolution : 1) The frequency count can be computed as follows -
O Btement | Frequency %
P
R el ARl g
e e G
j=1 e M
e Jeet ne+l)
e e S aen g
e gl fen
Total R 3n” +4n +2
ii)
Statement o Frequency count
) lml - 1
1< =i n+l
X =X+ 1 n
A :ﬁi + .1 7 n
Total : 3n + ;

SETJCR RS Find the frequency count of :
Dfor(i=11i<=n;i++)

for=1,j<=mnj++)

a=a+ 2
i)i=1
do
{
x=x+ 2

i =+

Scanned by CamScanner
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Data Structures

Solution : i)

Introduction to Datg Sfructuraa

—

it uency count
SI_:atement .Freq f?_ﬂ s
i_= 1 ‘_,____,._______._...__A.}—.--_-._ iy
H A, 1 : n-+ 1

ig=n ‘e
o i++ _#ﬁﬁ___w_n_ﬁ“ =
e j:_,_ = e
j<=n n(n+1.)_”_ww
j++ ...
peats DETE .«

Total 3n" +4n + 2

ii)

Statement

1=l
X=x+2
B S i S
1+ +
i<=n

Total

Frequency count

n
n
n

3n+1

SENCRREY Determine the frequency count
code. Obtain its time complexity in terms of

for(i=1i<=mn1i++)

for=1Lj<=14j++)
for(k =1, k<=jk+ +)
x=x+1

Solution :

for each statement in the following piece of -

’ r

n.

GTU : May-07, Marks 6

o TTT———

S_tat_gment Frequency count
oz o ;me
" __“_.;w.;__i_____ s
. o - Sl TN
"—F i - S— andig. S S e i n
DT |0 n
i<=i e
arii Al Tl v n(n+1)
| ) = _nwn ,,,,,,, st
k=1 7 et e =
Fia-Ps 47 n-n- n
TECHNICAL PUBLICATIONS™
NS™- An up thrust for knowledge
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Data Structures T ' 1-12 Introduction to Data Structures

: ‘k < "--.j i n-n-(m+1)

i o et B o
i x=x+ 1 R S LR S -
2 ’fotal M 4n3 + 3n2 +3n+2

; ; - ity = 0 (n%)
The higher order degree is considered. Therefore time complexity

- : wing piece of code.
FEVINRWRA Determine the frequency count of each St‘mf’mem e ol gp 7 20l
Obtain its time complexity in terms of n’ :

for i=1i<=mnitt)
for(j=1j<=nj++)
{

chl il = 0;

for (k= 1, k < =D;k++9

cij [l = Clil [i] + ali] [k] * blk] [i]- e e : ._
: | e GTU : May-09, Morks 6]
Solution : _ T YT | |
~ Statement ~ Frequency count
Tt e i ‘ 1
E 2 1; =n : n+1
s - -
j=k » n
e j<=n : 1 N n(n+1)
e nen
M. % k=] wn .
b . kseh n-n-(n+1)
CHU=CHE Kb |Gy nonen
4 Total : : 3n3 + 5:12 +4n + 2

For finding the time complexity, we must neglect all the constants and only order of

magnitude is considered. The highest degree in above polynomial is 3. Hence fime
| complexity in terms of n ig omd).
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Data Structures Introduction

i 1-13 -
: D bers. Calculate time
Write an aloor [ gy of " GTORE T
complexity, sorithm for finding ertS® = 7 qe e AR
Solution -

{ gorithm  Avg (a, )

to Data Structures

Sum: = g

fori::ltol_ldo

. Tead (ali]),
f0r1 =1 ton d;
SUm : = Sum + afj)
av_g P = suwn;
Print (avg),

Time complexity is O (n).

Write an algorithm for calculating” square of “the number for all the prime

1 o . -
1umbers ranging between 1 to n, Perform time and space analysis.
GTU : Winter-17, Marks 4

Solution :
void Prime_Square()

{
int num,i,count,n,sq;
pontf("Enter value of n: ")
scanf("%d",&n);
f[or(num = I'num<=n;num+ +)
count = 0;
for(i=2;i<=num/2;i+ +)
{
if(num%i==0)
{
count+ +;
break;
}
}
if(count==0 && num!= 1)
{
sg=num*num,;
printf("The prime number is %d and its square is %d",num,sq);
} : i i : 1
s
}

The worst case time complexity of this algorithm is O(n ~ 2)

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Data Struct '
Ictures ‘ 114

Space Complexity

* The space complexity can be defined
algorithm to run.

as amount of memory required by, i

two factors : Constant and instan,

* To compute the space complexity we use
gjven as

characteristics. The space requirement S(p) can be

the space of inputs and outpuyts
variables and identifiers. And Sp
s a variable part whose space

where C is a constant ie. fixed part and it denotes
This space is an amount of space taken by instruction,
is a space dependent upon instance characteristics. This i
requirement depends on particular problem instance.

e There are two types of components that contribute to the space comp

part and variable part.

e The fixed part includes space for
i) Instructions

]exity - FD(ed

ii) Variables : .
iii) Array size '
iv) Space for constants

e The variable part includes space for
o The variables whose size is dependent upon
being solved. The control statemerits (such as for, do,

solve such instances.
o Recursion stack for handling recursive call.

Consider an example of algorithm to compute the space complexity.
Compute the space complexity for the code fragment

Algorithm Sum(a,n) =

{

the particular problem instance
while, choice) are used to

5. = OO
fori:= 1tondo
s:= 8+ afi];

return s

}

Solution : In the given code we require space for

s : = 0 « Requires 1 unit of Space

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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Data Structyres Introduction to Data Structures

1-16

fori:=1 o N ¢ Requires n unit of Space

8¢=8+ali]; « Requires n unit of Space
returns ; « Requires 1 unit of Space

Thus total 2n49 units of space is required. If we neglect the constants of this equation

and if consider only the order of magnitude then the space complexity is denoted using
Big Oh notation ag On)

E , | . time complexity for
xaaplu Lead Define time complexity and space complexity Calculate plexity for -
dven expression

for=0;k<n;kst)
{ _
rows [k] = 0 ;
1;0!0'=0;j<n;j++,1
rows [k] = rows (k] + matrix [k] [j] ;
total = total + matrix [k] [j] ;
}

9 BN G0 : May-12, Marks 4|

Solution : Refer sections 1.4.1 and 1.4.2 for definitions.

poode fy N Fequency Count
ot UM O L | s
| k<n L5 S
prows k=0 - © . ... om -
for(=0.) g

crows[Kl=w o) L
‘total = ... n(n)

The frequency count will be 3n2 +4n +3. Just by considering the order of magnitude
we can express the time complexity in terms of big oh notation as O(n2). As it requires
two dimensional array the space complexity is O(n 2).

Review Questions

1. Explain time and space complexity with ‘example.

GTU :

IT, Dec.-05, Marks 4: IT, Dec.-06, Marks 6

2. Write short note on performance analysis and performance measurement of an algorithm.

GTU : Winter-14, Marks 7

TECHNICAL PUBLICATIONS" - An up thrust for knowiedge

Scanned by CamScanner



]

' ; Introduction to Data Strycy
Data’ Structures 1-16 ——

R S
KB Average Best and Worst Case Analysis LOTU & tikag s

time to Tun to completion for a specif,

If an algorithm takes minimum - amount of '
set of input then it is called best case time complexity-

lement by USHS > .
ular e Alled best case time complexity.

to completion for a specific st

‘ ing sequential search we get
For example : While searching a partic _
the desired element at first place itself then it 18 €

: time to run
If an algorithm takes maximum amount of

of input then it is called worst case time complexity ing linear searching method |
, t by us ,
For example : While searching an element DY get worst time complexity.

. We
: ; d of the list then .;
desired element is placed at the en <ot of inputs is as a average same. They

. ta . 3
The time complexity that we get Gk ty is called average €ase time complexity,

for corresponding input such a time complexi
Consider the following algorithm
 Voidseq search()

k

21
i
i
4

BEES U for (1= 0; i<mi It )

if(afi] ==key)
return i;

Pl SRS

Best case time complexity

Best case time complexity is a time complexity when an algorithm runs for short

time. In above searching algorithm the element key i§ seérched fTom the list of p
clements. If the key element is present at first location I the list(a[0...n-1]) then
algorithm runs for a very short time and thereby we will get the best case time
complexity. We can denote the best case time complexity as

Chest = 1
Worst case time complexity

Worst case time complexity is a time complexity when algorithm runs for a longest
time. In above searching algorithm the element key is searched from the list of n
elements. If the key element is present at n™ location then clearly the algorithm will run

for longest time and thereby we will get the worst case time complexity. We can denote
the worst case time complexity as

< = '

worst — It

-_

TECHNICAL PUBLICA TIONS™. An up thrust for knowledge
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. res
o iShicting g Introduction to Data Structure

. : g ize 1, the
lele a1$0nﬂm guarantees that for any instance of input wh:u:h is of lseljity gives
running time will not exceed Cvoret(n). Hence the worst case time comp e
Important information aboyt the efficiency of algorithm.

Average case time complexity | '
. I . . On.

T.h?s type of complexity gives information about the behaviour of an aigozt::;‘ for
spmﬁc_or random input. Let us understand some terminologies that are req
computing average case time ‘complexity.

Let the algorithm is for sequential search 5nd

P be a probability of getting successful search.

n is the total number of elements in the list.

ThF'f ﬁrs_t match of the element will occur at i
occurring first match is P/n for every i" element.

The probability of getting unsuccessful search is (1-P).
Now, we can find average case time complexity Caygln) as -
Ca"g (n) = P robability of successful search (for elements 1 to n in the list)

+ Probability of unsuccessful search There may be n elements

th Jocation. Hence probability of

1

Cavg(m) = l:l‘£+2-£+...+i£}+n-(1-P) at which chanceslof not
' S ol getting  element'  are
P possible. Hence n.(1 - P)
= —[1+2+..+i..n]+n(1-P)
n
. B EOED )
T
e PO+D) o s
J Cavgln) = _5—_+n(,1_P}
{ :

S

an obtain the general formula for computing average case time complexity.

Thus we ¢

Suppose if P = 0 that means there is no successful search i.e. we have scanned the
i d still we do not found the desired element in the list then in

entire list of n elements an

such a situation,

Cavg(n) _ 0m+1)/2+n(- 0)
Cavg (n) =
the average case running time complexity becomes equal to n.
Thus the
—1ie wegeta successful search then

Suppose if P

) = 1(n+1)/2+n(1_1)

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Data Structures 1-18

Ca\'g (M) = (n+1)/2 from the list.

: : f the elements
et means the i ve to consider Pmbabiht}’ of

For calculating average case time complexity We€ i the algorithm is heayj)
8eting success of the operation. And any operation I lexity is diff;
d y pe ‘ . e case time COmMP Cult
ependent on mnput elements. Thus computing averag‘ i
than computing worst case and best case time complexities:

| : : Winter-18, Mark
1. Explain average case timing analysis for search algorithm. GTU : Win arks 4
Ol el

=

GTU : IT, Dec.-05, 06, CE, Nov.-05

m -
- ypes of Data Structures D ee.06, May-12, Summer-13. 18

Organizing data in broper manner makes the program developn}ent an efficient
process. For many applications, choosing a proper data structurf.i 15 an Importan
decision. Basically data can be organized in various categories which is as given i
Fig. 1.6.1.

Data structure
Linear organization Non linear organization
I | I 7
Arrays Lists Trees Graphs
I I
Stacks Queues
Fig. 1.6.1 Elementary data organization
Difference between Data Type and Data Structure
— g X
Sr. Data structure ' D
ata e
N01 : ' : typ
1; A data structure is an abstract description

Data type represents the basi of the
of a way of organizing data to allow certain data. ok, e R i
operations on it to be performed efficiently.

N —

i Data structures can be reduced.

The data type can not be

SRR bt a2

reduced.

TECHNICAL PUBLICATIONS™ An up thrust for knowie, 56
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Introduction to Data Structures

Mstr[mms M —— g [ S o T
e mztypﬁmﬂ"l’mmm &
mumsfmmMmﬂmmﬂmm

Example : Array, Linked List, Stack, Queues mmm’“& o gg types. -

R

Role of Data Structure in Problem Solving

The data structure is used for modelling thE_
some algorithm on the data structure to solve parti

For instance : If we want to perform addition of two _
need to build a data structure for storing the polynoi
dimensional array or we can use an array of structuré - ic data structure
values of each term of polynomial. Similarly we can make use of dyna%mcl ; ropriate
like linked list for reprmﬁng the Pol}mﬂﬂﬁal. And then accordmg y app ddp .
algorithm can be applied on the polynomial data structu‘re to perfl‘:}m't ]a 1:;10,:
operation. Thus for solving any problem data structure along with appropriate algor
1s required.

problem. That means, we can apply

cular problem
Pol}momj_a]_g then first of all we
al. We can use either a two

Linear Data Structure

Linear data structures are the data structures in which data is arranged in a list or in
a straight sequence.

For example : arrays, list

Non Linear Data Structure

Non linear data structures are the data structures in which data may be arranged in
hierarchical manner.

For example : trees, graphs.
What is primitive data structure ? Is pointer primitive data structure ?

GTU : IT, Dec.-05, Marks 4

Solution : Primitive data structure is a basic data structure which operates on basic data
types or machine instructions.

Pointer is a primitive data structure.

Review Questions

—

1. What is the difference between data type and ik Si;ucture " |
in problem solving ? ’
2. Explain the classification of data structure..

i
| 2 Expin GTU : IT. Dec.-06. Marks 4 f
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Daia Structures 1-X

T
-__——-__’H-___—‘___-——‘_“-__-__'_'———-.._.,_‘___.___‘.__ e - -
| % piain difference hetwevn linasr and non [imoar &

o stractures Wit ©

structire with example

ks 3. Smmm‘r-l

non linewr dabt

4.« What i data structure ? Explain linesr and Ma

c . : & res.
S. Differentiate hetwven linaar and non linedr datd "m‘f. "
SO i il

g Oral Questions and Answ

Q1  What is the difference between data and information ? X The logical
Ans. : Data is a collection of information but it raw form. gical and
meaningful form of data is called information.

Q2  List out the types of data type.

Ans. : There are two type of data types - i) Built in dat &y

type.

is in

pe and ii) User defined daty

Q.3  Define the term Data structure. other with th
Ans. : The combination which describes the set of elements toge e
description of all legal operations is termed as data ISR 4

Q.4  What is abstract data type ?

Ans. : The abstract data type is a triple
A - axioms in which only what is to be done is mentioned but how

mentioned.
In ADT the implementation details are hidden.
ADT= Data type + Function names + Behavior of each function.

of D - set of domains, F - set of functions and
is to be done is not

Q.5  State the advantages of abstract data type.
Ans. : Following are some advantages of abstract data type -
1. Abstract data type is useful for representing all possible operations ot the data
structure.
2. The implementation details can be hidden in ADT.
3. The implementation details can be changed later on during maintenance and bug
fixing when the ADT is available.
4. ADT helps to define the program definition in general form.
Q.6 List out the areas in which data structures are applied extensively.

Ans. : Following are the areas in which the data structures are applied extensively.

1. Operating system - The data structures like priority queues are used for
scheduling the jobs in the operating system,

B

TECHNICAL PUBLICATIONS" . An up thrust for -
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Data Structures

structure is used in parsing the source program.

2 Compiler design - The tree data
e calls.

Stack data structure is used in handling the recursiv
The file data structure is used in database

3. Database management system - i :
_management systems. Sorting and searching techniques can be applied on these

data in the file.
Q7 Distinguish between linear and non linea

: The linear data structure is a kind of data stru
arranged linearly, whereas non linear data structure is a
which the elements are not arranged in linear fashion.

" Examples of linear data structure are - Linked list, stacks and queues
ture are - Trees and Graphs

r data structure.

cture in which the elements are
kind of data structure in

Examples of non linear data struc

List out the measures of efficiency of program.

Q.8
re the two measures used for

Ans. : Time complexity and space complexity a

computing the efficiency of a program. :
-

Q.9 Define the term time complexity.
ns.: The amount of time required by the program to execute is called time

A
complexity.
T

Q.10 Define the term space complexity.
Ans. : The amount of space required by the program to execute is called space

complexity. _
Q.11 What is the role of data structure in problem solving ?
Ans. : The data structure is used for modelling the problem. That means, we can apply
some algorithm on the data structure to solve particular problem.

Q.12 Define primitive data structure.

Ans. : Primitive data structure is a basic data structure which operates on basic data
types or machine instructions. For example - ineger, float are primitive data structure is

C.
Q.13 Is pointer primitive data structure ?

Yes Pointer is a primitive data structure.

Ans. :

Q.14 What is unit used to measure the time factor for determining the efficiency of
a program ?

Ans. : The number of statements executed is used to measure the time factor for

determining the efficiency of a program.

TECHNICAL PUBLICATIONS". An up thrust for knowledge
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Data Structures 1-22 e
IRy |
Q.15 Define data structure.

: - f elements t
Ans. : Data structure : The combination which describes the t:: nfr ee ogether
with the description of all legal operations is termed as data s

|
' Q.16 Non-primitive data structure. m

Ans. : The non-primitive data types are user defined data types-

Examples of non-primitive data types are : In C language the non primitive daty
types are structure, union and enumerated data types.

Q.17 Linear data structure. m

Ans. : Linear data structures are the data structures in which data is arranged in a list
or in a straight sequence.

For example : arrays, list

Q.18 Non-linear data structure. m

Ans. : Non linear data structures are the data structures in which data may be
arranged in hierarchical manner.

For example : trees, graphs.

Q.19 Arithmetic expression evaluation is an explanation of which data structure ?

GTU : Summer-17 BE

Ans. : Arithmetic expression evaluation is an explanation of stack data structure.

TECHNICAL PUBLICATIONS" - An up thrust for knowiedge
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Data Structures ' 2-2 I%H
— tion :
EI Concept of Array as Sequential Rep J—

s

:“': ----- — i S N lOCaﬁf_l}f:u-—--—’—“ g A
[H__E*f_‘l“ﬁ"“ : Array is a consecutive set of memory 7 »
et ta stry -
ye. Also as a daia Cture,
. We define array as a set of pair-index and the Vﬂlﬁon is storing of data at des]h
basic operations of an array are only two. Opie P from desired location (inde,(tred
190aﬁ0n or index and the other one is retrieving of data 4

Advantages of sequential organization of data structure | |
1. Elements can be retrieved or stored very efficiently in sequennal organizatiop Wi
the help of index or memory location. |
2. All the elements are stored at continuous memory locations. Hence searching ¢

element from sequential organization is easy.

Dis"d"a“tﬁges of sequential organization of data structure
1. Insertion and deletion of elements becomes complicated due to sequential natur, |
2. For storing the data large continuous free block of memory is required.

3. Memory fragmentation occurs if we remove the elements randomly.

m Representation of Arrays GTU : CE, Dec.-06, Winter 13, Marks 7 :

* The arrays may be of any data type such as int, char, float or double.
* The syntax of declaring an array is

- data_type name_of_array [size] ; |

For-example, int a [10]; double b[10] [10];

'Here ‘a’ is the name of the array inside the square bracket size of the arrav is give
This array is of integer type i.e. all the elements are of 1

_ ' integer type i ‘a’. Gimilafly
arrays may be of user defined type, called as array of Stgruczp (1:narray a -y
dimensional and multidimensional arrays. w: L. supports: bo :

One dimensional array :

The one dimensional array 'a’ is declared as int a[10

l;

S S
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the array is ﬂm
1 Sl ]

Data Structures

Two dimensional array :

a
ol 10+— Value stored In array
1] 20

Index L

used to find 21 30

the element L —
3| 40
9

If we declare a two dimensional array as
e R RO AT
Then it will look like this -

i

Column
l
0 1 2
Row 0 10 a 30
Y e
1 40 50 60
2 R —
9

The two dimensional array should be in row-column form. We will also see another
form of array using structure. -

For example :
| struct emp

,{ 7
int no;

char name;

., Aloat salary;
~  }employee[100]; e _
The el.emen;sh of a two dimensional array maymbe“..arranged either in rowwise Of
columnwise. us the two dimensional array is the matrix reptesentaﬁ(m- A
- —

E o i
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L ,;,"; ' ,‘
3 ff b &
i
i ‘ ,#'4; '
1/
1/
=
4
- . 'J
AR
£ et
i : '\4 L
R
employee [100] i }“;;ﬁ::‘
- 1 Ty
Fig. 2.2.1 Storage representation !ﬁﬁ&' "
' ' : i alled row majo § & W N
representation in which elements are arranged Trowwise Isanced i ) a]?r 1 3_.9.'.; 1
representation and a representation in which elements are arrange UTITwese. is WO o 4
termed as column major representation. w
; . L
Row major representation | ¥
If the elements are stored in rowwise manner then it is called row major ! jﬁmﬂﬁ
S 1 ﬁ"] s

representation.

For example : If we want to store elements

10 20 30 40 50 60 then in a two dimensional array Yy ¥

0 10 | 20 30

The =

elements 1 40 | 50 | 60 -

will be

stored

horizontall

y
9

To access any element in two dimensional array we must specify both its ow
number and column number. That is why we need two variables which act as oW
index and column index.

Column major representation

If elements are stored in columnwise manner then it is called column majof

representation. :

TECHNICAL PUBLICATIONS" - An up thrust for knowiedge
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Data Structures 2.5 Amray

For €xample : If we want to store elements _ .
10 20 30 40 50 60 then the elements will be filled up by

columnwige manner as follaws (consider array a[3] [2])-

0 1
0 10 0
b | %
2 30 60

Each element s Occupied at successive locations if the element is of integer type then

2 bytes of memory will be allocated, if it is of floating type then 4 bytes of memory will
be allocated ang SO on.

For examp]e :
inta[3] [2] = {10, 20)
{30, 40}
{50, 60} )

Then in row major matrix

alolo]  af0)1] afi)io) a1 a0} al2](1]

10 | 20 30 40 50 60
100 102 104 106 108 110

And in column major matrix

alo]o]  a[1]{0]  a[2][0] a[o][1] a[1)[1] a[2][1]

10 30 50 | 20 | 40 | g0
100 102 104 . 106 108 110

Here each element occupies 2 bytes of memory base address will be 100.
Address calculation for any element will be as follows.

In row major matrix, the element a[i] [j] will be at

base address + (col_index * total number of rows 4 row_index) * element_size.
In column major matrix, the element at aj) [j] will be at

base address + (row_index * total number of columng 4 column_index) * element.

TECHNICAL PUBLICATIONS™. 4, Up thrust for

knowiedge
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An‘y

. ation is used.
In C normally the row major representation 18 US8 i «c! program. If the boge

Consider integer array int arrl31[4] dec;I;JISI with row major and . columy,
address is 1050, find the address of the element rTis

major representation of array.
Solution : Row major representation
The element a[i][j] will be at

. . s+ row_inde
ali][j] = base address + (col_index*total number of TOWS

X)*element_sjzq

]

¢ i 1O
(base address + (j*row_size + l)*element_mzt.)

When 1 e = int occupies 2 bytes of memory hence 1t is 2

[}

2and j =3, eleme.nt_siz
Total number of rows = 3

a[2][3] = 1050 + (3*3 + 2)*2

= 1050 + 22

a[2][3] = 1072
Column major representation
The element a[i][j] will be at
a[i][j] = base address + (row_index*total number of

columns + col_index)*element_size

‘= (base address + (i*col_size + j)*element_size)
When i = 2 and j = 3 ,element_size = int occupieé 2 bytes of memory hence it is 2
total number of columns = 4
a[2][3] = 1050 + (2*4 + 3)*2

= 1050 + 22

a[2][3] = 1072

Consider integer array int arr[4][5] declared in “‘C’ program. If the base.
address is 1020, find the address of the element arr[3][4] with row major and column’

major representation of array.

Solution : Row major representation

The element ali][j] will be at

a[i][j] = base address + (col_index*total number of rows + row index)*element_size

(base address + ( j*row_size + i)*element_size)
When'i = 3 and j = 4 ,element_size = int occupies 2 bytes of memory hence it is 2

™ _—_‘_‘_——___"‘——-——— ____...----"""l
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_ 4
Scanned by CamScanner




EEEEEEe— e ]

Daia Structures 2.7

total number of rows = 4
a[3][4] = 1020 + (4*4+3)*2

= 1020 + 38
al3][4] = 1058 ;
Column major representation
The element a[i][j] will be at
a[i][j] = base address + (row_index*total number of

columns + col_index)*element_size

= (base address + (i"col,size+})*el'ement-_5ize) N
When i = 3 and j = 4, element_size=int occupies 2 bytes of memory hence it is 2
Total number of columns = 5
a[3][4] = 1020+(3*5 + 4)*2

= 1020 + 38

a[2][3] = 1058
Multidimensional array

The multidimensional array is similar to the two dimensional array with multiple

dimensions. For example : Here is 3-D array.

a3 213 = ({123} {4561
{{7,89),(10,11,12}},

{{13,14,15},{ 16,17, 18]
}

We can represent it graphically as

[ 1 dimension
[ 2™ dimension

7] 3™ dimension

Rows

Columns

Fig. 2.2.2 Dimensional array

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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Void main ( )

{
int a [3] 2] [3]; -
int i, i k;

Clrscr ( );

printf (\n Enter the elements®);
for (i=0; i<3; i++)

{ for (j=0; j<2; j++)
{ for (k=0; kx<3; k++)
{ scanf ("%d", &ali](ilik]);
b : |

printf (\n Printing the elements \n%):
for (i=0;i<3;i++)
{
for (j=0; j<2; j++)
{
for (k=0; k<3; k++)
{

}
printf (\n');
}
printf("\n');

prntf(*%d", afi](j}{k]);

}

}
getch();

}
ADT for Arrays

AbstractDataType Array
(

Instances : An array A of some size, index i ang total number of g} ts in the
ements in OF

array n.

TECHNICAL PUBLICATIONS - An 1 prusy 1 —
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Operations -

store () - This operation stores the desired elements at each successive location.

display () - This operation displays the elements of the array.
)

Review Questions

1. Attempi - Storage representation of three dimensional array. CE. Dec.-06. Marks 4

2 Explain multi dimensional array. How it is stored in memory ? m

3. Explain the Arrays as ADT.

Basic Operations on Arrays

There are two basic operations which can be performed on arrays and those are

L. Storing the elements in an array.
Z; Retrieval of elements from an array.

Basic operations in one dimensional arrays -

int i, n, a[10]; : For example
printf ("\n How many elements | n= 5
to store?"); I
Execute SCfmf("%cl”. &n); ] 0 1 2 3 4
far printf (“\n Now store the I [10T20T30]40][50]
elements"); _
o) for (i=0; i<n; i++) A
: scanf ("%d", &ali]); | ivaries from O to 4.
printf("The elements are I Each time i gets increment
g I
om) for (i=0; i<n; i++) | 10 20 30 40 50
time printf("%d", ali]); I

In the above 'C' code the for loop is used to store the elements in a;w array. By this
from location 0 to n-1 the elements will be stored. Similarly, for retrieval of elements
again a for loop is used.

Analysis : The above code takes O(n) time.

Basic operations in two dimensional array -

int i,m,n a[10]{3]

printf ("How many rows and

. columns?");
scanf ("%d %d",&m,&n);

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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|
Print{(*Now store the | For '2“:‘“_9:
AN = | m=2,n=
| = ) .
time or( Oii<m;i+ +) Il =0l 101 20 | 30
for (j=0; j<n, j++) | 50 | 60
soanf ("%d', & a [i)j]); { st A0
::irinti ("The Elements are "); : a2 [3]
Or (i=0; j<m ; it++)
. laments are
for (]=D;i<n;j++} : T
print{ ("%d", alillj: | 10 20 30 40 50 60
| .
|

Uﬁunl]y el

cments in

th ¢
an array are to be stored from 0" location.
Analysis .

e 2 §
The aboye code takes overall O(n)? time.

m Applications of Arrays

I-nlh}wing are some typical applications of arrays -
I. Ordered list can be represented using arrays. The order
Polynomial represent

list is useful for
ation, addition

and multiplication of two polynomials,

also used for represe

2. The arrays are nting some sequential data structures such as
stacks and queues.

3. Arrays are used to re

Review Question

1.

pPresent sparse matrices.

Enlist the basic applications of arrays

m Sparse Matrix and Its Representation

J 1 CE, Dec .05, Summer-13, Marks 5

a very important role in solving many interesting problems in various
scientific and engineering applications. It is therefore necessary for us to design efficient

representation for matrices. Normally matrices are represented in a two dimensiona
array. In a matrix, if there are m rows and N columns then the Space required to store

the numbers will be mxnxs where s is the number of bytes Tequired to store the value
Suppose, there are 10 rows and 10 columns and we have to store the integer values then
the space complexity will be bytes.

Matrices play

10x10x2 = 200 b}'tes

_________________—-____—___—-/
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' » and time compey
, an integer value plexity ;i
Here 2 byles are required (o plore i - ge ill be
ere 2 byles i {ll‘l'it are carred out on matrices need 10 sean ghe . O(n?,
at are Matri

because the operations
row at a time and individua

It is observed that, many times W€
and n are reasonably higher and only

| columns in that row, results In use of twg nested o
: Jeal with matrix of size m x n ang Vﬂlmegpﬁ‘ :
nt ; f
a few clements are non zero, Sych - of m
trices 4y
e

called sparse matrices. trix which h
4 ix which has a very ¢

_ o matrix is that matrix Ty tew ng

In other words a spar »f the matrix. n

elements, as compared to the size m 71 ( o
100 # 100 and only 10 elements are non zerg

if the matrix is of size _ '
Jements one has to make 10000 times scan, Alg, e s

ments remaining spaccs of matrix will be filled. v
mory of 100 % 100 % 2 = 20000,

Zero

For example -
Then for accessing these 10 e
spaces will be with non-zero cle

zeros only. i.e. we have to allocate the me
has therefore came forward in computer —

store c;nl y non-zero clements of the matrix and
tly. Now, we will discuss such 2 efficient

The concept of sparse matrix
investigate that representation which will‘
still carryout the operations quite efficien
representation of sparse matrix.

Representation of Sparse Matrix

» The representation of sparse matrix will be a triplet only. In the sense that
basically the sparse matrix means very few non-zero elements having in it. Rest of
the spaces are having the values zero which are basically useless values or simply
empty values. So in this efficient representation we will consider all the non-zero

values along with their positions.

In a row wise representation of sparse matrix (Sparse matrix is two dimensional

matrix) the 0" row will store total rows of the matrix, total columns of the matrix,

and total non-zero values.
For example - Suppose a matrix is 6 #« 7 and number of non zero terms are say 8.
In our sparse matrix representation the matrix will be stored as shown below -

| Index Row No. Col. No. I
0 6 7 8
< 0 = BT
2 1 0 % -

; , 5 - 23
i 3 1 87
5 3 6 &8
. _6 4 3 14 s
7 4 4 —- = B

i . &

Table 2.5.1 Sparse-Matrix representation

e e e e e et

TECHMIC, ' ™
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* In aboye re

of the map.
d columns © me triy

Presentation, the total number of rows z,ea:-lo elements are given in (th

(6)(7) are given in Ol'h row. Also total number of non- \

TOW of valye column j.e, 8,

Here the above array
Sparse [0][0] = 6
Sparse Olf1 =7
Sparse [0][2] = 8
Sparse [1][0] = o
Sparse (1] =6
Sparse (1[2] = - 10

In our NOrmal representaty

Space, assuming an inte

In above Tepresentation (total number of non zero values + 1) X 3 x 2. If Integer
values are stores.

So it will be (8 + 1) x 3 x 2 = 54 bytes. Clearly in firg
Tepresentation 3( bytes is unused

space, which we are saving in the representaiop
shown above, Thus we will now make use of above representation in our program
to make it Space efficient progra

" en
1s say named “Sparse”. Th

and so on.

on of the matrix this will take 6 X 7 X 2 = 84 bytes
ger needs two bytes of memory.

m!

m Transpose of Sparse Matrix

performing transpose of Sparse matrix
For eg
Index Row No Col i\Io Value
mmm_g__ﬁ—mmg—»m— — - — 3 —
i LB oa T,
R, T
M_W-S 3t : e bl "

———-ﬂ-‘
i we
TEAWEAICAL DHRIICATIANEY . Scanned by CamSCanner
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will become

MM
— i Jue
; u
Index Row No. Col. Nﬂ va :
, 0 e 6 z
) " : 55
_..2 .D i 5 99
__________ 3 I ] 3 67
. » 4 14
5 4 4 ' - 28
| 6 . 2 - 23
L ’ 0 =10
8 " 3 84

If you observe the transposed matrix you will notice one thing that we have

transposed the original matrix not simply by interchanging rows and columns but we
have maintained the rows in sorted order. If we interchange row to col and col to row
and then sort the sparse matrix then it will involve lot of movement of data and will be
costlier. To overcome this problem, what we will do is we will find all elements in the
first column and store them in first row, find all the elements from second column store
them in second row and so on. As the originally the sequence is sorted row wise we
will be able to locate the elements in correct columnwise order. Now let us see the C

program for the transpose.

C Program :
C program followed by discussion of time complexity.
fﬁ**i’**ii‘************ii***i******t*****************t*ﬁ#*#t**t

Program to read a sparse matrix of sizemxn
and to provide transpose of the sparse matrix

*******************ﬁ******ti***i#*ﬂ**\#**********i****ﬁ**w**tt,

/* List of include files */
#include <stdio.h>
#include <conio.h>

#include <process.h>
#include <stdlib.h>

/* List of defined constants o

E—

TECHNICAL PUBLICA TIONS™. An up thrust for knowledgo
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\{rmdmam ()
‘ /* Local declarations */

void create(int s[10][3]):

void showf(int s[10](3));

void transp(int s1{10](3],int s210](3))%
int s1(size+1][3),s2(size+1](3] ;

e

Clrser();
Create(s1) ;
show ( s1); ;
getch(); .
transp( s1, s2 );
show (s2);
getchy();
exit(0);
}
Function create to read the nonzero elements of
the given sparse matrix
void create ( int s1[|[3] )
{

/* Local Declarations */
int n, m, terms;
int i, row, col, val :
printf(“Enter Number of Rows and Columns of a matrix )

. scanf(“%d%d", &n, &m)

printf("Enter Number of non-zero terms in the matrix:");
scanf("%d", &terms);
if ( terms > size )

)
printf("Error: Maximum terms should be 0 to %d\n" size):
getchy(); .
exit(1);

}

s1[0][0] = n;
s1[0](1] = m;
s1[0][2] = terms;
for (i = 1;i <= terms; i++)

Scanned by CamScanner
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P

I

 PHAti(“Enter the Row, Column and value of next noAzero termia®);
Scant(*%d%d%d", &row, &col, &val);

if (row > n )

{
printf(“Error: Maximum Row No. should be %d\n", n);
getchy();
exit(1);

}

if{col >m)

printf(“Error: Maximum Column No. should be%d\n",m);
getch();
exit(1);
) (1)
s10)[0] = row:
81fi][1] = col:
81[i][2] = val;

s
¥
-

;’ *"‘"‘"""-"'End of Create Function----------------- */
Function show to print the nonzero elements of
the given sparse matrixz

b

void show (int s[][3] )

{

/* Local Declarations */
int i;
printf("The details of the given sparse matrix are as follows\n");
printf("Number of Rows : %d\n", 8[0][0));
printf(“"Number of Cols : %d\n", s[0][1]);
printf(“Number of Terms : %d\n", s[0][2)):
printf("\nThe nonzero terms of the matrix are as follows\n");
printf("\n Row No\tColNo\tValue\n");
for (i =0; i <= s[0][2]; i++ )
{
printf(“%5d\t%5d\t%5d\n", 8[i][0], s[i][1],s[i](2]):
!
’

[ eoeeesnnswenemn-Bnd Of show Function----------eeee...#/

—
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Scanned by CamScanner



Dot St T ——
- ﬁ

Function to transp the given sparse matrix.

This is the function containing the major logic

B of the program ' - e
4

¥old transp (int s1{size-+1](3),int s2(size+11(3] )

1

/* Local Declarations */

nt nxtc, row, col,Term, val :

int p m, terms ; _

/* Read Number of rows, columns and terms of given matrix */
0 = s1]0]10] ;

m = s10][1];

tems = s1[0)[2) ;

/* Interchange Number of rows with number of columns G4

s2[0][0] = m;

s2[0][1] = n:

s2[0][2] = terms: :
if (terms > 1) /* if nonzero matrix then */

{
nxt = 1; /* Gives next position in the transposed matrix i
/* Do the transpose columnwise */
for(c=0;c<=m;c++)
{
/* for each column scan all the terms for a term in that column */
for (Term = 1; Term <= terms; Term ++)

{
if ( s1[Term][1] == ¢)

{

/* Interchange Row and Colump * /
s2[nxt][0] = s1[Term][1];
s2[nxt][1] = s1[Term]|[0];
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S2[nxt][2] = s1[Term][2];
DXt + 4

}

}

/**t******i****** l
- End of the Program *****t**w******t**i*ﬂ(

The details of the given s ; .
Parse matrix
Number of Rows : 3 atrix are as follows

Number of Cols : 3
Number of Terms : 4

The nonzero terms of the matrix are as follows

RowNo ColNo Value
3 3 4
0 0 10 :
0 2 20
1 1 30
2 1 40

Number of Cols : 3
Number of Terms : 4

lhe nonzero terms of the matrix are as follows

Row No ColNo Value
3 3 4

0 0 10

1 1 30

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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Bt atmls of the given sparse
Numbﬁr of Rows : 3.

umber of Cols : 3

|

|5

el}onzam terms of the matrix are as follows
. RowNo ColNo Value

: 0 - 10
1 30
: 2 40 -
: S0 ol e §

Logic for simple transpose of sparse matrix
In above ‘C’ program we are creating a sparse matrix, printing it as well as a
performing a simple tranpose on the given matrix and storing the result in mariy,

For example : 51 will be

Row | Col | Val
NN
RN i
B o | 3 |

O

82 | Row | Col | Val
_.__t R —— [ .
0 L3 | 3 T 4
_—._h—l—u__.-_-_“__

Now, in our program we have set nxt = 1 4
= 1 and we sty i in whi
C = 0 to m. Let’s execute it for our example, rt with a for loop

nxt =1

C=0

Inside it again one more loop is there for Scanning all the terms.
so it will be '

mxt.= 1

C=0

Term =1 - _— _/’/

TECHNICAL PUBLICATIONS™. An up thryss k -
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i e R

E]

T R T T R

B
A e BT T e e ¢ il i »

=0

\ : \ : 1 it so interchange
* ° row and ool

o ) i idosh g
1 6 ; 2
2 i o | .38

7
o
s

=0 it will be

7]
7]
<

i il i ; if so interchange

sl s — row and col

J—
i i
=]

(]

(¥
~
L7

<2 will be

3 3 9
Q Q 1

sl 2
3 39 3 3 | 9
- o . YT i i + - @..__ WPl
Q 0 1 0 0 1
1 0 2 0 1 2
= S SR g e e ,,. SPR—
- 2 @ I 3 - "
?
e | - - — ke — T — - e ...(;- PE—
3 1 4 e = =
i L

it=0
interchange
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It will be )
3 o
s , <5 ]
3 s |28 e
0 g [ 1_J L 0 __lr - 2 s
1 AT T B et
2| o L 2. o |2
_____ ; 1 4
-3 3 R %50

?
it =0 ;
if No - skip it
| 1 and if found interchange roy

e as
Now increment C by 1 search for the col valu

and col.
s2
= N 9
3 3 3 4 _.—3'.————-3-——"—'_
_.ﬂ_-—ﬂ—l_ 1 0 | o | 1 ]
~ Lo 2| [slal=,
> | o | s | o2 13|
) 3 | : 4‘ 3 - | B
Finally
sl 52
3 3 9 i 3 3 __9_
0 1 0 | 0 1
1 g | =g | 0 1 |
T . . W W
3 | 1 4 1 3 | 4

Time complexity of simple transpose :

In the above program clearcut there are two nested for loops. So frequency count wil
be m x Term. In generalized words the frequency count will be n2 for the abo%
program. So we can say time complexity of simple transpose is O(n 2).

EXE] Addition of Two Sparse Matrices

Actually all the operations which are possible on simple matrix are all possible i
sparse matrix. Frankly speaking sparse matrix ig nothing but a different style

sngies s
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representing the original matrix which has many ZeTOS “;t"’ ;:ISON" thing you wil]
observe in addition of sparse matrix logic is thaf: the logic for this program js same as
addition of two polynomials. Let us see‘ﬂlﬁ' algoﬂthlﬂ-

Algorithm :

1. Start

2. Read the two sparse matrices say sl and s2 respectively.

3. The index for s1 and s2 will be i and j respectively. Non zero elements

are nl and n2 for sl and s2.
4. The k index will be for sparse matrix s3 which will store the addition of

two matrices.

5. If s1 [0][0] > s2 [0][0] i.e. total number of rows then
s3 [0][0] = s1 [0][0]

else
s3 [0][0] = s2 [0][0]
Similarly check in s1 and s2 the value of total number of columns which ever
value is greater transfer it to s3.
Seti=1,j=1k=1.

6. When i < nl and j < n2.

7. a) If row values of s1 and s2 are same then check also column values
are same, if so add the non-zero values of s1 and s2 and store them in
s3, increment i, j, k by 1.
b) Otherwise if colno of s1 is less than colno of s2 copy the row, col and
nonzero value of sl to s3. Increment i and k by 1.
c) Otherwise copy the row, col and non-zero value of s2 to 3,
Increment j and k by 1.

8. When rowno of sl is less than s2 copy row, col and non-zero element
of s1 to s3. Increment i and k by 1.

9. When rowno of s2 is less than s1 copy row, col and non-zero element
of s2 to s3. Increment j, k by 1. Repeat step 6 to 9 till condition is true;

10. Finally whatever k value that will be total number of non-zero values in

SP3 matrix.

TECHNICAL PUBLICATIONS" - An up thrust for know o
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s S

SP3 [0][2) = k
11. Print SP3 as a result.
12, Stop.

T
IS b
PTE L bbb
,*t****iiitiiwi*tt#ﬂt**ttt**titii*ﬁ***#t*#t**

Program to read a sparse matrix of sizem x 1 ok
and to perform the addition of two sparse matt

wuIREH [
phh AR
**‘"‘**Itﬁi*wwki*ttitti*ﬂttit*ﬂri***t*t*ﬁ******

/* List of include files */

#include <stdio.h>
#include <cébnio.h>
#include <process.h>
#include <stdlib.h>
#define size 10

void main ()
{

/* Local declarations */

void create(int s{10](3]);

void display(int s[10](3]);

void add(int s1[10][3],int s2[10][3],int s3{10](3]);

int 51(10)(3],52[10](3],s3[10][3];
clrscr();

create(s1) ;

display (s1);

getch();

create(s2);

display (s2);

printf("\n The addition is \n");
add(s1,s2,s3);

display(s3);

getch();

exit(0);

}

void create(int s[](3] )

; /* Local Declarations */
int n, m, terms;
int i, row, col, val ; _
printf(*Enter Number of Rows and Columns of a matrix :");
scanf("%d%d", &n, &m); |
printf(“Enter Number of non-zero terms in the matrix:")

TECHNICAL PUBLICATIONS" - An up thryst for knowledge
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scanf("%d", &terms);
i{!( terms > gizg )

Print{(“Error: Maximum terms should be 0 to %d \n" size);
getch();

exit(1);

810J[0] =
810)(2] = terms;

fﬁr(i.‘: llj.{: tﬁrm3'i++)
{ ]

Printf(*Enter the Row, Column and value of next nonzero term\n");
Scan{("%d%d%d", &row, &col, &val):
if (row > n )

{
pPrintf(*Error: Maximum Row No.should be %d\n",n);
getch();
exit(1);
}
if (col > m)
{
printf("Error: Maximum Column No. should be%d\n" ,m);
getch();
exit(1),
}
sli][0] = row;
sli][1] = col:
5]1][2] = val:
}
}
void display(int s[][3])
{
/* Local Declarations */
int i;
print{("The details of the given sparse matri "
printf(*Number of Rows : %d\n", s[0](0]); reeRs Rllovssin Z
print{("Number of Cols : %d\n", s[0](1));
print{("Number of Terms : %d\n", s[0][2]):
prntf("\nThe nonzero terms of the matrix are as follows\n"):
printf("\n Row No\tColNo\tValue\n"); e
for (i =0; i <= s[0][2]; i++ )
{
. printf("%6d\t%5d\t%5d\n", s[i][0], slil[1],s[i][2]):
}
}
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t{ruid add(int 51[10)(3),int s2[10][3],int s3[101(3))
int ijk;
i=1;j=1k=1; |
i{f{(allol [0]==52[0](0])&&(s1[0][1]==s2[0][1]))
- 83[0][0]=s1[0](0};
s3[0](1]=s1[0][1]: ;
: : ’ terms
?hﬂa( (i<=51[0][2])&&(j< =52[0][2]))//traversing thru all £0°
if(s1(i) (0] = =s2[j} 0]) ices are same
{. oW numbEl'S from bﬂth mﬂtrlces
. 1;(31[1”1]::52”"1])‘_ column numbers from both matrices aré same
s3[k] [2]=sl[i][2]+32[j][2];
s3[k][1]=s1[i][1];
s3[k][0]=s1[i][0];
& o o
2 e o
k++;
3
?lse if(s1[i][1] <s2[j](1])
s3[k][2]=s1[i][2);
s3[k][1]=s1[i][1);
s3[k][0]=s1li][0];
i++; F
k++; |
} ‘I
else |
{ :
s3[k][2] =s2[j][2);
s3[k][1]=s2[j][1];
s3[k][0]=s2[j][0};
by
k++;
}
}//end of 0 if
else if(s1[i][0] <s2[j][0))
s3[kl[2]=s1[i][2];
s3[k][1]=s1[il[1];
s3[k][0]=s1[i][0];
i+ +;
k++; '
}
else
_____-_____——-—_____
TECHNICAL PUBLICATIONS - An up thrust or knowleg -
ge
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— .
- 831K [2] =252
sg{ﬂ[lhsf&li][l;:
s [0]=g2r; '
=31 li1[0):
K+ +:

}

}//end of While

//copying remai
"PYi maing term
?’hlle(l'Cr-sl[o][g]) ©

s3[kl[2)=s1[i)[g).
s3[k[1]=s1i][1).
s3LkI10] =51 o),
3+

k++;

}

;\rhile(j <=s2[0][2])

s3[k][2]=s2[j][2]:
s3[kl[1]=s2[j)[1);
s3[k][0]=s2[j][0);
1++;

K+ +;

}

}33[0] [2]=k-1;

else
! printf(“\n Addition is not possible”);

Output
Enter Number of Rows and Columns of a matrix :2 2

Enter Number of non-zero terms in the matrix:3

Enter the Row, Column and value of next nonzero term
1110

Enter the Row, Column and value of next nonzero term
1220 "

Enter the Row, Column and value of next nonzero term
2130 :

The details of the given sparse matrix are as follows
Number of Rows : 2 '

Number of Cols : 2

Number of Terms : 3

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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2 2 26 . An'ﬂ
Data Structures g Uit 3
N e Ep— oo ;. EEE g i . uows :
The Tionzero terms of the matrix aré & e
Row No ColNo Value
4 e 3
1 17 210
il 2 20
. 2 g
| 1 30 - of a matrix 2 2

Enter Number of Rows and Columil
Enter Number of non-zero terms in the m
Enter the Row, Column and value of next
218

Enter the Row, Column and value of next nonzero term
2240

The details of the given sparse matrix
Number of Rows : 2

Number of Cols : 2

Number of Terms : 2

atrix:2
nonzero term

are as fcll{)WS

The nonzero terms of the matrix are as follows i

Row No ColNo Value

2 2 2
2 1 5
2 2 - 40 : r'

The addition is _

The details of the given sparse matrix are as follows
Number of Rows : 2

Number of Cols : 2

Number of Terms : 4

The nonzero terms of the matrix are as follows

Row No ColNo . Value

2 2 4

1 1 10
1 2 20
2 1 35
2 2 40

Review Qustions

1. Attempt - Sparse matrix and its yse.

4

, CE, Dec.-05, Marks
2. Define sparse matrix. Briefly explain represey titiai i
' 1of sparse matrix with the of link 18

and array. rix with the help of

‘\\_

TECHNICAL PUBLICATIONS™. 4, up thrust f,
or knowledge

»
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; Array
Data Sﬁ"uchu'as . !

Y is a Consecutiye set of memory locations.

Ans. :

L. Elements an be retrieved o stored very efficiently in sequential organization with
the help of index or memory location,

2. All the elemen

ts are stored at continuous memory locations. Hence searching of
element from s

€quential organization is easy.
Q.4 List out two drawbacks of arrays.

Ans. :

1. Insertion and deletion of elements becomes complicated due to sequential nature,

2. For storing the data large continuous free block of memory is required.

Q.5 What is row-major and column-major representations ?

Ans. : When the elements of a two dimensional array

are arranged either in row-wise
manner then it is called row major representation.

When the elements of a two dimensional array are arranged in column-wige manner
then it is called column major representation.

Q.6 Name two data structure that can be constructeq using arrays,

Ans. : Stack and queues are constructed using arrays,

Q.7  What is sparse matrix ?

Ans. : Sparse matrix is a kind of matrix in which  there

are very few non zero
elements. |

Q.8 - What is the use of arrays.

Ans. : Array is a co]lection_ of elements of simil
: applications that require multiple data of same dat
single name, make use of arrays. For example the p
in an array of character data type.

ar data type, Hence multiple

a type and are represented by a

ames of 10 students can be stored

TECHNICAL PUBLICATIONS". An up theust for knowlegge
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Data Stryctures 2-28 e
[ +
Q39  Array subscript in ¢ always start at
Ans. : 0
, then arr{3] logicy)
Q.10 If arr i two dimensional array of 5 rows and 7 colulm[:: A1 Golingy ly :
Points to a. fourth row b. third row c. fourth colu ¥
1/
Ans. : fourth row, i‘
Q11 What js traversing of an array ? : /
3 l :
Ans, : Traversing of an array means visiting each element of an array linearly from left .. f’
to right.

Q.12 Write an algorithm for
A

{
for il to n do
forjlton do
cli]lj] o
fork 1o n do
c[il[i]a[illil+bli]lj]

ns. : Algorithm Add(a,b,n)

Q.13 Explain how to initialize single dimen

Ans. : The arr

printf("\n Enter five elements in
for(i= 0;i<5:i+ +)

scanf("%d",&a[i]);
Q.14 What

an array");

is base address in arrays ?

Ans. : The base address 1s' the address of

to refer the base address.
Q.15

Performing addition of two matrices.

ay can be initialized ag follows -
Method 1 - int a[]={1,2.3,4.5};
Method 2 -
int a[5];

ress. Sometimes simply the name

sional array ?

the first element of an array. Normally

of the array is also used

Qaa

TECHNICAL PUBLICATIONS™
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Stack

Svllabus

Sact-dotinitions and Concepts, Operations on stacks, Applications of stacks, Polish expreysion,
'] S iR " 5 h e ¥ {
Reverse polish expression and their compilation, Recursion, Tower of Hanol

Contents
3.1 Definition and Concepts
3.2 Operations on Stack

3.3 Representation of Stack using Arrays
Dec.-10, May-11, Winter-12,14,15,17,

Summer-13, 14,17,18, - - - Marks 7
3.4 Applications of Stack Dec.-05, May-12, Winter-15,16,

Summer-15,16, -~ Marks 7
3.5 Expressions . Nov-06, May-12, Summer-13, 14,18,

Winter-13, 14,16,17,18 - - - - - - -~ Marks 7
3.6 Reverse Polish Compilation .. ... .. . . May-12, Winter-12, 15,18,

..... Summer-13, 14, 15,16,17, - - - - - - Marks 7
SF REEWNSIGN 30000 s ve e Dec.-05, Summer-15, Winter-18, - Marks 6
3.8 TowerofHanoi ......... . ... Nov.-06, May-12, CE : Dec.-03, - - - Marks 6
3.9 lteration Vs Recursion
3.10 Use of Stack in Recursive Functions . . CE : Dec.-05, Winter-17, - - - - - - Marks 6
3.11 Oral Questions and Answers
(3-1)
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Data Structures

BI Definition and Concepts

Definition : T {eletions are made at one%,"‘
B - — S cons a.t“l “ P, -_i:.

R RS ORI L
,,._...-—-*-—--"*""'M M‘“‘-\ i3

50, 60 then 10 wi] be
0 30, 40, 2V,

If we have to make stack of element® 10;t28;em€nt in the stack- A stack js sh"‘m
bottommost element and 60 will be the topmo .

in Fig. 3.1.1.

A stack is an ordered list in which all
_called the top, - '

-~
e
e

RS SE

Top 2 |__——

stack

Fig. 3.1.1 Representation of stack
Example

The typical example can be a stack of coins. The coins can be arranged ope @)
another, when we add a new coin it is always placed on the previous coin and wig

removing the coin the recently placed coin can be removed. The example resembles e}
concept of stack exactly!

XA Operations on Stack

The operations are as follows :
1. Create a stack.
2. Insert an element on to the stack.
3. Delete an element from the stack.
4. Check which element is at the top of the stack.
5. Check whether a stack is empty or not,

Stack is LIFO : Last In First Out dat, structure

TECHNICAL PUBLICATIONS®
- An up thrust for knowled,
ige
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Data Structures 3 i’————’/'

- Representation of Stack using Arrays

Marks 7
immer- 13,14.17.18,
STU : Dec.-10. 12.14,15,17. St

May-11, Winter-

There are two ways for declaration stack -

‘Declaration 1 :

I.n the above dec]arahon stack is nothing but an array of integers. And most recent

index of that array will act as a top.

Stack

Initially top = -1 0 1 ) 3 4 e

Fig. 3.3.1 Stack using one dimension array .
The stack is of the size 100. As we insert the numbers, the top will get incremented.
The elements will be placed from 0™ position in the stack. At the most we can store 100

elements in the stack, so at the most last element can be at (size —1) position, 1e at
index 99.

Declaration 2 :
#define size 10

struct stack {
int s[size];
int top;
Jst; '
.« top s
9
Top points i
i — 2 30 +—— Valuein the stacl;
1 20
0 10
st

Fig. 3.3.2 Stack using structure

TECHNICAL PUBLICATIONS™ - An up thrust for kno wledge
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\

k
d Now. ompare declaration 1 and 2. Both are for stéc th
eclaratigy, will always preferred. Why ? Because-m * re b

re for stack elements and top. By this W Lssociate
Stack elements, Thys top and stack are

In a structure. The stack can be

3 tructure.
eclaration stack is declared as a $ declaration only. But the sec

inding or co-relati,,

: ck in our progr .
of the second method of representing the sta am

f stack as followsg,
: S of fourth semester we can declare a structure 0
__-une size g

59 ]
W (. 1 ] .
top =3 - ___;d_ __Mim_ |66
s o
N EREFNrTe
0 ;U Seeta 76.5
1

Thus we can store the data about whole
means creation of stack. Hence we will
the stack. And before pushing
full.

If top = MAXSIZE means stack full.

write only push and pop fyp
should check Whethe

Stack Empty Operation

Iniially stack is emply, /¢ that time.the op should be Mitialized to _ 1 or 0. If we
t top to — 1 initially then the stack will contain the elements frop, oth position and if
se |
TECHNICAL PUBLICATIONS” An up thrys for k "

ction to implement
I stack is empty or l

; Ond
t
e second declaration v, "
fap
d with each Othey ' -

: b
passed to the function by Simpl;

if we want to store |
be used in the databases. For example if w May,

4

i

1

i
i

Scanned by CamScanner



Data Structures 3-5 . Stack

we set top to O initially, the elements will be stored from 1% position, in the stack.
Elements may be pushed onto the stack and there may be a case that all the elements
are removed from the stack. Then the stack becomes empty. Thus whenever top reaches
to — 1 we can say the stack is empty.

e stemptY() T — S ——— ,,%;i
if(st.top==-1)
retum 1;
‘glse ;
! returmn 0;
Far e ¥
9
1
0
top = -1 st

Fig. 3.3.3 Stack empty condition

If top = — 1 means stack empty.

Stack Full Operation

In the representation of stack using arrays, size of array means size of stack. As we
go on inserting the elements the stack gets filled with the elements. So it is necessary
before inserting the elements to check whether the stack is full or not. Stack full
condition is achieved when stack reaches to maximum size of array.

int stfull() S
{
if(st.top> =size-1)
return 1; .
else
return 0; ’ B
} 5

o

TECHNICAL PUBLICATIONS" - An up thrust for knowfedge
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) 20

0 10

st

tull Fig. 3.3.4 Stack full condi
TS is a Boolean function if stack is full it returns

tion _
1 otherwise it returns 0,

EEEY The ‘Push’ and ‘Pop’ Functions

We will now discuss the two important functions which are carried out on a stag
Push is a function which inserts new element at the top of the stack. The function js 5
follows. .

void push(int item) : _ ' ]

St.top++;
st.s[st.top] =item:; ]
Note that the push function takes the parameter item which is actually the elemem_
which we want to insert into the stack - means we are pushing the element onto the |
stack. In the function we have checked whether the stack is full or not, if the stack is not

full then only the insertion of the element can be achieved by means of push operation.

Now let us discuss the operation pop, which deletes the element at the top of the
stack. The function pop is as given below.

Note that always top element can be deleted.
int pop() : | ;
{
int item;
jitem = st.s[st.topl;
st.top — —;
return(item);

Faie e
In the choice of pop- it invokes the function ‘stempty’ to determine whether the

| stack is empty or mot. If it is f-'mPtYf then the function generates an error as stac
underflow! If not, then pop function retums the element which is at the top of the 5%
The value at the top is stored in some variable as item and it then decrements the value

TECHNICAL PUBLICATIONS™ . An up thrust for

Scanned by CamScanner



3-7 Black

i

, which ‘now points to the element )
ewiey stack. Finally it retumns the value of the element stored in the variabl,

pirieved from the

sven when we decrement the top,
gﬁeﬂseiibiﬁifMlG\gerbelorngswmestackAny

ey,

which is just under the element peing

is what called as logical deletion and not a physical deletion, 1,
the element just retrieved from the stack remajn,
subsequent push will overwrite

The push operzation can be shown by following Fig, 3.3.5.
Pushing
element 10
fop =1 onto the
gtack and
Top 10 top = 0.
Seck s
@ (b)
Pushed 20 onfo Top i8
mihseres p—i=e 225’3013
T i0p gets incremented 20
| byi.top= onto the
Stack

(d)

Fig. 3.3.5 Performing push operation

Tre pop operziion czn be shown by following Fig. 3.3.6.

/\ 30 getting
popped.

Now whilie popping
wz czn pop the
drerment poired Dy 1op. Top 20
10
Stack
20 geting 10 getting
g Porped. popped

andtop=~1
Means stack is empty.

/)

Fig. 3.3.6 Performing pop operation

TECHWICAL PUBLICATIONS - An up thvust for knowledge
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Data g

rucmm\ S'Bﬂ

myshtkismpgy’mmmmmpﬂpmﬂétwﬁﬁ‘umm o

m ADT for Stack

Th@ StaCk is ropel'l)’ When we dECla
a data - the LIFO p re
Structure (o, st structure which posses

function § ac,k at that time it gets created. There 15 N0 ; ef‘ititr;}nsw:t:clh N
3 Ur.creatmn of stack. We can perform push and pop OP¢ s full ¢ mkk |

Before Pushing the elements it is necessary to check whether stack is full of not ,

the elements onto the mckd if it is full. Similarly before

hould check whether the stack is empty or not.

Ab'tr“m“ﬂ?pa Stack

{

F’“PPing &:

Instances
elements

Opemlions

t Stack is a collection of elements in which insertion and dele
15 done by one end called top

:
1- Push . B)’ thl.‘i Opﬂra{ign ONne can Pllhh clements onto the stack Hﬁ.'h]ﬂ.? purfﬂrmhlg
Push we should check whether stack 1s full or not f
2. Pop : By this operation one can remove the elements from stack. Before F'UPPlngi
the elements from stack we should check whether stack is empty or not.

}

‘C’ Program

’******ti*ttt*ttniittit ttttii.tlttttttitntttttt-tst'lttttttl:

Program for implementing a stack using arrays.It involves
various operations such

as push,pop,stack empty,stack full and
display.

#include <stdio.h> '
#include <conio h>
#include < stdlib.h>
#define size 5
/* stack structure*/
struct stack {
int s[size];
int top;
}st;
int stfull()
8
if(st.top> =size-1)
retum 1;
else

TECHNICAL PUBLICATIONS™ . An up thrust for
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i ‘ PR T—

e et st et e

retum 0;
1{rdid Push(int item)

st.top+ +;
st.s(st.top =item;

int stempty()
{

if(st.top= =-1)
return 1:

else
retum Q;

}

int pop()

int item:
item=st. s [st.top];
st.top--;
retumn(item);

void display()

int i;
if(stempty())

printf(“\n Stack Is Empty!")
else

{

Stack

for(i=st.top;i>=0;i—-) -
printf(“\n%d ", st.s[i]);

Displaying stack from top to bottom

}

}

void main(void)

{

int item,choice;

char ans;

st.top=-1;

clrscr();

printf(“\n\t\t Implementation Of Stack");
do

{

printf(“\n Main Menu");
printf(“\n1.Push\n2.Pop\n3.Display\n4.exit");
printf(“\n Enter Your Choice");
scanf("%d” ,&choice);

switch(choice)

{

FECHNICAL PUBLICATIONS”™
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An up thrust for knowledge
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Data Structures

3-

10

___‘__________-—————__"""--.

case 1:printf(* i "% .
‘printf(“\n Enter The item to be pushed"); —_-_-—__hing we should

scanf(“%d" &item);

Before pus

check stack full condition.

Before popping we should check for]
stack empty condition.

if(stfull()) -
printf(“\n Stack is Full!");

else
push(item);

break;

Case 2:if(stempty()) e
prntf(“\n Empty stack!Underflow !!");
else
{ i
ltem=pop();

printf(*\n The popped element is %d" item);

break:
case 3:display():
break;
case 4:exit(0);

printf(“\n Do You want To Continue?");

ans=getche();

}while(ans =="Y" ||ans =="y);
getch();

}

{it*tiitt—*ittt**tttti End Of Procn.am *wil"l‘ll’l‘l!l’.l‘lItti*t:"l! P

Main Menu

1. Push

2. Pop

3. Display

4. Exit

Enter Your Choice 1

Enter The item to be pushed 10
Do You want To Continue?y

Main Menu

1. Push

2. Pop

3. Display

4. Exit

Enter Your Choice 1

Enter The item to be pushed 20

Do You want To Continue?
Do You want To Continue?y
Main Menu

1. Push

Qutput

Implementation of Stack

_— TECHNICAL pugug‘,qﬂoﬂsw- An up thrust for knowledge
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— s ...,
2. Pop LT Pl (i : | : TRy
3. Display o 8 - ]
4. Exit ' ' ‘ |
Enter Your Choice 3

20

10

Do You want To Continue?y

Main Menu

1. Push

2. Pop

3. Display

4. Exit

Enter Your Choice 2

The popped element is 20

Do You want To Continue?y

Main Menu '

1. Push

2. Pop

3. Display

4. Exit

‘Enter Your Choice 2

The popped element is 10

Do You want To Continue?y

Main Menu

1. Push

2.Pop .

3. Display

4. Exit

Enter Your Choice 2

Empty stack!Underflow !

Do You want To Continue?n

m Write an algorithm to change the i'™ value of stack to value X.

GTU : Dec.-10, Marks 5
Solution : Algorithm

. Pop the contents of stack until the i" element is obtained.

[ o I ]

- Store the popped contents to an array a.

d

. Change the value of i" element by X.

. Push the modified element onto the stack.

L

- Read the array one element at a time and
for all the elements of array.

' Scanned by CamScanner



Dafﬂ Stmcfums 3.12 3?&0&

e t from top of the stack.
w Write an algorithm to retrn. the _mh‘e i efeff‘?m z =

PCTU Summer 7. Vi 8

Solution : T
o ISt slemen RS e

Int item;
forG=top;j> =45
. Item = stack [j|: '

. retum item; o G
}- 7 ; SR Hs e

2 . | , . "
m i) In which case insertion and delection cannot be perfﬂrmgd - S@Ck?. .
1) How stack can pe used to recognize strings acd, beb, abcba, bacab, abbcbba ? Show

trace of contents of stack for recognizing the string abcba. GTU :
Solution

/it element

Winter-17, Marks 7 §

1) If stack is full then insertion operation is not possible. Similarly if the stack i
€mpty then deletion operation is not possible.

1i) Following  algorithm is used to recognize the strings aca, bcb, abcba, bacah
abbcbba - ;

1) Read a or b and push it onto the stock.

2) Repeat step (1) until you read c.

3) Just read c and move on to read next character.

4) If we read 'a' then POP single character from the stack. If the popped character
is not 'a' then display message "string can not be recognized”. Similarly if we

read 'b' POP single character from the stack. If the popped character is not % |
then display message "string can not be recognized". -

5) Finally if there is no character to read and stack is also empty then display
message "string can be recognized",

Consider the stack S of characters where S is allocated 8 memory cells
5:ACDEK u-
Describe the stack as the following operations take place.

POp 0, Pop (), Push(L), Push(P), P&‘pf;l » Push(R), P ush(S), P ﬂPU GTU : Summer-18, Marks
Solution : |
Step 1 : Initially stack will be Step 2 : Pop()

K will be popped-

» O ©O ™M

O O mMm R

________./

TECHNICAL PUBLICATIONS™- An up thyust for knowledge
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Data Stuctures 3-13 Stack
o L
& D
" F will be popped. C
Stack . A
Stack
Step 5 : Push(pP} Step 6 : Pop()
P
. L
& D
- c Popped element is P.
% A
Step 7 : M{R} Step § : Push(S)
P
L R
D L
c D
A C
A

¥

Step 9 : Pop()

» O O r =

The S will be popped off.

Difference between Pop and Peep is : Pop gets and value of topmost data item from
the stack and decrement top by 1. Whereas, Peep only get the value of topmost data
item from the stack but don't decrement top by 1.
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M e BB e e
_

1. E : - ith algorithm —\
- ~e e RN TM'—IL Marks 3, Winter-12 Marks 1
. . . Assume stack is implemey, . |
% Write M algorithm, for stack operations Push, Pop, and Empty "leg
[ using arrays :
3. Dj ; TU : Summer-
Dﬁerﬂ”m‘? Peep() and Pop() functions 8 p t |
4 What is & : - te algorithm for any two opergy;,,
ack ? : ions of it and write alg s,
List out different operations of GTU : Winter-14, Moy -
> Write a C Program to implement a stack with all necessary overflow and underfloy, Checks
uSI?Ig Hrray_ GTU ; Winter-l5, I\Iarl‘s 7
i 8- Write an algoritiy, for inserting an element in a stack, removing an element from stack. [ ]
| GTU : Summer-17, Marl, g
L 7. Write glopy : U : Winter-18 .
gorithn for pu sk
e th™ for push and pop operations on o = Rarks 7 |

Applitations of Stack

GTU .

Dec.-05, May-12, Winter-15,16, Summer-15,16, Marks 7
Various applications of stack ar

e
1. Expression conversion,.

2. Expression evaluation.
54 Parsing well formed Parenthesis.

4. Decimal to binary conversion,
5. Reversing a string,

6. Storing function calls,

: GTU : Summer-15, Marks 7
Solution : Algorithm

Step 1 :
Step 2 :
Step 3 :
Step 4 :

Repeat step 1 until string does not get terminateq_

Now pop each character from the stack ang

Repeat step 3 until stack does not get empty

Step 5 : Print array a [ ] as a reversed string,

store it in an array say a[ |.

C code ) 4

j : : |
1=0']=0; 1 1 |
While (string [i] | = \0') // step 1 and step 2 _ .
: push (string [1]);

TECHNICAL PUBLICATIONS". 4, up thrust fgr knowlegge
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1+‘+r

2
?Nhﬂe (| stempty () ) // step 3 and step

{

j++i
et
aljl = 107

For (1—_-0;i<j;i++)

pﬁﬂtf (%C", alil ) :
Y WA Write an algorithm to check if an expression has balaced parenthesis using

Example 9-%-

stack. : %

Solution : |
Create a stack of characters. Initially it is empty.

om left to right one character at a time.

Step 1:

Step 2 : Read the given expression fr

Step 3 : a) If the current character is ' (' then push it onto the stack
b) If the current character is ') ' then POP from the stack.

If popped character is ' (' then the expression has balaced parenthesis
otherwise "It is not with balanced parenthesis”.

Step 4 : After complete traversal, if the stack is empty then "Expression is with balaced
parenthesis” otherwise "It is not with balaced parenthesis”

Review Questions

1. What are the applications of stack ? GTU : Dec.-05, Marks 4, May-12, Marks 7 |
2. Write an algorithm to reverse a string using stack. GTU : Summer-16, Marks 4
3. Enlist and briefly expfam various npphcat:ons of stack. GTU : Winter-16, Marks 3 f

m Expressmns
GTU : Nov-06, May-12, Summer-

13,14,16,17,18, Marks 7

13,14,18, Winter-

There are three types of expressions-

L. Infix Expression 2. Postfix Expression 3. Prefix Expression
1. Infix Expression :

ln .
this type of expressions the arrangement of operands and operator is as follows.

Infix expression

= Operandl operator operand2

TECHNICAL PUBLICATIONS™ . an up thrust for knowledge
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1. (a+b) 2. (a+b)*(c-9d)

P . 3. (avb/e) x (@)

Wa}’a;? " ieals €an be used in these expressions
_representing the expressions.

infix expression are the mogt

s Reverse Polish Notation) : .
s type of expressions the arrangement of operands and operator is as follows,

 [Postfix .EXPression = operand1 operand2 operator

< ®Xample 1. ab+

2. ab + ¢d - *
3. ab + e / df + *
In postfix expressj

: on there is no parenthesis used. All the corresponding op
Come firgy and then o

Perator can be placed.

El'a,nd5

3. i
Prefix Expression (Polish Notation) :

In prefix expression the arrangement of operands and operators is as follows,

Prefix €Xpression = operator operandl operand2

For example 1. +ab

2. *+ ab - cd
3. * / + abe + df

In prefix €Xpression, there is no parenthesis us

ed. All the corresponding operator
come first and then Operands are arranged.

m Conversion of Infix Expression to Postfix
Algorithm

1. Read the infix expression from left to right one character at a time.

2. Initially push $ onto the stack. For $ in stack set priority as - 1,

If input symbol read is '(' then push it onto the stack.

3. If the input symbol read is an operand then place it in postfix expression.

4. If the input symbol read is operator then

a) Check if priority of operator in stack is greater than the priority of incoming (o
input read) operator then pop that operator from stack and place it in the pﬂstﬁx ]

expression. Repeat step 4(a) till we get the operator in the stack which has grei® |
priority than the incoming operator. R

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge E
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: o the
b) Otherwise push the operator being read, ont : i
operators until we get "(

: Wt all the
¢) If we read input operator as )’ then poP expression. Finally just pop "("

and append popped operators to pDStfiX

5. Finally pop the remaining contents,

append them to postfix expression.

6. Print the postfix expression as a result.

The priorities of different operators when they are in 3
priorities. And the priorities of different operator when
called as incoming priorities. These priorities ar

P S

stack.

from the stack until stack becomes empty,

tack will be called as instack
then are from input will be
e as given below.

Operator Instack priority i Incoming priority
f . _ ) T ) N ) .
_ *or;’l —__4 - 3:
__".r'\ for any exp-on{-zntial operator N 5 o - 6 B
i ( IR - 0 ) 9
X Operand : N -lB B 7
bt : } s . I.\I.A :
A*B+CS.
Solution :
Input Stack Output
none  empty none
N — - = A ST
E . . T
B ) AB |
+ . Pop * and Push AB* :
¢ + AB*C"_- e
Sids $ Empty MIAB'C + i

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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5.18 s’&u‘

o apression to the
Wﬁmwn‘ the following imfix expres it

traces. i) A/B$C+D*E/F-G+H

‘Solution : i)

postfi expression. Shoy stagg

i) (A+B)*D+EAF+G'D

T .
Expression Current Action Taken : Stack Output
Symbol
A/B$C+D*E}i=:c:1:" Initia.l. o o
B | W :
| /BSCADE/FGsH A PrintA Eoply . A
BCDEEGH ) pun/ .
SCODEEGH B P ) a
| C+D'E/F-G+H - _s Push$ e /% AB
| DERGH e BE . . /5 ABC
D*E/F-G+H - Pop §, print it. Then + ABCS$/ ”
B _ Pop/print it. Then Push +
CE/FGHH D PrintD £ REERID
| E/F-G+H e paw R ABCS/D
__f F-G+H * _Print E +* ABCS KDE
F-G+H / Pop * print it. Then Push ;‘ | +/ | ABC$,/DE*
Faibi / PrintF +/. ABCEBKDE;*I;‘M
ol i e R pOp £+ ABCH/DE'R/s
Ot G . PnG - ABC$/DE'F/4G
__I-{_ } __+ _ Pop -, _Pfi“t it. Then Push + + ABCS$/DE*F/ +G
i TP i t ABCH/DEF/GH
gg& I:fe gggi{i‘g T;l;e:nP;E; L SRty ABCS{DE*FHG—H*}E
TECHNICAL PUBLICATIONS" An up thrust for S -**—""/.
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ii)
EX'pressl ST IRPTETI
. Current RS SR Output
e Acti ' Stack
M Symbm on Taken e
(A+B) D+E/(F+G1|.D) Ini — e e iR
s tial E
i State 2 o e
(A+B) D+E/(F+G4D)+C ( e e i SRy
" S Push ( s R
+B) D+E/(F+G*D) +C T——--_ﬁf_,__ A — .
. Print ( R . !
B)* D"‘E/(F+G*D) o T nts. ] _;&__
—— T Push + (+ a
| )'D+E/ (F+G*D)+C 2 ——;——— —_ { -f—“_‘;};" _
S int B + iiaind
D+E/(F+G*[) .o RPN M e PR 8 .
He ) Pop all the stack AB+
G . contents and print
——— - them except ( - B BERRY
| De/ (F+G*D>+c © pen +  ABs
— us, e
-!--E‘}'Y F..I_GH- —— A S
e P.)"_L? Db Print D * AB+D
E F G* T ——— = . . — e e s
HCDRE + Pop *, print it. Then + AB+D*
e —— __ push+ SO ;
i) B Printg +  AB+DE
(F+G*D)+C - o _f. i Push / +/ AB+D*E
Rt fe O Push( +/( AB+D*E
+§*D)+C F Print F +/( AB+D*EF
G*D)+C # Push +. +/(+ AB+D*EF
*D)+C G Print G +/(+ AB+D*EFG
D)+C o Push *  F/(+" AB+D*EFG
J+C P PtD  +/&*  aBDERGD
+C ) Pop all the contents +/ AB+D*EFGD*+
u.nl:ll (. Print them.
C + Pop K., print it. Pop + - AB+D*EFGD*+/+
et thecpushe
: c P& _*  AB+D'EEGD*:/4C
"""""""""""""" Pop the + from the AB+D*EFGD*+/+C+
stack and print
T Print the output AB+D*EFGD*+/5Cs

TECHNICAL PUBLICATIONS - An up thrust for
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, " l‘ﬁl
oy (110 PO°
w Convert following infix expression

3-20

expl

ession. Sow each S,

A+BACAD-E*E/G e _
Soluﬁon . //-Tr’;;/;ta,d:”_ Output"\}
. ction 12 ]
__Pxpression  Current Symbol % Emply
- AYBACADE'F/G Initial State —- Empty - ]
BACAD-EE/G A _ Peint A . A |
| BIODER/G ¢ __push* i AB |
| "C"DE'F/G B et P " AB
* N
| C"DE'F/G . A ~ Push & ABC
AD-E* int C
_MDEF/G ¢ B ABC
D-E* h .
e L I S s g HAA ABCD 1
-E*F Print |
e B = L ) ABCDAA, |
E*F/G : Pop *, print it-
Then Pop ” print
. it. Then Pop +,
print it. Then
e = _ push -
_*F/G E Print E - ABCDAME 1.
F/G B Push * al ABCDME |
| /G _ F Print F - ABCDAEF
f G o / Pop *, print it. -/ ABCDAAER
i Then push /
Jf G Print G -/ ABCDAMERG
! Pop / and print it. empty ABCDANEFG):
I Pop - and print it .
. Print the output empty ABCDAMEF'GH

Convert A+(B*C-(D/E7F)*G) infix expression into postfix format showiy

stack status after every step in tabular form.

Solution :

i
' Expression . Current
Symbol

A+(B*C-(D/EAF)*G) Initial

State
+(B*C-(D/E*E)*G) A

(B*C-(D/EMF)'G)  +

‘ T ——

Action Taken

Print A

Push +

—rm—
e

TECHNICAL PUBLICATIONS"
" AN up thrust for
knowledge

GTU : Winter-14, Marks

——— -—-—--"‘""'1_ {

Stack Output l ;

Empty _

Empty A il

+ A | s\
e e e _";_/,"',/—/
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e R e e e e o
w % Stack
7 eCO/EFYG) ( Push( +( A
W-M_:(:(;;;\F)*G) B Print B I 5 Ao
= _‘C;-(IH)/EAF)*G) * Push * H ap -
- F‘:(D /E;;)‘G)- C Print C +(* ABC
(D/EAFG) - - Pop * print then push - A i
C omwo (e s
w9 D EmD H ABCD o
 ewo Push / S AR
P~ AFG)  E Print E H( APCDE
. F)*G)_ i - +-(/» ABC*DE
S )*G) o Print F HA{/N ABCDEF |
I *G) : Pop ~ print, then pop / +(- ABC*DEFA/
print, then pop (
S b . (- ABC*DEF~/
- ) ..G I {2 ABC*DEFA/G
" N ) Pop * print, then pop - + st -
print, then pop (
Pop +, print Empty ~ABC*DEFANG*-+

Thus the equivalent postfix expression is ABC*DEFA/G*-+

Sl JCKEEY Convert the following infix expression into postfix.

A+B-C*D*ES$F$G

Solution :

GTU : Winter-16, Marks 3

B Expression  Current Symbol ~ Action Taken Stack
_AYBOTESFSG Initial Sate  Empy
__tB-C'D*E$F$G A Print A

_ BOWE$F$G e .Pus.h\-:r : +

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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, r_.___-___‘-__'____________.‘_.—-—-—"""“""‘""""“ ‘--..___h__l“\“
-c*n*xst@“ B PP AB+ ]
C»DtEsmG = POP + P‘I.'lI'lt then S-S —
. P AB+C 'k
D Print C ——
—LENE € . AB+C 1.
D*ESFSG  * Push* |
e s R i & AB+CD ™
_ E$F$G D BERL D it Bt |
S cokocifl - s . AB+CD*
ESFSG  » Pop *, printit. -
| Thenpush®
$F$G e Print E it __*_i‘_'?TCD‘E
s i ABICDE |
BG s Push § ==
$G F Print F 7% e PO B
o s Anoowm
c _ﬁ_—l:n;u(;m ,. 5% ___ AB+CDEFG.
Pop the contents AB+CD*EFG$5' |
of stack and print
o o it. —_—

The resultant postfix expression is AB+CD*EFG$$*-

SEWCREEY /) Convert a+b* -dfe*h to postﬁx.

i) Convert ( (a+bNchd)*(e+f/d)) to postfix.

iii) Which stack operations are needed for performing conversion from infix to postfix ?

Write the algorithm, " w

Solution :

i) Conversion of a+b*c-d/e*h to postfix

Expression Current Action Taken Stack  Output
Symbol
+b*c-d/ eh a Prmta en—;ty— a ]
b*c-d/e*h o - l’ush_+ - B . . a R—
dfeth ¢ 0 Phnte . K b ‘abc g
syt e Prmt Then Push_. o= T
/eth d Print d ] e
_——

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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W - - Stacy
eﬁlﬁw, Push / Q
L — ‘F_r'”jl(el//_dﬂnte - ; i\_%:
- ho* fop /, Print. Then Push -* Iﬂb‘:"ﬂlef :
xR ‘e
I
T l
The postfix expression is abc*+de/*-
ii) Conversion of ((:rl+b"‘C"\dUfi‘tﬁgl2—59—1:-:9@:]x
| Expression Current | Action Taken Stack | Output
4 ﬂ!q;_f!?f??}__ _' 256 i«—— S S——
prrerrr S TR b S
ety | [P g o
gereeierl PR F TR S S
— ot/ |+ pwhe G g8
T ardrE/d) b Print b (IS N
T cdrest/d) Push " (e fab
| h.c_i.)“’-*(e+f/d)) K. Print ¢ | @ cabe |
e s e [ de
C yest/ay 4 TEEITESE
We+f/d) ) Popallthe  (  abcd™+
. contents until (
| is read. Pop (. T E——
I i Cpushit | (- |abodt
o /_ci))._ _( ] Push ( (. | abed®+
Ty |e [ pame (| dbatte
T e heme e seie
/) | f ;____Prmtf_ N ab-’-_d.’fi‘__’ref -
o Push/ | (e | abedtteef
| ol e | Printd _J._f(_t,/_ abod?Aefd
) B - allthe - j ¢ sbedMefd/+
| - contents until ( i
LE: I - s read. E@P_(_____ﬁz____;-__-- ————————— A
| . ) Pop *, print. ; adeM‘—l-ede
N | . Pop ( __N,,Ju_,___‘_,_,i.ﬁ-—w—ﬂfﬂ”"J
The postfix expression is abcd A +efd/+*
- e
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1ii) The

refer SeetigzuSh and pop operations

3.5.1.
- : : - stix expressi
% Write algorithm to corivert an infix expression to postfix expression S

Solutigp, .

the algorithm for the following expression A-B*C/DSE-(F*G).

are needed to convert infix to postfix. Fo ﬂlgnm\‘
o |

GTU : Summer.1§ M
X '"h\-

&mf_'f_““ Current Symbol ~ Action Tak Sk

A-B e ———— '
HEZFLD@‘E'EL____ A Print A JoOpty
- B'C/DsE- (v . Print B SRy
__::‘_C_{r D$E~(F"-G] * Push * v AB ‘“\1
| C/DSE-(pr C Print C ' ABC By |

LDSE-(F*G,) / Pop *, Print *, / asce 1|
. Push / 1

D$E-(FG) D Print D / ABC*D H"" ;

$E-(F*G) s Push $ /% ABC*D ““' ,_

-(F* Pop $, Print, po ™ - '_-_H;
9 = __/, print, Push = ARCDES: 8
| () ‘ Push ( { ABC*DES/.
 F'G) F Brint - ABC'DES/F |

*G) Hm { ABC*DES/F

G Print G )
Q) ~«(
) Pop *, print, Pop _ émpty
) (. pop - print
The postfix expression is ABC*DES$/-FG* -

TECHNICAL PUBLICATIONS™. An
up thrust for knowledge
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Stack

stack.
'Solution :

Expression Current Action Taken Stack _ 0ut‘puf
Symbol . :
| AﬁB*_‘E'DtE/ _F.{‘G”H) AL IO i 1o B
A B;_C_:D+E/ F/ (G+H] "” Push » A A
fij(i—I?tIfZ_/F/ (G+H) B PrintB A AB
I CORIENCH) s S OB PO Push © ¥ o
C—DTE/}?/ (_FS-!—H) i & Print C % ABAC :
“;_D-!-_E:/ E/GH) - Pop *, print, push - - AB/ACH
D Print D - ABAC*D
DG '
+ E/F/(G+H) + Pop -, print, + ABAC*D-
__E{F_( (__G?‘H)_ AL ) ... I L.
LEOH e L Pushd L _4_‘.31‘_3.’_'13"_.._ i
B/ G+H)  F PntF +/ _ AB'CDEF
/(G + H) / Pop /, print. wf ABAC*D-EE/
gt b L i I ARG EF/ :
| GAH) G PintG = #(  ABCDER/G
+H AT .o e GBODEG
H Print H +/(+ ABAC*D-EF/GH
) ) Pop +, print, pop (. empty AB"C*D—EF/ GH+;’ +
Poi) / print, pop +,
print

The postfix expression is AB*C* D — EF/ GH +/ +

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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c Prograr" ***’****i’-f"

A L S T T PSR e L L L L

gy A R e ; - ostﬁJ[
Program for converting infix expression L0 D erars?

: £
LA E L T ST PTG R L LS

#inclide <stdio.h>

#include <conio h>

?tmct stack
char s[30]:
int top;

}st;

¥0id main()
char infix[30];
void intopost(char infix(30]);
clrscr();
printf("\n Enter the infix expression )
scanf("%s",infix);
intopost(infix);

} getchy();

\{zoid intopost(char infix[30])

st.top=-1;
st.top=st.top+1;
st.s[st.top]='$",

char postfix[30];

int ij;

char ch;

int instack(char ch);
int incoming(char ch);
void push(char item);
char pop();

i=0;
for(i=0;infix[i]!=\0}i+ +)
{

ch=infixi]; ;
while(instack(st.s[st.top])>incoming(ch))

postfix[j]=pop();
it

if(instack(st.s[st.top])!=incoming(ch))
push(ch);

else

pop();

zvhﬂe(cchqsopo)l—:%')

 postfix(j]=ch;
i+

D—
TECHNICAL puga‘\\__—/
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Data Structures 3-20
5
postfix[j] ="\0,
printf{"\n The postfix expression is = >%s",postfix);
::nt instack(char ch)
int priority;
switch(ch)
{
case '+
case ' priority=2;
break;
case "™
case /" priority=4;
break;
case '™": priority=5;
break;
case '(: priority=0;
break:
case '§" priority=-1;
break;
X default; priority=8;
) returmn priority;
int incoming(char ch)
int priority;
switch(ch)
case '+
case - priority=1;
break;
case '* !
case '/ priority=3;
break;
case '™ " priority=6;
break;
case '( priority=29,
break;
case )" priority=0,
; break;
default: priority=7;
}
return priority;
}
void push(char item)
{
st.top+ +;

st.s[st.top]=item,

TECHNICAL PUBLICATIONS" An up thrust for knowledge
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charpop)

{ 4
char e;
€=st.s[st.top];
St.tDp»-;

} retum e;

::-:E._:nter the infix expression (a+b)*(c/ d) e

‘The postfix expression is =>ab+cd/*

Review Question
e

_n—'V_'_._'_'_._._'__'_._ :
Wi : h
e convert infix expression without parenthess to postfiy |
algorithm to conver Winter-14, 18, Marks

expression. J—

I
I

Conversion of Infix to Prefix
Algorithm

1. Reverse the infix expression.

2. Read this reversed expression from left

3. Initially push $ onto the stack. If $ is there in stac
If ') is read, then push it onto the stack.
g read is operand then place it in prefix e

to right one character at a time.
K then set the priority to be -1.

ssion.
4. If input symbol bein Xpre

5. If input symbol read is operator then
a) Check if priority of operator in §

input) operator then pop that opera .
expression. Repeat step 5(a) ftill we get the operator in the

greater priority than incoming operator.

b) Otherwise

tack is greater than priority of incoming (or
tor from stack and pldce it in prefix
stack which has

push the operator being read.
c) If we read "(" a5 input symbol then pop all the operators until we get ")

append popped operators to prefix expression.
6. Finally pop the remaining contents of stack and append. them to prefix expression.

7. Reverse the obtained prefix expression and print it as result.

and

The instack and incoming priorities of operators are defined as below -

Operator ~ Instack priority  Incoming priority
o) 0. it :
i . S _ ——

T 3 mm_h:

/TT:‘CHMCAL PUBLICATIONS" - An up thrust o knoutsa
lge
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Data Structures

g Ronds 8
G i
For example - S i NA _ il 1 :
form. Ple : Convert the infix expression (a + b) * (c-d) into equivalent prefix
Step 1 : i
(a + b) *(c - _
(¢ — d) must be reversed first. So we get)d —c () b +2 (- Now

we will read e
ach character from left to right one at a time.

%dhc(*)b+a(

Step 2 :
)‘?_C(*)b-ka(

- . Step 3 :
yd - c(*)b+a(

T

Stelp4:
)d_..c (>r=)b+a(

1

Step 5 -
)d-—c(*)b+a(

1

Operator ) is read )
push it onto the

stack

Operand is read prefix = d

. append it in

-

prefix expression

_Push it onto Prefix =d

the stack

Operand is read Prefix = dc

-.append it to

—

prefix

3

POP all the contents .
Prefix = dc -

until we get )
and append them

L

to prefix

. TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Step 6 :
}d"'C(*)b_{_a(
T.

Step 7 -
)d-—c(;) b+a(
T

Step 8 :
Jd—-c(*) b +a(
T

Step 9 :

" )d—-c(*)b + a(
T

Step 10 :

yd-c(*)b+ a (
T

Step 11 :
d-c(*)b+a(
)d-cl ,

Push #* onto the
stack.

Push ) onto the

stack

Operand is read
~.append it to

prefix

Push + onto the

stack

Operand is read

~.append it to

POP _ all the contents

until we get ')’

and append them

to prefix, exéept

Preﬁ; = de

’_l_l
Prefix = de
)
*

: Prefix =dc-p ;
) ¢
* :
Prefix =dc-b i
+ 1
) -
* |
Prefix =dc-ba {
+
)
*

Prefix =
dc-ba+*

fix expression. It will be * + ab - ¢d, Print it as a result.

( symbol. Finally
pop everything and
append it to prefix.

Step 12 :
Now reverse the pre

TECHNICAL PUBL ICATIONS™ - An up thrust for knowledge
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Data Structures 3-31 Stack

Translate the following into Polish notation and. trace the content of the stack.
A*‘(B/C‘P{D%E"’F)/G)*H‘ GTU : Summer-14, Marks 7

Solution :

8tep 1: Reverse the infix expression.
H*)G/)F*E%D(+C /B(-A

Step 2 : Make every ) and ( as ( and ):
H*(G/(F*E%D)+C/B)-A

Step 3 : Convert the expression to postfix form

Expression Current Action Taken Stack Output
Symbol ' PO . ., .|
HYG/(F"E%D)+C/B)-A  Initial | - Empty -
. State e i e SR
| "C/(FPE%DWC/B-A  H  PrintH S . FOSPUCTN v :
(G/(F*E%D)+C/B)-A ; Push * ~ H s
 G/(FE%D)+C/B)-A ( Push ( o« uw - -
| /(FFE%D)+C/B)-A G Print G _ ' HG ..,...4_.___
g (FFE%D)+C/B)-A / | Push / __*(_/ HG o
" PELD)+C/B)-A ( Push ( *(/( ) HG :

*E%D)+C/B)-A F Print F _ *(/( HGF

E%D)+C/B)-A . Push * */(* HGF

%D)+C/B)-A E Print E “(/(* HGFE

D)+C/B)-A % Push % _ % HGFE

+C/B)-A . D Print D & "/(*%» HGFED T

+C/B)-A ) Pop % and * and print. Pop ( *(/ HGFEIS‘.’.,“C-.*M o

II-C'/B)-A - # | Pop /, prinf. it. Then. push+ H(+ HGFED%*/ ,

/B)-A C Print C G HGPED%*/C
BA _ / Fush / _ . o “(+/ HGFED%*/(E s

)-A | B Print B _wjj'/ HGFED%*/CB g

TECHNICAL PUBLICATIONS" - An up thrust —
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Expression Current ! Action Taken Stack
Symbol | 1
G$FSE*D*C-B+  Initial State | Empty
" |
i
G Print G | '
| SFSE*D'C-B+A | | |
E $ | Push $ L $ ' .: :
| F$ED'C-B+A | | i
F Print F s GF
$E*D*C-B+A - ‘ | |
. $ . push § 4% . GE !
E*D*C-B+A | i . i
| e | |
. E . Print E 58 ' GFE |
| *D'C-B+A - | ) ; i
| * | Po L . . - o ) |
| p % print. Pop $, print | * | E
D*C-B+A ‘ Then push * : ' I GEE J
| + , 1
i D - Print D " '
| *C-B+A | - |
H : ¥ | I}[)P *’ Pl‘iﬂl: Then push % i *
_CBea | |
! 3 | C | Print C ' b
| -B+A - | _ | |

Data Structures
.

e ——

JJJJJ i HGFED":’;:‘KCB/:\

il % ) Pop / print it, then + print it
et Then pop ( :
- A i l Pop * print it then push -
k& A Print A
Pop S

-

HGFED%*/CB fii

HGFED%*/CB//yr.

-
o

empty HGFED%*/ CB ,f,ﬂ

Now reverse the string HGFED%*/CB/+*A- and

polish nolation,

Example 3.5.10 RN IRD prefix notation ? Convert the foh‘awing infix expression o prefix. g

A+B-C*D*ES$F$G

Ans. :

Prefix Notation : Refer section 3.5

Step 1 : Reverse the infix expression

G$F$E*D*C-B+A

Step 2 : Convert expression to postfix form

then -A*+/BC/*%DEFGH will be the

GTU : Winter-16, Marks ; Bl
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Data Structures g )
e Fop, prn i Then push | -
. e — o, SR PR
| 1 B : [ .

+A ; ‘ _ i Print B j
A E ,I:UPprmtli.ﬂwnpuﬂ'l +
L [ Print A g5 e
. : ] Pop the contents of stack | Eoty GF
‘ SRt e 0 a.ndpﬁ'lt ; ;’i_”/__i oF

Step 3 : Now reverse the output obtained in above table - It is

+A-B*C*DS$SEFG
This is the equivalent prefix expression.

Review Question

i
| GTU :

1. Write an algorithm to convert infix to postfix expression and explain with example.
Nov-06, Marks 6, May-12. Mar

ks 5. Summer-14. Marks 7

Reverse Polish Compilation

18, Summer-13.14.15.16.17. Marks 7

GTU : May-12, Winter-12,15,

Algorithm for evaluation of postfix

1. Read the postfix expression from left to right.

2. If the input symbol read is an operand then push it onto the stack.

3, If the operator is read POP two operands and perform arithmetic operations if

operator is
+ then result = operand 1 + operand 2
- then result = operand 1 — operand 2
# then result = operand 1 * operand 2
/ then result = operand 1 / operand 2

4. Push the result onto the stack.
5. Repeat steps 1-4 till the postfix expression is not over.

For example : Consider postfix expression -

AB+C-BA+C$% - forA=1,B=2and C=3

Now as per the algorithm of postfix expression evaluation, we scan the input from
left to right. If operand comes we push them onto the stack and if we read any
operator, we must pop two operands and perform the operation using that operator.
Here $ is taken as exponential operator.

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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ﬂfﬁ ﬁf
e mmﬂh:mﬁh‘m 3 " 34 MW‘M\% &“g
N
A8+C*Bl\+cg_
h |
As A= 1, push = .'sf
|
AB + e BA + cs -
2 As B =2, pllﬁh 2
1
AB+C-BA+CS- |
/\‘ and 2. Then push the result onto the stack |
1+ 2= 3
: !

Now, AB+C-BA+C§-
As C =3, push 3 onto the stack. !

3
3
AB+C-BA+C$-
/—\ Perform subtraction.
pop op2 and op1
3-3=0
Then push the result onto the stack.
0
TECHNICAL PUBLICATIONS” An up thrust for knowedge |
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Data Structures

AB+C_BA+C$-'

oON =

AB+C—BA+C$_

ow

AB+C-BA+C§-

{

oww

AB+C-BA+CS-

}

o | and3®=27

AB+C—BA+CS;

pop op2 and op1
Then 0 — 27 =27

TECHNICA

pop two operands

Stack

3-35 /

ion b
As operator comes perform operation y

popping two operands.

Then push the result onto the stack.

Push C = 3 onto the stack.

Then push the computed result.

Perform the subtraction.

| PUBLICATIONS” - An up thrust for knowleage
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1/

{

- J'r
27 Now since there is no further input we & .;'fg;i

= tack and print it ag i)
AB+C_-BA+C pop the contents of s _ i g ..‘ :J
= B of evaluation. /

l
f
g

Hence Output will be - 27
ICI
o Program

s
e T

* R R e T e R S S e i **
L PP PT T T LTI

L S R
f-?_?*"***ti**fﬂ *t.n evaluate a given postfix expression.

, ********i**ttt**tt*#**tit*t*t*t*!t*************lv
#_l_nc_ludefa stdio.h>
#include <conio.h > '
#include <stdlib 1, /
#int_:f’lgdel-: string.h> ‘{f
#indlud§<_-math.h> ?ﬁ
#define size 8o l
£

) 4
/*declaration of stack data structure*/ Té
struct stack ' ; f
{  double s[size]; ;

int top:

}st;
/*--.-_--..--“--_-...--..-..---.._-_ ,

The main function
Input ;: None
Output; None

Parameter Passing Method :None
Called By : OS

Calls :post()

*
void main ()

{

..... 0 e

g aigk
S, ! o e Ay B Rl
s, SR R S i o e e R .
B D e
P st s sl

char exp(size];

int len;

double Result;

double post();

clrscr();

printf(“Enter the postfix Expression\n");

scanf(“%s" exp);

len = strlen(exp);

expllen] = ‘$'; /* Append § at the end as a endmarker*/

Result = post(exp); g

printf(“The Value of the expression is %f\n", Result);
- getch();

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Date 3-37 .

TR penmmn=

The post function which is for evaluating postfix expression
Input : A post Expression of single digit operand

Qutput: Resultant value after evaluating the expression
parameter Passing Method :By reference

Called By : main()

Calls :push(), pop()

e
—

4

double post(char expl])

{
char ch, *type;
double result, val, opl, op2;
void push(double);

double pop();

nt i;

st.top = 0;

i=0;

ch = explil;
while (ch I='§")
{

if (ch >= ‘0" && ch <="'9))
type ="operand’

else if (ch == ‘+'|| ch == (|
ch=="*||ch=="]|

== ")

type="operator’;
if( strcmp(type,‘operand’)==0)/"

if the character is operand*/

{

val = ch - 48; The characters '0', 1", ... ‘9" will be
push( val); converted to their values, so that they
will perform arithmetic operation.

}
else

op2 = pop(); }
op1 = pop();
switch(ch) operation

case '+ : result = opl + opZ;

break;
case '—' - result = opl —op2;

break;
case ‘*' : result = opl * op2;

if (strcmp(type,“opezatof‘) ==0)/*if it is operator*/

Popping two operands to perform arithmetic;{

——e—

. {

BUSEER |

break;

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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- case /' ; regult = opl / op2i
break: -

Case '™ yogult = pow(OPLOpz):
break:
M switen +,
?“Sh(rasult);

i++;
Ch=expli];
T While */

T8Sult = pop(); /*pop the result*/
ratum(result):

}
43

‘--n-..-.-..-.-.-.-.... e e -
- -

The push function
Input : A value to be pushed on global stack
Output: None, modifies global stack and its top

Parameter Passing Method :By Value
Called By : Post()

Calls :none

e

*/
void push(double val)
1

if ( st.top+1 >= size )
printf(“\nStack is Full\n");

st.top++;

st.s[st.top) = val;

[*-- e
The pop function
Input : None, uses global stack and top
Output: Returns the value on top of stack
Parameter Passing Method :None
Called By : post()
Calls :none

LI iy -

*/

TECHNICAL PUBLICATIONS™
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. double val;
if (sttop == 1) :
printf("\nStack is Empty\n"):
val = st.s{st.top]; il

st.top— —;
return(val);

Logic of evaluation of postfix expression [ Refer the above ngram]
Let us take some example of POStﬁX expressiqn and |Iy to evaluate 1t
123++ ' |

Step 1: Assume the array exp [ ] contains the input

The $ symbol is used as an end marker. Read from first element of the array if it is
operand push it onto the stack. :
Stack

GEREEET]
: R

Reading

Step 2 : If the operator is read pop two operands

Stack
—— ’ ~ Perform op2 + op1
31 ™\ op2 Result=3+2=5
24 op1 Push the result onto the stack.
Stack g :
51 [EETEETE]

Reading

Step 3 : Again pop two operands and perform the operation.

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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k

81% 1
Dﬂfﬂ an}c“,ms 3-40 -Mﬂ_""m\;
Step 4 .
Stack
51 nﬂﬂ““ﬂ
=5
Result Roading
. So here gt
. ot is read as ¥ op
At this point the stack is empty and the input 18 the
evaluation Procedure and return the result = 5. e 4y
> on using SHACK | -
CRRRYRD in e s of ol posfic eprssion gmﬁ
D546+ 493/ i3562/4+
Solution : i)
i
Expression Current Action Taken Stack
e Symbol o B
546+*493 / +* Initial empty - "
e e X ) Stat{‘_‘- _ ) o e .v._,,__n____._‘-;
46+%493/ 4+ 5 Push 5 > -
e ———— ———— - LBV = e R ST T 7 TRe R g
6+%493/4» 4 Push 4 i B
o — - - - L = e e ——————t et o - et e e
+%493 /4% 6 Push 6 546 . :
"493 /4~ ¥ Pop 6 and 4 perform 510 -
- 4+6=10. Push 10 | _
493/ ++ * Pop 10 and 5 perform 50 2
5*10=50. Push 50
93 /+* 4 Push 4 50 4 -
3/4+* 9 Push 9 5049 -
/+* 3 Push 3 50493 - .
it - = - . e i DN
¥ / Pop 3 and 9 perform 50 5 .
9/3=3. Push 3 -
5k . ——— e
* ¥ Pop 3 and 4 perform i
44+3=7, Push 7 A7 i
g Pop 7 and 50. Perform ~ ae, .
50*7=350. Push 350 ' el
- Pop 350 and print ¢ P N e
result PERE the €mpty
\
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Data Structures

Pop 5 and 3 perform
- TR S S T
2/+ 6

—
B

* / Pop 2 and 6. Perform 153
6/2=3. Push 3 onto the . : L
- . stack : / B AR EESRET
e Pop 3 and 15. Perform 18
: 15+3=18. Push 18 onto the
stack. ‘ R

18

" Pop 18 and print the result empty

Evaluate the following postfix expression using stack

AB+CD/*GH*+ where A=2, B=4, C=6, D=3, G=8, H=7

Solution :

Step 1 : We will replace the A, B, C and D with their given values and form the

postfix expression for evaluation.

 Expression  Current Acﬁon Taken ' Stack Outp ut
Symb ol . e . -
| ssgaere  Iniia —
State A -
“:631*87+ 2 - Posh2 ; 2 ?
| opere 4 Puhi Wby 1)
63/*87*+ + gzghti and then “2 and perform 2+4=6. ¢
3/*87*-3‘35*‘ 2 66
e o 3 _ Push 3 663
AT

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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e ————

\_\\ PopSand 6 . Perform, 6/3=2 F“Shz

\\—‘\_ Pop 2 and 6 Perform 6*2=12. Push 12 : . : '.

-12 8

. i _ Push8 — I

s et 1287 '

e o 7 cPush? S

+ . S 12 56
- *  Pop7and 8 Perform 8*7=56. Push 56

: g+  Pop 56 and 12. Perform 12+56=68. 68
—— . . Pushés. S s M

Pop 68 and print the result £ TPy

Evaluate following. prefix express:;m 4
AB—C+C*BA (A=4,B=8 C=12 i m

Solution : +{*AB)-C+C*BA

= +(4*8)-C+C*BA
= +32-C+C(*BA)
= +32-C+C(8*12)
= +32-C(+C96)

= +32-C(12+96)

= +32(-C108)

= +32(-12+108)

= (32+-96)

= - 64

Convert(A+B)*C- DAEA(P*G),'nﬁx

showing stack status after every step in tabular form,

expression into prefix 3
Solution :

Step 1 : Reverse the infix expressibn.
" )G*F(AEAD-C*)BH¥ A(

Step 2 : Make every ) as (. And (as)
' (G*F)AEAD-C*(B+A)

TECHNICAL PUBLICATIONS™. ap,
Up thrust for x :
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3-43

Stack

Step 3 : Convert the expression into postfix form.

. Bopression

Current Action' Taken
L Symba
fE B ABAD-CH(By &) Initialstate” . e
[G*DAEAD-C*(B+A) . (  pwh
..
| PABAD-C*(B+A) »  puh ._
[ )AEAD-Ce(Pua) F pur O
AEAD-C*(B+A) )  poptprmtpopl
| EAD-CWBaAY A pmh 0 A S e
ADfC*(mB +'Aj E printE Mﬁﬁfﬂw_:fw MMMMMMMM M—
D-C*(B+A) A push A Lo . N B R ki M
—C*(B+A) ; D PrntD. -t o an GELED L o . “"““

C*(B+:A) -

pop A print

pop A print
push - o = o
N £ * ED AnC
»(B+a) C pamE od o - CE COALC g
fre s el o Tl p T
(B+4A) : push * o GE*ED AN e

push (

B

o) B

+( GF*EDAACB

S ST S

e A) +  push+ ~#(+ GE*EDAACB " 0
LS ) A prnta ~(+ GF*EDAACBA
- S sseeors

pop, (-

pop ¥, print
pop — , print

Step 4 : Now reverse the output expression obtained in above table.
ep 4 : | €

_*+ABCAADE*FG

This is the required prefix expression.

AP YY What is post fix notation? What are its advantages ? Convert the following

infix expression to postfix.
A$B—C*D+E$F/G

GTU : Winter-15, Marks 4
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Data Structures et ar before ope
N e um, e : h thE Oper&nds appe ’ P ratgr %‘I;—
Solution | Postfix Nolation : The form

called postfix notation. ab+ i P”ﬁt Fix expression. Th,

¥

' . ) Iif]n ﬂﬂd
For example ¢ (a + b) i an infix expresé

Fix form is used for evaluation of expression

o

- -
i s SIS LG

Stack GUtPni'::

aken
Expression curent  Action T
Symbol ' N
read e p =
o : npsy B
ASB-C*D+ESF/G A printA i
i ' $

$B-C*D+ESF/G  §  push$ €.

; s AB
B-C*D+ESF/G B print B R, [ o R
" —
~C*D+ESH/G - pop $ print. - ABS
Thion pUSH™ - s -
S e
C*D+R$I/G € printC = AR
‘D ESF/G ¥ push * . ABSC s
DYESF/G D print ~ -*  ABSCD B
+ES$F/G + pop *, print then + ABSCD* - e

; pop-, print.

Then push + _
ESF/G  E  print "+ ABSCD* -
$ /G $  push$ e

+$  ABSCD* - E

F/G F  Print +$ ABSCD*-pp -
G/  pops, pri —
, print + o
then push/ / ABSCD*-EF$ :
d G G pintG +/ ABSCD*-EFSG |
end of input Po ) i
P/, print ;
e S POp +, print empty ABSCD* -EF $ G f-i
The

postfix expression is ABS Cp»

w Evaluate  the

~HESG] 4
Jollowing postfix expres

contents Sion using g stack, Show the 5*““&
AH"(“U;&' "t:"'/cf-l- ;{i
A=b I8

i i

=2,C=3,D= 2,E=8F=72 and G = 2,

TECHNICAL PUBLICATIONS". W———/
T 5]
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i SERS 3-45

Solution : We wil) replace A, B, C, D, E, F, G with their values.
"‘"“_"-—Hr——-__,_.__"__‘_____"_*___ ’ r ¢ [ T .
Expression Current Action Taken Stack
oy e _ Symbol read > -
s S2%328-82/2/4 Inital State . A
LA .2‘32$_‘82/2_’{f 5 push 5 >
i *32$—-82;’2/+ 2 push 2 _ BE
32%$-82/2/+ * Popz,pgp&Perfonn 10
. 5x2= 10.
£ push 10
- 25_82/2/+ 3 push 3 10 3
$-82/2/+ 2 push 2 _ 10 3 2
-82/2/+ % pop 2, pop 3 perforrn 10 9
3% =9.
push 9 "
| 82/2/+ = pop 9, pop 10 1
. perform 10 -9 =1
T push 1 - e
I 2/2/+ 8 . push8 _ - 1 8 o
]2/ + g * push 2 182
' 2/ + / pop2, pop 8. 14
| Perform 8/2 = 4
f Push 4. _ .
I' / + 2 push 2 14 ..2
: + / pop 2, pop 4. 12
;r Perform 4/2 = 2
? push 2
i + pop 2, pop L 3
:f Perform 1 +2 =3
i push 3
i'
' Pop 3 and print as i empty
output

sult of evaluation is 3.
valuate the following postfix expression using a stack.

b)562+*124/-+

The re

ﬂ)934*8+4/~

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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3-46
Solution ; i)
Expression Current Action Taken
St Symbol )
9 3 4*8+4/. Initial Step
34*844y. 9 Push9
4*844/. 3 Push3. .. S o
g "Sw4r. 4 Push 4 934 e T
SB+d4/. Pop 4 as op2, then pop 9 12 -
" 3 as opl perform
op1*op2 i.e. 3*4=12.
S Push12 U
S *4/- 8 Push 8 9128
4/ - - Pop8asop2and 12as 920
opl. Perform opl+op2
S i.e. 1248=20. Pusi_l 20. o
(- 4 Push 4 i P4
-/ Popdasop2and20as 95
opl. Perform op1 /op2
2y _ _ - _ ie. 20/4=5. Push 5.
- Pop 5 as op2 and 9 as 4
opl. Perform opl-op2
~ 1e. 9-5=4. Push 4. :
End of Input Pop the stack content Empty
and display it as output.
The result of evaluation is 4
i1)
Expression . Current Action Taken
Symbol
562+%124/-+ Initial Step I
62+*124/-+ B Push 5 '
24%124/-+ 6 Push 6 T
+%*124/-+ 2  Push 2
*124 [ -+ * Pop 2 as op2 and 6 as
OP1. Perform op14op2

Le. 6+2=8, Push 8,
S

___‘__‘—___\\_—_
TECHNICAL PUBLICATIONS™. 4,
up thrust for knowledge
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Data Structures 347 Stack
124/-+ # Pop8asop2andSas 40 :
_ opl. Perform opl*op2
TR i.e. 5+8=40. Push 40. :
248/-+ r Push 1 401 : '
I 2 Push 2 012 - ~
AR e 4 Push 4 0124 -
=% / Pop4asop2and2as 4010 -
opl. Perform opl/op2
. N ~ ie 2/4=0. Push 0. B
i g Pop 0 as op2 and 1 as 40 1 -
opl Perform opl-op2
i.e. 1-0=1. Push 1.
e N R = ; i il e BRSNS bt s
‘ + Pop 1 as op2 and 40 as 41 - |
. Perform opl+op2
e i.c. 40+1=41. Push 41.
End of input Pop the content of stack 41 41
and display as output

The result of evaluation is 41

Evaluate the following postfix expression using stack. Show the steps

283+5%2$2-12%6.

Solution :

GTU : Summer-18,

Winter-18, Marks 3

| | : i' _
Expression ; Current ! Action Taken ; Stack Output
Symbol ‘ " :
E L A R F— — : LR = :
— | _ -
623 +-382/ +*2$3+ | Initialstep . Empty -k
e RS — — : S <
i I !
23+-382/+*28$3+ 6 - Push 6 6 -
3+-382/ +*283+ | 2 Push 2 62 -
s ; _
3+-382/ +*2$3+ | 3 | Push3 623 -
;'_+-382/+*2$3+ i + | Pop 3, as op2, pop2as | 65
| . opl perform opl + op2 | |
| ie.3+2= 5push5 '
- -382/ +*2%$3+ = . Pop 5asop2, pop 6as | 1
e ‘ opl. Perform 6 -5 =1. |
push 1 e
382/ 4*2834 3 WL Push 3 13

TECHNICAL PUBL
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_ , i
/402884 8 | Push 8 ke I
2" +¥2834 2 Push 2
/7+°2%34 / [’oplasupltpﬂpaasl,
opl 8/2 =4 push 4
+-2$3+ e P0p4a50p2,pﬂp335i
: 0P13+4=7push7_'__ | :
opl. Perform 1 *7 =7 |
Push z - | i :"i']:
cldi i L Push 72 | -
L $ Pop 2 as op2, pop 7 as | 49 -
opl. perform 7 $ 2 = 49 | I
£ push 49 | _L - l:L _
i s ' Push3 493 |5
+ e : | I i e g e SR i i o
if * Pop 3 as op2, pop 49 as| 51 S
- OP1. 49 + 3 =51 push | ’
51 | |
|_End of input | Pop 51 and print £
The result of evaluation is 51. '

Advantage of postfix expression over infix expression

1. Any expression can be denoted without using parenthesis.

]

- It is convenient to evaluate postfix expression using stack. i

w2

- Infix expression needs the precedence to evaluate the expression. Postfix expressiun'ffh
eliminates this nuisance.

Review Question

/!
4
.

i
i

1. What 15 the advantage of postfix expression over infi p) e g
ge of postfix exp over infix expression? Write an algorithm of |

PD:UJJI evaluation w -

— |

TECHNICAL PUBLICATIONS™ - An up theust for knowledge
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Data Structures 3. 49 Stack

[EXd Recursion

Definition : Recursion is a programming technigue in wHich the function calls iself
repeatedly for some input.

[EXEH Factorial Function

One can define the factorial of some number n as a product of all the ntegers from
ntol.
For example, if the 5 factorial has to be calculated then, it will be = 5%4"3°2°1 =120.
Similarly 3! = 3*2*1 = 6 and the 0' = 1. The exclamation mark is used to denote the
factorial. We may write the definition of factonal function as -
n! =1 if n==0
Otherwise,  n! = n*(n-1)*(n-2)*...*1 if n>0

If the value of n is any of the 0, 1, 2, 3 or 4 then the definition will be -

0 = 1
1 =1

2 = 2°1

3 = 3°2°]
4! = 4°3%2°]

Here we are presenting an algorithm that takes the input as value of n and returmns

the result of n!. There are two ways of doing this-

1. Iterative method 2. Recursive method

Algorithm for Factorial Function using Iterative Definition :

, return(prod); :

Such an algorithm is called as an iterative algorithm because it calls explicit
repetition of some process (in our example the process multiplication and decr.emeﬂting
x by 1) until certain condition is met (for example x>0).

Let us analyze the definition of factorial function.

TECHNICAL PUBLICATIONS - An up thrust for knowled
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The definition of factorial is .
n! =1 jf n==()

0 .
thEI'WIse, n! = n*(n=1)*(n=2)*...*1 if n>0

de&ﬁ 'def‘inition is called the recursive definition of the factorial functigy |
RlH 10“ ‘15 Called recursive because again and again the B:’l'mc prﬂcedure I
with I:}:catlon is followed but with the different input and result is again mul of

: . ; i
used © Mext input. Let us see how the recursive definition of the factorial functiqnefi
to evaluate the 5! | :

Step 1: 51 < 5y

Step 2 . 4! = 4*3

Step 3.: 31 = 3%

Step 4 : 2! = 2*1!

Step 5 . 1! = 1*0!

Step 6 : 0l =1.
hav.tc:l;a:’l;;::; s;e};r 6 is the only step which is giving the direct result. So to solve 5 We
bovr o this'c Om step 6 to step 1, collecting the result from each step. Let st

Step 6" : 0! =1

Step 5 : 11 =1* 1 = 1 from step 6’

Step4’: 20 =211 =2 from step 5’

Step 3': 3! =3%21 =6 from step 4’

Step 2" : 4! = 4*31 = 24 from step 3’

Step 1’ : 5! = 5*4! = 120 from step 2’

Algorithm for Factorial Function using the Recursive Definition :

1. if(n==0)
2. fact =1;
3. else
{
4, x=n-1;
5. y= value of x!;
6. fact = n*vy;

7. } /*else ends here */

Advantagés

1. Recursive methods bring compactness in program.

9. There is no need of using programming constrycts such as f i hile.
_ or, while, doj’_"___/
TECHNICAL PUBLICATIONS™ - An up thrust for "
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—

Disadvantages .
1. Memory utilization is more in recursive functions because all pending operations_

must be preserved.

2. Recursive methods are less efficient than iterative methods.

3. Recursive methods are complex to implement.

Properties of Recursive Definition

o The very essential property of recursive definition is that there should be atleast
one non recursive call, because of which the procedure won't go in the infinite
condition. Thus the nonrecursive exit will help a recursive procedure to terminate.

For example ;

BabRd ==(0)
Gl return 1;

is a non recursive . Ry ;
- call for factorial G S PR Skl
* Another property of recursive function is that any instant of recursive definition
must eventually reduce to some manipulation. By this one can reach to the

answer after certain number of steps.

Example : Factorial of a number

,*?************************************t*************it***.

Program for finding out the factorial for any given number.
*t******************i*****t*******t**t********************/
#include <stdio.h>

#include<stdlib,h>

#include <conio,h>

void main(void) e it
ChnEng . _ _
ﬁ..ixlt fact(int n);/*declaration*/

’ -_.clrscr()' ; :

Printf(“\n\t\t Program For finding the factorial of n"); Sl e

- Printf(*\n\n Enter the number for finding the factorial: ") o :
scanf("%d" ,&n); :

I=fact(n);/*call to. function*/

Pﬁmf( “\n the factonal of %d is %d" n f)
_geteh();
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"-b‘_-_h-_"‘-—'_-'_'—'-—_

‘{m fact(int: n)

i ht Xy,
if(n<0)

X=n-1;
y=fact(x):
return(n*y);

/*recursive call*/

FEE L
-cnloncuao;nhxirto f

Al L L O, End Of Program

Qutput
Program For finding the factonal of o
Enter the number for finding the factorial &
The factorial of 6 is 120

U LRR AN What is recursion ? Wrte a psewdo code in 'C" language to ﬁyﬂﬁ

multiplication of two natural numbers

Solution : Recursion - Refer section 3.7

Recursive program for multiplication of two numbers

#include <stdio.h>
#include <conio.h>
void main()

{

int a,b,result=0;
int mul(int a,int b);

clrscr(),
printf("\n Enter the values of a and b: )

scanf("%d%d",&a,&b);
result=mul(a,b);

printf("The multiplication is = %d",result);
getch();

}

int mul(int a,int b)

if(b==1)
retum a,

else

o R e L TR LR
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_ifgg;erthevaluesofamb:s,?_ . Output

Review Questions

e R R e e LT

—

:

1. What i 1 ] j
! 1S recursion? Discyss its advantages and disadvantages.
f 2. Describe : Recursion. |

A

Tower of Hanoj

The problem is the “Towers of Hanoi”. The initial setup is as shown in Fig. St

= 1 1

Fig. 3.8.1

—— e —

CE : Dec.-03, M

arks 6

GTU : Nov.-06, May-12,

There are three pegs named as A, B and C. The fire disks of different diameters are

placed on peg A. The arrangement of the disks is such that every smaller disk is placed
on the larger disk.

The problem of “ Towers of Hanoi” states that move the five disks from peg A to
Peg using peg B as a auxiliary.

The conditions are :
i) Only the top disk on any peg may be moved to any other peg.
ii) A larger disk should never rest on the smaller one.

The above problem is the classic example of recursion. The solution to this problem is
very simple.
First of all let us number out the disks for our comfort.

Fig. 3.8.2

TECHNICAL PUBLICA TION\
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The Solution capn be stated as

3-54

1. Mov :
© *op n-1 disks from A to B using C as awxliary-

We can convert it to

move disk 1 from A to B.
move disk 2 from A to C.
move disk ‘1 from B to C.

move disk from A to B

move disk

move disk
move disk

from Cto A
from C to B
from A to B

move disk
move disk
move disk
move disk

move disk

-ITI.OVE d,lSk

from A to C
from B to C
from B to A
from C to A
from B to C

1
2
1

from A to B
from A to C
from B to C

Fig. 3.8.5

_——//
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e

Thus actually we have moved n-1 disks from peg A to C. In the same way we can
move the remaining disk from A to C. |
‘C’ Program
****%;**é**;;* R ey

er of disks for which the i

/*******************************************

program For Towers of Hanoi. The input will be the numb
program should operate.

*****************************************t**********ﬁ*****!

#include<stdio.h> e ol
#include <conio.h> ‘ £ar
#include <stdlib.h>

void main(void)

{

int n; _

void towers(int n,char from,char to,char aux);
clrscr();

printf(“\n\t\t Program For Towers Of Hanoi");
printf(“\n\n Enter the total number of disks");
scanf("%d” ,&n);

towers(n,'A’,'C",'B’);

getch();

}

void towers(int n,char from,char to,char aux)

{
/*if only one disk has to be moved*/

ifln==1)

{
printf(“\n Move disk 1 from %c peg to %c

peg" from,to);
return;

}

/*move top
towers(n-l,from,aux.to);

printf(“\n Move disk %d from %c peg to %c peg”,n,from,to);
/* move remaining disk from B to C using A*/

n—1 disks from A to B using C*/

towers(n-1,aux,to,from);

}

TECHNICAL PUBLICATIONS™- An u
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| R T OUPUt

A Program for Towers of Hanol

Bater the tota) number of disks 4

N disk 1 from B peg to C peg
Move qisk 3 from A peg to B peg
Aisk 1 from Cpegto A peg

Ve disk 2 from CpegtoR peg

disk 1 from A beg to B peg

diSkdht\mApeg to C peg
Move disk 1 from B Peg to C peg
disk 2 from B peg to A peg
MuvedisklfmmeegtoApeg

Mo B
Example 3.8.1 N the stack contents

Solution - The

for 2 plates for tower of Hanoi problem.

algorithm for Tower of Hanoi problem will be -
disks from A to B using C as

aining disk from A to C.

fnd

- Move top (n - 1) auxiliary.

ra

- Move the rem

)

- Move the (n - 1) disks from B to C using A

as auxiliary.
: Initially both the plates

Step 1 are stacked on peg A,

A B c
Fig. 3.8.6 Initial confi
Step 2 : Now we will move

Quration
(N -1)ie 1 disk to peg B.

—
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Step 3 : Move remaining disk i.e. disk 2 from peg A to peg C.

B

C

2

T

B

Fig. 3.8.8 Disk 2 from A to C

Step 4 : Move disk 1 from B to C.

2¢

1

Fig. 3.8.9 Final configuration

Review Questions

[ -
J| 1. Explain Tower of Hanoi by using recursion
|

GTU : Nov.-06, Marks 6 [

1
|
GTU : May-12, Marks 4 5‘

e

m Iteration Vs Recursion

2. What is Tower of Hanoi ? Explain it with n = 3.

+ ' implement,

Recursion

Recursion is a process of executing certain
set of instructions repeatedly by calling the
self function repeatedly.

Instead of making use of for, while,
do-while the repetition in code execution is °
obtained by calling the same function again
and again over some condition.

The recursive methods are less efficient.

Mempry utilization is more in recursive
functions.

Recursive methods are complex to

T S |

bring compactness in the

Recursive methods

-

5T, Iteration
No.
S e

1. [teration is a process of executing certain set
of instructions repeatedly, without calling

| the self function.

2 The iterative functions are implemented
with the help of for, while, do-while
programming constructs.

” ?; ;I'he iterative methods are more efficient
" because of better execution speed.

4 Mernory utilization by jiteration is less.

5 It is simple to implement.

M(;qm 'Ihe_hnes of code is more when we use

b fteration.

program.
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For illustratin

finding facgs. 5 Use of stack in recursive functions, we will ‘705:5;:9;2:@?& "
& tactorial. The recursive routine for obtaining factorial is as g
‘{“"’ﬁm (int numj
~ int a, b;
if (nll.m = = 0) i
return 1 :
R else ‘
{
4 = num -1 .
b = fact (a);
f = a - b', | 1.
returm f £
}

} . 4
/* Call to the function ./
ans = fact (4) :

7 SRR C

For the above recursive routine we will see the use of stack. For the stack the m}y.
principle idea is that — when there is a call to a function the

stack and at the end of the function or at the re

Suppose we have num = 4. Then in function fact as num ! = ( else part will be
executed. We get

values are pushed onto e
turn the stack is popped

a=num -1
a=3

And a recursive call to fact (3) will be given. Thus internal stack stores

5w

Next fact (2) will be invoked. Then

'.'a:nu_rn_l
5 a=3-1
2 b = fact (2)

Then,
1 Y a=num -1
2 :
3 as2-1
- b = fact (3
SR
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Now next as num = 0, we return the value 1.

~a=1b=1, weretun f = a*b = 1 from function fa
'Now the top of
Then we get b = fact (2) = 1.

ct. Then 1 will be popped off.
the stack is the value of a

WK

.'.fza*b=2*1=2wﬂlberemmed-

Here a = 3
. -Then b = fact (3)
. b=2
: - f=axb = 6 will be returned.
The stack will be

Here a = 4

Then b = fact (4)
4 =6

- f=a=*b = 24 will be returned.

As now stack is empty. We return f = 24
from the function fact.

Review Questions

.J 1. How stack is useful in implementation of recursion ? Explain with the example of factorial.

GTU : CE : Dec.-05, Marks 6

2. Write recursive algorithm for computing factorial. Which data structure can be used to

implement this algorithm ?
Oral Questions and Answers

Q1  Give an example that shows how a stack is used by a computer system ?

Ans. : In computer system the memory model consists of stack memory which stores
types of variables that have a fixed lifetime. Stack is basically a section of RAM that
grows and shrinks as the program runs. When you call a function, its parameters and
any variables you have defined in that function (which are not static) are stored in the
stack.

TECHNICAL PUBLICATIONS™ - An up thrust for know ,
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e

e : ata structur\ -
Q2 - Name the data structure which is also known as LIFO d
. Ans. : Stack.

Q.3 Define the term stack,

|
|

. inserted or deleteq .
E Ans. : Stack is a data structure in which the elements are inse Using
' only one end called top.
|
| @4 Why stack is called LIFO ?
' Ans. : LIFO stand
. deleted first.
' Qs

i Ans. :

s for Last In First Out. The element to be inserted last is i, be | §

List out the operations of stack.

| 1. Push operation is used to insert the element onto the stack.

2. Pop Operation is used to delete the element from the stack.

Q.6  What is meant by underflow condition in a stack ?

| Ans. : Underflow is a situ
which is empty.
Q.7

Ans. : The overflow is a situation in
l stack which is full.

ation in which the pop operation is performed on the stack

What is meant by overflow condition in a stack ?

which the push operation is performed on the i,
Q.8 Assume that stack is implemented usin
top to check the empty and stack full ¢

Ans. : When the stack is empty then top must be equal to -1. When the stack becomes
full then the top=Maximum size of array.

Q.9

g arrays. What should be the valye of
onditions ? ‘

Describe the situations in which Push and pop operations are not possible.

Ans. : If the stack is empty then we can not

perform pop operation. If stack is full then [
we can not perform push operation. : 1

Q.10 What do you understand by polish notation ? Explain.

Ans. : This is also called as prefix notation. In thjg
followed by two operands. For example if (a+b)*
notation will be *+ abc.

type of notation the opefa‘tm :
¢ Is a given expression then its polist §

{

Q.11 What is a top pointer of a stack ?

Ans. :-The top denotes the only one end of the stack from which the element cfmb"t f
inserted or deleted. When we push the element onto the stack, the top is increme™ j§
When we pop the element fromthestacfthgt?p Is decremented,

L
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St
Q.12 Write the postfix notation for following expression. (A*‘B)"c-{n E)AF =

Ans. : Follgwing steps can be followed for computing the postfix eXpression, .
Step 1 : (AB+)*C(D-E)*F
Step 2 : (AB+C*)-(D-E)AF
Step 3 ; (AB+C*)-(DE-)AF
Step 4 : (AB+C*)-(DE-F")
Step 5 : AB+C*DE-F/-

Q.13 List the applications of stack. w

Ans. : The stack can be used for -

1. Conversion of expression from one form to another. Various forms of expression
are infix, prefix and postfix.

2. Evaluation of postfix expression.

3. Evaluation of recursive functions.

4. Reversing the string.
5. For checking the well formedness of parenthesis.

Q.14 List the characteristics of stacks.

Ans. :
1. Insertion and deletion can be made by one end only. Hence the element inserted

last will be first one to come out. Hence sometimes it is called LIFO.

2. Stacks are useful for evaluating an expression.
3. Stacks can store the functions calls.

Q.15 Write the role of stack in function call.

Ans. : The stack is an useful data structure for handling the recursive function calls.
When a recursive call is encountered, the status of ‘call is pushed onto the stack. And at
the return of the call the stack is popped off. Thus execution of recursive statements is
done with the help of stack.

Q16 What is LastIn-First-Out strategy ? Which data structure follows this
strategy ?

Ans.: In the Last In First Out strategy we insert the element in the data structur
'.laStIy and while removing the elements from this data structure, the element which 13
inserted lastly will get removed first. '

{ The stack data structure makes use of Last In First Out(LIFO) data structure.

T Q17 Wite the steps to reverse the contents of the list with the help of stack 93
| structure.

i : n __——’_—/
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| A T ——— N— |
Step 1 . ‘Read ench clement from the list and push it onto the stack. ‘
Step 2. Pop the element from the stack and store the poppect element in 3 %p‘“ﬂtq |
array.
Step 3: Read the array l:om‘Pletely from left to write. This will be the revergoy lst
of the elements.
Q.18

function.
——— data structure is used in handling the recursive
AI‘IS. .

Stack data structure is used to handle the recursive function call.
Q.19

Name the data structure that can be used for checking the well formedngy, of
Parenthesis, -

Ans. :
Q.20

Ans, :

The stack data structure is used for checking the well formedness of Parenthegig

Write an algorithm used for checking the well formedness of parenthesis

LI ( Parenthesis is read push it onto the stack.

2. When ) is read then for each ) parenthesis, pop single ( parenthesis.
3. When the complete string is read, the stack should be empty.

Q.21

Ans. : ‘i) Push - This operation is for pushing the element onto the stack.

List operations performed on a stack.

ii) POP - This operation is for popping the element from the stack.

Q.22 Recursion. m

Ans. : Recursion is a programming technique in which the function calis itself |
repeatedly for some input.

Q.23 What is the reverse pbllsh notation for infix expression a/b*c 7
Ans. : ab/ cx '

GTU : Summer-17

|
_———‘/]
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(4.1 I " oI T :
epresentation of Que“ef ,,--f--*’f(;as ordered collection of g, ™ §
SRR e . fine end one can dgy.,

at has two ends named as front and -reart. the element

el i
ements and from the rear end one can inset

For example : .

2iting for a city by

. ho are W M

The typical ¢ people W ou can call it ag ..

; example can be a queue f P ueue, YO© the .8

bus stop. Any new Iferson i joini?lg at one en the 9 ¢ enters in the bus, Yoy R
. ol

end.- When the bus arrives the person 2 "

call it as the front end of the queue.

irs
¢ the other €1 e

f few elements:

Following Fig. 4.1.1 represents the queue O
ﬂ 61
w ] s |
94 10 20 Rear
Front

Fig. 4.1.1 Queue

Difference between Stack and Queue

Sr. No. ‘ Stack . - DTN

1. - The stack is a data structure:in which  The yeue is a datijl Stx:ucturg in whichi |
the insertion and deletion of elements insertion and deletion is carried out by

can be done by only oneend. _ two different ends.

e g i

For example

2. For example
Insert 10, 20, 30, 40

Insert 10, 20, 30, 40

40 |—=Top .
30 [10]20]30]40]
20 Queue
10 front - rear
Stack :
In stack the only one being used is ' In queue there are two ends used; the
called top. . end from which the element gets
inserted is called rear and the elem it :
from which the element gets ddeted{%
R S A — m_ﬁ_”fgﬂed front.
s, The stack is called Last In First Qut Th S T T e g s 7
: ie. LIFO data structure, because in. i.e'eF%lg)ui Ao called Flrs_tbi:ul;:
stack the last inserted element is qu.eue th ata structure, HEF,
always removed first. ' ﬁfo’gé'tsi:;eglvirg E\’Ih:‘-"his
S ALUSLBES 1 . first. -

et ;
TECHNICAL PUB“CATP'ONS‘.- dA 1in theo e r
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AbstractDataType queue
{

Instance :

The queue is collection of elements in which the element ¢
alled rear and elements get deleted from the end called front:

Pperations

ue_full () - Checks whether queue is full or not.
ue_empty () - Checks whether queue is empty or not.

D _ insert () - Inserts the element in queue from rear end.

_ delete () - Deletes the element from the queue by front end.

e end

an be inserted by ot

: h
| Thus the ADT for queue gives the abstract for what has to be 1mp1emenfd whic
fre the various operations on queue. But it never specifies how t0 implement those.

Let us see each operation one by one.
'C' representation of queue.

t queue

int que [size];
int front;

int rear;
Q;

{ Insertion of element into the queue

The insertion of any element in the queue will always take place from the rear end.

queue We have
10 20 30 40 50 inserted first 10,
o T then 20, then 30,
e N i " then 40, then 50,
From this  front / "y vEar } From ths in the queue.
end you can ‘~__-7 «___-" end you can
delete insert

the element the element

Fig. 4.2.1 Representing the insertion

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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o ‘ k whether the queue jg £
Before performing insert operation you must cites ize of the queue then th, N O

not. If the rear pointer is going beyond the maximum 8 q“%
overflow occurs. :

queue

70 cannot be inserted

10!20[30 40 50 60 t=
. _

front
w
Fig. 4.2.2 Representing the queue overflo

2. Deletion of element from the queue
The deletion of any element in the queue takes place by the front end always,

10 20 30 40 50 60 | The number 10 gets deleted logically
* f That means queue Is from fl'Ol"'Il to rear only,
i.e. from 20 to 60

front rear
— —

This much queue
will be considered
i.e. queue is
from front to rear.

Fig. 4.2.3 Representing the deletion
Before performing any delete operation one must check whether the queue
empty or not. If the queue is empty, you cannot perform the deletion. The resylt |
illegal attempt to delete an element from the empty queue is called the Qe
Underflow condition.

front ‘rear

Fig. 4.2.4 Figure representing the queue underflow

Let us see the ‘C’ implementation of the queue.

‘C’ program |

f-.**************************************t*********k*********** it

Program for implementing the Queue using arrays,

e ——

*********t*****tt**t**********t*****\\-i**********t************/ ; i

#include<stdio.h>
#include<stdlib.n>
#include<conio.h>_ ; i | | 1

R \

= R

TECHNICAL PUBLICATIONS™. An up thrust for knowledg
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w i — a5 Queue

#define size 5

struct queue :

. Queue data structure deciared with

{ amay que [ ]

_ N » front and rear

ot quelsize];

int front,rear;

jo

i{f{(lrear > =size-1) If Queue exceeds the maximum size of the
) array then it retums 1 - means queue full

return 1; IS true otherwise 0 means queue full

else is false

return O;

int insert(int item)

1}

ThIS condition will occur
initially when queue is empty

{ when single element will be
. L present
if(Q.front == -1) then both front and rear points
Q.front++; to the same -
Q.que[++Q.rear] = item:
return Q.rear;
int Qempty() Always increment the rear pointer
{ and place the element in the queue
if((Q.front == - 1) || (Q.front > Q.rear))
return 1;
else Logically deleted
return 0; CT T T 11 [x]2]30]20]50]
) _ bo 1 2 3 4 }
int delet() front rear front
{
A Means queue empty

Q.front++;

i = tl: i "The deleted item is 10"
= O.queIO.fron b Finally return Q.front

'Ib'giis‘i‘;vnill ﬁul 20 l 30 I 20 I 50] Then Q.front ++

afront  [10]20[30]40]50]

item 4 )

Q.front Q.rear

printf(“\n The deleted item is %d" item);

i return Q.front;

}

void display()

{
int i; o o :
for(i=Q.front:i<= Q.reari++) } Printing the queue from front to rear

printf(* %d”,Q.quelil):- '
a ol
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Q.Iear s - | K queue ]
do 1 } Initially afont L
{ ' Q.rear
prm;fé:\n Maln Menun-)' |
Printfy "\nl Insert\n2 Delete\n3.Display");
("\n Enter your Ghoice”);
anf(“%q» '&Chmce)_
BwlTh(ChOlce)
case Lif(Qfull))  /fchecking for Queue overiow
> printf(“\n Can not insert the element );
else ' :
: !; | :[ - i - d")«
printf(“\n Enter The number to be inserted ) |
scanf(“%d" &item); A
i.nsert(item); :
"
break;

case 2:if(Qempty())
| printf(“\n Queue Underflow!l");
else
delet();
break;
case 3:if(Qempty())
printf(“\nQueue Is Empty!”);
else
display();
break;
default:printf(“\n Wrong choice!");
break;

}

printf(“\n Do You Want to continue?");
ans =getche();

}while(ans =='Y’||ans =="y');
/******************”** End Of Program *******************i***/
Output
Main Menu
1. Insert
. 2. Delete ;
S — ]

TECHNICAL PUBLICATIONS" . 4
© AN up thrust for lmolﬂedga

Scanned by CamScanner



Data Structures Giidiio

* e —
(Enter Yow Choice 7|
E;};er The number to be inserted 10
Do You Want to continue?y

- 3. Display
- Enter Your Choice 1
. Enter The number to be inseted 20
ot Do You Want to continue?y
© . Main Menu , -
- 2. Delete
3. Display
Enter Your Choice 3
10 20
Do You Want to continue?y
o 1. Insett
¥ 2. Delete
_ 3.Display
Enter Your Choice 2
The deleted item is 10
Do You Want to continue?y
Main Menu
1. Insert
2. Delete
3. Display
Enter Your Choice 3

20
Do You Want to continue?n

ik

Always check queue full before insert operation and queue empty before delete

operation.

Analysis :
_ In above program each operation such as insert or delete will get executed only for

once at a time. The worst case is that if we want to insert n elements in a queue then it
requires O(n) time. Similarly if we want to delete n elements from the queue then it
requires O(n) time. The display routine contains for loop which executes for front to
rear values. Hence it takes O(n) time. Hence overall time complexity of above algorithm

is O(n).
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i Structurgs

T Beyin o .
Explain iygery and delete operation in simple quenc: e, |
4 ] 1 m a .
Write an algorithm to implement insert and delete operations W!
3. Write . : .« (insert, delete and display) for Simple
Hh an lﬂt'\"f”-“qn" t" l""’:ﬁ".," various tun’rﬂ”{)”b f”lbtl".- GTL] : Winter_ qu&u
4. e : nditions.
Write q program to implement quene and check for boundary cma

m Circular Queue

GTU : CE . Dec..03, 05, 06, Winter-14, 15, 16,18. Summr-14. 15, 16, 17 hhll']-(g'i!

As we hav

ba x € seen, in case of linear queue the elements get deleted logically, This ¢
e shown by

following Fig. 4.3.1 '
We have deleted the elements 10, 20 and 30 Mﬂ ﬂ
means simply the front pointer is shifted ahead. 1 r
We will consider a queue from front to rear

always. And now if we try to insert any more
element then it won't be possible as it is going
to give “queue full 1~ message. Although there is a space of elements 10, 20 and y

(these are deleted elements), we cannot utilize them because queue is nothing but;
linear array ! ‘

front rear
Fig. 4.3.1 Linear queue

Hence there is a concept called circular queue.
The main advantage of circular queue is we can

3
front
utilize the space of the queue fully. The circular ’ ‘E‘
queue is shown by following Fig. 4.3.2 4 AP}
Considering that the elements deleted are 10, - /—v

20 and 30.

There is a formula which has to be applied for Fi i
setting the front and rear pointers, for a circular HEASE SRl .
queue. N
rear = (rear + 1) % size

: fl'l'.)nt = (ﬁ‘ont + 1)

|
|
!

" % size
rear = (rear + 1) % size i
=(4+1) %5

rear =0

can store the element 60 at 0™ e,

tion gj il t
= sl Milarly whi) : ment
e TECHMICAL PUBLICATIONS. 5, € deleting the ele
5t for

kﬂomﬂdge

A
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pata
front = (front + 1) % size
=B+1)%5
front =4

Go delete the element at 4" Jocation i.e. element 50.

Let us see the ‘C’ program now.

¢’ program
/*‘i****************i****************************
- program For circular queue using arrays. It performs the basic
operations such as insertion, deletion of the elements by taking
care of queue Full and queue Empty conditions. The appropriate
display is for displaying the queue. : AR e,

t****ki**************************#*****k********

*'*t**,*’**ir*i_** i ey

#include<stdio.h>
#include<conio.h>
#include<stdlib.h>
#define size 5 = :
int queue[size]; \

int front=—1; /* queue initialization by front = — 1 and rear = 0+/

int rear =0;
int qFull()
{ . ; % front =0
if(front==(rear+1)%size) raar =4 :
return 1; : 3 i.e. front = (rear + 1)% size |
else C40 7 = (4 + 1)%5
return 0; rear-» 4 N = 5%5
} : front =0
010 201 "queue full condition®
: front
mt qgEmpty()
{' Note that before inserting
if(front ==-1) —=— any element in queue the
Tetum 1; Front = -1, that means queue is empty
else
P

Q}"_Did add(int Item)

quull()) /* qFull() returns t‘rue value */
e)31’:11111( “\n The circular Queue is fulll");
; $§ .

Hfront ==-1)/xonly one element in the queue +/

Scanned by CamScanner
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ﬁ'Qnt: rear=Q:
else :

# _ .
ear = (rea:+1)%size;
ql-leue[rea:}-:-lt.em'

}

«— Element
@ 30is
1 inserted
o
ﬂ queue [rear]
0

void delet() o
=(1+ 1)%

{
e = 2%5
if(QEmpty() | ks —

printf(‘*\n
Jee Queue Is Empty!”); —

{

Item=queue|front|;

: A |

} front=1'eaI=_'1;

else

_ fl’OI.lt =(front+1)%size;
prntf(“\n The deleted item is %d" Item);

}

}
void display()

i.e. only one element
is in queue and we
want to delete it.

Then simply set

front = rear = —1.
Then queue becomes

empty.

front/rear

int i;
if(gEmpty())

{
printf(“\nThe Queue Is Empty");

return,

} :

i=front;
while(i! =rear) % While front does not reach tor
. ea
{ the elements and print them recan
printf(“ %d",queueli]);
i=(i+1)%size,
} .
printf(" %d",queueli]);
}
void main(void)
{
int choice,ltem;
char ans;
clrscr();
do

TECHNICAL PUBUCATIONS'". An y | |
D thruse for | ;
knowleg, -

qe
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—

wﬂtﬂ"\é Main Menu") s

“\n 1.Insert\n2 Delete\n3. "
pmprmtf( “\p Eiibar Yois Choloait Display”);
scanf(“%d” ,&choice); i
switch(choice) e

{

case l:printf{"“\nEnter The element");
scanf(“%d”,&Item);
add(Item);
break;

case 2:delet();
break;

case 3:display();
break;

default:exit(0);

}

printf(“\n Do u want to continue?”);
ans =getch();
}while(ans =="Y’| |ans == 'y’);
getch(); )

/if**tfi* ks FRkI R IR E I EE End Of I“Ia}' s

Consider the following queue, where gqueue is a circular -queue
memory cells. Front = 2, Rear = 4, Quewe:_,ACD: _,_

Describe queue as following operation take place :
F is added to the queue )
Two letters are deleted
R is added to the queue
S is added to the queue
One letter is deleted.
Solution : Initially the queue will be,

***********************/ s

having 6

2 -=— Front

T Rear

TECHNICAL PUBLICATIONS™ - An up thrust for kn;w;edge
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Front

Step 5 : One letter is deleted

Rear =1
Front=5 “
1-=-— Rear
Front — 5
2
WS o
3
This is the final configuration.

" GEERERY Wit s e 7 Wre doon otk of simpe e 7 Al wrie 8

algorzthm for deleting an element from circular queue, W

Solution : Queue is a linear data structure in which i
nsertion ueue'ﬁ
from one end called rear and deletion of element frop, the ot;if lznm;ntslluli Trigt Rl
calle

Fig. 4.1.1.
Drawbacks of simple queue :

1, The simple queue is linear in nature, '

. €nce after : ; t e
‘ correspondmg space can go waste. On the othey hand (_19|Bt10n of some elemen "
space that is left in between can be utilizeg in circular queue the interme™

2. It is possible to move from rear eng ¢, {

= front end easily,
TECHNICAL PUB“CATJON_Q"_ a // :

upm&fw*mwbdge

At

Bl she ke
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" Queue

Deletion of element from circular queue

Refer C program in section 4.3.
Compare : Circular queue and linear queue.

Solution :

& GTU : Summer-15, Marks

‘Simple Queue

: ~-_____m____c‘_{C,“l" Queue ' ; .
The circular queue is cm:u]ar in nature havmg Simple queue is linear in nature havmg boundry
between front.and rear.

________—.——--—‘——

fron_t' and rear ends adjacent to each other.
: ueue there can be wastage of space

le
In circular queue we can utilize the memory ;1; ;’-gl‘ﬂ :u?d rear are away from each other.

space effectively, because front and réar are
-adjacent to each other.

Perform following operations in a circular queue of length 4 and give the fr on

Rear and size of the queue after each operation
1) Insert A, B 2) Insert C 3) Delete 4) Insert D. 5) Insert E 6) Insert F ) Delete .
Solution :

Step 1 : Insert A, B

0-=— Front

.

3 . 1-— Rear Size=2

2

Step 2 : Insert C
0-=— Front

gr

3 1 Size=3

SED

+— Rear

Step 3 : Delete
The element pointed by front pointer will be deleted.

TECHNICAL PUBLICATIONS" - An up thrust or knowledg
(=]

N
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1-=—Front Size= 2

Step 4 : Insert D

—3 1-—Front Size=3
Rear
5 :

Step 5@ Ingert E

3 . 1=—Front Size=4
o7
Step 6 : Insert F

It will display queue full message.

Step 7 : Delete

TECHNICAL PUBLICATIONS" . ap, -
up thrust for knowledge
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Consider an example where the size of the queue I four elements. Initially the
queue is empty. It is required to ingert symbols 'A’, ‘B’ and 'C’. Delete ‘A’ and ‘B’ and

insert ‘D" and 'E’. Showy the trgee of the conterits Of the queue.

Queue

Solutlon Step 1 : Insert A, B ang C.

0 <— Front

L]

0

2 «+—— Rear
Step 2 :  Delete A, B.

Front/ Rear

Step 3 : Insert D and E

0 =<— Rear

@

Front

TECHMCAL PUBLICATIONS™ - An up tvust for knowledge
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1]
and deleting an elementt

.03,

1. =
htnte @ algorithm for inserting

GTU : CE : De

o rponldr QUENE
. , o :ll'f“fﬂ
Write user defined C function for i serting @t (fz'me‘rlf m

circular quesie:

Write o ‘C’ functions to insert an element i ]
sy with

all necesNIry overfiog,

4. ; PR 3 1
Write o ¢ program to implement a circular quetic using ¢ M |
Underflow checks, m i

7 ; 3 Y.
Writé'e Program to implement circular quetie USIE arnik

Erini o 1
° lain the concept of circular queue. Compare cin i

with simple quene.

Write ant algorithnt for isert g

Write differences between simple queue and circular quene.
delete Operations for circular quene. m

5. Write an algorithm for inserting and deleting an element it & &Em :
m Priﬂl'ity Queue GTU : Summer-14. 15. Winter-18 Mark. 3

The priority queue is a data structure having a collection of elements which g |
associated with specific ordering. There are two types of priority queues - :

l 1. Ascending r;:riority queue , l 2. Descending priority queue

Application of Priority Queue

1. The typical example of priority queue is scheduling the jobs in operating system,
Typically operating system allocates priority to jobs. The jobs are placed "m ﬂ\e
queue and position of the job in priority queue determines their priority. h
operating system there are three kinds of jobs. These are real time jobs, fLﬁmgm;
jobs and background jobs. The operating system always schedules F ot m
fbsl ﬁrsft. “ ther}e 15, Mo: resl time job pending then it schedules toreground Idﬁ
astly if no real time or foreground jobs are pend: ¢

¢ ending the spating codi
schedules the background jobs. ; & HEN Operating systemd
2. In network communication, to manage limited bandw

priority queue is used. idth for transmission

3. In simulation modeling, to manage the discrete events the priorit is used
rity queue is used:

;
TECHNICAL Py \ -

BLICATIONS”. 4,
-G theust o
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Types of Priority Queye
The elements in the prion ; : two types
priority queues - € priority queue have s ¢ ordering. There are ® of

1. Ascending Priuﬁty Queue - It is a collection of items in which the items can be

2. Descending Priority Queue - It is a collection of items in which insertion of items

can be in any order but only largest element can be removed.

In priority queue, the elements are arranged in any order and out of which only the

smallest or largest element allowed to delete each time.

The implementation of priority queue can be done using
- data structure heap is used to implement the priority queueé effec

ADT for Priority Queue

arrays Or linked list. The
tively.

Various operations that can be performed on priority queué are -
1. Insertion 2. Deletion 3. Display
__Hen_CLi _’thf.‘ ADT for priority queue is given as below -

Instances :

P_que[MAX] is a finite collection of elements associated with some priority.
Precondition :

The front and rear should be within the maximum size MAX.

Before insertion operation, whether the queue is full or not is checked.
Before any deletion operation, whether the queue is empty or not is checked.

e A —————

Operations :
) - The queue is created by declaring_the data structure for it.

1. create( *
2. insert() - The element can be inserted in the queue. E.
3. delet() - If the priority queue is ascending priority queue then only smallestj;

element is deleted each time. And if the priority queue is descending prioriry'g

queue then only largest element is deleted each time. |

R

4. display() - The elements of queue are displayed from front to rear.

b e e e

Review Questions

1. What are priority queues ? Explain its uses. GTU : Summer-14, Marks 2
2 Describe : Priority queue. GTU : Summer-15, Marks 2

: . . ?
3. Explain .pnonty queue ! GTU : Winter-18, Marks 3

TECHNICAL PUBLICATIONS™ - An up thrust for kriowk
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e Iy
B Array Representation of Priority @ i

The <1 aS §
\ : ey AUTAYS 1§ a8
. plementation af priority queue using areay

3 L Insertion operation : While imp‘lemcnttmz
Nfple logic,

queue we will app}

» priority
the T the element in the ,

a1 insert
, will Insé
That is while inserting the clement We d in the queue as

Ya
Il‘a),

at the " e . L onts are place
the Proper pasition. Rar example, it t-lu: SETEL”M””T j
9 1 /’m' que[4]
Quei) quell] quel2]
front Tear N th
. en it will be at 0 locat
And now if an clement 8 is to be inserted in the queue a : ?lon
= | j
!.__ 3 Q W : e[4] o
> qu
0] quall] quel2] quel3] -
ront rear
If the next element comes as 11 then the queue will be -
8 Q 11 12 |
e[3] que[4]
queiQ] que{1] que2] qu
frant ) rear

The C function for this operation is as given below -
T S rop R AR SE PN PRI

e W 5
{ . A s ey

L]

‘' printf*\nEnter the slement: ")
scanf{“®d" &item);
if{front ==-1)
front+ +.,
j=rear,
while(j> =0 && item<queli])

g

queli+1]=quell
} |

queij +1]=1em,
rear=rear+1;
yeturm rear,

2 Deletion operation
. ration we are simply remov;i
In the deletion Ope P Ing the element 4t the front.

s i SN
TECHNICAL PUBLICATIONS™. An up thyst oy N
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For example, if queue is created like thig -

: e M KA Ui D

ATy A QUq;Ja

s R S S AL

8 - .
l:, ? 11 12
quel0] que[1] _ N
front quel2] quel?) quel4)
rear
Then the element at que[0] will be deleted first.
I. e
E i | 2 1 [ 12 [
© que[l] quef2] qucl?»'«] quef4)
front rear
and then new front will be que[1].
The deletion operation in C is as given below -
iat delet(int que[SIZE],int front)
{
. int item;
item=que(front];
printf(“\n The item deleted is %d" item);
front++;
. retumn front;
} A
The complete implementation of priority queue is as given below -
:/.t***'!_***************#***i’#*******#ﬂ':ﬂ'*********i’*****t*****
Program for implementing the ascending priority Queue
I***********'k*****i'**********t****ﬂ*ﬂ*****i’***ﬂ***i*****'Jl'k/
/*Header Files*/
#include<stdio.h>
#include<conio.h>
#define SIZE 5
void main(void)
{
int rear,front,que[SIZE],choice;
int Qfull(int rear),Qempty(int rear,int front);
int insert(int que([SIZE],int rear,int front);
int delet(int que[SIZE],int front);
void display(int que[SIZE],int rear,int front);
char ans;
clrscrx();
front=0;
Q_E_l,r_:_-i_;
-

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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PHNL(“\n\t\t Priority Queue\n")
Prntf(“\n Main Menu”); ")
Printf(“\n1 Insert\n2 Delete\n3.Dispi2Y
Printf(“\n Enter Your Choice: ");
Scanf(“%d", &choice);

?Mtch(Choice)

case 1:if(Qfull(rear)) et
pﬁﬂtf(“\n CQueue IS fl.lll )f.
else :
reaI:jnsert(que'IBaI.ﬁont)r g
break;
case 2:if(Qempty(rear,front))

printf(“\n Cannot

N
B

delete element”);

else
ftont=delet_(que,front);
break;
case 3:if(Qempty(rear,front)) )
printf(“\n Queue is empty );
else _
display(que,rear,front);
break;
default:printf(“\n Wrong choice");
break;
}

printf(“\n Do You Want TO continue?");
ans =getche();
}while(ans=="Y" | |ans=="y’);

getch();
}
int insert(int que[SIZE],int rear,int front)
{
int item,j;
printf(“\nEnter the element: ");
scanf(“%d” &item); '
if(front ==-1)
front+ +;
j=rear, _
while(j>=0 && item<quelj))
quelj+1]=que(jl;
e _ : %
e —— . A |

N Up thrys for kno wiedge
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que[j+1]=item;
rear=rear+1;
return rear,

' 'i];n Qfull(int rear)

{ .
if(rear= =SIZE-1)
return 1;

else
retum 0;

}
int delet(int que[SIZE],int front)
{ _
int item;
item=que|front]; _
printf(“\n The item deleted is %d" item);

front+ +;
return front;

|

Qempty(int rear,int front)

I
if((front==-1)| | (front >rear))
~ retumn 1;
else
return 0;
}

void display(int que[SIZE],int rear,int front)
{

int i,

printf(“\n The queue is:”);

for(i=front;i< =rear;i++)

printf(* %d",quelil);

}
Output
Priority Queue |
iy I
Mam Menu i 30
LInsert i .
%ﬁ;@elete : <
.. ?:_&_'I_)isplay :

"‘Enter Your Choice: i

| Entﬂ the element: 30

’D@ ou Want TO continue?

e RN RS el
TECHNICAL PUBLICATIONS - An up thrust for knowledge

Scanned by CamScanner



Data Structures

———

Priority Queue

Main Meny

1.Insert

2.Delete

3.Display

Enter Your Choice: 1
Enter the element: 10

Do You 'Want TO continue?
Priority Queue

Main Menu

l.Insert

2.Delete

3.Display

Enter Your Choice: 1

Enter the element: 20
Db You Want TO continue?

Priority Queue

Main Menu

1.Insert

2 Delete

3.Display

Enter Your Choice: 1

Enter the element: 50
Do You Want TO continue?
Priority Queue
Main Menu
1.Insert
2.Delete

3.Display
Enter Your Choice: 1

Enter the element: 40

Do You Want TO continue?

——

R

4-22 MWN‘?

W

|
|
|
0
! 10 g
" que
|
I
I
E‘ 5
1
1 que
{
|
I
:
! :
I ;
) 10 20 30 5L'T|
, —
! que
I
|
1
__..-"‘!
10 20 30 40 @
{
que

TECHNICAL PUBLICATIONS" - An up thrust for kno wledge
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Priority Queue

Main Menu
1.Insert
2.Delete

3.Display
Enter Your Choice: 3

The queue is: 10 20 30 40 50
Do You Want TO continue?

Priority Queue

Main Menu

1.Insert

2.Delete

3.Display

Enter Your Choice: 2

20 30 40 50

front rear

The item deleted is 10
Do You Want TO continue?

Priority Queue

Main Menu

1.Insert

2.Delete

3.Display

Enter Your Choice: 2

30 40 50

front rear

The item deleted is 20
Do You Want TO continue?
Priority Queue

Main Menu

1.Insert

2.Delete

3.Display

Enter Your Choice: 2

40 50

front rear

i

The item deleted is 30
Do You Want TO continue?

Priority Queue

Main Menu
1Insert

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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2. Delete
3.Display
Enter Youwr Chaoico. a

The item deleted is 40
Do You Want 10 continne?

Prority Queue

Main Menu

Llnsert

2Delote

3.Display

Enter Your Choice: 2
The item deleted is 50

ISR

Do You Want TO continua?

Priority Queue

Main Menu

l.Insent

2.Delete

3.Display

Enter Your Choice: 2

Cannot delete element
Do You Want TO continue?
Priority Queue

Main Menu
l.Insert
2 Delete
3.Display
Enter Your Choice: 3

Queue is empty

Do You Want TO continue?n

Analysis :

-2
u”'ﬂ
|
t
| B e ik ,_.-"‘"— T ,./" vy pove
\ S | e | e My o
|
|
1 ' 1
fre f
l! nt ““" .
. 4
]I
v Il P g v » ——
NHL“ :’ﬂ'\ - W’ e, "~ !
foar ’I’!’)m‘ r;

The above program contains insert, delete and

n then each insert and delete oper

i ok
display operation. If size of the ¢

: . - Oirp
ations will require O(1) time. Display will take W7H
time. Hence time complexity is O(n).

A
e e —— \

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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Data Structures

Queue
Bl Review Questions

1. What s priority queye ? Explain the array representation of priority queue.
?

P

How does priority queve work 7 W
X3 Double Ended Queue

GTU : CE : Dec.

-03, May-12, Summer-16, 18 Marks 7
In a ]jnea_r que-ue'

the usual practice is for insertion of elements we use cm? e
alled rear and for deletion of elements we use another end called as front. But in the
_Houbly ended queue we can make use of both the ends for insertion of the elements' as
vell as we can use both the ends for deletion of the elements. That means it is possible
fo insert the elements by rear as well as by front. Similarly it is possible to delete the
lements from front as well as fro
oncept of doubly ended queue i.
Definition :
fements from b
font and rear.

m rear. Just see the following figure to understand the
e. dequeue. :

Doubly ended queue is a type of queue for. which we can insert the
oth front as well as rear. Similarly we can delete the element from both

inserfion Deletion by
front

> end 7] Jrear end

10 | 20 | 30 | 40

Deletiony”

by front T T Insertion by
end rear end

front rear

Fig. 4.6.1 Doubly ended queue

ADT for Dequeue

AbstractDataType Dequeue {
Instances :

om both the ends i.e rear and front. Similarly, the
th the ends i.e. front and rear.

recondition :

ent can be inserted
elements can be deleted from

% \_‘.

front and rear should be within the maximum size MAX.

ore insertion operation, whether the queue is fy]] op not is checked

ore deletion operation, whether the queue is empty or ot is checked

—

TECHNICAL PUBLICATIONS"- An up thryst for knowlodge
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Operations : it |
perations : ta structure for it I
';

aping da
L. create() : The dequeue is created by declaring ol ment from the rear eng
v ingerting ‘
sed for inser
d for deleting the element from the front fnq,

2. insert_rear() : This operation is u

3. delete_front() : Thi jon is use
| ~front() : This operation is o element from the front eng

. ' inserting th
4. insert_front() : This operation is used for inserting ement from the reay ™

ing the €
5. delete_rear() : This operation is used for deleting t i
\ ! e
6. display() : The clements of the queue can be display

) o —— R

In doubly ended queue we can use both the front am.:l rear ell‘l:mfel::‘t l:;;rt;on
deletion operations. When we use only one end for insertmg.an ell o 0&}
ends for performing deletion operation then such a queue 1§ calie ;npbll restri
queue. Similarly, when we use only one end for deleting an elet.nerlt and both the engg
for insertion of elements then such a queue is called output restricted queue.

om front to rear,

As we know, normally we insert the elements by rear end and delete the elemepy
from front end. Let us say we have inserted the elements 10, 20, 30 by rear end.

10 ' 20 |3
1 )
front rear

Now if we wish to insert any element from front end then first we have to shiftd
the elements to the right.

For example if we want to insert 40 by front end then, the deque will be

40 |10 [20 | 30 | ... 50

401 10| 20| 30

Lol L -

fr
oM rear

Inserted 40 in the queue by front end I
. "59Med 50 in the queue by front end

(a) Insertion by front end

..—-—_.-—-—-___——-__ \
TECHNICAL PUBLICATIAN ™ /
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50 | 40 | 10 EOM 50 | 40

T 1

front rear _ front rear
(b) Deletion by rear end
Fig. 4.6.2 Operations on deque
We can place _1 for the element which has to be deleted.

mentation of deque using arrays

% o % g e de de e e e o ok ke

Let us see the imple

*i***********************************i**

To implement Doubly ended queue using arrays '

/*****t**
Program

**t**************t**t***i**********i*********************i**i/

#include<stdio.h>
#include <conio.h>
#include < stdlib.h>

#define size 5
/*Data structure for deque™/

struct queue {
int quel[sizel;
int front,rear;
1
int Qfull()
{
if(Q.rear= =size-1)
return 1;
else
return O;
}
int Qempty() ;
{
if((Q front >Q.rear) | | (Q.front==-1&&Q rear= =-1)
return 1;
else
. return 0;
}
j i{ut insert_rear(int item)
if(Q front==-1&&Q.rear= =-1)
Q.front++;
Q.que[++Q.rear] =item; :
return Q.rear; /
- An up thrust for knowledge
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}

i{nt delete_front()

int item;

_Q-front + 4+
1t9m=0.qua[0_ front|:
Q.que[Q.front]=.1.
Q.front + +; '
return item;

Int insert_front(int item)

int ij;
if(Q.front= =.1)
Q.front + +:
1=Q.front-1;
while(i> =0)

Q.queli+1]=Q.queli;
(g

}

1=Q.rear;

\{Mhile(j >=Q.front)
Q.quelj+1]=Q.quelj);
 f

}

Q.rear+ +;

Q.que[Q.front] =item;

return Q.front,;

}

int delete_rear()

{

int item,;

item=Q.que[Q.rear]; -
Q.que[Q.rear] =-1:/*logical deletion*/
Q.rear--;

return item;

ro

void display()
{

int 1;
printf( :
for(i=Q.frontii <=1
printf(* %d"Q.cquelil)

i is:");
“\n Straight Queue is
» =O.rear;i+ +)

} ' . TECHNICAL PUBLICATION. \_’/’/

S™- An up thry
st for knowle ;
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void main()

int choice,i,item;
char ans,
ans='y"
Q.front=-1;
Qrear=-1;
for(i=0;i<size;i+ +)
Q.queli]=-1;
clrscx();
printf(“\n\t\t Program For doubly ended queue using arrays”);
do
{

printf(“\n1.insert by rear\n2.delete by front\n3.insert by front\n4.delete by rear"”);
printf("\n5.display\n6.exit"); :
printf(“\n Enter Your choice");
scanf(“%d",&choice);
switch(choice)
{
case 1:if(Qfull())
printf(*\n Doubly ended Queue is full”);
else
e
printf(“\n Enter The item to be inserted”);
scanf(“%d",&item),
Q.rear=insert_rear(item);
}
break;
case 2:if(Qempty())
printf(“\n Doubly ended Queue is Empty");
else
{
item=delete front();
printf(“\n The item deleted from queue is %d",item);
}
break;
case 3:if(Qfull())
printf(“\n Doubly ended Queue is full");
else
{
printf(“\n Enter The item to be mserted")
scanf("%d",&item),
Q.front=insert_front(item);

}

———— ~ . -
TECHNICAL PUBLICATIONS™ . An up thrust for knowledae
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break;
case 4Iif(QemptY0)
printf(“\n Doubly ended Queue is Empty”);
else
{
Item=delete_rear();
F;nntf("\n The item deleted from queue 1S
break;
case S:display();
break;
case 6:exit(0);
}
printf(“\n Do You Want To Continue?");
ans=getch();
}while(ans=="y’| [ans=="Y");
getch(); '
} %

Output
Program For doubly ended queue using arrays
1. insert by rear '
2. delete by front
3. insert by front
4. delete by rear
5. display
6. exit

Enter Your choicel:
Enter The item to be inserted10

Do You Want To Continue?
insert by rear

delete by front

insert by front

delete by rear

display

. exit

Enter Your choice 3

Enter The item to be inserte
Do You Want To Continue?

1. insert by rear

2. delete by front
3. insert by front
4
5

%d", item):

AP WNE

d 20

_ delete by rear

. display | s
] L

6. exit s B

Enter Your choice '

i . T ______‘-_-_____'_'-'b—-___-__ "/
TECHNICAL PUBLICATIONS - An up thrust for knowled,
ge
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' "'i's&aigﬁt'aﬁeue"is:' B05d0T -
Do You Want To Continue?
1. insert by rear 7
2. delete by front
3. insert by front
4. delete by rear
5. display
‘6. exit
Enter Your choice4
The item deleted from queue is 10.7

Do You Want To Continue?

Review Questions

. 1. Define and explain the following terms deque,

2. Write an algorithm for Double Ended

3. Explain double ended queue.

4. Discuss the variations of a queue.

Queue that insert an elemen

priority quete. _
GTU : CE : Dec.-03, Marks 2 + 2

t at front end

[ GTU : May-12. Marks 7

GTU : Summer-16, Marks 3
GTU : Summer-18, Marks 4

,Application_s of Queue
' GTU : Dec.

" There are various applications of queue

1. Job Scheduling

In the op

We will call these programs as jobs. In
state. The state of these programs is ¢
not executing but they are in a
in the 'ready' state. And th
nor in ready state. Such programs are inas

-05, 06,

erating system various programs are gettin

this process,
alled as ’
position to get executed at

ere are certain programs which are
tate called as blocked state.

17 Marks 4

Winter-15, Summer- 17, Winter-

s such as

g executed.

some programs are in executing

running’ state. Some programs which are
any time such programs ‘are
neither .in running state

I

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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- W -_
[l such runniné state ready state, bl
=1

T'}]E" Operatin e
g system maintains a queue of a schedule the j
.stzte Programs. Thus use of queues hcfelp the opera'til'lg system ::uﬁon oF-eni ]_?):s.
o S-WhjCh are in running state are removed after complete € dy fto runnin o they |
the Jobs which are in ready state change their staté from .rea Ye - blod(ec? and
entered in the queue for running state. Similarly the jobs which ar et sta.te |
(C;ange their state from blocked to ready state: These jobS thzl; dC Fiasll5 getrei in ty, |
eue for read H ; its state eCutey 1
. y state jobs. Thus every job changes : £ ted, |
Refer ‘Flg. 4..7_1 Thus queues are effectively used in the operating system for SChedulh\g

the jObS .

Data
SfﬂJCI'Ure,g 4-32

Bt |

Running
state

Blocked
state

Jobs are changing their state of execution

gueue for running state jobs

Ja| 2| Ja] Ja| 4
012 3456178

front rear

queue for ready state jobs

rs| 7 |b1 by

r2] r3] fa| s
0123456?'

front rear

queue for blocked state jobs

b3|b4b5bs
51203456738

rear

front
Fig. 4.7.1 Job scheduling in operating —

——»—/—/:CHMCAL PUBLICATIONS™. 4
11 Up thrust for ko,
owledge
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rizing Data
2 categ® g ize the data. The ical .
e quee can be used to categorz typical example fq, Categorizing

b

k s our college library. The library has -various S ections in which the books

. Sape m are arranged. These sections are like multiple queues in which gy,
y

k

¢

t

" ks) are stored. Thus categorization of data can be possible using multiple
data OO g

queues:

T

phus Problem

3, José _ |
s one of the applications of queue,

in which the circular queue is being used,

This i
The statement 15 as follows -

"The situation is that the enemy is coming nearer and can attack a group of soldiers
tme and there is only one horse available for escape. The soldiers played a trick,

They form a circle and pick up a number which is between 1 and m. The soldier is

y d randomly to start with. Beginning with this selected soldier, they began
_f;ct;g clockwise around the circle; When the count releaches n then that corres.pondinlg
soldier is removed from the circle. The count then begins from the next soldier. This
process continues until 1 soldier is left. This single soldier takes the 'horse and-summons
help". The above described problem can be illustrated by following figure.

at any

Assume that there are 5 soldiers.

Let, the number n = 3. We select randomly soldier number 5.

®
0 ©

We have selected

soldier number §

randomly. Hence

we will begin counting

from the next

clockwise soldier i.e.

1. Increment count by 1

when move across each soldier
in clockwise manner.

® O

I
I
I
I
|
I
I
|
I
I
I
I
|
I
|
I
I
|
I
I
|
1
I
I
1
I
I
I
I
|
|
'

Randomly selected
soldier

T

|
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Count=2

®
@ Count = 1 ' 3& E::u:t:aia
® ®
®
Count =3 ﬁ ﬁ
ie.n=3 : '
@ @ Count =1

Count=2

When count reacheston =3
remove that soldier from the list.
Hence soldier number 3 is removed

from list.

Again begin counting.
Soldier 1 is removed from
list. .

Count=1 (2)
o} B

Soldier 5 is removed from list.

Count=3
ie.n=3

Count=1

Count=3
@ ie.n=3
@ @ Count=2

Winner and |
can get escape ! ____/,/ ;

TECHNICAL PUBLICATIONS" - An up thrust for knowledge

Soldier 2 is removed from
the list. Hence only
remaining soldier is
soldier number 4. He

can now take the

horse and summons help.

P Bl ot a3l sl et i b s b Lk v S 5 s i b e s i o ittt i i ot bl
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W Queus

Review Questions
e

mﬁmﬁbﬂs of queue.

1 -05, 06, Marks 4, Winter-15, Marks 3

) Write and explain application of quee. [GTU - Summer 17 "Morks 5

3. Which data structure is used in a time sharing single central processing unit and one main
memory computer system where many users share the system simultaneously ? How users are

added for use of the system ? m
—‘_’.-—""-—F—-_ .
m oOral Questions and Answers

mat do the term FIFO means ? Explain.

ans. : The FIFO stands for First In First Out. This properi:y belongs to queue. That
means the element inserted first in the queue will be the first to get deleted.

GTU : CE : Dec.

Q2 What are the front and rear pointers of queue.

Ans. : The front end of the queue from which the element gets deleted is called front
and the end from which the element is inserted in the queue is called rear.

Q3 What is a circular queue ?

Ans. : Circular queue is a queue in which the front end is just adjacent to the rear end.
The elements get arranged in circular manner.

0,4- Write any four applications of queues.

Ans, : -

1. In operating system for scheduling jobs, priority queues are used.

2.In Local Area Network (LAN) multiple computers share few printers. Then these

printers accumulate jobs in a queue. Thus printers can process multiple print
©mmands with the help of queues.
Q5

L Following is a C code which is
{iad _.- e T S R crmny

110 front> 0 rear)

f queue in operating system ?

' What'

is the uée 0
x The . .
W " Queue is useq for schec!uh’ng the jobs in operating system.
Ang . s the neeq for circular queue ? | |
an ' The cn-cular " .

be Utilizeg queue is an useful data structure in which all the cells of the queue

.

e Lagt Nog, Secondl}’ due to circular -queue one can traverse to the first node from
ZYery efficiently, . -

TECHNICAL PUBLICATIONS™. An up thrust for knowledge .
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Q8  What is the priority queue ?

Ans. : Priority queue is the queue data structure in Which_ the elements aye ms%d
any order but the elements with high priority are deleted first. Y

Q9  What are two types of priority queue 7

Ans. : The two types of priority queue are - 1. Ascending priority queue 2, Descey,
Pl‘iOI"ity queue : dlflg

Q.10 What is the major difference between stack and queue ?

Ans. : 1. The stack is a LIFO data structure while queue is a FIFO data '51:l'uctum‘2
stack only one pointer ie. top is used while in queue front and rear are ﬁ‘e;no
pointers that are used.

Q.11  What is the application of priority queue ?

Ans. : Operating system allocates priority to jobs. The jobs are placed in the quey,
position of the job in priority queue determines their priority. In operating systey, therg
are three kinds of jobs. These are real time jobs, foreground jobs and backgroung jobs
The operating system always schedules the real time jobs first. If there is no rey time
job pending then it schedules foreground jobs. Lastly if no real time or foreground jobg
are pending then operating system schedules the background jobs.

Q.12 What is ascending priority queue ?7

Ans. : It is a collection of items in which the items can be inserted arbitarily but orly
smallest element can be removed.

Q.13 What is descending priority queue ?7 |

Ans. : It is a collection of items in which insertion of items can be in any order b
only largest element can be removed.

Q.14 What is dequeue ? _ l

Ans. : Dequeue is a finite collection of elements in which the element can be inserted
from: both the ends i.e rear and front. Similarly, the elements can be deleted from bo
the ends i.e. front and rear.

Q.15 What is input restricted queue ?

Ans. : When we use only one end for inserting an element and both the 0"
performing deletion operation then such a queue is called input restricted queue:

Q.16 What is output restricted queue ?

fi
Ans. : when we use only one end for deleting an element and both the e
insertion of elements then such a queue is called output restricted ﬂ/

HN 3
TECHNICAL PUBLICATIONS" . An up thrust for knowledge
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= .
Q.17 Mention variations of the queue data structure.
Ans. : Variations of queue data structure are j) Linear queue i) Circular queue
jji) Priority queue iv) Doubly ended queue.
Q.18 Is Queue a priority queue ? Justify. GTU : Winter-15
ause from the front end the deletion of

k

Quseue

Ans.
element takes place and the element presen

irrespective of its priority.

Q.19 Define priority queue.

Ans. : The priority queue is a data structure
associated with specific ordering.

Q.20 Double-ended queue.
Ans. : Doubly ended queue is a queué in
by both the rear and front end.

which insertion

to implement a

Q.21 How many stacks are needed :
ke arrays, linked list 1S av

where no other data structure li

Ans. : Two stacks are required to implement a queue:.

i) Insert Queue operation

Just insert elements in stack 1. For example - Insert 10, 20, 30
30 -+—— Top1 =rear

20
10

Stack 1

ii) Delete Queue Operation
a) POP element from stack 1 and pus

10 -
_ ' 20
' 30

Stack1 '+ Stack2

h it onto the second stack.

Top2 = front

b) Now remove the top elements of stack 2.

. The queue is not a priority queue bec
t at the, front end only can be deleted

having a collection of elements which are

and deletion of elements is

queue. Consider the situation
ailable.

nao

e ——
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-
[ Syllabus
Singly linked list, Doubly linked list, Circular linked list, Linked implementation of stack, Linked
it | implementation of queue; Applications of linked list, _ :
[ Contents
5.1 Concept of Linked List
5.2 Singly Linked List e Dec.-10, May-11, Winter-13, 14, 15, 17, 18
............. Summer-15, 17, 18- - - - - - - - - - - - Marks 7
53 Doubly Linked List — ............. Winter-12, 14, 15, 16, 17, 18
Bl ° e igeegEas Summer-14, 15, 16, 18,
o P R R R Dec.-03, 05, 10, May-12- - - - - - - Marks 7
E .evuev.......CE:Dec.-03, 05, 10, May-12, - - - - Marks 9
' | 54 CircularLinked List — ............. Dec.-03, 06, 10, May-11,12, - - -~~~ """
Winter-16, Summer-18- - - - - - - -~ Marks 7

' | 55 Linked Implementation of Stack . . . ...
5.6 Linked Implementation of Queue

5.7 Applications of Linked List

5.8 Oral Questions and Answers

Nov-06, Summer-16,17, Winter-16 Marks 8

(5-1)
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BI Concept of Linked List

L

\

ields ' data' and "I,
A linkeq list is a set of nodes where each node has two e oy

node. Basically link’ field is nothing but address only.

data link

Fig. 5.1.1 Structure of node

Hence link list of integers 10, 20, 30, 40 is

Fig. 5.1.2

Note that the ll.nk field of last node consists of NULL which indicates end of list,

(5.1.1 [0y Representation of Linked List
T Structure

typedef struct node " *

1 int data; /* data field */

~ __ Struct node * next: /* link field */

} SLL; ; : _
Wwhile declaring C structure for a linked list -
* Declare a structure in which two member

S are there i.e. data member and ne
pointer member. 1

Advantages of linked organization

1. In linked organization, insertion and deletion of

g nink' field is used to poing »le__.
data' fie)q stores actyal piece of information and link' fiel to 1

ey

10| 20 -130| —"

40 | NULL

elements can pe efficiently done ;.
can be allocateq and deallocated ' \
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| Deta SIS 5-3 Linked List
pisadvantages of linked organization - P
1. Linked organization does not support random or direct access.
2. Each data field should be supported by a link field to point to next node,
| ; The linked list is a collection of nodes. Each node consists of two ﬁelds:' ‘data’
|  field and Tink’ field. : | 8 by

m Linked List and Dynamic Memory Management

Before understanding how memory gets allocated dynamically, let us first understand
the memory model ‘

As shown in Fig. 5.1.3, C program uses the memory which is divided into three parts
static area, local data and heap. The static area stores the global data. The stack is for
Jocal data area i.e for local variables and heap area is used to allocate and deallocate
memory under program'’s control. Thus stack and heap area are the parts of dynamic
memory management. Note that the stack and heap grow towards each other. Their
areas are flexible. -

Operating system program and
program code

Memory for static variables

Stack memory for function's -
local data

l Stack can grow in downward directioﬁ

THeap can grow in upward direction

| Fig. 5.1.3 Memory model
b H HY S F o)
I Dynamic Memory Allocation in 'C

In computer world the two words ‘static' and 'dynamic' have great importance. The
tafic refers to an activity which is carried out at the time of compilation of a program
before execution of the program whereas dynamic means the activity carried out
hile the program is executed. Here we are going to see what is static and dynamic
emory management. The static memory management means allocating/ deallocating of
memory at compilation time while the word dynamic refers to allocation/deallocation of
Memory while program is running (after compilation). The advantage of dynamic
Memory management in handling the linked list is that we can create as many nodes as
e desire and if some nodes are not required we can deallocate them. Such a
eallocated memory can be reallocated for some other nodes. Thus the total memory

)

ttilization is possible.
—— I

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Bﬂ Dynamic Memory Allocation in C’

In'C language for allocating the memory =
Should include alloc.h file in our program to Sup

the memory ‘free' function is used.
Examples- of 'malloc' and 'free' functions : orks
oc W .
Let us take a piece of 'C' code to understand how mal_l :

\.;.,: &

i '‘malloc’ function is j
amically matot
ynpo +t malloc. Similarly for deallﬁca }‘fg-

_ - Pointar to iﬁtéger variable
float. *£  Poiner to fioat variable

char *c; _, Pointer to character type variable .

typedef struct student

T

'-\' 1 int roll no,
" char n

p ame [10);
}s; Type casting done. Because by

3 default malloc returns void pointer
S *s1;

1= (int*) malloc (size of (int));

£ = (float*) malloc (size of (float));
C = (char*) malloc (size of (char)); i
s1 = (s*) malloc (size of (s)); . £

free (i); <‘L Memory is freed or deallocated

In above example, i, f and C are integer,_
Also sl is the pointer

syntax of malloc is

malloc (size) . e
Where the size means how many bytes has to be allocated ? The size can be E)btameﬂ
by the function 'sizeof' where syntax of size of ig

Therefore in above 'C' code in malloc functions size of
the structure is obtained to allocate those m
casting the malloc functions. For example (int
casting means conversion from one data

integer, float, char and

any bytes of memory. Even we are

Scanned by CamScanner
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Linked List

; Data Structures

. Dpifference between malloé() and calloc()

n allocates tw ' '

t[::ﬁn  veid pomjebytes of memory from memory buffer called heap. Since we are
§ & e’d A r w.e are type casting it to an integer pointer this value will be

ass,lgunml side variable which is integer pointer variable.

imilarly t :

S | fy he last s.tatement in above example is free function which deallocates the
memory Of integer pointer i. So two bytes memory gets freed.

malloc)

Malloc takes only.one element and tha’t
~ is size of the block to be allocated.

~ number of items to be allocated say

D Malloc does not initialize the contents
of memory that is been allocated. That
means after allocation of memory by
using malloc function initially we may
get garbage value. .

It takes two arguments the fl.rs'cone i

and second argument i size of eac
item say s. The function thus allocate
nXs bytes of memory from heap.

The calloc initializes the memory
allocation. Thus it is safe to use ¢
since all the locations will havg the

value 0 after allocation.

| Singly Linked List

GTU : Dec.-10, May-11, Winter-

1. Creation of linked list

2. Display of linked list

3. Insertion of any element in the linked list

4. Deletion of any element fr
5. Searching of desired element in the linked

We will discuss each operation one by one -

13, 14, 15, 17, 1

om the linked list
list.

8 Summer-15, 17, 18 Marks 7

1. Creation of linked list

e

.

node *temp, *New, *head;
int val, flag;

char ans='y";

node *get_node();
temp = NULL;  °
flag = TRUE; /* flag 10

indicate whether a new node

‘*/.

 ig created for the first time or not

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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printf{“\nEnter the Klement "k

scanf{*¥d", &val);

/* allocate new node */

New =get_node();

If { New == NULL ) “:
printf(“\nMemary is not allocated %

" New -> data = val;

; : first
if (flag==TRUE) /* Executed oaly for tb®
time */ : 4

. {
head = New; _
temp=head: /*head is a first node in the
SLL*/
flag = FALSE;
}
else
{
/* temp keeps track of the most recently
created node */
temp ->next = New;
temp = New;,;
}

printf(“\n Do you Want to enter more elements?(y/n)");
ans=getche();

}while(ans=="y");

pnntf(a'\n‘rhe Smg’ly Linked List is C[eated\nn):
getch();

clrscr();

return head;

}
node *get_node()

{
ode *temp; _
?emp=( node *) malloc( sizeof(node) );

temp->ne}¢=NULL:
return temp;

} -

i

/ TECHNICAL PUBLICATIONS™. An |
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Linked List

creation of linked list (logic explanation part)

nitially one variable flag is taken whose value is initialized to TRUE (ie. 1). The
ose of flag is for making a check on creation of first node. That means if flag is
?RUE then we have to create head node or first node of linked list. Naturally after
creation Of first node we will reset the flag (i.e. assign FALSE to flag). Consider that we
have entered the Element value 10 initially then

stgp1 :
data next New = get_node ();
/* memory gets allocated for
I 10 l NULL Mo nocde @ ' |
New — data = Val; X
/* value 10 will be put in data field of New */

New

Step 2 :
data next if (lag == TRUE)

r 10 | UL I{lead = New

New / temp = head;

/* We have also called this node as temp because
head's address will be preserved in 'head' and we can
change ‘temp’ node as per requirement */

flag = FALSE;

/* After creation of first node flag is reset */

}

head / temp

Step 3 : ;
If head node of linked list is created we can further create a linked list by attaching
the subsequent nodes. Suppose we want to insert a node with value 20 then

10 | NULL 20| NULL Gets created after
invoking get_node()
head/temp New
10 {20 | NULL temp — next = New;
temp/head © New
10 =1 20 NULL temp = New;
Inow 'temp’ is moved
head New/temp ahead */

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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Step 4 .

- 0 the scenario wil]
If user wants to enter more elements then let 52y for value 30 t be

— - by invoking |
10 ——=f20]NuLL 30| NULL got_node() |
head temp New
— temp — next = New
10] 20 - ~| 30 | NULL
head temp ' New
10 —+——{20 »{ 30 | NULL temp = New;
head New/temp

Thé_n for value 40 -
Step 5 :

Next if we enter 40 then

10 —+=] 20 ~{30] | |[40]NULL
head _ temp New
10 =120 =1 30 =140 | NULL
head : New/temp
Next if we enter 50 then
10 =120 | >| 30 =140, —1—=| 50| NULL

head temp/New

is the final linked list. |
2. Display of linked list

We are passing the address of head node to the displa
the ‘“temp’ node. If the linked list is not.created then na
NULL. Therefore the message “The list is empty “ wi]] |

LT

Yy routine and calling_ head
turally head=temp node will ¢ |
e displayed, -

sppa

5
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while ( temp != NULL )

printf(“ %d -> ", temp->data X
temp = temp -> next;

}
printf(“NULL");

i g'etChO,
clracr(),

m‘§ S

- ,.-1.,._ {

If we have created some Imked hst 11ke thls then =

—4—=1] 40

50

NULL

temp — data l.e.

@ 10 will be displayed
as temp | = NULL
10 = 20 | 30 | 40 =| 50 | NULL
head tem
5 4
® - _-- -7 ® temp — data i.e.
set temp = temp — next 20 will be displayed
as temp ! = NULL
10 »| 20 =-|30] =1 40 »| 50 | NULL

- -—

set temp = temp — next

Continuing in this fashion we can display remaining nodes 40, 50. When

temp — data i.e.

30 will be displayed

as temp ! = NULL

~{ 30 ~| 40

e
L o

50

NULL

10 | 20

head

As now value of temp becomes NULL we will come out of while loop. As a result of

such display routine we will get
10 — 20 — 30 — 40 — 50 - NULL

will be printed on console.

Ll —

temp
/

set temp = temp — next

TECHNICAL PUBLICATIONS" - An up thrust for knowied
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3.

" . is
. lnSel‘tlon of any element at anyWhere in the lln!(ﬂdrli: -
€re are three possible cases when we want to ins€

a) Insertion of a node as a head node
b) Insertion of a node as a last node
©) Insertion of a node after some node.
We will see the case a) first —

l—-i

? ode *insert head(node *head)
- node *New,*temp;
- New=get_node{):

printf(“\n Enter The element which you want t0

: Scanf( “%d"” & New- >data);
ifthead==NULL)

. - "
W ..

Lin,

t : .

i_nsert“):

No node in the linked list. i.e.
ked list is empty

head=New;

_r——e_lse

{
_ temp=head;
. _head= New;
}

— return head;

b

If there is no node in the linked list then value of head is NULL.

time if we want to insert 10 then

10 NULL

head / New

Otherwise suppose linked list is already created like this

when lin

scanf ("%d", & New — data)
if (head == NULL)
head = New;

B~ e

TECHNICAL PUBLICATIONS"- An up thryst for knowledge

10 ~| 20 —| 30 =| 40 =| 50 | NULL
F_ head/temp e N
,r' If want to insert thig\‘
9 | NULL *—i node aga head node
LY rs
N then /
New S e -
9 (’ ':_':r10 —1| 20 =| 30 =1 40 o
New/head \ temp |
Node is attached to New — nex
the linked list as head = New
a head node.
___._——_‘-—‘_'—l——
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Data Structures - Linked List

———\ﬁ\g 5‘11 . __._______________.—--—-"'—'_-__

{ d msert last(mde "hea q
node *New *temp
._ i New__get nOdE()

. printf("\n Enter The
- scanf(“%d" &New- Ele?fnt which you want to insert");

[ }

- head=New; _ >

?ise Finding end of the linked list.

- : ill be a last node
temp=heagd: Then temp will be

while(temp- >nextl= NUI.L}
temp=temp- ->next;
temp->next= New:

New-bnext-NULL
}

To attach a node at the end - ik
. of linked list assume that we have already created a
linked list like this - ’

10 =1 20 =] 30 —t=] 40

50 | NULL

head/temp = _e-mmmm-eo

,~~” If we want to insert ~ ~.——160 | NULL
| this node as a last node !

~

e then "/, _ New
temp ‘
while[temp—enE\t'“/NULL}
temp = temp — next;
/*txaver51ng
thru'linked listx/
= e IO ~{40] —1=|50] ——~{e0[nuLL

temp NNQW

temp — next = New
New — next = NULL

AL PUBLICA TIONS' - An up thrust for knowledge
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R I — Sl |

. - stion L,
Now we will insert a new node after some node at mtermedfatf-'lP?Gl ot e. Case g
‘{’"’“‘ insert_after(node *head)

int key;

Node *New,*temp:
New= get_noqe();
 Printf(*\n Enter The ele

ment which you want to insert™);
scaﬂf( “%a” L& New- .

: >data);
if(head== NULL)
{ : '
head=New: "
} b
else
{
POntf("\n Enter The element after which you want to insert the node®);
scanf("%d",&key);
temp=head;
do
{
if(temp->data= =key)
{
New->next=temp->next:
temp->next=New;
return;
}
else

temp=temp->next;
}while(temp!=NULL);

}
}

If we want to insert 31 in the linked list

which is already created. We want to inset
this 31 after node containing 30 then

L g s i ~{ 50 | nuLL
head/temp
31 | NULL
New

TECHNICAL PUBLICATIONS - An up thrust for
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. As we will search for the vajye 30, key = 30.

18 1120 —1—130 40| —1 50 | NULL
temp
31 | NULL
New
Then,
L =120 ~{ 30 40 | 50 | NULL
temp

This can be

done using

these 'C'
statements

New

if(temp — data = key)
{

New — next = temp — next;

temp — next = New;
return

}

Thus desired node gets inserted at desired position.

4. Deletion of any element from the linked list’

wvoid dele(node **head)
o

~node *temp,*prev ;
“int key;

temp = *head;

if (temp == NULL )
00 ai g T e

glways check before deletion whether the
linked list is empty or not. Because if the
list is empty there is no point in
performing deletion

getch();
clrscx();
 return ;

-

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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\nEnter the Element you
anf(“%d”, &key); . :
mp = search(*head key); 71 gearched in
if ( temp |= NULL ) — 2

want to dé 'i;irstly Node to be deleted is

the linked list

Once the node to be deleted ig f;

 prev = get_prev(*headkey); : then get the previous node of thy n%:

if (prev != NULL ) - i 2l in variable prev : -

prev -> next = te_mp->n6‘x'1i :

‘free (temp); s
If we want to delete head node then

} ; : set adjacent node as a néW hf:ad node

e "~ ] andthen deallocate the previous head

: ¢ . ' node

*head = temp ->next;

free(temp);
} g
printf(“\nThe Element is deleted\n");
“getch();
' clrscr();
}
)

_*

Suppose we have

FRERERAPERII

10 : ~|l20 —130 =1 40 »{ 50 | NULL

Suppose we want to delete node 30. Then we will search the node containiﬂg';_.
using search (* head, key) routine. Mark the node to be deleted as temp. Then we¥
obtain previous node of temp using get_prev () function. Mark previous node a P*

prev temp

ol Mt i

e

TECHNICAL PUBLICATIONS™- An up thrust for knowiedge

Scanned by CamScanner



= i Linked List

10 el

prev temp r

Now we will free the temp node using free function. Then the linked list will be -

10 =120 ={ 40 50 | NULL

Another case is, if we want to delete a head node then -

- -

| « |10 i P =] 30 ~| 40 ~| 50 | NULL
bz
We want to
hnp delete this
" node.
N Z
10X 20 ~{ 30 - 40 =150 | NULL
/temp\ head |

This can be done using following statements

*head = temp — next;
free (temp);

5. Searching of desired element in the linked list.

The search function is for searching the node containing desired value. We pass the
head of the linked list to this routine so that the complete linked list can be searched
from the beginning.

iﬂﬁdé"‘_"search(node *head, int key) i

. - node *temp;
. int found;

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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tempmh&ad.
; f[f(tamp == NULL )

printf("The Linked List is empty\n");
getch(),
clrsery();

: retum NULL;

found = FALSE,
;vhﬂe (temp |= NULL && found==FALSE)

Compure data at each node with the
key value, I not matching then

move to next node

iIf ( temp->data |= key)
temp = temp -> next;

else

found = TRUE;

Ifthe node containing desired data is
obtained in the linked list then found
variable is set to TRUE.

}
f[f(fnu.nd==TRUE )

pontf(*\nThe Element i
getch();

return temp:

}
else

{ :

printf("The Element is not pr i ist\n");
o present in the list\n"); .
return NULL;

}

S present in the list\n");

L8

Consider that we have created

—

a linked list as

e ——

10

20

30

—=140 | 50 | NULL

head/temp

Suppose key = 30 i.e. we want a node Conaini
and key value. If there is no match then we will

ng value 30 then compare teml’"’-
mark next node as temp. |

10

20

30

temp

— 1™ 40

—t+=| 50 | NULL

TECHNICAL PUBLICATIONS"
- Anup thrust
for knnw.'edge
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—_— 5-17
Is temp — data i key ...y No
10 ~[20 [0 40| —3—=|50]|NuLL
temp
Is temp — data : key % No
10 ~{ 20 -[30 o P ~{ 50 | NULL
temp

Is temp — data key - ‘fes

Hence print the message "The Element is present in the list"

4 Thus in search operation the entire list can be scanned in search of desired node.
JAnd still, if required node is not obtained then we have to print the message.

"The Element is not present in the list"
Let us see the complete program for it -

Program :

k- *******************************************#!*************

Frogram to perform various operations such as creation, insertion, deleuon, search and
isplay on singly link lists. :

************************it***ttt*************************l

finclude <stdio.h>

#include <conio.h>

Fdefine TRUE 1
¥define FALSE 0

ppedef struct SLL
int data;

struct SLL *next;
ode;

de *create();
id main()

/* Local declarations */
int choice, val;
char ans;
} . node *head;
void display(node *);
. node *search(node *,int);
. _node *insert(node *);

/I | TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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void dele(node LA

head = NULL;
do

{
elrser(): ' = i ist");
Printf(*"\nProgram to Perform Various operations on Linked List);
printf( “\n1.Create");

i printf{"\nz.Display"};
printf(*\n3.Search for an item"); :
Printf(*\n4 Insert an element in a list");

Printf(*“\n5.Delete an element from list"); 2l 3
printf(*\n6,Quit"): | ' !
printf("\nEnter Your Choice (1-6) ")

Scanf(“%d" ,&choice):
switch( choice)

i
4
ol
T l‘

e

case lhead = create();
break:
case 2:display(head);
break;
case 3:printf("Enter the element
scanf(“%d", &val);
search(head, val);
break; '
case 4:head=msert(head);
break;
case b:dele(&head):
break;
case 6:exit(0);
default:clrscr(); ;
printf("Invalid Choice, Try again"),
getch();

you want to search")

}
. }while(choice |= 6);
}

node* create()

{

node *temp, *New, *head;
int wval, flag;
char ansm'v’:
node *get_node();
flag = TRUE; /* flag to indicate Wheth,

€r a ne
is created for the firgt time op n‘ztn':rda

TECHNICAL PUBLICATIOpN ™

up thrus,
for knowjegge
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do S .
{

printf(“\nEnter the Element :");
scanf("%d", &val);
/* allocate new node */
New =get_node();
if ( New == NULL )
printf(“\nMemory is not allocated”);
New -> data = val;
if (flag==TRUE) /* Executed only for the first

time */
{
head = New;
temp=head; /*head is a first node in the
SLL*/
flag = FALSE;
}
else
{
/* temp keeps track of the most recently
created node */
temp ->next = New,
temp = New;
: u Want to enter more elements?(y/n)");

printf(“\n Do yo
ans=getche();
}while(ans== 'v');
printf(“\nThe Singly Linlv;
getch();

clrscr();

return head;

ed List is created\n”);

? ode *get__node()

hode *temp, .
femp=( node *) malloc( s1ze0

Jemp->next =NULL;
feturn temp;

f(node) );

pid display(node *head)

node *temp :
temp = head;

if ( temp == NULL)
; printf( "\ﬁThe list iS.empty\n' );
getch(); -

TECHNICAL PUBLICATIONS - An up thrust for knowledge

L
Scanned by CamScanner



Data Structures

- clscr();
 retumn;

}
while ( temp != NULL ).
{ .

printf(“ %d -> ", temp->data );
temp = temp -> next;

x
pﬁntf(“NULL" )‘
getch();
clrscr();
node *search(node *head, int key) 2
node *temp;
‘int found; &
temp = head; :
if (temp == NULL ) B L
{ . o

printf(“The Linked List is empty\n");

getch(); -

clrscr();

return NULL;

}

found = FALSE; .

while ( temp != NULL && found==FALSE)
{ _

if ( temp->data |= key)

temp = temp -> next;

else
found = TRUE;

}

if ( found==TRUE )

{ printf(*\nThe Element is present in the list\n");

getch();

return temp,

}

else

{ . -

printf(“The Element is not present in the list\n");

getch(); :

return NULL;

}
}
node *insert(node *head)

TECHNICAL PUBLIC o g

ATIONS™ .
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‘int choice; Ak
‘node *insert_head(node ),
void insert_after(node *):
Vﬂi‘d insert___last(node * );
.printf(::\n 1. Insert a node as a head node");
prlntf(“\n 2. Insert a node as a last node");
printf(*\n 3. Insert a node at intermediate position in the linked list");

printf("\n Entef the your chDiCE for i " de"):
scanf("%d" &choice). insertion of node");

switch(choice)
{ ssrniii
case 1:head=insert_head(head): \( New head is returned from
_break; function insert_head().
case 2:insert_last(head): > ne
break; Hence we have to return lhh new
case 3:insert_after(head); head from the insert function to
, break; ____..-"'H \muin S/
return head; <~ .
}

/* Insertion of node at first position*/

node *insert head(node *head)

{

node *New,*temp;

New=get_node();

printf(“\n Enter The element which you want to insert”);

scanf(“%d" ,&New->data); No node in the linked list. i.e. when

if(head==NULL) - linked list is empty.
head=New,

else

{

temp=head;
New->next=temp;
head=New;

}

return head;

}

/*Insertion of node at last position*/
void insert_last(node *head)

{

node *New,*temp;

New=get_node(); _ |
printf(“\n Enter The element which you want to insert”);

. scanf(“%d”,&New->data);

TECHNICAL PUBLICATIONS” - An up thrust for knowledge

Scanned by CamScanner



Data Structures 5-22 R e e e e Lmkgu

;;"“"-'-:-.-.\, o ‘f.

‘if(head==NULL) -

head=New;

_else

I :
temp=head;
while(temp->next!=NULL)
temp=temp->next;

temp->next=New;
New->next=NULL;
} ;

}

/*Insertion of node at intermediate position */

void insert_after(node *head)

{

int key;

node *New,*temp: B
New= get_node(); | 4
printf(*\n Enter The element which you want to insert");
scanf("%d",&New->data);
if(head==NULL)
{
head=New:
}
else
L
printf("\n Enter The element after which you want to insert the node");
scanf("%d",&key);
temp=head;
do
{

if(temp->data= =key)
{
New->next=temp->next;
temp->next=New,
return;
}
else
temp=temp->next;
}while(temp!=NULL);

}
}
node* get prev(node *head, int val)
{
node *temp, *prev ;
int flag;
temp = head;

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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m—

if ( temp == NULL )

return NULL;
flag = FALSE;
prev = NULL;

while ( temp != NULL && !flag)
{
if ( temp->data != val)
{
prev = temp;
temp = temp -> next;
}
else
flag = TRUE;
}
if ( flag )/*if flag is true*/
return prev,

else ;
return NULL;

void dele(node **head)

{

node *temp,*prev ;

int key;

temp = *head;

if (temp == NULL )

{ printf(“\nThe list is empty\n");
getch();
clrscr();
retum ,

}

clrscr();

printf(“\nEnter the Element you want to delete: ");

scanf(“%d", &key);
temp = search(*head key);
if ( temp != NULL )
{
prev = get_prev(*head key);
if ( prev |= NULL )
{
prev -> next = temp->next;
free (temp);

Linked Lis
T ——
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"head = temp ->next;
free(temp);

Printf(“\nThe Element js deleted\n");

getch();
clrser();
LA
} : |
: Output : .
Program to Perform Various operations on Linked List 3
1.Create
2.D1'Sp1ay

3.Search for ap item

4.Insert an element in a list

5.Delete an element from list

6.Quit -

" Enter Your Choice ( 1-6) 1

Enter the Element :10

‘Do you Want to enter more elements?(y/n)y
Enter the Element :20 -
Do you Want to enter more elements?(y/n)y '
Enter the Element :30 | |
Do you Want to enter more elements?(y/n)y
Enter the Element :40

Do you Want to enter more elements?(y/n)y

Enter the Element :50

Do you Want to enter more elements?(y/n)n
The Singly Linked List is created

Program to Perform Various operations on Linked List
1.Create

2.Display

3.Search for an item

4.Insert an element in a list

5.Delete an element from list

6.Quit :

Enter Your Choice ( 1-6) 2
10-> 20-> 30-> 40-> 50-> NULL

Review Questions
SRS e e —— __'____‘____-_—__'________--‘/ .

the end of a linked linear list.
Write an algorithm for insertion of node at last position in liner linked List.

~ Scanned by CamScanner
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Data - _____———-—'—’_’_——__——__
[EFXN Other Linked List Operations

pe performed on the linked

In this section we will d; i ions that can :
discuss various operations functions performing these

list. For the sake of convenien : . al ;
; ce we will discuss oniy A
operations assuming that the list is already created. The create() and display() functions

will be common to all these operations
1. Counting the nodes
void count()

{
node “temp;
int c=0;
temp=head;
if(temp==NULL)
{
printf("\n The list is empty"):
return,
}
while(temp!=NULL)/ *visiting each node*/
{

c=c+1;/*c is for counting the node*/
temp=temp->next;

}

printf("\nThe Total number of nodes are : %d",c);
getch();

}

2. Reversing the linked list (This is done using three pointers)
void reverse ()

{

node *temp1,*temp2, *temp3;
temp1l=head; .
if(temp1==NULL)
{
printf(“\n The List is empty"”);
getch();
} e
else
{
temp2=NULL;
while(temp1!=NULL)
{
temp3=temp2;
temp2=temp1;
templ=templ->next,
~_temp2->next=temp3;

TECHNICAL PUBLICATIONS™ - An up thrust for knowiedge
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Prnt{(*\n The List is REVERSED");

For example
Consider a linked list -

40

Y

Y

50 Nug

Step 1: A given in above algorithm initially
tenipl = head
0 [ ]

temp2=temp3=NULL,;
Step 2:

As in above code |
temp2=temp1; i
temp=temp1->next;

temp2 temp1

10 20 — list continued

temp3=NULL

Step 3: For the statements
temp3=temp2;
temp2=temp1;
templ=temp1->next;

we get the marking of nodes as -

temp3 temp2 temp1

10] - -1 20

30 — i ieaiaaaas

Y

list continued

Step 4:
As

temp2->next=temp3

temp3 temp2 temp1

10 —=1 20 =

Step 5:
temp3=temp2;:
temp2=temp1;
templ=temp1l->next;
' temp2->next=temp3;
will give us -

temp1

temp3 temp_z

10 20 ——-] 30| — 40

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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step 6
Continuing | the steps
temp3=temp2;
tempz =temp]l,;
. templ=templ->next;
- temp2->next=temp3;

We get -
temp2 temp1
{ p— ,
10 20] R\ TR\[%] —TR\5°] T e
; ' garbage
Step 7: _
Finally set temp2 as head node. Hence the list becomes
~ head |
50 =1 40 ={ 30 | 20 =~| 10 | NULL
Thus the linked list gets reverse using three pointers.
3. Concatenation of two linked list
'~ void concat(node *headl,node *head2)
{ . :
node *templ,*temp2;
templ=headl;
temp2=head2;
while(temp1->next!=NULL)
templ1=temp1->next;/*searching end of first list*/
temp1->next=temp2;/*attaching head of the second list*/
printf(“\n The concatenated 1151: i L)
templ=headl;
while(temp1!|=NULL)
{ /*printing the concatenated list*/
printf(* %d" ,temp1->Data);
templ=temp1l->next;
¥
4. Algorithm to copy one singly list to another =Y

‘{’°id copy(node *head1,node *head2)

D'Qde itempl ﬁtempz

Leempl head1;/*first non empty linked list*/
iz adz'“(ncde *)ma]loc(slzeof(node)).
Mz /*second empty linked list*/

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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?hﬂe('.‘é’?lp U=NULL)/*while not end of first linked list*/

- temp2.->qat,
temp2~>ne
temp2

- temp]

Xt=(node *)malloc(sizeof(node));

=temp2->next;/* moving one node ahead */
=templ->next;

tl‘j.ll_np2=NULL;!*set thy
Dm_ltf( \n The list is copied \n");
::Vhﬂe(headz >next!=NULL)

/_pl:inti-‘:g the second list j.e. copiad list*/
prntf(“ 9%q» ,Jhead2-> data);
heaclz =-..head2_ >n ext: !

}

_ 8 Recursive routine to era
?truct Dode *list_free(struct node *temp)

?(temp- >next!=NULL)

templ=temp->next
temp->next= NULL;
free(temp):

) hﬂ_ﬁee(templ};/*remnsive call*/

temp =NULL;:
Téturn temp;
} %

6. Sort the contents of singly linked list
node *Sort(node *head)

{
node *temp1,*temp2, *temp3, *current, *temp;
void swap(node* node* Jqnode*);
current=NULL;
while(current! =head->next)
{
templ=head;
temp2=head->next:
temp3=templ;
while(temp1!=current)
{

if(temp1->data>temp2->data)

{
if(temp1l==head)//first node

/*temp1 is declared globally*/

a=templ->data;/*copy the content to other node*/

e next pointer of last node of second list tg NULL+,

se a linked list(delete all node from the Iinked lis

—— T

e e

i

Su e g

SR e s s

t)___

.'~..:$
kg
i A
=
A

T
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- swap(templ,temp2 temp);

head=temp2;
temp3=head;
}
else

swap(templ,temp2,temp);
temp3->next=temp2;
temp3=temp3->next;

}

if(tempi—> data<temp2->data)
{
temp3=templ;
temp1=templ->next;
} '
temp2=templ->next;
if(temp2 = =current)
current=temp1;
&)
}
return head;

}

void swap(node *templ,node *temp2,node *temp)
{

temp=temp2->next,
 temp2->next=templ;

templ->next=temp,

}

w Write a C function to find the maximum element in the linked list.

Solution :
void maxElement(node *root) -

{

node *temp;

int Maxval;
temp=root;
Maxval=temp->data;
while(temp!=NULL)

{ "

if(temp->data>Maxval)
. : Maxval=temp->data;
TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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m Wr:te aC functmn to find the product of all the elements in the mkEd lsk

Solution :
void Product(node *root)
{ !

node *temp;

int p=1; il

temp=root: 5 ‘

while(templ =NULL) a1
P=p*temp->data; i ':‘-“ i
tempztemp->next;

; printf("\n Product of al the elements: %d",p);

m Write an algorithm to swap two nodes n and n + 1 in a singly linked Jjgs :r

GTU : Summer-18,
Solution :

—_

- Enter the number n that denotes the node n.

. Mark Prev to the previous node of n.

2

3. Traverse through the linked list from start to n'" node. Mark nth_ node as temp, 1
4. Set (Prev—next) = (temp—next)

5. temp—next = (temp—next) — next
6. (Prev—next)—next = temp

For example n = 2

prev temp
Before: | 1 - 2

13| S 4 | NULL

After: | 1 3 —"“‘2 4 | NULL

{

1. Given a linked list whose typical node consists of an INFO gng LINK field. Formildt o
algorithm which will count the number of nodes iy, the list '

TECHNICAL PUBLICATIONS”- An up thryst for knowledge

Scanned by CamScanner



E

Ef._fa Structures 5.31 - Linked List

m Diffgrence between Linked List and Arrays

The comparison between linked list and arrays is as shown below -

_f_{;ﬂg-_ ______________________ Lmked List A  Amay
1. The linked list is a COﬂechon of mdes "Ihe array is a collection of sm.'ular typ s
and each node is having one data field of data elements. In arrays the data'is
and next link field. always stored at some index of the an'ay.
For example For example
.| 10 20 30 40 50
i a0] all] al2 al3] al4]
[Data[Nextink] = S
Index
= Any element can be accessed by Any element can be accessed randomly
et - sequential access only. ~ie. with the help of index of the array. _ |
3. Physically the data can be deleted | Only logical deletion of the data is
oI S __ possible.
TR Inserhons and delehon of data is easy Insertions and deletion of data is
3. Memory allocation is dynamic. Hence The memory allocation is static. Hence
developer can allocate as well as once the fixed amount of size is declared
deallocate the memory. And so no then that much memory is allocated.
wastage of memory is there. Therefore there is a chance of either ~ |.
memory wastage or memory shortage.

Review Questions

Write an algorithm to insert an element into a singly linked list. G VIS SUBICITE.

Write a program to count the number of nodes in a linked list. GTU : May-11, Marks 4
Write an algorithm to "Insert a node at End" operation of singly linked list

W e

GTU : Winter-13, Marks 7

4. Write a 'C’ functions to insert a node at beginning in singly linked list .

GTU : Summer-15, Marks 4

5. Write a program to insert and delete an element after a given node in a singly linked list.

GTU : Winter-15, Marks 7
6. Differentiate between arrays and linked list. GTU : Winter-15, Marks 4

7. Write down advantages of linked list over array and explain it in detail.

e ,l GTU : Winter-14, Marks _J
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BEX Doubly Linkeq List

5.10.May-12, M
GTU .

Winter-12,14,15,16,17,18 Summer-14.15.16.18 CE
* The doubly linked list has two link fields.  feld is that next poingg
* One link field is previous pointer and the other link ._lﬁtf " 16 i r,
* The typical structure of each node in doubly linked lis

T 1—nuwL
L Prev [ Data | Next | NuLL =

“single node

Fig. 5.3.1 Structure of node

_* 'Cstructure of doubly linked list :
?medef struct node ,
Struct node *prev; -
Fdnodey o ki

* The linked representati(;n of a doubly linked list is

NULL=+4— |55] - - |73 ~ |108 28 — NULL

Head node

Thus the doub]
backwards,

Now, there may be one question in your mind r I 4
that how do the empty doubly circular linked lists * — | Data |

look ? Here is the representation.

y linked list can traverse in both the directions, forward as well

That means the prev and next pointers are pointing to the self node. ]
Logic for doubly linked list :

) prev data next |
In doubly linked list there are following operations. v s
node
1) add 2) display 3) delete

Step 1 : Each node in doubly linked list Step 2 :
will look like this

Set a new node as

NULL. 10 NULL

NULL 10 NULL

New
start

New

: Initially a flag is taken to check whether it is 5 first
as first = 0;
As soon as the very first node gets created we reset the first, i first = 1

node in variable first,

TECHNICAL PUBLICATIONS". 4, ,
3 P thrust for knowile
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Dats ST~
step 3 : For further addition of the nodes the New node is created.
NULL | 10 | NULL NULL | 20 | NULL
start / dummy New
0 . 20 NULL dummy —=next = New
NULL | 1 i - -rateiey
start / dummy _ New
step 4 : For further addition, the New node is created
NULL 10 e o 20 NULL NULL 30 NULL
start / dummy New
When dummy — next! = NULL
dummy = dummy — next
NULL | 10 . ¥ 20 NULL 30 NULL
start dummy New
Then attach new node in the linked list.
Thus the doubly linked list can be created.
NULL [ 10 gt 3 20 i Y 30 | NULL
start dummy New
We have followed
dummy — next = New
New—= prev = dummy
For deletion operation : '
tep 1: We assume the linked list as
L : & g
NULL | 10 - . 2057 1. 30 | NULL
start or temp
If the very first node has to be deleted, then
NULL | 10 T o 20 S iz 30 NULL
tem
3 start start = start —=next
NULL 10 NULL NULL 20 1 g 30 NULL__ ‘
temp start
start —prev = NULL
temp—=next =NULL

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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e e P
e first node then

th
Step 2: If we want to delete any node other than

: : e > 30 NULL | free (temp)
NULL 20 -t
start
If we want to delete the node than 20 call it as temp node.
NULL | 1 = 20 - — 30 | Ny
start temp

@

Y

NULL.-| 10 ®

20 _ 4 30
start ‘_l temp @

@ (temp —=next) —=prey

= temp—=-prey
@ (temp—=— prev)—= next
= temp — next
NULL | 10 ¢ NULL | 20 | NULL = 30 | NULL
start l temp
NULL 10 . e (59 30 NULL

free (temp)
Thus the node 20 gets deleted!

* Based on this logic the C Program can be written ag follows -

‘C' Program :

f*
*****i********ttt********t************t**********************
. *

Program Is To Perform Various Operations Op a Do
List, The various operations on the doubly linked
insertion, deletion,searching of a node and

ubly Linkeq
; list are
****ﬂ*********************************************
*f i

#ihclndecsqdiq,h>
#include <stdlib.h>
#include <conio.h>

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

TECHNICAL PUBLICATIONS™. 4,
Up thrust for knowledge
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peta ST —  5-3
struct node
int data;

struct node *next,*prev,
}*New,*new1,*temp, *start, *qummy:

yoid add(void);
gtruct node *get_node();
yoid display(void);
void delet(void);
int find(int);
int first =1;
void main()
{
char ans;
. int choice,num,found=0;
start=NULL,;
do
{
clrscx();

" printf{("\n \t Program For Doubly Linked List \n");
printf(“\n\n 1.Insertion Of Element \n\n"); "
“printf(“2. Deletion Of element from the List\n\n");
printf(“ 3. Display Of Doubly Linked List\n\n");

printf(“ 4. Searching Of a Particular node
in Doubly Linked List\n\n");
printf(“ 5.Exit"); .
printf(“\n Enter Your Choice");
scanf(“%d” ,&choice);
switch(choice)
{
case 1 : add();
break;
case 2 :delet();
break;
case 3 :display();
break;
case 4 :printf(“\n Enter The nu_mber
which is to be searched");
scanf(“%d” ,&num);
temp=start;
while((temp! =NULL) && (found==0))
found=find(num);
if(found)
printf(
else

“\n) The number is present in the list");

—— I
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Data Structures

sintf("\ Th B
-_ﬁ-_-_tf(ia\'n he number is not present in the T
- case 5:exit(0);

} "y,
~ printf(*\nDo you want to continue?\n )i

~ ans = getche();

 }while(ans == 'y’ || ans == ')
getch();

o

void add(void)
{ |
clrscr(); R
New =get_node(); : <
printf(*\n\n\n\tEnter the element\n");
scanf(“%d”,&New->data);

if(first ==1)/*insertion of starting node®/

{start= New;
first =0,

}

else

{

dummy =start;
while(dummy->next |= NULL)
dummy=dummy->next;
dummy->next=New;
New->prev=dummy,

}

} ; ‘

struct node *get_node()

{

newl=(iiode *) malloc(sizeof(struct node));
newl->next = NULL;
new1->prev=NULL;

return(newl);

void display(void)
{
clrscr(); . _
temp = start; :
if(temp == NULL) ; _
printf(“\n The Doubly Linked List Is Empty\n");

else

{ :
-while(temp !=NULL)

printf("

{ %d =20 n yemp->data); . .

. g Enter the !
. sanf"%d" &mum

. TECHNICAL PUBLICATIO,
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it piiile

" temp = temp->next;
: } "

pn'ntf( “NULL");

}

getch();

} .
int find(int num)

{

if (temp —> data == num )

return(1);
else _
temp=temp —> next;

return 0;

Eroid delet(void)
int num,flag=0;
int found,
int last=0;
clrscr();
temp = start;
if(temp == NULL)
printf( “\n\nSorry:DLL not created\n");

else

{ "
printf(“Enter the number to be deleted );

scanf(“%d" r&num};

while ((flag ==0 ) && (temp I= NULL))

{
found =find(num),

~ flag=found;

}

if (found==0)
printf(“\n Number not found ");
else

{
{

start=start—>next;
temp->next=NULL;

start->prev=NULL;

free(temp);

getch();

printf(“\n The starting node is deleted”);

}

else ;
—_— e

if (temp==start) /*deleting the start node*/

TECHAC Al RURICATIOMT  a
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L P ——
{
if(temp->next==NULL) . ,
last=1; /*keeping last flag for the last node*/
else
last=0;

(temp —> next) -> prev=temp —> prev,
( temp —> prev) —> next=temp —>next;
temp -> prev=NULL;

temp —> next=NULL;

free(temp);

if(last)

printf(“\n The last node is deleted”); |
else ol
?rintf(“\n The intermediate node is deleted”); i

}
}
}
/**t**ii*iiittti*** Elld Of The Program *******a*****t******l
Output

Program For Doubly Linked List

1. Insertion Of Element
2. Deletion Of element from the List
3. Display Of Doubly Linked List
4. Searching Of a Particular node in Doubly Linked List
5. Exit
Enter Your Choicel-
- Enter the element
11
Do you want to continue?
Program For Doubly Linked List
1. Insertion Of Element
2. Deletion Of element from the List
3. Display Of Doubly Linked List
4. Searching Of a Particular node in Doubly Linked List
5. Exit
Enter Your Choicel
Enter the element

22
Do you want to continue?
Program For Doubly Linked List
1. Insertion Of Element
2. Deletion Of element from the List
3. Display Of Doubly Linked List e
4. Searching Of a Particular node in Doubly Linked Ligt .« . 7k

TECHNICAL PUBLICATIONS™.
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—_— 5.3
5. Exit

‘Enter Your Choice1

: Enter the element

33

Do you want to continye?

Program For Doubly Linked List

1. Insertion Of Element

2. Deletion Of element from the Ligt

3. Display Of Doubly Linked List

4, Searching Of a Particular node in Doubly Linked List

b, Exit
. Enter Your Choice3
11 => 22 => 33 => NULL

Do you want to continue?
Program For Doubly Linked List
1. Insertion Of Element
2. Deletion Of element from the List
3. Display Of Doubly Linked List

4, Searching Of a Particular node in Doubly Linked List
6. Exit

Enter Your Choiced
Enter The number which is to be searched22
The number is present in the list
Do you want to continue?
Program For Doubly Linked List
1. Insertion Of Element
2. Deletion Of element from the List
3. Display Of Doubly Linked List
4. Searching Of a Particular node in Doubly Linked List
5. Exit
Enter Your Choice4
Enter The number which is to be searched99
The number is not present in the list
Do you want to continue?
Program For Doubly Linked List
1. Insertion Of Element
2. Deletion Of element from the List
3. Display Of Doubly Linked List
4. Searching Of a Particular node in Doubly Linked List
5. Exit
Enter Your Choice2 :
Enter the number to be deleted 22
The intermediate node is deleted
Do you want to continue?
11 => 33 => NULL
Enter the number to be deleted 33

————
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'The last node is deleted
Do you want to- continue?

. Program For Doubly Linked List
1. Insertion Of Element

2. Deletion Of element from the List
‘3. Display Of Doubly Linked List

4. Searching Of a Particular node in Doubly Linked List
5. Exit

Enter Your Choice3

11=> NULL
Do you want to continue?
n :

Review Questions

! 1. Write ‘C’ functions to implement DELETE_FIRST NODE and TRAVERSE Operations iy

doubfy linked list. . GTU : Summer-16, Marls q

Write algorithm(s) to perform INSERT_FIRST (to insert a node at the first position) gng | |

REVERSE_TRAVERSE (to display the data in nodes in reverse order) operations in doubly

! linked list. ' GTU : Winter-16, Marks 4

3. What is the need of doubly linked linear list to the left of a specified node whose address is

given by variable M. Give details of algorithm. GTU : Winter-17, Marks 7 Ji§ |

4. List the advantages of a doubly linked list over singly linked list.

JEE

GTU : Summer-18, Marks
_ 5. Write an algorithm for insertion of a node in doubly linked list.

| GTU : Winter-18, Marks 4 {if
: 6. Write an algorithm for deletion of a node in doubly linked list. [eR R Winter-18, Marks 4 1

N — .

B

IEBEXN Comparison between Singly and Doubly Linked List
Sr. No. Singly linked list Doubly linked list S |
1. Singly linked list is a t-:ollect?on of Doubly linked list is 3 collection of nodes
nodes and each node is having one  and each node is having one data field,
data field and next link field. one previous link field and one next link
For example : field. _
For example ; iR
i : : :
Data Next link _ Breiions o o
: link field link field
; wiges S0 ~L -1 3
2, The elements can be accessed using The elements c‘an be a-c-c.n-a.s;éa using poth
next link W as well as next link. -~

TECHNICAL PUBLICATIONS™- An ub throses oe. . 7
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No extra field is required; hence © One field is requ.lred to store prewous
node takes less memory in SLL. hence node takes more memory inD

More efficient access to el ements |

Less efficient access to elements.

What are the advantages of doubly linked list. Write a C function to ﬁnd the

maximum element from doubly linked list.
Solution : Each node of doubly linked list has two pointers- next node pointer and
previous node pointer. Due to these two pointers the entire list can be scanned from left
to right or from right to left.
The operations such as deletion of 4 node and searching of particular node become
efficient.
‘void MaxNode(node *head)
{ H
node *temp;
temp=head, _ i
int maxelement=temp->data;//Assume first element as max element
while(temp!=NULL)
{

if(temp->data>maxelement)

{
}

temp =temp->next;
1
}
SEICNRRY Write a program in any programming language to concatenate two doubly

linked lists. GTU : Summer-14, Marks 7

Solution :

#include <stdio.h>
#include <stdlib.h >
#include <conio.h>
struct node

{

Int data;

struct node *prev;
struct node *next;

maxelement=temp->data;

Void main()

{
char ch;
int choice;

Struct node *head1,*head2,*head, *New, *temp; .
Struct node *Create(void);

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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Vvoid Display(struct node *);

Struct node *concat(struct node *, struct node *);
head=NuLL,; .

head1 =NULL;

head2=NuLL,
do

{

pant{(* 1. Creation of Doubly Linked List \n\n");
pr?ntf(" 2. Display of List\n\n");

prntf(" 3. Concatenation of two lists \n\n");
printf(" 4. Exit");

printf("\n Enter Your Choice");

scanf(*%d", &choice);

truct node *Create()

char ans;

int flag=1,

struct node *head,*New,*temp;
struct node *get_node();

switch(choice)
case 1: printf("\n Create First DLL");
head1=Create();
printf("\n Create Second DLL"); |
head2=Create(); ;
break;
case 2 : Display(head1);
Display(head2); ¥
break; '
case 3:  head=concat(head1,head?2);
Display(head);
break; o
case 4:  exit(0);
}
printf("\nDo you want to go to Main Menu?\n");
ch = getch(); )
Jwhile(ch ==y’ || ch == Y} |
clrscr(); ' j f
do . i
{ ded); 1
New = get_no ' . : |
printf("\ﬂ\n\n\tE nter The Element\n"): g

oy " ->data); ;
canf("%d",&New-> = |
ff(ﬂagh’ —=1) /*flag for setting the starting noge* / _;_
At
{ haad = New; | A L‘
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m— B —————
LR flag=0;/*reset flag*/
| }

else /* find last node in list */

{

temp=head; .

while (temp->next !|= NULL)/*finding the last node*/

temp=temp->next; /*temp is a last node*/
temp->next=New,;
New->prev=temp;

}
printf("\n Do you want to enter more nodes?");
ans=getch(); _
}whjle(ans ==y | , ans=="Y");
~ return head;

struct node *get_node()
{struct node *New;,
New =(node *) malloc(sizeof(struct node));
New->next = NULL;
New->prev = NULL;
retum(New);/*created node is returned to calling

function*/
}
void Display(struct node *head)
T
struct node *temp;
temp = head,
if(temp == NULL) )
printf("\n Sorry ,The List Is Empty\n");
else
{
while(temp!=NULL)
printf("%d\t”.temp->data);
temp=temp->next,
}
| }
struct node *concat(node *headl,node *head2)
{
struct node *temp;
temp=head]l;

while(temp->next! =NULL)
temp=temp->next;

temp->next=head2;

head2-> prev=temp;

return headl;
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Linkg, " I ;

1. Write a program to do following in a doubly linked list. |
i) Print the node contents from right to left ii) Insert a node at the specified position, e |
iii) Delete the node having value X. GTU : CE : Dec.-03, Marks 9, Dec.

Write an algorithm to delete an element into n'doubly linked list.
GTU : Dec.-10,

Write the difference between singly and doubly linked list.

Marks 4, Winter-14, Marks 7

Write 'C" functions to : (1) insert a node at the end (2) delete a node from the beginning of g

doubly Fivked Tisk [GTU - Summer-15. Maris 11

Create a doubly circularly linked list and write a function to traverse it.

GTU : Winter-15, Marks 7 § ;

IEXA Circular Linked List |
GTU : Dec.-03, 06, 10, May-11, 12, Summer-18, Winter-16 Marks 7

- 10 ~| 20 -1 30 = 40 ~| 50 .

head = 3

node H

The circular linked list is as shown below - 5
head
node

or
The Circular Linked List (CLL) is similar to sin
node's next pointer points to first node.
Various operations that can be performed on circular linked list are _
1. Creation of circular linked list.
7. Insertion of a node in circular linked list. 1
3. Deletion of any node from linked list. - %
4. Display of circular linked list.
We will see each operation along with some example,
1. Creation of circular linked list
struct node *Create() ~ oy . , _
{ : . ; B
char ans; : ; :
int ﬂag:';ie
no
::ﬁgtt node *get_no
clrscr();

i
|

gly linked list except that the

L

*head,*New,*temp;
de();

Scanned by CamScanner



ata Structures Linked List

5-45

ew = get_node(); v

printf( “\n\n\n\tEntell- The Element\n");
scanf("%d", &New->dat a);

if(flag==1)/*flag for setting the starting node*/

{ "
o |
head = New: Creating 3 single
; node in linked list
New-> next =head;
} flag=0;/*reset flag*/
alge /* find last node in list */
{
temp=head;

while (temp->next |= head)/*finding the last node*/
temp=temp->next; /*temp is a last node*/
temp->next=New,/*attaching the node*/
New->next=head; /*each time making the list
circular*/

}
printf(‘*\n Do you want to enter more nodes?");
ans=getch();

while(ans=="y'|lans=="Y");

eturn head;

function used while allocating memory for a node*/
ct node *get_node()

ct node *New; _i
ew =(node *) malloc(sizeof(struct node)); .

ew->next = NULL;

turn(New);/*created node is retumed to calling function*/

Initially we will allocate memory for New node using a function get_node () . There
one variable flag whose purpose is to check whether first node is created or not. That
tans flag is 1 (set) then first node is not created. Therefore after creation of first node

have to reset the flag (making flag = 0).

Initially

Suppose we have taken
element '10' the flag = 1,

10 head = New;
New/head New — next = head;
i flat = 0,

e e e e e A o ———————
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:

Here variable head indicates starting node- +

Now as flag = 0, we can further create the nodes and attach them as follows, ; ’

When we have taken element 20’

= o | NULL temp = head; :.
. 5 when temp — next = head, y
head/temp New :
i

10 =] 20 | NULL temp — next = New; e
head/ ~ New ' 3 Jf
temp i ]
- 10| ~| 20 New — next = head; i
head/temp New g

If we want to insert 30 then

=1 10 : = 20 30 | NULL As temp — next!=head
temp = temp — next
head/temp New
110 =| 20 30 | NULL As temp — next = head
head temp New
—1{ 10 20 30 temp — next = New
. New — next = head
head temp " New
If we want to insert 40 then .
1] 1 1 30 40 | NULL
head/temp New
i g L 30 40| NULL
head temp Now
L g ! g 40| NULL
Lo temp New
—1 10 =120 30 | 40
head temp T j

TECHNICAL PUBLICATIONS"™ An up thrust for knowledae
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i we can create a circular linked list by inserting one more element 50. It is as

£ Thus
‘ 10 =120 »1 30 - 40 - 50
l: head
9, Display of circular linked list

i Display(struct node *head)
 struct node *temp;
temp = head;
ifernp == NULL)
tf(“\n SOITY 'I'he List Is EmptY\n")

else

{
do

The ne.xt node of last
: de is head nod
pn‘ntf(“%d\t—",temp-:>data}; nadeR R0t
temp = temp->next;
}while(temp != head);
2 |
= :
3. Insertion of circular linked list
While inserting a node in the linked list, there are 3 cases -

a) inserting a node as a head node
b) inserting a node as a last node
¢) inserting a node at intermediate position

W;he functions for these cases is as given below -

node *insert_head(struct node *head)

mCtnode get_node();
struct node *New, *temp;
_N?W—get_node(),
Printf(“\n Enter The element which you want to insert ");
Bcanf(“%d", &New->data);
Hihead==NULL)
head=New;

temp=head;

\__-;'__vihﬂe(temp-:vnextl =head)

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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tm:mp-}next; Lo % .
temp->next=New; S B :
New->next=head; '
head=New;

printf("\n The node is inserted!");

H E
retun head;
} .i:._

/*Insertion of node at last position*/
void insert_last(struct node *head)
{ ;
struct node *New,*temp;
New=get _node();
printf(“\n Enter The element which you want to insert ");
scanf(“%d",&New->data);
ifthead==NULL)

head=New;
else

{

it [ L e b

iy e e e N R e RO
5 It e A - i o : Tipahde 2
1 i i s i b A Vi IR LA - e e T N g i e

temp=head;
while(temp->next!=head)
temp=temp->next;
temp->next=New;
New->next=head;
printf(“\n The node is inserted!");
}
}
void insert_after(struct node *head)
{
int key;
struct node *New, *temp;
New= get_node();
printf(“\n Enter The element which you want to insert ");
scanf("%d" ,&New->data);
if(thead==NULL)
{
head=New;

}

else

rmtf("\n Enter The element after which you want to insert the node . ; 1
scani(“%d" &key);

tempshead
do

TECHNICAL PUBLICA TIONS™
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{ ;
New->next=temp->next:
temp->next=New; .
printf(*\n The node is inserted”);
return; :
} )
else a

temp=temp->next:
}while(temp!=head);
} : ;

}

'5uppose linked list is already created as -

10 =| 20 | 30 | 40 J
|—~ head/temp

If we want to insert a New node as a head node then,

9 | NULL
New
Then
110 —4-=]20 »| 30 »| 40 9 | NULL
3 temp New
hea
temp — next = New;
30 =140 — New — next = head;
s g L s f temp ] head = New,;
’_. head/New

If t to insert a New node-as a last node consider a linked list
we wan

20 —t—130 =1 40 Sepicon 50 | NULL
= 3 ' | temp New
hea
B ok T
e 3 . temp New
hea
e e
b

TECHNICAL PUBLICATIONS - An up thrust for knowledge

Scanned by CamScanner



_ ﬁ
w

Data Structures 5-50

If we want to insert an element 35 after node 30 then

10 =1 20 =| 30 =| 40 . As key = 30
head temp and temp — datg = 30
35| NULL
New
10 =1 20 =| 301 - 40 New — next = temp - next.
head temp _L _|’ ompynedt=New,
35]
New

4. Deletion of any node
struct node *Delete(struct node *head)

{

int key;

struct node *temp,*temp]1;

printf(*\n Enter the element which is to be deleted");
scanf(“%d" ,&key);

temp=head,;
if(temp->data==key)/*If header node is to be deleted*/
{ Ifa single node is present in

templ=temp->next;
if(templ==temp)

the list and we want to delete
it

{
temp=NULL,;
head=temp;
printf(“\n The node is deleted");
}
else
{

while(temp->next!=head)
temp =temp->next;/*searching for the last node*/
temp->next=templ;
head=temp1l;/*new head*/ a
printf(“\n The node is deleted”);

}
} ;
else |
whilé(temp->next!=head) /* if intermediate node is to be deleted*/
-—--—---———-'""P—_—//
e — TECHNICAL PUBLICATIONS™ . An up theust for knowledge
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if((temp->next)->data= =key)

{
templ=temp->next;

- searched.

Data Structures
'_'-——.-F——-_T |
groes, Linked List
: The previous node o}the
node to be deleted is

temp1 is the node to be

whilé (ternp — next ! head)
temp = temp — next;

temp — next = temp1;

TEC

temp->next=templ->next; deleted
temp1->next=NULL;
free(templ); .
+ printf(“\n The node is deleted");
g |
else |
temp=temp->next,
}
return head;
P |
Suppose we have created a linked list as
10 =1 20 =1 30 =1 40 »1 50
’_.headftemp
If we want to delete temp — data i.e. node 10 then,
10 =120 — 30 +140] 50 temp1 =temp—>néxt:
l—.headltemp temp1
r head temp1 temp
e A 40 —»1 50
et e i =) tem head = temp1;
e temp1/head ; P
-
HNICAL PUBLICA TIONS" - An up thrust for knowledge
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. : : W h !.
If we want to delete an intermediate node from a linked list which ig given :_

belqw

i PP ~{ 20 =] 30 =140 50 V\{E want to Geletﬁ
head/temp P30 e -
: Key =30
=~ 10| ——{ 20 —=| 30 ~{ 40 =150 and '
' tem
head tem P> next
P = key, hence Cela
: temp1 =,
10| ——{20|] +~{30] J—={40] J-50 PT=18mP - ey
E head temp | temp1
Now
1101 - =| 20 30 | 40 =1 50 temp — next
head temp temp1 =temp1 — next,
=110} |+—]20 i 30 40] —+—| 50 ter‘np'l — next = NyLL
temp temp1 |
Then free (templ); / * to deallocate memory */
10| ——=| 20 =1 40 ~| 50 Thus node with
[ value 30 is
head

The linked _list can be -

5. Searching a node from circular linked list
struct node *Search(node *head,int num)

~ struct node

*temp;

- temp=head;

i while(temp
By

->next!=head)

. if(temp->data == num)

return temp;/*if node is fbund*f

temp=temp->next:

deleted from CLL.
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while searching a node from circul
each node starting from the head node. If the node ¢

return the address of that node to calling function.

'C' Program

****************t**w******hw***n************

Program To Perform The Various Operations On The Circular L

REXARAEXTE A AL A A A A AT AR A AR A A h b A vk Ak ok

*

****t**t****

*******i******************

#include <stdio.h>
#include<stdlib.h>
#include <conio.h>
struct node

{

int data;
struct node *next;

%

void main()

{

char ch;

int num,choice;

struct node *head, *New,*temp;
struct node *Create(void);

void Display(struct node *);

struct node *Insert(node *);

struct node *Delete(struct node *);
struct node *Search(struct node *,int);

head =NULL;
do
{

clrscr();
printf(“\n Program For Circular Linked List\n");

printf(* 1.Insertion of any node\n\n");
printf(* 2. Display of Circular List\n\n");
printf(“ 3. Insertion of a node in Circular List\n\n");

printf(“ 4. Deletion of any node \n\n");
printf(* 5. Searching a Particular Element in The List\n\n");

printf(“ 6.Exit");

printf(“\n Enter Your Chmce")
scanf("%d” &choice);
switch(choice)

{

case 1 :head=Create();
break;

T

ar linked list we go on comparing the data field of
ontaining desired data is found we

inked List '

TECHNICAL PUBLICATIONS". an up thrust for knowledge
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case 2 :Display(head);
break; '
case 3:head=Insert(head);
break;
case 4:head=Delete(head);
break; . To
case 5:printf(“\n Enter The Element Which Is
Be Searched “);
scanf(“%d”,&num);
temp=Search(head,num);
if(temp!=NULL)

printf(“\n The node is p_resent”)i : o
else -
printf(“\n The node is not present”); 1
break; I
case 6:exit(0); :
} * my,
printf(“\nDo you want to go to Main Menu?\n )i
ch = getch();
}while(ch == 'y’ || ch == 'Y');
}
struct node *Create()
{
char ans;
int flag=1;

struct node *head,*New,*temp;
struct node *get node();

clrscr();
do ' ‘ ’ i
{ 1l

New = get node();
printf(“\n\n\n\tEnter The Element\n"”);

scanf("%d" &New->data);

if(flag==1) / *flag for setting the starting node*/
{ :

head = New;

New->next=head; /*the circular list of a single node*/
flag=0;/*reset flag*/

ilse /* find last node in list */

hile (tem p->next |= head)/*finding the last node*/
temp=temp->next; /*temp is a last node*/
e =New, -
wia temp">next * i 1
N N'BW }ﬂ&}{_t"_:head; /*each time mahng the list CiIClJlar*/

/-/”/"TECHMCA

L PUBLICATIONS".
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ar—

~ printf(“\n Do you want to enter more D
i ans=getch(); :
‘return head;

)

struct node *get_node()

odes?"):

struct node *New;
New =(node *) malloc(sizeof(struct node));

New->next = NULL; ;
return(New);/*created node is returned to calling functiont /

} :

_voicll Display(struct node *head) '

{
; struct node *temp;
temp = head;
if(temp == NULL)
printf(“\n Sorry ,The List Is Empty\n");
else

{
do

{

printf("%d\t",temp—>data):
temp = temp->next;

}while(temp = head);/*Circular linked list*/
}
getch();

}

struct node *Insert(node *head)

{

int choice;

struct node *insert_head(node *k
void insert_after(struct node g 1

void insert_last(struct node *);
printf(“\n 1. Insert a node as a head node");

printf(“\n 2. Insert a node as a last node");
printf(“\n 3. Insert a node at intermediate position in the linked list");

printf(“\n Enter your choice for insertion of node");

scanf(“%d”,&choice);
switch(choice)

{

- case 1-head=insert_head(head);
: break;

case 2:insert_last(head);
break;

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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Struct hode *i
¢ msert_head(stryct node *head)

Struct node *Negy *temp;
CW=get_node(). :

printf(“\n & :
_ Enter The element which you want to insert ");
& New-> data): :

temp= head;
while(temp- >nextl=head)

temp=temp- >next;
temp— >next= NEW;
New->next =head;
head=New:

. printf(“\n The node is inserted!")

return head;

}

/*Insertion of node at last position*/
void insert_last(struct node *head)

{ |
struct node *New,*temp;
New=get 'node():
printf("\n Enter The element which ; u
scanf(“%d"”,&New->data); : i tg Hsen T,
if(head==NULL)
head=New; ¢
else
{
temp=head,
while(temp->next!=head)
temp=temp->next;
temp->next=New,
New->next=head; _ S w
printf(“\n The node is inserted!");
o }
}

void insert_after(struct node *head).

. TECHNICAL PUBL:CAM
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i i ; ' Linked List

e fode *New,*temp;
B 1_ W‘ﬂ get;_nCJdBO‘;

NB H(“\D Enter The element which v
p?;uf (,,%du,&New->data): 5,
: :

=NULL)

Ou want to insert ",
: if(head-":
{ ‘pead=New;

elsé¢ ; .
printf(“\n Enter The element after which you want to
insert the node “);
scanf(“%d",&key);

temp=head,
do '
{ .
if(temp->data==key)
| e :
New->next=temp->next,
temp->next=New;,
‘printf(*\n The node is inserted");
return;
}
else

temp=temp-~> next,
}while(temp!=head);

)
}
struct node *Search(node *head,int num).
{
. struct node *temp;
. temp=head,;
while(temp->next! =head)
A
if(temp->data == num) *‘
retumn temp;/*if node is found*/
else
temp=temp->next,
}
}remm NULL;
?‘mc_t node *Delete(struct node *head) | 2
ke, i |
-.._\____-____

3 nowledge
TECHNICAL PUBLICA TIONS - Anup thrust for k
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struct node *temp,*templ

Prntf(*\n Enter the element which is to be deleted”);
scanf("%d” &keg):
temp=head; ' '
f[f(tempédata: =key)/*If header node is to be deleted*/
templ=temp->next:
if(temp1= =temp)

it single node is present in cucular linked list-
and we want to delete it*/

{
temp=NULL;
head=temp;
: printf(“\n The node is deleted");
else /*otherwise*/
{

whﬂe(temp->next!=head) '
temp=temp->next;/ *searching for the last node*/
temp->next=temp1;
head=temp1:/*new head*/
printf(“\n The node is deleted”);

}
}
else
{
while(temp->next!=head) /* if intermediate node is to
be deleted*/
{
if((temp->next)->data= =key)
{
templ=temp->next;
temp->next=templ->next:
templ->next=NULL;
free(temp1l);
printf(“\n The node is deleted");
}
else
temp=temp->next,
}
}
return head;

}

Output
Program For Clrcular Linked List

1. Insertion of any node
2, Display of Circular List
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3. Insertion of a n ; e
4. Deletion of anv.o::i:n Circular List

5. Searchin :
6. Exit 9 a Particular Element in The List

Enter Your Choice 1
Enter The Element

10

Do you want to enter more nodes?
Enter The Element

20

Do you want to enter more nodes?
Enter The Element

30

Do you want to enter more nodes?
Enter The Element

40

Do you want to enter more nodes?

Do you want to go to Main Menu?

Program For Circular Linked List

. Insertion of any node

. Display of Circular List

. Insertion of a node in Circular List

. Deletion of any node

. Searching a Particular Element in The List

. Exit

Enter Your Choice 2

10 20 30 40

Do you want to go to Main Menu?

Program For Circular Linked List

1.Insertion of any node

2. Display of Circular List

3. Insertion of a node in Circular List

4. Deletion of any node
5. Searching a Particular Element in The List

6.Exit

Enter Your Choice 3

1. Insert a node as a head node

2. Insert a node as a last node -

3. Insert a node at intermediate position in the linked list
Enter your choice for insertion of node .3

Enter The element which ygu want to lnsert: 33

Enter The element after which you want to insert the node 30

The node is inserted
Do you want to go to M.am Mix-n.::?
Program For Circular Linked Lis

: : de
1. Insertion of any no¢®
. 2 Display of Circular List

SO W N =

Linked List

TECHNICAL PUBLICATIONS™ . An up thrust for knowladge
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3. Insertion of a fiode in CircularList
4, Deletion of any node

5. Searching a Particular Element in The List
6. Exit

Enter Your Choice 2 |
10 20 30- 33 40
- Program For Circular Linked List
1, Insertion of any node
' 2IDisplay of Circular List
3. Insertion of a node in Circular List
4, Deletion of any node
5. Searching a Particular Element in The List
6. Exit o
 Enter Your Choice 4 . o
Enter the element which is to be deleted 20 ;
The node is deleted 4
Do you want to go to Main Menu?
Program For Circular Linked List
1. Insertion of any node
2. Dlsplav of Circular List
3. Insertion of a node in Circular List
4. Deletion of any node

5. Searching a Particular Element in The List
6. Exit :
Enter Your Choice 2
10 .30 .33 -40
Do you want to go to Main Menu?
Program For Circular Linked List
1. Insertion of any node
2. Display of Gircular List
3. Insertion of a node in Circular List
4. Deletion of any node
5. Searching a Particular Element in The List
6. Exit
- Enter Your Choice 5 -
Enter The Element Which Is To Be Searched 30
The node is present
Do you want to go to Main Menu?
Program For Circular Linked List
1. Insertion of any node
2. Display of Circular List
3. Insertion of a node in Circular List
* 4. Deletion of any node -
B, Searching a Particular Element in The List
6. Exit
_ Enter Your Choice 5 :
""-_;Enter The Element W'tﬁch Is TD Be Searched 101

TECHNICAL PUBLICATIONS” - . An up thryst for krowledge
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Linked List

res
Data Structu L

gram For Ciroular Linked Ty
1/Insertion of any node

Display of Circular List

'Advantages of Circular Linked List over Singly Linked List

In circular linked list the next pointer of last node points to the head node.
can move from last node to the head node of the list very efficiently. Hence accessing of

any node is much faster than singly linked list.

Hence we

FEUCEERN Write an algorithm for implementing : To concatenate two circularly linked.

list. GTU : Dec.-03, Marks 6

Solution : The data structure for a node in circular linked list is -

R L

The function for concatenation of two CLL will be -

Algorithm
1. Create two circular linked lists. Let head1l will be the head node of first circular

linked list and head?2 will be the head node of second circular linked list.

r concatenating two CLL, traverse upto the end of first Circular linked list. Then

2. Fo
xt pointer of the last node of first CLL to starting node of second list.

attach the ne _
ke this joined list circular, attach the next pointér of last node of second list

3. To ma
to head node of first list.
the concatenated circular linked list.

4. Display

TECHN-"CAL PUBLICATIONS - An up thrust for know ige
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C function
node *concatenate(node sheadlnode *head2)

{ .
" node *“templ,‘temp2;
 templ=headl;
temp2=head2, 0
 while(temp1->next!=hea .
tenl{pl:fenlpl_>next;/*ﬁnding last node of first list*/
temp1->next=head2;f*attaching
/*finding last node of second list*/
whﬂe{temp2->next!=head2) '
temp2=temp2->next; -
temp2->next=head1l/*making the concatenated
SRR list circular */
- return headl;

}

SPINIYRY Write an algorithm to count the number of nodes in a singly circularly - i

hist

Solution :
void count_nodes(struct node *head)
{
struct node *temp;
temp=head;
count=0;
if(temp==NULL)
printf("\n The List is Empty");
else

{
do

1

count+ +;
temp=temp- >next;
}while(temp!=head);
}
- printf("The total number of nodes are %d",count);
} e

Review Questions

first list to second list*/

GTU : Summer-18, Mar, 18 §

list
What is circular linked list ?

[}

1. Explain circular single linked list. Give algorithm for mserting an ¢

lement in circt a
ec.-00. Mark 4

TECHNICAL PUBLICATIONS”- An up ihtust for knowledoe
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Data Structures
..--"""""—-.#——

""'—;m an algorithm for inserting and deleting an element into circular linked list.
5. Write 'C" functions to implement INSERT_FIRST (to insert a node at the first position)
DELETE_FIRST (to delete a node from the first  position), DELETE_LAST (delete g nad;
from the last position) and TRAVERSE (to display the data in nodes) operations in circular

linked list. GTU : Winter-16, Marks 7

GTU :ummer-lS, Marks 7

6. Write a program to implement a circularly linked list.

3 Linked Implementation of Stack
GTU : Nov-06, Summer-16,17 Winter-16 Marks 8

d therefore we can represent stack using arrays as

well as using linked list. The advantage of implementing stack using linked list is that
we need not have to worry about the size of the stack. Since we are using linked list as
ert those many nodes can be created. And the nodes are

here won’t be getting any stack full condition.

Stack is a special case of list an

many elements we want to ins
dynamically getting created so t
| The typical ‘C’ structure for linked stack can be

ktruct stack
I
L
int data;
struct stack next;

Each node consists of data and the next field. Such a node will be inserted in the

tack. Following figure represents stack using linked list.

Top node ——={ 40

g

RN BT

Fig. 5.5.1 Representing linked stack

There are various operations that can be performed on the linked stack. These

perations are -

1. Push 2. Pop

3. Stack e i
- Stack empty 4. Stack full e

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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1. Push operation
The pseudo code for push operation as given bél_‘_)w ——
void Push(int Item, node **top) '
node *New; e .
node * get_node(int); The get_node() function ig Calleg
b " | allocate the memory for th, N

node

- New = get_node(Item); ¥
_' - New -> next = *tOp; ..'..‘.
- ™op = New:; For ex:
¥, . TR K \
. . gt ]0
e * get_node( int item )
{.

New /top

node * temp; ; _

temp =(node *) malloc(sizeof(node) );

if (temp == NULL )

printf(*\nMemory Can not be allocated \n");
temp -> data = item: -

temp -> next = NULL;
returmn( temp);

In the main function, when the item to be inserted is entered, a call to push

is given. In push function another function get_node is invoked to allocate the me
for a node as follows : "'3

New

10 NULL

If item = 10, then by get node function node will be allocated.Then
This is our new top node. Hence stack will look like this

New
top 10 NULL
If again Push function is called for pushing the valye 20 then
New |
Z
top -

20

CATIONS".
ONS™. ap up thryst for knowiedge |
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_This can be done usmg followmg statements -

And we will get

fop | 20
\
10 | NULL
| Fig. 5.5.2
When 30 is pushed then
top | 30
]
.20
i
10 | NULL
Fig. 5.5.3

Thus by pushing the items repeatedly we can create a stack using linked list.

2. Pop operation
ut Pop(node **top)

" We want to delete top node
hence to remember the data

~int  item;

being deleted it is already
node *temp‘ : stored as item.
item = (*top) ->data;
temp = *top;. e | Taking the address of top in '.
“top = (*top) -> next; - T temp node and ass:gmng new top
free(temp); - | to next nod
return(item); oce
If stack is as follows -
top | 30
]
20
10 NULL
Fig. 5.5.4

TECHNICAL PUBLICATIONS" - An up thrust for knowledge

Scanned by CamScanner




Data Structures 5-66

If we write

1tem %_"’.(top)-:idatﬁg_ ~ thenitem=30
temp=*top L

*top=*top->next now top=20
free(temp); =~ deallocating memory of node 30.That

e, : i - means node 30 is deleted.
Let us now see the ‘C’ implementation of it.

Erald
C’ Program
/***‘Iﬁ_ﬁ****************%*I*******i‘******t**f**ﬂ************

Program for creating the stack using the linked list.
Program performs all the operations such as push,pop and

display.It takes care of stack underflow condition There cannot be stack full conditigy ;
stack using linked list. :

*********i'******'****************ﬂ‘****)****l’*****"***********,
#include <stdio.h>

#include <conio h>

#include <process.h>

#include <stdlib.h>

#include <alloc.h>

/*Declaration for data structure of linked stack*/
typedef struct stack

fi
: int data;

Struct stack *next;

}node;

void main ()

/* Local declarations */
node *top;
int data,item,choice;
char ans,ch;
void Push(int , node **);
void Display(node **);
int Pop(node **);
int Sempty(node *);
clrscr();
top = NULL:
" printf(“\n\t\t Stack Using Linked List");
do
{
printf(“\n\n The main menu");
printf("\n1.Push\n2 Pop\n3.Display\n4.Exit"):
printf(“\n Enter Your Choice"); . -
scanf(“%d",&choice);
switch(choice) =

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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{ ' :

case l:printf(*\n Enter the déta
scanf(“%q» &data);
Push(data,&top):
break;
case 2:if(Sempty(t0
whether stack ig
printf(“\n
else

{

%

P)) /*before popping the data
€mpty or not ig checked*/
stack underﬂow!’l');

itetm = Pop(&top):;
y ) prntf(“\n The POPped node is%d",item);

break:
: case 3:Displa*,r(&top);
/*displays stack from to
' break:
case 4:printf(“\n Do Yo
ch=getche();
if(ch=="y")
exit(0):
else
break;

P to bottom*/

u want To Quit?(y/n)"):

}
printf(“\n Do you want to continue?")
ans =getche();
getchy);
_ clrscr();
}while(ans =='Y" | |ans =="y');
petch(); |

B
1]

oid Push(int Item, node **top)

node *New:

node * get_node(int);

New = get node(Item);

New -> next = *top;
*top = New:

de * get node( int item )

node * temp; :

temp =(node *) malloc(sizeof(node) );

if (temp == NULL )

printf(*\nMemory Can not be allocated \n"):
' - temp -> data = item, _
temp -> next = NULL;

TECHNICAL PUBLICATIONS" - An up thrust for kne wledge
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int Pop(node **top)

int item;
node *temp;
item = (*top) :>data.
temp = *top;
*top = (*top) -> next;
free(temp);
_'} return(item);
void Display(node **head )
{ -
node *temp ;
temp = *head;
if(Sempty(temp))
printf(“\n The stack is empty!");
else
{
while ( temp != NULL )
{pxintf( “%d\n" temp-> data);
temp = temp -> next,
}
}
getch();
_} _ : ' Output
Stack Using Linked List
‘The main menu
1.Push
2.Pop
3.Display
4.Ex1t
‘Enter Your Choicel

‘Enter the datal0
‘Do you want to continue?y

'1;,'!:9 main menu

Eifew

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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Enter the data20

‘Do you want to continue?y
/The main menu

1.Push

2.Pop

3.Display

4 Exit

‘Enter Your Choice1

‘Enter the data30

‘Do you want to continue?y
The main menu

1.Push

2.Pop

3.Display

4 Exit

Enter Your Choice?3

30 :

20

10

Do you want to continue?y
The main menu '
1.Push
2.Pop
3.Display
4 Exit

Enter Your Choice2

The popped node is30
Do you want to continue?y

The main menu
1.Push

2.Pop

3.Display

4 Exit

Enter Your Choice3

Review Questions
T —

1. Write g program to implement stack as a linked list.

h

p—

Linked List
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2. Writea °C’ program to implement stack using linked list: ‘
m which inserts a noge ;

i th
3. Consider singly linked storage structures. Wrie art algori nto

linked linear list in a stack like manner. m

m Linked Implementation of Queue

e

As we have seen that the queue can be implemented using arrays, it is possip, b
implement queues using linked list also. The main advantage m h'nked representatigy, : 4
that we need not have to worry about size of the queue. As in linked organization We
can create as many nodes as we want so there will not be a quetls full condition all,
The queue using linked list will be very much similar to a linked list. The onl
difference between the two is in queue, the leftmost node is called front node ang et
rightmost node is called rear node. And we cannot remove any arbitrary node fro,
queue. We have to remove front node always :

10 -l 20 =| 30 ={ 40 | NULL
Front Rear
node node

Fig. 5.6.1

The typical node structure will be

typedef struct node
{

int data;
struct.node next; e
;. iXs
Various operations that can be performed on queue are,
1. Insertion of a node in queue.
2. Deletion of node from the queue.
3. Checking whether queue is empty or not.
4. Display of a queue.
All these operations are implemented in following C program
‘C’ Program
/******-******-*_*_**'***'********ﬂé******************* ;
% %k e de Kk

Program For implementing the Queue using the M o
will never occur in this program. ed list. The queue full
:*_**.*****.************************************* ;
#include< stdio.h>
#include <stdlib.h>

v [ __-1' . i >
#include<copio.h> .
/*Declaration of Linked Queue data structure+/

*.***t*******/ :

TECHNICAL PUBLICATIONS™. AN Up theusy £
or knowle dge

e ———

Scanned by CamScanner



Data Structures

Linked List

— S
typedef struct node '
{

- int data;
‘struct node *next;
1Q; -
Q *front,*rear;
void main(void)
{
char ans;
int choice;
- void insert();
Q *delet();
void display(Q *);

front=NULL; Queue is initialized to NULL in

rear= NULL;

this way

do
{

printf(“\n Main Menu");

printf(“\n Enter Your Choice");
scanf(“%d" ,&choice);
switch(choice)
{
case 1 : insert();
break;
case 2 :front =delet();
' break;
case 3 :display(front);
break;

break;
}
printf(“\nDo you want to continue?\n");
flushall();
ans = getch();
}while(ans == 'y’ || ans == "Y');
getch();
clrscr();
}
Q *get node(Q *temp)
{
temp =(Q*) malloc(sizeof(Q));
temp->next = NULL;
} eturn temp;

- printf(“\n\tProgram For Queue Using Linked List\n");

printf(“\n1.Insert\n2.Delete \n3.Display");

Keeping track of front

default: printf(“\nYou have entered Wrong Choice\n");
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void insert()
char ch;
Q *temp;
clrser();
temp =get_node(temp); /*allocates memory for L&
printf(“\n\n\n\tInsert the element in the Queue\n )i
scanf(“%d”,&temp->data);

if(front == NULL)/*creating first node*/
{ : .

front= temp;

Supp{)se if 10 is in

se rted in queue

rear=temp;

10 | NULL

front / rear /temp

else /*attaching other nodes*/ - e

rear->next=temp;
rear=rear->next;

}

_{. The node to be inserted is as _
temp node. We are attaching previous
rear to temp and marking that temp

temp/rear

} as rear
int Qempty(Q *front)
{_ : . . front
,if(front==NULL)/*front is NULL means memory is not
allocated to queue *_}
return 1;
else
. -
retum 0;
}
Q *delet() i
{ Qempty (front) function returns 1
Q *temp; (true). Hence queue is empty.
temp=front; |
if(Qempty(front))
printf(“\n\n\t\tSorry!The Queue Is Empty\n").
printf(“\n Can not delete the eleme_nt");_
}
else
t printf(“\n\tThe deleted Element Is %d " temp. > it
front =front->next;/*deleting the front noges f a);
. free(temp);
( After delete operation, fror
eturn front chgl}geﬁ. Hence upda'ted r#(;?‘t
; ont, pointer has to b
1}: ; ; delete function, € returngq from
Joid display(Q *fromt)
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et

oy

R

:ﬂOemPtY(ﬁ'ﬂntD

0 pnntf( \n The Queue Is Empty\n");

kﬂlse

H

; pn.ntf( ‘\n\t The Display Of Queue Is \n ");

[*queue is displayed from front to rear*/
for(;front !=rear->next;front=front->next)

printf("\t%d " front->data);

Take the curreni front pointer and

from front 1o
front! = rear->next scan the quene

cach time by moving one node

ahend.

g
getch();
f
Output
Program For Queue Usmg Linked List
Main Menu
l.Insert
2.Delete
_ 3.Display

Enter Your Choice1l

Insert the element in the Queue
10
Do you want to continue?
Program For Queue Using Linked List
Main Menu
1.Insert
2.Delete
3.Display
Enter Your Choicel

Insert the element in the Queue

20
Do you want to continue?
Program For Queue Using Linked List
Main Menu
1.Insert
2.Delete
3.Display
Enter Your Choicel .
Insert the element in the Queue

30
Do you want to continue?

Program For Queue Using Linked List
Main Menu

1.Insert
2.Delete
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3.Display
Enter Your Choice3

The Display Of Queue Is
10 20 30
Do you want to continue? .
Program For Queue Using Linked List
Main Menu
l.Insert
2.Delete
3.Display
Enter Your Choice2

The deleted Element Is 10
Do you want to continue?
Program For Queue Using Linked List
Main Menu
1.Insert
2.Delete
3.Display
Enter Your Choice3

The Display Of Queue Is
20 30

e g g2

Do you want to continue?

Applications of Linked List

Various applications of linked list are -

1. Representation of polynomial and performing various operations such as addition, -
multiplication and evaluation on it

2. Performing addition of long positive integers,
3. Representing non integer and non homogeneous Jst.

These applications can be illustrated in detaj]
programs in the next subsequent sections.

Linked list application for Quadratic equatiop, addition

Solution : The linked list is an useful data structyre for representi dratic equatiﬂﬂ- _
Any quadratic equation is in the form : ax? 4+ bx + ¢. We c!;n ren A n eflu":lﬁm11 -
using 'C' structure as | epresent such a .

with the help of examples and |

struct Quad_Eq

{

SRS S Y

int coeff;
int exp;
struct Quad_Eq * next;

TECHNICAL PUBLI \/ :
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struct Quad_Eq * Eql,* Eq2, * Eq3;

Graphically any quadratic equation can be represented using linked list as :

1 1 ¢ 0 | NULL

a 2 b

Representing axz + bx+cC

Consider, Eql = 3x* +2x +5
"Eq2 = 77 +3x + 8

are two quadratic equations. Manually we can perform their addition as :

3x2+2x+5

+ 7x2+3x+8

10x* + 5x + 13
Let us perform this addition using linked list as :

Step 1:
3 2. - 2 1 —»1 5 0 | NULL
A
Eq1
7 2 i 1 -1 8 0 | NULL
Eq2
10 2 ="
Eq3
Step 2 : '
3 2 % 1 5 | 0 | NULL
Eq1
7 2 3 1 - 8 -0 | NULL
Eq2
10 2 o 1 >
Eq3 e
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N N 0 B g O,

Eq2

[0 Jwa]

0] 2 . *

Data Structures

Step 3 :

Eq3

The 'C' code will be

struct Quad Eq * addition (struct Quad_Eq * Eql, {
struct Quad_Eq * Eq2) | !

{
struct Quad_Eq * Eq3, * head; _
Eq3 = (struct Quad Eq *) malloc (sizeof (struct Quad_Eq)); | |
Eg3 — next = NULL; _ i
head = Eq3; ‘
while (Eql!= NULL && Eq2 ! = NULL)
{ .
Eq3 — coeff = Eql — coeff + Eq2 — coeff;
Eg3 — exp = Eql — exp;
Eql = Eql — next;
Eqg2 = Eg2 — next;
Eq3 — next = (struct Quad_Eq *) malloc (sizeof (struct Quad_Eq));
Eq3 = Eq3 — next;
}
Eg3 = NULL;
return head;
i
IEX] Oral Questions and Answers |
__._'____.-t-""

Q.1  What is linked list ?
Ans. : A linked list is a set of nodes where each node has two fields 'data’ and Tink'.

store address of next node. :
Q.2  What are the pitfalls encountered in singly linked list ?

Ans. : Following are the pitfalls encountered in singly linked list
1. The singly linked list has only forward pointer and no backward link i vaided

Hence the traversing of the list is pogsible only in one direction. Backw

TECHNICAL PUBLICATIONS™. an
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ctures 5_ .
st 7 - - Linked List

) Insertifmdaﬂd c};leho}r: Oliieraﬁons are less efficient because for inserting the elemen
at dt?su'e position the list needs to be traversed. Similarly, traversing of the list is
required for locating the element which needs to be deleted. '

03 write down the steps to modify a node in linked lists.

Ans- ¢
|, Enter the position of the node which is to be modified.

5. Enter the new value for the node to be modified.

3. séarch the corresponding node in the linked list.

4. Replace the original value of that node by a new value.
5. Display the message as "The node is modified".

qa Differentiate between arrays and lists.

ans. : In arrays any element can be accessed randomly with the help of index of array,
whereas in lists any element can be accessed by sequential access only.

Insertions and deletions of data is difficult in arrays ‘on the other hand insertion and
deletion of data is easy in lists. .

Q5 State the properties of LIST abstract data type with suitable example.

Ans. : Various properties of LIST abstract data type are -
1. 1t is linear data structure in which the elements are arranged adjacent to each
other.
2 Tt allows to store single variable polynomial.
3, If the LIST is implemented using dynamic memory then it is called linked list.
Example of LIST are - Stacks, Queues, Linked List.” _
Q6 State the advantages of circular lists over doubly linked list.

Ans. : In circular list the next pointer of last node points to head node, whereas in
doubly linked list each node has two pointers : One previous pointer and another is
next pointer. The main advantage of ¢ircular list over doubly linked list is that with the
help of single pointer field we can access head node quickly. Hence some amount of
memory get saved because in circular list only one pointer field is reserved.

Q7  What are the advantages of doubly linked list over singly linked list ?
Ans. : The doubly linked list has two pointer fields. One field is previous link field

and another is next link field. : - :
Because of these two pointer fields we can access any node efficiently whereas in
singly linked list dnly one pointer field is there which stores. forward pointer, which

Makes accessing of any node difficult one.

Qs. Why is linked list used for polynomial arithmetic ? _ |
Ans, - Following are the reasons for which linked list 1is used for polynomial
Uithmetic - :

\\_-'-___

TECHNICAL PUBLICATIONS” - An up thrust for knowledge

Scanned by CamScanner



. L f.
Data Structures __5__'__?_'?___._.._-—-—-—'—'-— Inkeq “ﬂ

t fields for representing each 1 ,.'
i) We can have separate coefficient and exp nzr;ent We can have any numbetenh ot § y
polynomial. Hence there is no limit for exp T3 | f

exponent. . length | :

i rbitrar 1S poss; 14

ii) The arithmetic operation on any POlynomlal of 8 y POssible Using | 4
linked list. 14

Q9  What is the advantage of linked list over arrays ? W

Ans. : The linked list makes use of the dynamic MEwon allocag‘:\“ tlli_I em;leI e Mier T can g
allocate or de allocate the memory as per his requlrements ) € oOther hand, 2
array makes use of the static memory location. Hence there are chances of Wastage o :_P"

the memory or shortage of memory for allocation.

Q.10 What is circular linked list ?

Ans. : The circular lmked list is a kind of linked list in which the last node |
connected to the first nocle or head node of the linked list.

Q.11 What is the basic purpose of header of the linked list.  [UEET T RT Yo

Ans. : The header node is the very first node of the linked list. Sometimes a dllmm
value such as — 999 is stored in the data field of header node.

This node is useful for getting the starting address of the linked list. As there i
only a forward link present in the linked list, for accessing the entire linked list j 1t
necessary to obtain the starting address of the linked list.

Q.12 Should arrays or linked lists be used for the following type of application :
Justify your answer. a) Many search operatlons in sorted list. b) Many se:
operations in unsorted list.

Ans. :
a) If the list is sorted then using linked list the desired element can be sea
simply by moving forward using ‘next' pointer.

b) If a list is not sorted then using arrays the desired element can be searched. he
arrays facilitates the access to random element. '

Q.13 Which operation will be efficient due to doubly linked list. Why ?

: Deletion operation becomes efficient due to doubly linked list. The delel]
operatlon required to keep track of the previous node of the node being deleted g
to previous pointer we can easily obtain the address of previous node. .' ;

e =

Q.14 Name the functions (in C) used for allocation and de-allocation of a node.

=

Ans. : The malloc () is used for allocation of a node and free() is used for de_auocaﬂ“"; '
operation. :

Q.15 Explain the term dynamic memory,

TECHNICAL PUBLICATIONS”™. 4 up thrust for knowledge
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- The dynamic memor}'f allocation means one can allo
s. : , . mory can be utilized furth
deallocate it whenever required. So that free memory , er.

he linked list.

5-79  Linked List

cate the memory of required

An
size and

16 Write a routine to display all the elements in t

Q.

Ans. :

piay(aods *Head)

" Node *temp
. temp=head;
while(temp!=NULL)

printf("%d",temp->data);
 temp=temp->next;

Q17 Wirite a routine to count the number of nodes on a linked list.

Ans. : _
void display(node *head)
{
Node *temp
temp=head;
count=0;
while(temp!=NULL)
{ b
count-!- +;
temp=temp->next;

=)
s S pn.ntf(a%dil'count);

node *temp,
int p=1;
temp=root;
. while(temp!=NULL)
£
p=p*temp->data;
temp=temp->next;

}
printf("\n Product of all the elements: %d",p); -

Q.19 Mention one operation for which use of doubly linked list is preferred over the
singly linked list. ' el

P e
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Ans. : For deletion operation doubly link ks prfEfe:gjiE: iode.g Tt fist Dy
to doubly linked list it becomes easy to keep R a5k

- inked list.
Q.20  Write an algorithmisteps to traverse a singly lin

{&n_s. : Algorithm Traverse (node *head)

temp = head; : !

// Now temp is the very first node : . ]
while (temp — next | = NULL) - -

{

// display the data at current node N 41
printf ("%d", temp — data); A
temp = temp — next; // move to s g

// next node
}

prntf("%d", temp — data); //display ‘ : k|
//the last node i |
} i L ¥

Q.21 What is a header node and what is its use ? GTU : Winter. 3]
Ans. : Header node is the first node of the linked list. This node is used for holgi o
the starting address of the linked list.

Q.22 Write 'C' structure of singly linked list. GTU : Summer. 16|

Ans. :
typedef struct node

{ int data; /* data field */ .

struct node * next; /* link field */ e :

} SLL; :

Q. 23 Circular linked list. GTU : Winterlt.

Ans. : The Circular Linked List (CLL) is similar to singly linked list except that th
node's next pointer points to first node. -

Q.24 What does the following function do for a given Linked List with first nod g

head 7

void fun1 (struct. node* head)
{

if (head == NULL)

return;

funi (head-:-next); _
printf("%d", head->data);

} . . ' GTU : Sunm“"“r
Ans. : The given function displays valye of every node in the linked list.
_._-—-—_'_--.—__-_—__ = : I
;

I
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m Concept of Graph

e V is a finite non-e
A graph is a collection of two sets V and E wher Py ey
vertices and E is a finite non-cmpty set of ed8e® .

* Vertices are nothing but the nodes in the grapil

* Two adjacent vertices are joined by edges:

* Any graph is denoted as G = {V, E}.

* For example :

of

G ={{Vy Vo Vo Vir Vs Ve -
. [ E]’ Ez: ES! E‘l-’ Eﬁ’ Eﬁ/ E7 ]}

Fig. 7.1.1 Graph G

Comparison between Graph and Trees

Sr.No. Graph ATeee : _
ol Graph is a non-linear data Tree is a non-linear data structure. 4
' structure. 8 e : :
_' 2. It is a collection of vertices / nodes It is a collection of nodes and edge'g.
and edges. ' ” o
3. Each node can have any number ~ General trees consist of the nodes
" of edges. having any number of child nodes.
. But in case of binary trees every node
can have at the most two child nodes,
4. There is no unique node called There is a unique node called root in |
root in graph. * trees. '
5. A cycle can be formed. There will not be any cycle.
6. Applications : For finding shortest ~Applications : For game trees, decision
path in networking graph is used.  trées, the tree is used. 3%
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Types of Graph

! gasically SfaP: are of two types - 1. Directed graphs 2. Undirected graphs-
. Iﬁ e dlreC; " gbfatI::l the direcl:ions are Shown on the edges_ As shown in the
the edges between the vertices are ordered. In this type of graph, the edge 1 .

etween the vertioes V_l and V,. The V, is called head and the Vv, is called the ik
1y for V1 head the tail is V; and so on |

| e

c " larly
We can say El 18 e set of (V]f VZ) and not Of (VZI Vl)'

. -arly:d ;I;S::n ;‘E:fsgmdgraph; the edges are not ordered. Plea
un undirected graph. In this type of gra h the
(Vz, V]) typ gr P

j‘ 5111111 se see the Fig. 7.1.3
| o edge By is set of
(Vlf Vz} or

| @)

. _
ety
%) (9

o

Fig. 7.1.2 Directed graph  Fig. 7.1.3 Undirected graph Fig. 7.1.4 A multi-graph

gimilarly the object shown in the Fig. 714 is a multi-graph.

.

I 1. Give definition : Graph
GTU : May-11, Winter-13, Summer-14, 15,17, Marks 7

[#] Basic Terminologies
n-1)

ted graph of n vertices consists of

1. Complete graph : If an undirec
of edges then that graph is called a complete graph.

For example : The graph shown in Fig 7.2.1 is a complete graph.
|

1¢ o Vo
€5
€4 32
€g
Ve & e " Vs
Fig. 7.2.1 Complete graph
——— _
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_Here n =4

X e = l'l(n-l) - 4(3) = 6

2 T2

' n n(n-1)
Theorem : A complete graph with n vertices has ——— number o

Cdgeg

Proof : This can be proved by principle of mathematical induction,

Basis of induction : This theorem is true forn=11e. a graph v, th
because when n = 1, total number of edges = 1(1-1)/2 = 0. n%

For i Instance :

©

Fig. 7.2.2 Complete graph when n = 1

Induction hypothesis : We assume that for k vertices it is true that tota]

edges = k(kz 1) ' uf-l

Inductive step : We have to show that the theorem is also true for (n + 1) verg
(e,

Let, G(n) be the graph with n vertices. If we add one more vertex to Gy they
make this graph complete, we need to add edges to this newly added : vertex frop t“a

the previous n vertices then total number of edges in G(n+1) will be Y
_ = n(n-1)+2n |
Edges = EdgesmG(ﬂ)+n= n(n2 en= X 2) |
_ nz—n+2n _\,n2 +n
_ n(n+1) !
Total edges in G(n + 1) = {121

If we put n + 1 = k then n = k - 1. Hence we can rewrite equation (7.2.1) as

(k-1)k .  k(k-1)

1.e

2 o 2
This is true by induction hypothesis. Hence total number of edges in G(n+1) graph is
n(n-1) _ n(n+1)
= 5 +n = 3 is true.

Thus it is proved by principle of mathematical induction that total number of edgs
n(n-1)

in complete graph is

__.-—--""::
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4 Subgraph : A subgraph G' of

: Z;c +dges of G' are proper subset
0

&raph G is a graph such that the set of vertices and set
of the set of edges of G.

b

§ SR Graph G'
¢ Fig. 7.2.3 Subgraph |

i nected graph : ; :

.3 Con An undirected graph is said to be

connected if for every pair of distinet ver
V(G) there is an edge Vi to V} in G,

Note that there is path from any two vertices.
For example :

tices V; and Vj in

11

[ VI'VZ .Vz-vl .VS'V]_ _ .V4-V3-V1

. Vi-V3 eVy-V, V3 eV3-Vi-V, V.-V,
o Vi-Vy eVy-Vy oV3-Vy | eVy-V, Fig. 7.2.4 Connected graph
Weighted graph
A weighted graph is a graph which consists of weights along its edges.

For example :

Fig. 7.2.5 Weighted graph

TECHNICAL PUBLICATIONS” - An up thrust for knowledge

s
4%

¥
I :'-1 o
s
i

Scanned by CamScanner



Data Structures ________d_—-—'—__—_

- . of
Path : A path is denoted using sequence

: om One
Vertices and there exists an edge fr
vertex to the next vertex.

Fig. 7.2.6 Path of g ;, ;

: By

Cycle : A closed walk through the graph with
repeated vertices, mostly having the same
starting and ending vertex is called a cycle.

Fig. 7.2.7 Cycle 23452 o4 ke
{

Component : The maximal connected subgraph of a graph is called mmPOnmtﬁ.
graph i
For example : Following are 3 components of a graph.

Fig. 7.2.8 Components of Graph

In-degree and out-degree W

The degree of vertex is the number of edges associated with the vertex.

In-degree of a vertex is the number of edges that incident to that vertex: Quid?

of the vertex is total number of edges that are going away from the vertex.

/,,/

C A
Scanned by CamScanner
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| W T T Non Linear Data Structures . Gmﬁ

Voot In-degree _Qnt-_dggteej.

| qoire o

.—"'!-' e
| b 1 1
| IS
1 ; , :
' 2

W

V3 ! 1

' ,,f-w-""“'"_“‘—‘—m—--__,

4 Vi - 1 2

loop is an @

jooP 1;‘lfflf P edge that connects the same

e 10 . - Fig. 7.2.9 Self loop

| gie rence between cycle and Hamiltonian cycle

C}’de is a closed walk through
s graph with repeated vertices

ing the same starting and ending
careX called a cycle.

Hamiltonian cycle is also a cycle
ving @ closed walk through the
aph put the vertices in the cycle
s not repeated at all. In other
yords a cycle having all the vertices

| yith same starting and ending
| wex in which every vertex
! ippears only once. Graph G

® ®

For example - Consider Graph G.
" Hamiltonian cycleis A-B-D-E-C-F-A.

| Answer the following for the below
~ given Graph.

1. What is the outdegree of node B ?

2. Write down a path from node D to node A.

3. Is the above graph a multigraph ? Give a
reason for your answer.

4 What is the total degree of node A 7 ' ' '
GTU : May-11, Marks 4 Fig. 7.2.10

TECHNICAL PUBLICATIONS - An up thiust for knowledge

Scanned by CamScanner



N,

‘ i Non Lin
Data Structures _____,_._..——-—-E'—— 287 Datg Sy \

Solution : 1) 2 2) D-E-B-A \

3) Yes. Because there are multiple edges between some verticeg

4) 1
Define the following terms 1) Graph 2?! :'?‘f; 3) - Multigrayy,
4) Weighted graph 5) Elementary path 6) Compiete Binary Tree 7) py,. |
g,
Solution :

: ! two sets V and E where V j5 . ¢
D Graph : A graph i a collection O 80 B Refer Fig, 7,1 e
set of vertices and E is a finite non-empty ¢ ' g 7.11; “‘iin.Bets

2) Tree : A tree is a finite set of one or more nodes such that -

i) There is a specially designated node called root.
ii) The remaining nodes are partitioned into n > = 0 disjoint sets T, T
Refer Flg 511 3'-.,1!
3) Multigraph : Multigraph is a graph in which t.hn.f..&re can b"‘-" more than o,
join the pair of vertices. Two or more edges that join the pair of Vertices a::dnt
parallel edges. :
Every graph is a multigraph but not all multigraphs are graph. Refer Fig, 714

4) Weighted graph : A weighted graph is a graph which consists of wﬁghhah.g
edges. Refer Fig. 7.2.5. A

5) Elementary path : A path is a sequence of vertices and there exists J
-one vertex to the next vertex. Elementary path is basically a path of a gra

e Ph in i
vertex occurs more than once. Refer Fig. 7.2.6 along with given path. iy

6) Complete Binary Tree : A complete binary tree is a binary tree in whig,
node has zero or two children and all leaves are at the same depth. Refer Fig 624 '

7) Descendant node : The node X is descendant of Y if -

i) X is a child of Y or :

ii) X is a descendant of a child of Y

For example

@ The  descendant :
node 20 are 40, 5,801
20 (30

@ &
0 @
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o : Path, Cycle, Degree of Vertex, Sibling

e the DT e  Noge, s (GO Winier 15Nk T

} o scted graph h, Indegree ang Outdegree of a vertex, -

Eﬁ’!"i“ outdegree and indegree, w

GTU : Summer-17, Marks 3

!

3 : .
: ! Dfﬁ"e the fﬂﬁﬂwmg terms with respect to 4 graph : N £

dge, Path.
/’f . - T e
presentatlon of Graphs

_ GTU : Summer-18, Marks 3
Re

. orma“Y a graph can be represented by two representations and those are

s e ot e

GTU : Summer-18, Marks 4

ncy matrix : In this representation,

| matrix or 2 dimensional array is used to
1' ,fﬂent the gTaPh
f

; sgjacency list : In this representation a linked list is used to represent the graph.
m adjacency Matrix Representation

(st us first discuss adjacency matrix representation.

Consider 2 graph G of n vertices and the matrix M. If there is an edge present
qyeen vertices V; and V; then MIf] = 1 else MIiJ[j] = 0. Note that for an undirected
aph i M[i][j] = 1 then for M[j][i] is also 1. Here are some graphs shown by adjacency

alrix.

o e W
f=
Y
—_
=)
—_

Fig. 7.3.1 An adjac;ancy matrix representation

Adjacency matrix for weighted graph | |
' In thEyWeighted graph weights or distances are given along every edge. Hence in

ich is etween vertices V;
an adjacency matrix representation any edge which is present b :

1i] = Weight of edge.
and Vj, is denoted by its weight. Hence M[i][j] = Weight ot edg

i e
TECHNICAL PUBLICATIONS - An up thrust for knowledg
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7.
2ata Stuctures 1. and ¥ thery MUID} =0
* If there is no edge betweent T , 5
, [0 10
2 10 0
3 0 60
4 0 50
5 | 20 30
Adjacency matrix

Weighted graph
Fig. 7.3.2 Adjacenc

y. matrix representation for weighted graph

E!l Adjacency List Representation

ve seen how a graph can be Tepre

array data structure oy, there %!
in the adjacency matrix. g, SOme‘me&
feel that there should be some flexible data Sh-uc.ture and 5}:’ ‘we B0 for g h“k';?"
structure for creation of a graph. The type in which ;j:ag lils Created wig, the d*i
list is called adjacency list. So all the advantages Oi ? B Cart be °b‘ainec1-l‘:hﬁ
type of graph. We need not have a prior @owle ge O. n;;axunum .n‘-lmber of §
Actually there are many ways to create a adjacency matrix ut we wil discys, H:l% ‘
methods of adjacency list - : | N

In the previous sections we ha p
adjacency matrix. Mainly we have' use
Problems associated with array are still there

Method 1 -

As we know the graph is a set of vertices and
edges, we will maintain the two structures, for
vertices and edges respectively.

For example :

Now the above graph have the nodes as a, b,
¢, d, e so we will maintain the linked list of these

head nodes as well as the adjacent nodes. The ‘C’
structure will be

- typedef struct head
o]
char data;
struct head *down;
struct head *next;

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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Non Linear Data Structures : Graphs

Fig. 7.3.4 Adjacency list

lemation H
nis is purely the adjacency list graph. The down pointer helps us to go to each node
e graph where as the next node is for going to adjacent node of each of the head

.

yethod 2 : In this method of head [5]

gresenting the adjacency list, We take :_'.;_ ;“--:Lﬁ-l 4 T
-ed data structure. That means ! : 1 I

«ead of taking the head list as a :1 b -:——I_aT——I——ITI_m
sied it we will take an array of 12 € g paea 16 F—{ d [ NULL|
=4 nodes. So only one 'C' structure '3 d | ++—{c] ~+—{ e [ NULL]
il be there representing the adjacent 4o | 4+—=a] —+—{ d [ NULL |

ues. See the Fig. 7.3.5 representing  +-------- -
wadiacency list for the above graph.  Fig. 7.3.5 Representing adjacency list (Method 2)

i let us see the 'C' structure.

i char vertex;

. struct nodel *next;
D moge -
“0ode *haad (5]
\k-—'_'_'—-—_

_' f struct nodel

TECHNICAL PUBUCATIONSW- An up thrust for knowledge
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7.12 Non Linear Datg

Data Structures S!ﬂjq e L
T — N[ ¥
resented with .
Explanation : This is the graph which can be rep ith the array

list data structures. Array is used to store the I
Same through out. _ Q! :

Review Question

|> 1. Discuss different representations of a gr aph.

Display of Graph
GTU : May-11, 12, Summer-13,16,17, Dec.
There are two traversal techniques used for graph and those are -

1. Breadth first search 2. Depth first search

Breadth First Search (BFS) Traversal

For traversing the graph in BFS manner, we visit all the nodes on each lﬂ.'ei Sq-
vertex V, in the graph will be visited first, then all the vertices adjacent t, v Wi}l;

ead nodes. The hode Strur-'tl.lre ang lh&q

.03, 05, 06, 10, Winter-

e

traversed suppose adjacent to V; are (Vo,V3,Vy...Vp). 50 V5, V3, ..V, will be Printeq ﬁu_

Then again from V, the adjacent vertices will be printed. This process will pe conts
for all the vertices to get encounterd. To keep track of all the vertices and their
vertices we will make use of queue data structure. Also we will make yge of an
for visited nodes. The nodes which are get visited are set to 1. Thus we can kﬁeptni

of visited nodes.

In short in BFS traversal we follow the path in breadthwise fashion. Let yg mh

algorithm for breadth first search.

Algorithm :

1. Create a graph. Depending on the type of graph i.e. directed or undirected set&f
value of the flag as either 0 or 1 respectively. =

2. Read the vertex from which you want to traverse the graph say V..
3. Initialize the visited array to 1 at the index of V;.
4. Insert the visited vertex V; in the queue.

5. Visit the vertex which is at the front of the queue. Delete it from the ql-lﬁi-lfnIl
place its adjacent nodes in the queue. =

6. Repeat the step 5, till the queue is not empty.
7. Stop.

“di%ti

pem @ \'D

TECHNICAL PUBLICATIONS - An up thrust for knowledge e
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: f_g[siﬁel (sizel; ]
’fﬂt ssitlsizel: ]
f“t alsizel; ]
f;t fromk, 1840 =4
= T ]
l-ut ﬂvr ,IF* e
ol

G aued BY:D.S- 1

] f‘ ! : }
Joid main ()
. ! int v1, v2; : ' ' ]
ghar ans =y, _ A

void create(),bfs();; gk
clrscr(); 4
create(); : 5
clrserl); 1

printf(“The Adjacency Matrix for the graph is \n"); 4

for (vl = 0; vl < n; vl++) :x.:__
{ 3 ! ; 1.'.
for (v2 = 0; v2 < n; v2++) :
printf(" %d ", glv1][v2]);

pri.ﬂtf["\n" };.
}

getch();
do
{

for (vl = 0; vl < n; vi++)

visit[vl] = FALSE;
clrscr();
printf(“Enter the Vertex from which you want to traverse ")
scanf(“%d", &vl); 4 (T ;
if(vl>=mn)

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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printf("Invalid Vertex\n");

else
;[:rintf(“'ma Breadth First Search of the Graph is '\n
bfs(v1); '

getch();
}

printf(*\nDo you want 10 traverse from any other od

ans=getche();
}Whﬂe{ansz = '1;'];
exit(0);

--- P

The create function

g :None

Output:None, creates graph and stores in Adj. Matrix
Parameter Passing Method :None

Called By : main()

*
void create()
{
int w1, v2
char ans="y"
printf(*\n\t\t This is a Program To Create a Graph");
printf(*“\n\t\t The Display Is In Breadth First Manner");
printf(“\nEnter no. of nodes"),
scanf(“%d" &n);
for(vl=0;vl <mn; vl++)
for(v2Z=0;v2 <n;vi++)
glvl][v2] = FALSE;
printf(“\nEnter the vertices no. starting from 0");
do
{
printf(*\nEnter the vertices v1 & v2"),
scanf("%d%d", &vl, &v2);
if(vl>=n|| v2 >=n)
printf("Invalid Vertex Value\n" );

else
{
glv1][v2] = TRUE;
glvZ][vl] = TRUE;
}

printf(*\n\nAdd more edges??(y/n)");
ans=getche(),
}while(ans=="y'};

TECHMCAL PUBLICATIONS - An up thrust for knowledge
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5 7-15
gﬂﬂmm Non Linear Data Sfmcm_re;s_:__ﬁff_“_s_
o

} A

4 R o
‘f et e EEs———. -
-
——
-

=

-I*he pfs function
.pointer to a vertex qf a graph

Output: Displays data in breg

parameter Passing Methoq -

Called By : main()

calls : None

—L_L i

C;th First Search order
By Valye

-
i

4
y0
{

e m .
o
- it L T ————————— Y

4 pfs(int v1)
int v2;

visitlvl] = TRUE;
front = rear = -1;
Q[+ +rear] = vi;
while ( front != rear )
{
vl = Q[+ +front];
printf("%d\n", v1);
for (v2 = 0; v2 < n; v2++)
{
if ( glv1][v2] == TRUE && visit[v2] == FALSE )
{
Q[+ +rear| = v2;
visit[vZ] = TRUE;

Qutput
This is a Program To Create a Graph
The Display Is In Breadth First Manner

Enter no. of nodes 4

Enter the vertices no. starting from 0
Enter the vertices v1 & v2

01

Add more edges??(y/n)y

Enter the vertices v1 & v2

02

Add more edges??(y/n)y

Enter the vertices v1 & v2

13

Add more edges??(y/n)y
Enter the vertices v1 & v2 ) B -

e = —

! ol ll'\. ]1'{”‘!‘ .'I:J.-f Ji!
ECHIMICAL BB AN S An up thrust i kil
|ll| |-|I |I|I L-# = r

B
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Data Structures

QS
—"'-.f"'_"' T,

r—-.—-n.u.--.E T T

‘. Add more adges??(?'f n’ ph is
| The Adjacency Matux for the g7

0110
1.0:01 5% | |
1001 oy |

-

| e ]nch you want to traverse 0 :r
b Enter the Vertex from W. o e o |
| The Breadth First Search © : .
E 0 - | }!
i 1 : - . | -!
AL : |

i ; | ' ode?

; Do you want to traverse from any Oth?tg AR
| Enter the Vertex from which you Wallll ;

| The Breadth First Search of the Grap

1

IRt . -
3 : |
2

7
_..Do you wan tto traverse from any other node

Explanation of Iogic of BFS

Fig. 7.4.1

In BFS the queue is maintained for storing the adjacent nodes and an array visj;
maintained for keeping the track of visited nodes. i.e. once a particular node is visi;
should not be revisited again. Let us see how our program works :

Step 1 : Start with vertex 1

Visited Queue

0 . 0 1.2 3 4 Inserted vertex 1 in queue
1] -7 4l [ T T 1= andmarkedthe index 1 of
2 visited array by 1

i Front Rear

___'____,.'/

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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1 ,
r%‘r‘rz-rlﬁ Dalete 1* and print it '
] = 801" gots printad

Front
rear

; djacent vertices - i
¢ ; find 2 _ of vertex 1 ang mark them as visited, insert those in
K :

f{’ ' visited

1.2 3 4
3'
|
r

0 _ &
1273 ] | Increment front by 1 delete '2' from

queue and print it so ‘2’ gets printed.
T

Front Rear

PR - O

|

4 : Find adjacent to 2" and insert those nodes in queue as well as mark them 25

- step
o
Visited
0 0 1 2 3 4
114 AL2Ta]a] |
3 by
31 F
MK ronl_ Rear _ )

Step 5 ¢ Increment front and delete the node print it. )

o 1 4

W%%I_I So ‘3'gets printed
} 4

Front Rear

step 6 : Find adjacent fo '3' j.e. 4 check whether it is marked as visited. If it is
wrked as visited do not insert in the queue.

Icrement front, delete the node from queue and print it.

td

Visited o
0 0 1 2 So '4' gets printed since front = rear
:13 :II KD E: [3] ; o] stop the procedure.

311 Front

411 rear

Sﬁou{-put will be - BFS for above graph as
1 2 3 4

—

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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[

Deta Structures I S

ersal
m Depth First Search (DFS) Trav
Now, we Will‘ discuss the another algorithm for traversal of the graph

there is no adj Nt

follow the path as deeply as Wé Cand go- ::216&8 will maintzi?a:en‘t Vel‘tektl;%‘is.e
tr - visited vertex. Visite T

averse back and search for un the depth of a graph shoylq be k:rra?t i

0 t

all the visited vertices. In case of DFS inge D
one example of a graph to traverse it by DFo- | n, l';:t

]
'C' program
e j;*-**‘:**"-*-_*****'**;*';******'***.*****{f*******t***t**i**************: )
Program to create a Graph. The grap b {5 TpreBentad, UBy
 Adja ix.
: **E*fiﬁ}f?ff;*t*s**H-************************************/
#include<stdio.h>
#include <conio.h>
#include <stdlib.h>

/* List of defined constants */
#define MAX 20

#define TRUE 1 =
#define FALSE 0 - o : :

/* Declare an adjacency matrix for storing the graph */

int g[MAX][MAX];
int v[MAX];
int n;

f* :

The main function | i
Called By : The O.S. . ' S
Calls : create(), Dfs() I

e e e e B i

*
void main ()

{

/* Local declarations */
int v1, v2;

char ans;

void create();

void Dfs(int);

clrscr();

create();

clrscr(); '
printf(“The Adjacency Matrix for the graph is \n");

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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4 [",.}1 =0, vl <mvlsy Non Linear Data Structures : Graphs
. { fo(v2 sz<nV2+ 2 5 . _ -
111 ”w + ’ )
pl.mf.f( e g[“][vz]}.
: pnntﬂ‘\n )'r '
;emnn:
4o

= 0; vl <nj vl
0% w1l = FALSE;

i
pﬁnﬂ(*‘lnva]id Vertex\n");

else

{ 0 rintf(“The Depth First Searc

Dfs(v‘l)' ) h of the Graph is .\Il“);\

} .
ntf(“\n Do U want To Taverse By any .
i Other Node? e F

jwhile(ans== v
}
jl

o B B B
i ——— - —
e T -
S——

The Create function - iy
output:None, creates graph and stores in Agj, Matrix

parameter Passing Method :None

called By : main()

e e R A S —————
o

)

void create()
{
int ch,v1, v2, flag;
char ans="y’;
printf(“\n\t\t This is a Progrm To Create a G:aph")
printf(“\n\t\t The Display Is In Depth First Manner");
getch();
clrscr();
flushall();
for(vl =0; vl < n; vi++)
for (v2 = 0; v2 < n; v2++)
glv1][v2] = FALSE;
printf(“\nEnter no. of nodes");
“-—“——-——_

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Data Strycy,, 7 8ar Dy
s g a

: = A - gc "*d“.&n}: -

| pﬁ:ln;(f"\nEnter the vertices no. starting from 0");

do

: printf("\nEnter the vertices v1 & v2");
scanf("%d%d", &vl, &v2}}:

: 1 . vz R LU

e printf(“lllwaliﬁ Vertex Value\n" );

else
: glv1][v2] = TRUE;

glv2](vl] = TRUE; . i
printf("\n\nAdd more edges??{v:_’n)"): |
ans=getche(); ]

}while(ans=="y");

{
/* 1
The Dfs function
Input :Pointer to a vertex of a graph
Output: Displays data in Depth First Search order
Parameter Passing Method : By Value
Called By : main()
Calls : Dfs() itself(recursive call)
¥
void Dfs(int v1)
{

int v2;

prntf(“%d\n", v1);

v[vl] = TRUE; y

for (v2 = 0; v2 < MAX; v2++)

if ( g[v1][v2] == TRUE && v|v2] == FALSE )
Dfs(v2);

Output
This is a Program To Create a Graph
The Display Is In Depth First Manner ' | 4
Enter no. of nodes 4 i
Enter the vertices no. starting from 0
Enter the vertices vl & v2 0 1
Add more edges??(y/n)y
Enter the vertices v1 & v2 0 2
Add more edges??(y/n)y
Enter the vertices v1 & v2 1 3

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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P ticesvi&vazy S
* reedges??y/m). £ e i
djacen® Matrix for the grapy i SR R

' _the Vertex from Wh]_ch you w S

oot I:’é’pﬂ:‘FirstS-esarc:h of the Grap;ni:m traverse : 1

> g want To Traverse By any Other Nocie? .

Jion of logic for depth first traversa

natl0
Eﬂ,al

Fig. 7.4.2 Graph

in DFS the basic data structure for storing the adjacent nodes is stack. In our
qrogralm we have used a recursive call to DFS function. When a recursive call is invoked
::';“.1.13.]1}" push operation gets performed. When we exit from the loop pop operation will

% performed. Let us see how our program works.

Step 1 : Start with vertex 1, print it so '1' gets printed. Mark 1 as visited.
Visited

B WM 2O
olo|lo|=|e

Step 2 : Find adjacent vertex to 1, say i.e. 2 if it is not visited, call DFS(2) i.e. 2 will
get inserted in the stack, mark is as visited.

Visited Stack

0l 0 2 |- Top
11.1 i After exiting the loop 2 will be
3 popped print 2
310
41 0
R I B

I ECHNICAL PUBLICATIONS - An up thrust for knowledge
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ng“//_\ Non Linear Data Structures : Graphs

Sniuhﬂn

w Y Al R e e AT R e m =
AR e T;;—- 1—5.‘- Uy W SR T

., pFS : The DFS sequence will be ABDHECFG'.

pFS : The BES sequence will be ABCDEFGH.

. 7.4.3 JLE breadth-first search algorithm has beem implemented using the queue data
. Find breadth first search for graph shown in Fig. 7.4.4 starting node M.

Queue Action

Insert M in queue
Mark visited (M) =1

2.8 8 Delete M and print

0 1 5
L L1 1]

SN

Outpu

TECHNICAL PUBL (CATIONS” - An up thrust for knowledge
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Stﬁp 3: Fir[d adjamnt to '2' i.e. vertex 4 if it is not ViSitEd

T %‘\

c :
Pushed : isited . DFB{4“
On to the stack mark it as visited. <, hﬁl
Visited Stack ’il
o[0 = Top : '
17 After exiting the loop 4 will be
2 popped print ‘4’
3l o
4|1 .
Step 4 : Fing adjacent to '4' i.e. vertex 3 if it is not visited ¢q)) DFS{S} :
Pushed ontg the stack mark it visited. le, a,,,m
ﬂ
Visited Stack
0 3 f+=ToP After exiting the loop 3 wi pe
1 popped print '3’
2
3
4
Since all the nodes are cu;vered stop the procedure.
S0 output of DFS is

1. 2 4 3
EZEY Brs vs. pFs
| Sr. No Depth first search Breadth first search
'—__1“_"‘ " ; o ' '; &';T_us S i
. This type of search is done wi s type of search is ¢ iy
[ the help of stack. _ help of queue. one With thy
2. This algorithm works in two stages This algorithm works u.: ;i:; -
- In the first stage the visited stage. - The visited Vertices
vertices are pushed onto the stack  removed from the queue an;m
and later on when there is no displayed at once. ey
vertex further to visit, those are
popped off.
]

Compare the efficiencies of BES and DFS.

Solution :

GTU - May-

~ BFS s
e i v owm

Give the DFS and BFS spanning tree for the graph given below.

GTU : May-11, Marks 4

TECHNICAL PUBLICATIONS"- An up thrust for knowledge
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Data Structures //_ oty i )
__/;;;;d]ncenl of M %,
: M

M| 1 and insert them in
e 1 o 1 2 — L]llLULq Mi-';ri-llc i
cnrmqpﬂn 'I.g ¢ntries 1
Ql1 mﬂm as visited. ) I
N1 |l
0 |
P ST = - —
R 3 = "4 5 DE[EIQ R Print I;I ~.
et
mmalw oM
T e 4 5 Deletl_. Q, Print it. b
K 2 2 rF ] Find adjacent of Q MRg ™
D‘i 1 K |2 I which is P. Insert P in
o queue. Mark
Ql 1 corresponding vertices
N as visited.
1
D [—
P 1 S -
T IO I = e RS N TR i =
32 4 5 Fu:icl_ad]aff.:rt\t_ of N
RI1 and insert it in queue.
|)‘|F’Lﬂ’|)’” P]o] Mark corresponding
m i entry as visited.
N1
o] 1
F
- Delete remaing entries M R EF
from queue and print  Tpic AV
them. 1s BF§ quw
____________;

1. Write an algorithm for BFS. m

2. Explain BFS and DFS with example.
GTU : Dec.-05, Marks 4, Dec.-06,

10, Marks 6, May-12, Marks 5, Winter-19. Marks 7

3. List advantages and disadvantages of Breadth First Search and Depth First Search.

4. Explain depth first search in graphs with an exampie. | GTU : Sumimer-16, Marks 3 |

5. Explain breadth first search in graphs with an example. GTU : Summer-16, Marks i |8

6. Explain depth first search and breadth first search in graphs with an emmﬁie,

—
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iﬁ w o
/ Expmﬂl Depth First Search Operat; Non Linear Data Structures : Grephs
- Iﬂ‘ni

n Breadth First Search operyy CCTU  Summer 17, Marks 3
0h, :

! Ejpllm

cations of Graphg

ﬂ theory is used j

aph In the
T;Sﬂﬂg applications of graph. we will h'zt :'r science very widely. There are many
g In computer nefworking sych ut few applications -

. . as .
: Neﬁ”ﬂrkmg(wm’ memetworking Local Area Network (LAN), Wide Area
hone cablin _
jn teleP & 8raph theory is effectively yseq

3' i1 job scheduling algorithms,

e

L Atterpk: Graph Applications.

iofly explain various line 1
) B fly exp ar and non-linear data structures along with their applications.

. +. Linear data structures
[Hmt- L are stack, queue and nonlinear data structures are trees and grapiﬁ-l

== _
ﬂ gpanning Trees

A spal . g tree 15 3 %UbSEt of a tree T in which all the vertices of tree T are
?resent but it may not contain all the edges.

g Minimum Spanning Tree
Summer-14.15,16,18, Nov.-06, Winter-12,15,16,18, Marks 7

The minimum spanning tree of a weighted connected graph G is called minimum

qpanning free if its weight is minimum.

[EE1 Prim's Algorithm

The Prim's algorithm can be given as follows -

Step 1 : Select the pair with minimum weight.

acent vertex and select the minimum weighted edge using this

Step 2 : Select the adj
adjacent vertex should not form the circuit.

adjacent vertex. The selected

all the vertices are getting covered.

Step 3 : Repeat step 1 and 2 until
to obtain minimum cost spanning

Following are some examples that illustrate how

tee using Prim's algorithm.
- E—
TECHNICAL PUBLICATIONS - An up thrust far knowledge
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Data |

} ite the Prim
w Define the spanning tree: L

cost spanning tree of the following-

2

’s ﬂfgﬂnﬂim m_ﬁnd ﬂi ; Fr.
e

Solution : Spanning tree : Refer section 7.6

Example

Path length_:_ﬁ-_—\\

Path ]engm

Path length?\

Path length = 10

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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Non Linear Data Structures : Graphs

Path length = 13

Path length = 18

This is required MST

ST AN Find the minimum spanining tree for the graph shown below

GTU : Summer-14, Marks 7

Solution - i i ini i i ity
M. We will obtain mmlmum spanning tree using Prim's algorithm.

 Select edge ¢ - f
ke £
2 Stlength =1

"Select_an edge f- g
' Path Jength, = 3

Scanned by CamScanner



Data Structures

. Select an edge ¢ - d
Path length = 5

.....
.-

Select an edge f - ¢
Path length = 10

Select an edge a - ¢
Path length = 18

Select an edge a - b
Path length = 22

As all the vertices are visited,
we obtain the minimum

spanning tree with path e )
length 22 Minimum spanning tree

Kruskal's Algorithm

Step 1 : Select the pair with minimum weight each time and make the union of the
selected edges. The selected adjacent vertex should not form the circuit.

Step 2 : Repeat step 1 until all the vertices are getting covered.

Following are some examples that illustrate how to obtain minimum cost E-‘Pal"“mg
tree using Kruskal's algorithm.

——'———.-’.-‘-_.-'
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%) Find a minimum spanning tree of the following graph using Kruskal 3

A 2 B c

2 <

D T, -

3

3 |

G - 3 : :
*i UPTU : 2006-07, 2008-09
A : :
. y .
; = | H S
; Step 2 We will now select an edge with minimum distance.
E& : A ' B C

. G* H !
F&p 3: Then select next minimum distance .
{\ B
1 1
D- E * F
G* H |
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Non Linear Data Structurgs - G

A B

F
s H 1
Step 5 : Then select next minimum distance
A B C
1 /
De E F
1 1
< H i
Step 6 : Then select next minimum distance
A ; ¢
1 1
2
D E F
1 1
G .

Step 7 : Then select next minimum distance

A B g
2 1 1
2
i E _
4 1
G* <
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Non Linear Data Structures - Graphs

C
1
F
1
i
9.
steP A " .
2 1 1
D4 2 E 3 Total path length = 14
3 1 : 3
G
H |
m Difference between Prim's and Kruskal's Algorithm
Prim's algorithm Kruskal's algorithm
'lhis.aigorithm is for obtaining minimum This algorithm is for obtaining minimum
ing tree by selecting the adjacent vertices  spanning tree but it is not necessary to choose
of already selected vertices. _ adjacent vertices of already selected vertices.

Review Questions

GTU : Nov.-06, Marks 4

1. Explain Kruskal's algorithm for minimum cost spanning tree.

GTU : Winter-12, Marks 7

2. Write short note on spanning tree.

3. Compare Prim’s and Kruskal's algorithm with the help of an example.
GTU : Summer-14, Marks 7

4. Write Kruskal's algorithm for minimum spanning tree and explain with an example.
GTU : Summer-15, Marks 7

5. What is a minimum spanning tree ? Explain Kruskal's algorithm for finding a minimum
paning tree [GTU - Winier-15. Marks 4 |
b. Write Prim's algorithm for minimum spanning tree with an example.
@kﬂf s algorithm for minimum spanning tree with an example. .

b
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8. Explain the working of the Kruskal's algorithm.
9. Explain spanning tree with example.

Shortest Path

The Dijkstra’s shortest path algorithm
node to the some other destination node.
meaSUIingthedistanceiscalledtheslartnodeandﬂle
node. In this algorithm we start finding
paths from it to neighbouring nodes. Among those
path is selected. This process 0O
Then whichever is the path that path is called the

Since in this algorithm all the paths

suggesiSHEshorhﬁtpathfﬂmmgym

1:113&:d.ist:aru:teiEmmt_'mestaﬂnodeamiﬁmiaa-“_i&.,E
which ever is the nearest node tha:
fﬁndmgﬂlenearwtnodeisrepeatedﬁﬂﬁieﬁdm
shortest path.

are tried and then we are choosing the shories:

path among them, this algorithm is solved by a greedy algorithm. One more thing &

that we are having all the vertices in the shortest

Pathandﬂxerefu‘:éﬂregraphdnﬁy-;

give the spanning tree.

For clear understanding let us see stepwise solving of one

Example :

Fig. 7.8.1
P = Set which is for nodes which have already selected

T = Remaining node

Step 1:

v=a

P={a}, T=({b,c.de.f,z}

dist(b) = min{old dist(b),dist(a)+w(a,b)}
dist(b) = min{ee,0+22]}

dist(b) = 22

dist(c) = 16

dist(d) = 8 < minimum node

TECHNICAL PUBLICATIONS™ - An up thrust for
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7-33 Non Linear Data Structures : Graphs
dis[-(e) = o0
dist(f) = e°
dlSt(z) = oo
5o minimum node is selected in P i, node d

v=d

T = boefz)
dist(b) = min{old dist(b),dist(d)+w(b,d)}
dist(b) = min{22,8+co)
dist(b) = 22
dist(c) = min(16,8+10) = 16
dist(e) = min{ec,8+e0} = 8
dist(f) = min{es,8+6} = 14
dist(z) = min{ec,8+4c0} = oo
p3: v=f{
P={a,d.f} T = {bcez)
dist(b) = min(22,14+7} = 21
dist(c) = min{16,14+3} = 16
dist(e) = minfee 14 +o0 } = o
dist(z) = minfee, 1449} = 23
pd: v=c
P=[a,d f,c} T = {bez}
dist(b) = min{21,16+20} = 21
dist(e) = minfeo 16+4) = 20 .
dist(z) = min{23,16+10} = 23 '

tep5: v=e
P ={ad fce) T = {bz}

dist(b) =min{21,20+2} = 21
dist(z) =min{23,20+4} = 23

‘Op 6: v=>hb
 P={adfceb) T = (z)
dist(z) = min(23,21+2} = 23.
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Now the target vertex for finding the shortest path is z. Hence the length of th
shortest path from the vertex a to z is 23.

The shortest path is as shown below :

a
P 9
d f
Fig. 7.8.2

Apply Dijkstra’s algorithm for the following graph with Node S as the Starting

node. GTU : Summer-18, Mar|q 7
Fig. 7.8.1

Sol. :

Step 1:
Source = (S}, , Target = {A, B, C, D, E, F}
d@S, A) = 3 | d@, D) = 4
d@S, B) = e d(S, E) =
d(S, C) = 2 « Min distance d(S, F) = 6

The minimum distance is 2. Hence select C.

Step 2 :
Source = {S5,C}, Target = (A, B, D, E, F}
d(S, A) = 3 « Min distance d(S, E) = «
d.B) = e S, F) =6
d(S,D) = 2+3=5

T H A P : ] - 4 th“ ] br k “"e‘we
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Source
d(S, B)
d(S, E)

d(S, F)
Step 5 :
Source
Target
d(S, B)
d(S, E)
Step 6 :
Source

Target
d(S, B)

{S,C,

6 +3

Non Linear Data Structures : Graphs

A}, Target = {B, D, E, F)

=9

3+1=4(__Mindistm€e

(= =]

6

{S, C,

9

A, D}, Target = (B, E, F)

d(S, A) + d(A, D) + d(D, E)

3+1

+4=8

6 <« Min distance

{s, C,

(B, E}
9

A, D, F},

8 « Min distance

{S C

{B)
9

A; D; Ff E }!

Step 7 . Thus we obtain the shortest paths from single source to all other vertices.

des, A)
d(s, B)
-dS, ¢
d(s, D)

St

—

3

9
2
4

d(s, E) = 8
d(s, F) =6
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'C' program
#inelude <stdio.h>

#include <conio.h>
#define member 1
#define nomember 0
#define infinity 999

typedef struct edge
{

int wt;
}edge;
int n;
edge gl10](10];
™ '
The main function
Parameter Passing Method :None
Called By : The O.S.
Calls :get(),shrt()
*/
void main()
{
int src,dest;
void get(),
int shrt(int,int);
clrscr();
printf(“\n Program For Shortest Path Algorithm\n");
printf(“enter no of vertices: ");
scanf("%d",&n);
get();
printf(“\nEnter ‘The Source");
scanf("%d" &src);
printf(“\nEnter The Destination: ");
scanf("%d”,&dest);
printf(“\nshortest path:%d" shrt(src,dest));

getch(); :
} .
/ *

The get function

Parameter Passing Method :None
Called By : main
Calls : none

'y

void get()

{

int i,j,v1,v2;

for(i=1;i<=n;i++)

{

TECHNICAL PUBLICATIONS"
NS An up thrust for
knowledge
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* intfi“enter The edge Of Vkd TQ vyg.» ; 1.
: M“%d".&giil[il»wt): VR4

?':L-ntﬂ"\n"):
}
}
r The shrt function

Input Parameter:source and destination
parameter Passing Method By valye
Called By : main

Calls : none

<
int shrt(int src,int dest)

int small,perm[10],dist[10],current,start,new1:
int k=1,temp,i;
for{i=0;i<=n;i+ +)
{
~ perm|[i]=0;
dist[i] =infinity;
}

_pemm(src]=1;
dist[src]=0;

current =src:
- while(current! =dest)

{

small=infinity;

start =dist[current];

for(i=1;i<=n;i++) _ .
{

f(perm|i]==0)

{

newl=start +g[current][i]. wt;
f(new1 <dist[i])

' dist(i]=newl; | _ B
‘{f(dismicsmau) -
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Scanned by CamScanner



Data Structures

- 38

perm|current|=1:

k++;

printf(“%d" current);

}

return(small);

}

Program For Shortest Path Algorithm

enter no of vertices : 5

enter The
enter The
enter The
enter The
enter The

enter The
enter The
enter The
enter The
enter The

enter The
enter The
enter The
enter The
enter The

enter The
enter The
enter The
enter The
enter The

enter The
enter The
enter The
enter The
enter The

edge Of V1 TO V1:999
edge Of V1 TO V2:9
edge Of V1 TO V3:4
edge Of V1 TO V4:999
edge Of V1 TO V5:999

edge Of V2 TO V1:9
edge Of V2 TO V2:999
edge Of V2 TO V3:999
edge Of V2 TO V4:3
edge Of V2 TO V5:999

edge Of V3 TO V1:4
edge Of V3 TO V2:999
edge Of V3 TO V3:999
edge Of V3 TO V4:999
edge Of V3 TO Vb:1

edge Of V4 TO V1:999
edge Of V4 TO V2:3
edge Of V4 TO V3:999

edge Of V4 TO V4:999

edge Of V4 TO V5:1

edge Of V5 TO V1:999
edge Of V5 TO V2:999
edge Of V5 TO V3:1
edge Of V5 TO V4:1
edge Of V5 TO V5:999

Enter The Sourcel

Enter The Destination: 5

Shortest path 1375

Output

TECHNICAL PUBLICATIONS"
- An up thrust for knowledge
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qeview Questions
o

3. How can you find shortest path between ty nodes in
Explain by suitable diagram and algorithm a

Describe the Dijikstra’ i indi
L es‘ :;1. stra’s algorithm for finding shortest path with help of suitable example.
5. Write and explain an algorithm

o for finding shortest path between any two nodes of a given
(. i S
[F1 Oral Questions and Answe
,-——'-'__ ______‘——\—___
a1 Define graph. '

graph by Dijkstra’s algorithm ?

GTU : Summer-16

‘Ans. : A graph is_ a collection of two sets of V and E where V is finite non empty set
of vertices and E is a finite non empty set of edges.

Vertices are __nothing but the nodes in the graph and two adjacent vertices are joined
by edges. '
The graph is denoted by G = {V,E}
Q2 What are the storage representation of the graph ?
Ans. : The graph can be represenfed by using arrays or linked list.

1. The adjacency matrix is a storage representation of the graph by which the graph
is stored in two dimensional arrays.

2. The adjacency list is a storage representation of a graph by which the graph is
stored in linked list.

Q3  What are the applications of graph ? ‘ w :

Ans. : The graph theory is used widely in the computer science very widely. The
applications of graph theory are - ‘

L In Clomputer networking such as Local Area Network (LAN), Wide Area
Networking (WAN) internetworking the graph is used.
2.In telephone cabling graph theory is effectively used.

3. In job scheduling algorithms the graph is used.
Q4

Ans. : Tree has a special node called root while graph does not have root node.
‘\‘_‘\_

What is the major difference between graph and tree ?

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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Q.5 When does a graph becomes a tree ? - ﬁ

Ans. : A graph becomes a tree when it contains an ‘-mi‘:l‘fle node ‘_N'hiCh has o
incoming(incident) edge but have all the outgoing edges This node will become the
root of the tree.

Remaining nodes of the graph have at the most one incoming edges(these wi))
become the internal nodes). '

_There must be some nodes in the graph having no outgoing edge at all(these wi|)
then become the leaf nodes).

The graph should be connected.

Q.6  Explain degree of a vertex in a graph. m

Ans. : The degree of vertex is number of edges associated with the vertex.

Q.7 What is meant by adjacency matrix ?

Ans. : Adjacency matrix is a method of representation of a graph using two
e - If the edge is present between two vertices then the

dimensional matrix. For exampl
value in adjacency matrix is set to 1 otherwise 0.
Q.8 Define digraph.
Ans. : Digraph is a directed graph in which the directions are represented along the
edges. '
Q9 What is depth first search in a graph ?
Ans : Depth first search is a traversal method of a graph in which the graph is visited
in depth wise manner. The data structure stack is used for this type of traversal.
Q.10 How breadth depth first search and depth first search is implemented on a
computer. ' '
Ans. : The breadth first and depth first search is implemented using adjacency matrix
or adjacency list. : :
Q.11 What is meant by minimum spanning tree ? W
Ans. : A minimum spanning tree is a spanning tree which has minimum weight and
all the vertices of tree T are present in it but it may not contain all the edges.

Q12 What do you mean by shortest path in a graph? What is the practicd

application 7 :
node

Ans. : The shortest path is the shortest distance between source and destination i
: i

of a graph. Shortest path is required to obtain Local Area Network (LAN) or |
Area Network (WAN) wherein two computers are connected to each Oth:r',,.,//

‘// = "‘1‘
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—__-_-_'-—-——-—_________
/;f;v’h: Is complete graph, 7

al

Ans. : If i undirected graph of p vertices consists of n(n-1)/2 number of edges then
ihat graph is called a complete graph.

014 What is connected graph ?
g An ‘undirected gr:l:lph is said to be connected if for every pair of distinct vertices

viand Vj in V(G) there is an edge Vj to Vj in G.

Q15 What is cycle in graph ?

ans. @ A closed walk through the graph with repeated vertices mostly having same
startmg and ending vertex is called cycle.

0.15 Give two applications of graphs. m

: Applications of graph - i) In computer networkmg for LAN, WAN design.
) In job scheduling algorithms.

Q.17 Degree of vertex. m

Ans. : The degree of vertex is the number of edges associated with the vertex.

018 A graph containing only isolated nodes is called a ___. m
Ans. : Null Graph '

Qad

B B e RS m;mﬂf&knmﬂﬂdgﬂ '
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The Symbol Table

® Definition

The symbol table is defined as the set of Name and Valug pairs.‘l

For example

a 10
b 0
C 0

0
1
2
3
4
5
6

Fig. 8.1.1 Symbol table storing 3 identifiers

* Use of Symbol Table

- The symbol tables are typically used in compilers. Basically compiler is a program
which scans the application program (for instance : your C program) and produces
machine code. During this scan compiler stores the identifiers of that application
program in the symbol table. These identifiers are stored in the form of name, value
address, type. Here the name represents the name of identifier, value represents the
value stored in an identifier, the address represents memory location of that identifier
and type represents the data type of identifier. Thus compiler can keep track, of all the
identifiers with all the necessary information. '

e Types of Symbol Tables

There are two types of symbol tables.

- Static symbol table

The static symbol table stores the
fixed amount of information whereas
dynamic symbol table stores the
dynamic information.

—»  Dynamic symbol tablé
These symbol tables are normally
used to implement static and dynamic data structures. Hence there can be static tree 1

tables or dynamic tree tables, which are implemented using static and dynamic symbﬂl
tables respectively. e

Examples of static symbol table : Optimal Binary Search Treé (OBST) Hufﬂnanls
coding can be implemented using static symbol table, ’

TECHMICAL PUBL i ]
ICATIONS™. an up thrust for knowledge ]
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1

b = ...

E
0 _ .
_ E,;alﬂl’l e of dynamic symbol table : An AVL tree is implemented using dynamic

5)“1: Advaﬂtages of using Symbol Tables
Jlowing are some advantages of using symbol tables. As symbol table is normally

i Fo 5
:. i compiler, these advantages are relevant to compilers -

| puring compilation of source program, fast look up for the required identifiers 1s
possible due to use of symbol table.

E 7, The runtime allocation for the identifiers is managed using symbol tables.

: 3, Use of symbol table allows to handle certain issues like scope of identifiers, and
| implicit declarations.

» Operations on Symbol Table

Following operations can be performed on symbol table -

. Insertion of an item in the symbol table.

7. Deletion of any item from the symbol table.

:e 3. Gearching of desired item from symbol table.

[ Concept of Hashing (GTU - Summer-13 Marks 2

+ Hash Table is a data structure used for storing and retrieving data very quickly.
Insertion of data in the hash table is based on the key value. Hence every entry in
the hash table is associated with some key. For example for storing an employee

record in the hash table the employee ID will work as a key.

* Using the hash key the required piece of data can be searched in the hash table
by few or more key comparisons. The searching time is then dependant upon the
size of the hash table.

* The effective representation of dictionary can be done using hash table. We can
place the dictionary entries (key and value pair) in the hash table using hash
function.

Review Question

1 L Define Hashing. ‘ W

m Hashing Functions

GTU : Dec.

* Hash function is a function which is used to put the data in the hash table. Hence
One can yse the same hash function to retrieve the data from the hash table. Thus
hash function is used to implement the hash table.

Al

.10, Winter-12, 13, 14, 15, 17, 18, Summer-14, 18, Marks 7
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* The integer returned by the hash function is called hash key.

For example : Consider that we want place some employee records in the hash table |
The record of employee is placed with the help of key : employee ID. The employee lD |
is a 7 digit number for placing the record in the hash table. To place the record, the key i
7 digit number is converted into 3 digits by taking only last three digits of the key. |

If the key is 496700 it can be stored at 0" position. The second key is 842100, gy, |
record of this key is placed at P position in the array.

Hence the hash function will be -

H(key)=key%1000.

Where key%1000 is a hash function and key obtained by hash function is called hash
key. The hash table will be - |

Employee 1D Record

0 4968000

1 ) — - - =

2| 7421002
396 ) 4618396
397 4957397
399 7886399 i _ _
998 7886998 '
999 0001999 ' o

¢ Bucket and Home bucket : The hash function H(key) is used to map several
dictionary entries in the hash table. Each position of the hash table is called
bucket.
The function H(key) is home bucket for the dictionary with pair whose value is
key.

TECHNICAL PUBLICATIONS™- An up thust for knowledge
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pos S kbt — &5 Hashing
of Hash function -

d 54, 72, - S oy
Jf the recor 89, 37 is to be placed in the hash table and if the table size is 10
then
p(key) = record%table size 0
4= 54 % 10 1
2l 72
2=72 % 10 3
4l 58
9=89% 10 5
6 v
7= 37 % 10 7 37
8 ————
9 89

2. Mid square : In the mid square method, the key is squared and the middle or mid
part of the result is used as the index.

If the key is a string, it has to be preprocessed to produce a number.
Consider that if we want to place a record 3111 then
3111° = 9678321
For the hash table of size 1000
H@3111) = 783 (the middle 3 digits)

3. Multiplicative hash function : The given record is multiplied by some constant
value. The formula for computing the hash key is -

H(key):ﬂoor(p *(fractional part of key*A)) where p is integer constant and A is
fstant real number. '

key 107 and p=50 then |
H(key) = floor(50*(107+0.61803398987)
= ﬂoor{3306.4818458045)
- = 3306 |
"'é_:; At 3304 location in the hash table the record 107 will be placed.
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4. Digit folding : The key is divided into separate parts and using some simple
operation these parts are combined to produce the hash key.
* For example, consider a record 12365412 then it is divided into separate parts as 193
654 12 and these are added together

H(key) = 123+654+12
= 789
The record will be placed at location 789 in the hash table.

5. Digit analysis : The digit analysis is used in a situation when all the identifiers are
known in advance. We first transform the identifiers into numbers using some
radix, r. Then we examine the digits of each identifier. Some digits having most
skewed distributions are deleted. This deleting of digits is continued until the
number of remaining digits is'small enough to give an address in the range of the
hash table. Then these digits are used to calculate the hash address.

Review Questions

1. What do you mean by hashing ? What are various hash functions ? Explain each one in brief.
GTU : Dec.-10, Marks 7

2. Explain different Hash function methods. GTU : Winter-12, Marks 7

3. What do you mean by Hashing ? Explain any FOUR hashing techniques.
GTU : Winter-13, Summer-14, Marks 7

4. List out different hash methods and explain any three. GTU : Winter-14, Marks 7

5. What is hashing ? What are the qualities of a good hash function ? Explain any two hash
functions in detail. ' GTU : Winter-15, Marks 7

6. How following has functions work ?

i) The midsquare method ii) Digit analysis ' GTU : Winter-17, Marks 4
7. Explain two hash functions. GTU : Summer-18, Marks 4
8. What is hashing ? Explain different hashing techniques in brief. [[CURLL o LI Gk

Collision

GTU : Winter-15, Summer-18, Marks 7

e e et

{ Definition : The situation in which the hash function returns the same hash key(home
bucket) for more than one record is called collision and two same hash keys returned for
different records is called synonym.

I

Similarly when there is no room for a new pair in the hash .table then such 2
situation is called overflow. Sometimes when we handle collision it may lead '
overflow conditions. Collision and overflow show the poor hash functions

__._—-—""—_—J-.
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W

for & .
consider 2 hash function.

ikey) = recordkey?10 having the hash table of size 10.
The recordkeys to be placed are

131 44, 43, 78, 19, 36, 57 and 77

REIN

43
44

N ok W R

36
57
8] 78
21 19

~ &

Now if we try to place 77 in the hash table then we get the hash key to be 7 and at
ndex 7 already the recordkey 57 is place. This situation is called collision. From the
index 7 if we look for next vacant passion at subsequent indices 8,9 then we find that
tere is no room to place 77 in the hash table. This situation is called overflow.

Characteristics of Good Hashing Function -

- 1. The hash function should be simple to compute.

2 Number of collisions should be less while placing the record in the hash table.
ldeally no collision should occur. Such a function is called perfect hash function.

3. Hash functions should produce such a keys(buckets) which will get distributed
uniformly over an array.

4 The hash function should depend upon every bit of the key. Thus the hash
| function that simply extracts the portion of a key is not suitable.

" Wat is hashing 7 What are the qualiies of @ good hash function ? Explain any two hash |,

functions in detail.

4 Discysg various methods to resolve hash collision with suitable examples.

1Y |
: :Wfﬁes of a good has function. w
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m Collision Resolution Techniques :
17. 18. Winter-16. 17. 18, Marky 7

GTU : May-11. 12, Ssummer-13. 15. 16.

If collision occurs then it should be handled by applying Some techniques. Such ,

technique is called collision handling technique.
There are two methods for detecting collisions and overflows in the hash table :
2. Open addressing (linear probing)

1. Chaining
Two more difficult collision handling techniques are —
1. Quadratic probing 2. Double hashing

Chaining

In collision handling method chaining is a concept which introduces an additional
field with data i.e. chain. A separate chain table is maintained for colliding data. When

collision occurs then a linked list(chain) is maintained at the home bucket.

For example :

Consider the keys to be placed in their home buckets are
131, 3,4,21,61,24, 7,97, 8,9

Then we will apply a hash function as

H(key) = key%D NULL
where D is the size of table. The =113 21 61 | NULL
hash table will be - NULL
"—"'I 3 INULLI

Here D = 10.

A chain is maintained for colliding
elements. For instace 131 has a home
bucket (key). 1. Similarly keys 21 and
61 demand for home bucket 1. Hence
a chain is maintained at index 1.
Similarly the chain at index 4 and 7 is
maintained.

Open Addressing-Linear Probing -

This is the easiest method of handling collision. When collision occurs i.e. when tw0
records demand for the same home bucket in the hash table then collision can be solved
the second record linearly down whenever the empty bucket is found. When

ddressing), the hash table is represented as a one-dimensi
size-1-

4T3 {24 NuLL]

4+~ 7T F={o7|NuLL]

—++1_8 | NULL]
——={ 9 |NULL

Fig. 8.5.1 Chaining

© ® N ® o A W N = O

by placing

use linear probing(open a
array with indices that range from 0 to the desired table

Before inserting any elements into this table, we must initialize the table to repr osent the
B
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e
sﬂ“sﬁﬂn W al; o €mpty. This allows us to detect overflows and collisions
we insert elements into the table. Then ysin g some suitable hash function the
tcmbeinsertedintothehashtable. i
For enmple :

Consider that following keys are to be inserted in the hash table.
a1,4,8,7,21,5,31,61,9,29

initially, we will put the following keys in the hash table.
13‘1: 4-" 8’ 7‘

We will use

Division hash function. That means the keys are placed using the
formlﬂa
H(key) = key%tablesize
H(key) = key%10

For instance the element 131 can be placed at

H(key) = 131%10
=1
m;w;lex 1 will be the home bucket for 131. Continuing in this fashion we will place 4, 8

Index| Key
0 | NULL
1 131
2 NULL
3 NULL
4 4
5 NULL
6 NULL
7 7
8 8
9 NULL

oW the next key to be inserted is 21. According to the hash function
Hikey) = 21%10
Hikey) = 1.

ol __‘—_‘__‘_‘-_-——_
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But the index 1 location is already occupied by 131 i.e. collision occurs. To resoly,
this. collision we will linearly move down and at.the next empty location we will prgp
the element. Therefore 21 will be placed at the index 2. If the next element is 5 then we
get the home bucket for 5 as index 5 and this bucket is empty so we will put the

element 5 at index 5.
Index| Key

NULL
131

o

oo N Oy U R W R =
w

NULL

After placing record keys 31, 61 the hash table will be

Index| Key

0 NULL
1 131

2
3
4
5 5
6
7
8
9

NULL

The next recordkey that comes is 9. According to decision hash function it demands
for the home bucket 9. Hence we will place 9 at index 9. Now the next final recordkey
is 29 and it hashes a key 9. But home bucket 9 is already occupied. And there is no next
empty bucket as the table size is limited to index 9. The overflow occurs. To handle it
we move back to bucket 0 and is the location . e
o™ index. ' over there is empty 29 will be placed at
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prol’lem with linear probing

One Major problem with linear probin

0} 39
19 % 10 =9 1} 29 cluster is formed
39 0/’0 ]U =9 3
29 % 10 = 9 4
8% 10 =8 5 . rest of the table is empty
S ——
6
7
8| 18
91 19

This clustering problem can be solved by quadratic probing.

jﬂil************i******************i‘t*ﬁ*i’*********************

Program to create hash table and handle the collision using linear probing. In this
Program hash function is (number %10) :
lltltl‘ttt*****t**w***i*'&'*************‘k*****i***ﬁ*****i*******/ .
#include<stdio.h>
#include<conio.h>
#include < stdlib.h>
#define MAX 10
Yoid main()

int a]MAX],num keyi;

Char ans;

int create(int);

vid linear prob(int [J,int,int),display(int [I);
Clrscr();

"Dmftf(“\nCOIJision Handling By Linear
brli=0;i<MaR;i++)

alijs .

do

{

Eﬁlltf("\n Enter The Number”);
k W(nn%du,&nm);

Probing”);

o i - o
Creat; e s hash key /. . wrebing®/ s A
LH:'J@&.l: _pmz{(:il:}}:n:;} !*conjsipn, ha.ﬂd_lﬁd_ by linear prooii

knowledge
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printf("\n Do U Wish To Contmue?(v!n)"}
ans= getche()

}while(ans=="y');
diaplay(a);/*displays hash table*/
getch();

}

int create(int num)

{
int key;

key=num%10;
return key,

} v
void linear_prob(int a[MAX],int key,int num)

{

int flag,i,count=0;
void display(int a[]);

flag=0;
if(a[key]==-1)/*if the location indicated by hash key is empty*/
alkey]=num;/*place the number in the hash table*/
else
{
i=0;
while(i<MAX)
{
if(alill= -1)
count+ +;
i++;
}
if(count==MAX) /*checking for the hash full*/
{
printf(*\nHash Table Is Full");
display(a);
getch();
exit(1);

} .
for(i=key+1;i<MAX;i++)/*moving linearly down®*/
if(ali]== -1) /*searching for empty location*/

{ .
afi]=num; /*placing the number at empty location*/
flag=1;

break;
}

/*From key position to the end of array we have searched empty location and now we
want to check empty location in the upper part of the array*/

for(i=0;i<key&&flag==0;i++)/*array from Oth to keyth location will be scanned*f
if(ali]== -1)

{

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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| a[i]=num;
Ly flag=1l
' preak;

} /*outer else*/

premd®/

soid display(int a[MAX])
e
int i

'printf(“\n The Hash Table is..\n")
prjmf(“\n %d %d"iali]);

} .
; : . Output
Collision Handling By Linear Probing

Enter The Number131 '

Do U Wish To Continue?(y/n)y

Enter The Number21

Do U Wish To Continue?(y/n)y

Enter The Number3 ,

Do U Wish To Continue?(y/n)y
Enter The Number4

Do U Wish To Continue?(y/n)y
Enter The Number5

Do U Wish To Continue?(y/n)y
Enter The Number8

Do U Wish To Continue?(y/n)y
Enter The Number9

Do U Wish To Continue?(y/n)y
Enter The Number18

Do U Wish To Continue?(y/n)n
;1'1_19 Hash Table is... :

18
131
21

A g et

R

o

...__...i.._
=
)
B
B
;
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Data Structures 8-14 _ - |

Chaining without Replacement
In collision handling method chaining is a concept wl_u‘ch introdu?e? an additional—
field with data i.e. chain. A separate chain table is maintained for colliding data. Whep

collision occurs we store the second colliding data b;,r li.m.ea'r probing nttethod. TlTe
address of this colliding data can be stored with the first colliding element in the chain

For example consider elements,

131, 3, 4,21, 61, 6, 71, 8, 9 - o B

Fig. 8.5.2 Chaining without replacement
From the example, you can see that the chain is maintained the number who
demands for location 1. First number 131 comes we will place at index 1. Next comes 21
but collision occurs so by linear probing we will place 21 at index 2, and chain is
maintained by writing 2 in chain table at index 1 similarly next comes 61 by linear
probing we can place 61 at index 5 and chain will be maintained at index 2. Thus any

element which gives hash key as 1 will be stored by linear probing at empty location
but a chain is maintained so that traversing the hash table will be efficient. '

1]
|

@ |
|
|

(v o]

= |
I

B - e R e e e e e e

r

The drawback of this method is in finding the next empty location. We are least
bothered about the fact that when the element which actually belonging to that empty
location cannot obtain its location. This means logic of hash function gets disturbed. Let
us now see a 'C' program which implements chaining without replacement.

TECHNICAL PUBLICATIONS™. 4, Up thrust for knowledge
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YT L322 T
:ut,,aﬁi**‘ *****Q**#*lﬁ**ttili*‘.‘**********.*'

/ program to croate hash table and handl
comont: In this Program hash funetion g

APTTL LA bbb b L A L1 L T T T
’

[}

at

pehudo= gtdio.h=

mc]ndﬂ‘: conjo.h >

srdlib e
Includo-ti 2]
:daﬂnu MAX 10

6 the colllaion using chaining Without
(number%10) .

i#ﬁ»t&«****ak&**#&i/

sold main{)

[int a[MAX][2],num keyi;

char ans;
int create(int);
void chain(int [J12],int,int),display(int [](2]);

clrscr();
printf("\nChaining Without Replacement");
fﬂr(i=0;i{MAx:i.|- ’l‘}

{aii|l0]= -1,
alil(1)= -1,
}
do
{

printf("\n Enter The Number");
scanf(“%d",&num);

key=create(num); /*create hash key*/
chain(a, key,num);

printf("\n Do U Wish To Continue?(y/n)");
ans=getche();

}WhﬂB(anS= = 'Y');

display(a);
]'Eletch();

f{'lt Create(int num)

It ey,
foy=numsy10;
}Iatum key;

Vo ‘
{ . ®hain(int a[MAX][2] int key,int num)

_mélf:ig.i.ccunmo.ch:
;ﬂagaol:snlay(int a(][2]);

i I TECHNICAL PUBLICA TIONS *. An up thrust for knowledgo
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Data Structures 8-16

if(alkey][0]==-1)/*no collision case*/
" a[key][0]=num; : ;
‘else /*if collision occurs*/
{ .
ch=a[key][1];/*taking the chain*/
- /*If only one number in hash table with current o
ifch== -1)
{

btained key*/

for(i=key+ 1:i<MAX:i+ +)/*performing linear probing *
{ ' _
if(a[i][0] ==-1) /*at immediate empty slot*/
{

ali][0]=num;/*placing number*/
alkey][1]=i; /*setting the chain*/

flag=1;

break;

}
}
}
/*if many numbers are already in the hash table

we will find the next empty slot to place number*/
else

{ whﬂe((alch][0]!=-1)&&(a[ch][1]!=—1))f*traversing'
through chain till empty slot is found*/
ch=a[ch][1];
for(i=ch+1;i<MAX;i++)
{
if(ali][0]== -1).
{a[i][O]=num;/*p1acing the number*/
alch][1]=i; /*setting chain*/
flag=1;
break;
}
}
]

then we will search for the empty slot upper half of the array
* / .
if(flag!=1)
{
if(ch== -1)
o

for(i=0;i<key;i+ +)/*performing linear probing*/

{ :
if(a[i][0]==-1) /*at immediate empty slot*/

/*  1f the numbers are occupied somewhere from middle and are stored upto the MAX

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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Ay {a[il[c'] =num;/*placing nmnb;ar* /
- alkeyl[1]=1; /setting the chainy,
£ fisg=1;

. preak;

L)

1 ;
pif meny numbers are already in the hagh table

ke will find the next empty slot to place number*/

else

while((alch][01!2—1)&&(3-[011][1]!=-1))/*traversing through chain till empty slot is

found*/
ch=alch][1];
for(i=ch+1;i<key;i++)
1
if(ali][0]==-1)
{ ;
ali][0]=num;/*placing the number*/
a[ch][1]=i; /*setting chain*/
flag=1;
break;
|3
}
i}
}
}

;oid display(int a[MAX](2])

int j:

I"pﬂﬂtf("\n The Hash Table is...\n");

orli=0i <MAX:i+ +)

: printf(“\n %d %d %d”,iali][0],alil[1]);

Output

ih&mm:g Without Replacement
~Ater The Number 232

£
:20 U Wish To Continue?(y/n)y
a '?"'9‘ The Number1

12“ U Wish To Continue?(y/n)y
“Mer The Number3

5

oY Wish T, Continue?(y/n)y

TECHNICAL PUBLICATIONS - An up thrust for knowiodge
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‘Do U Wish To Continue?(y/njn

fil"'hi'th Table is...
: i : 0 n'l "1 i
>
. 1 1 -1
2 232 4
3 3 -1
4 2 ~1
6 -1 w1
6 e ~1
7 ~1 -k
| B e, -1
r ] -1 -1 1]

m Chaining with Replacement

As previous method has a drawback of loosing the meaning of the hash function, to
overcome this drawback the method known as changing with replacement is introduced.
Let us discuss the example to understand the method. Suppose we have to store
following elements :

131, 2], 31, 4; 5

0 -1 -1 5
1 131 -
2 21 3
3 31 -1
4 I4 -1
. 5 . 5 - 1 ]
6 - P
i _ _
g5
: L

Now next element is 2. As hash function will indicate hash key as 2 but already at
index 2. We have stored element 21. But we also know that 21 is not of that position at
which currently it is placed.

Hence we will replace 21 by 2 and accordingly chain table will be update:d. See the
table : | . d '

| Ty
TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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mi____ 4 -1

s C s oA
B cd
7 -1 -1
8 -1 jiiad
9 1'% _i

The value —1 in the hash table and chain table indicate the empty location.

The advantage of this method is that the meaning of hash function is pr—eserved. But
each time some logic is needed to test the element, whether it is at its proper position.

i}'ntttiii**:**t*******t****t*i*****tiﬂm#itq**t**********w**** < y . 3 _\
~  Program to create hash table and handle the collision using chaining With
eplacement. In this Program hash function is (number%10) :
ngt***ii*ﬁ****i**********ﬁ*****ﬂ'***t*t************i****i*t*k/

#include <stdio.h>

#include<conio.h>

#include <stdlib.h>

#define MAX 10

it afMAX][2];

Yoid main()

{

int num key, i:

_fim' create(int);

Yoid chain(int,int),display();

;'%CI(): %
PMf(“\nChaining With Replacement X
_?(i=0;i<m;i+ +)

;]iiilui-a s

%

{

!

|

Pl Enger The N/“m’”” ——
. ~.\‘h— ile : - cAT-I'GNSﬂ' An up thrust for knowledge
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F-‘3"“‘3'r9“-“:e(nun:l), 1.' * create hash key*/
 chain(key,num);
_ printf(*\n Do U Wish To Gontmue'?(Y/n) "),
‘ans=getche();

}while(ans=="y");

display();

-getch();

}

int create(int num)
{

‘int key;
key=num%10;
return key;

}

void chain(int key,int num)
{
int flag,i,count=0,ch,temp,j,prev_ch;
void display();
int match(int,int);
flag=0;
/ *checkmg rull cond.mon*/
i=0;
while(i<MAX)
{
if(afi][0]!= -1)
count++;
i+

if(count==MAX)
{
printf(*\nHash Table Is Full");
display(); '
getch();
exit(1);
}
/*placing number otherwise*/
- if(alkey][0]== -1)/*no collision case*/ ' = N
afkey][0]=num; 4 g Rk
else ' '
c‘h-—- alkey][1];
if(match(a{keyl [0],num))
_.{
lf(ch-— ==1)/ "no chain*/

S
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: ﬁ{fOI'(l =key+1 A<MAX:i+ +) ;
5 if(ali][0]== -1)
{

o e

- a[i][0]=num;
alkeyl[1]=i;
%i flag=1;

.1 break;

&

i ;

E

. else

b

—

while((@[ch][0]'= -1)&&(a[ch][1]1= <1
ch=a[ch](1]; ' :
for(i=ch+1;i<MAX;i+ +)

L o

B U R A
SRS G,

Hashing

g
L if(alil0]==-1)
{
fe ali][0] =num;
b alch][1]=i;
flag=1;
; break;
t }
S |
}
o}
?159 /*unmatched*/
& iflch== -1)
temp =alkey][0];
i for(i=key+1;i< MAX;i++)
3 ?mmm==_n
alkey][0]=num;/*replacement is done*/
3-'1-";- ; ali][0] =temp; .
E for(j=0;j < MAX;j+ +)
B if(key==al[j][1])
B aljll1]=i;
E flag=1;
% break;
B }
o}
& else /*chain exists*/

P

o= o e R

- (=0 j<MAX;++)
' if(key==alj][1])

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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BTy p:ev__ch=],

- temp=alkey][0];
ch=key; _
while(a[ch][1]!=-1) /*traversal for continuos chain*/
ch=alch][1];
for(i=ch+1;i<MAX;i++)

if(ali][0] ==-1)/*actual replacement*/

{ .
ali][0]=temp;
alchl[1]=i;
alkey][0]=num;
alprev_ch][1]=alkey][1];
alkey][1]=-1;
flag=1;
break;

}

}

}
if(flag!=1)
{
: {_. if(match(a[key][0];num))

if(ch==-1)/*no chain*/
{
for(i=0;i<key;i++)
if(a[i][0] ==-1)
{
ali][0]=num;
alkey][1]=i;

flag=1;
break;
}

}

else

{ : :

while((a[ch][0]!=-1)&&(a[ch][1]!=-1))
ch=alch][1]; ;
for(i=0;i<key;i++)
{
if(afi]|0]==-1)

{

ali][0)=num;:

alch]{1]=i;

flag=1;

break;
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else /*unmatched*/

{wmp =alkey][0];
for(i=0;i<key;i++)
if(ali][0]==-1)
{
alkey][0]=num;/*replacement is done*/
ali][0] =temp;
for(j=0;j<MAX;j+ +)
if(key==alj][1])

aljlll]=i;
flag=1,
break;
}
} v
else /*chain exists*/
{

for(j=0;j <MAX;j+ +)
if(key==al)l(1])

i 8
Y

prev_ch=j;
temp=alkey]|[0];
ch=key, |
while(alch][1]! =-1) /*traversal for continuos chain®/
ch=alch][1],
for(i=0;i<key;i++)
if(a[i)[0]==-1)/*actual replacement*/
{
a[i](0]=temp;
alch][1]=1; =
alkey|[0]=num,
alprev_ch|[1]= alkeyl[1]
alkeyl[1]=-1;
flag=1;
break;
}
t
}
s
}
TECHNICAL PUBLICA TIONS™ - An up thrust for knowledge
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int match(int prev,int num)
£
if(create(num)==create(prev))

retumn 1;

return 0;

}

void display()

{

int i;

printf(“\n The Hash Table is...\n");

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

8-24

printf(“\n %d %d %d".i,ali][0],alil[1]);

Chaining With Replacement
Enter The Number232

Do U Wish To Continue?(y/n)y
Enter The Number21

Do U Wish To Continue?(y/n)y
Enter The Number31

Do U Wish To Continue?(y/n)y
Enter The Number4dl

Do U Wish To Continue?(y/n)y
Enter The Number3

Do U Wish To Continue?(y/n)n
The Hash Table is... '

(U< T - - TR < MU & 1 Y S ST T S

21
232

Output

TECHNICAL PUBLICATIONS” . 4, up thrust for knowtedge
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_ quadratic Probing o

Quadraﬁc prol:?mg Operates l?y taking, the original hash value and adding successiye
e of an arlbltrar}’ quadratic polynomial to the starting value. This method uses
: .o formula = _

| Hi(key) = (Hash(key)+i)%m

whe . _

For example : If we have to insert following elements in the hash table with table
e 10 |

3-;,' 90! 55,- 22: 17; 49; 87.

We will fill the hash table step by step

ol %0 |
37 % 10 = 7 - 1 11
90 % 10 = 0 ' 2| 22
55% 10 =5 3
22 % 10 = 2 4 n
11 % 10 = 1 5/ 85

¢ | —

7| 37

8

9

eollision will occur as 17 % 10 = 7 and bucket 7 has

Now i to place 17 a , s :
ow if we want to p will apply quadratic probing to insert this record in

dready an element 37. Hence we
the hash table.

Hkey) = (Hash(key) +i)% m
Consider i = 0 then
(17+0% % 10 = 7
(1741) % 10 = 8, When i =1

The bucket 8 is empty hence we will place the element at index 8.

Then comes 49 which will be placed at index 9.
f\\~k TECHNICAL PUBLJCATJONSH- An up thrust for knowledge
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Teshing

90

22

© m® N O s W N = O
o
b3

Fig. 8.5.3

Now to place 87 we will use quadratic probing.

o

90
11
22

55
87
37
17
49

o @ N O AW N =

Fig. 8.5.4
(87 + 0)%10 =7
(87 + 1)%10 = 8 ... but already occupied
(87 + 22)%10 = 1 ... already occupied

(87 + 32)%10 = 6 ‘
It is observed that if we want to place all the necessary elements in the hash table the
size of divisor (m) should be twice as large as total number of elements.

__________‘_-'
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wamhrommlsmbefoﬂwedhﬂm_ d function :
% Egﬂ:ﬁi‘l‘f‘i’&! E"aluatemm-

'5{.,’5gmakesureﬂutaﬂceﬂscanbepmbed_
'ﬁffﬂﬂ!"u}‘a tobeusedfordmlblehaslﬁngis

. H;(kev) = key mod tablesize
“ Hf key ) = M — ( key mod M )

wi:ﬁe_\{isaprime numbersmallgrdunﬂwsmofﬂ‘emblﬁ
Consider the following elements to be placed in the hash table of size 10.
-;Tf %l "S'—:-}! 22: 17! ""9; 55

imisially insert the elements using the formula for H,(key)-

sert 37, 90, 45, 22.

0] %0
Hy(37) =37 % 10=7 1
Hy(90) =90 % 10 =0 2l »
r' Hy(45) =45 % 10 =5 T
I H«;f22}=22%I0=2 4
H,(49>=49%10=9 5| 45
6
7y 37
8
e

Now if 17 is to be inserted the?l
H(17) = 37 % 10=7

}"Q(key) — M._(](BY%_M)

>
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0
1
2
3
4
5| 45
6
7| a7
8

. o 49
Fig. 8.5.5

Here M is a prime number smaller than the size of the table. Prime number smaller
than table size 10 is 7. | |

Hence M = 7
Hy17) = 7-(17%7) =7-3 =4

That means we have to insert the element 17 at 4 places from 37. In short we have to
take 4 jumps. Therefore the 17 will be placed at index 1.

Now to insert number 55.
Hy(55)
H,(55)

55%10=5

... collision

7-(55%7) =7-6 =1

That means we have to take one jump from index 5 to place 55. Finally the hash
table will be -

01 90

b

W e NN o W e W N
-
G

55
37
— ]
I
49
_
v 1
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comparisern of quadratic probing and double hashing
The double hashing requires another hash function whose probing efficiency is same
25 SOM€ another hash function required when handling random collision.

The double' ha_shing is more complex to implement than quadratic probing. The
quadratic probing is fast technique than double hashing.

@ Rehashing

Rehashing is a technique in which the table is resized, i.e., the size of table is doubled
by creating a new table. It is preferable if the total size of table is a prime number.
There are situations in which the rehashing is required-

« When table is completely full.

P
E
;
l.:

o With quadratic probing when the table is filled half.
» When insertions fail due to overflow.

In such situa.ti::ms, we have to transfer entries from old table to the new table by
recomputing their positions using suitable hash functions.

0 .
Transferring 1
the contents 2

0

1

Old table

22

New table
Fig. 8.5.6 Rehashing

Co‘-'lsider ; |
1 ‘€f we have to insert the elements 37, 90, 55, 22, 17, 49 and 87. The table sjze ;
Nd wil] 50 hash function, s

H(ke)’) = key mod tablesize
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37 % 10 = 7
90 %10=0
55%10=5
2 %10=2

17 %10 =7  Collision solved by

linear probing, by
placing it at 8

49 %10=9

Now this table is almost full and
occur and eventually further insertion
table size. The old table size is 10
becomes 20. But 20 is not a prime
And new hash function will be

H(key) = key mod 23

37 % 23 = 14
90 % 23 = 21
¢ 55 % 23 =9
22 % 23 = 22
17 % 23 = 17
49 % 23 = 3
87 % 23 = 18

0 ..................
1 T PO PR ENCRrel
2 __________________
s| a9
4 e ]
5 e —
6

7 e
8

o 55|
10 ,,,,,, AP |
-
pf
13 ...........................
14| 37
15 ............... -
6 |
171 17

18| 87

19

20

21 90

221 22

90

Do W N = O

37
49

= e )

Has.hing

if we try to insert more elements collisions wil]
s will fail. Hence we will rehash by doubling the
then we should double this size for new table, that
number, we will prefer to make the table size as 23,
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e e Hashing

Programmer a flexibility to enlarge the table size if

9. Only the space gets doubled with

collisions simple hash function which avoids occurrence of

1 R The ke
Exampe et lo ;’;5 1102’ 1‘?! 13, 2, 3, 23,'5 and 15 are inserted into an initially emplty
hasit 14 & Using open addressing with hash function h(k) = k mod 10 and

linear probing. What is the resyltans hash table ? (GTU : Summer-13, Marks 7 |

- golution : Given data :

The hash function is h(k) = k mod 10
Hash table length = 10
12 % 10 = 2 0
18% 10 = § . i -
13 % 10 = 3 al 18
2% 10 =2 3 13
Collision occurs 4| 2
. By linear probing 5 _5 )
Move down and place 2 at 6| 3
index 4.
3 % 10 = 3 « Collision 715
23 % 10 = 3 « Collision 8| 18
5 % 10 = 5 « Collision gl 15
15 % 10 = 5 « Collision Hash
- Table g

M Review Questions

L What is hashing ? Explain hash clash and its resolving !'echniques_w
2. Define hash clash. Explain primary clustering, secondary clustering, rehashing, and double
hashing. w
3. Explain the basic two techniques for Collision-resolution in Hashing with example. Also
explain primary clustering. | GTU : May-12, Marks 5 |
4. Describe various collision resolution techniques in hashing. m

4 Explain various hash collision vesolution technigues with examples.
i: \&fim variou rehashing techniques TR
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—

7. How open addressing can be used for collision resolution ? m

8. Hash function map several keys into same address called collision. How collision resolyfig,,

technigues work ? | m

9. What is hashing ? Explain hash collision and any one collision resolution technique,

GTU : Summer-18, Marks 4

10. What is hashing ? Explain hash clash and its 'resolving techniques.
GTU

: Winter-18, Marks

EXA Applications of Hashing

1. In compilers to keep track of declared' variables.

2. For online spelling éhecking the hashing functions are used.

3. Hashing helps in Game playing programs to store the moves made.
4. For browser program while caching the web pages, hashing is used.

Oral Questions and Answers

Q.1  What is symbol table ?

Ans. : The symbol table is defined as the set of Name and Value pairs.

Q.2  What is the use of symbol table ?

Ans. : The symbol tables are typically used in compilers. During the complete scan of

program the compiler stores the identifiers of that application program in the symbol
table.

Q.3  What are the types of symbol table ?

Ans. : There are two types of symbol tables -1. Static symbol table 2. Dynamic symbol
table.

The static symbol table stores the fixed amount of information whereas dynamic
symbol table stores the dynamic information.

Q.4  Give examples of static symbol table and dynamic symbol table.
Ans. : Examples of static symbol table : Optimal thary Search Tree (OBST), Huffman's
coding can be implemented using static symbol table.

Example of dynamic symbol table : An AVL tree is implemented using dynamic
symbol table.
Q.5 What are the advantages of using symbol table ?

Ans, :

1. During compilation of source program, fast look up

for the required identifiers i
possible due to use of symbol table.

|

—
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8-33 | Hashing
e runtime allocation for g

OcaﬁOI'[ fo ‘
2 I the identifiers : )
3, Use of symbol table allgy €IS Is managed using symbol tables.

jmplicit declarations.

to :
hand]e Certain issues like scope of identifiers, and

' t are th i

|6 What are the operations tha¢ an be performed on symbol table 7
s ¢ Fol-lowmg OP-e’-"ahons can be performed on.symbol table - |
1. Insertion of an item in the sympg table

2 Delétion of any item from the symbo] tal;le

3, earching of desired item from symbol table

o7 Whatis hash table ?

pns. : Hash Table is a data structure used f

or stori < et icklv. -
Insertion of data in the hash table is based storing and retrieving data very quickly

| on the key value.
a8 What is hash function ?

Ans. : Hash ﬁmcﬁgn is a function which is used to put the déta in the hash table.
Hence one can use the same hash function to retrieve the data from the hash table.
Thus hash function is used to implement the hash table.

09 What is hash key ?
Ans. : The integer returned by the hash function is called hash key.

Q10 Enlist various hash functions used.

Ans. : 1. Division Method 2. Mid Square Method 3. Multiplicative Hash Function 4.
Digit Folding

Q1L What is hash collision ? |
Ans.: The situation in which the hash function returns the same hash key(home
bucket) for more than one record is called collision.

Q12 State any two characteristics of good hash function.

MI!. .

L. The hash function should be simple to compute. | |

2 Number of collisions should be less while placing the record in the hash table]
ldealiy no collision should occur. Such a function is called perfect hash function.

3 Hash functions should produce such a keys(buckets) which will get distributed

Uniformly over an array.
s Enlist the commonly used collision handling techniques.

e, 1. Chaini 2. Open addressing (linear probing)

| N e Ining '

| : ‘hashing

2 Quadrati proing % Dbl
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B

demand for the same home bucket
lacing the second record Hnearly
que is called linear probing

Q.14 What is linear probing 7

Ans. : When collision occurs i.e. when two records
in the hash table then collision can be solved by P.
down whenever the empty bucket is found.This techni

Q.15 What is double hashing ?

Ans. : Double hashing is technique in which a second hash function is applied to the
key when a collision occurs. By applying the second hash function we will get the

number of positions from the point of collision to insert.

Q.16 What is rehashing ?

Ans. : Rehashing is a technique in which the table is resized, i.e., the size of table is
doubled by creating a new table. It is preferable if the total size of table is a prime
number.

Q.17 List out the applications of hashing.

Ans. :
1. In compilers to keep track of declared variables.

2. For online spelling checking the hashing functions are used.

3. For browser program while caching the web pages, hashing is used.

Q.18 Write two simple hash functions.
Ans. : (1) Mid Square Function (2) Division Method

Q.19 What is the 2's complement representation for integer 5§ in modulo 16 ?

GTU : Summer-17

Ans. : We will express integer 5 as modulo 16 number. It is as follows.
Step1:16 mod 5 =5
Step 2: 16 + (16 mod 5) =16 + 5 = 21
Step 3 : 21 = (10101),
Q.20 What is the result of 7 + 7 using 2's complement representation and modulo
16 arithmetic ?
Ans. : 7 + 7 = (0111), +(0111), = (1110), = - 2

Q.21 What is the problem with sign and magnitude representation if addition of +7

. with — 6 is performed ? Evaluate 7 + 7 using 2's complement representation
and modulo 16 arithmetic.

Ans. : The major disadvantages of sign an magnitude representation is that operation
to be performed may often depend on the signs of the operands. The sign and

magnitude representation requires to frequently ¢ : ol
magnitudes of the operands. 1 y compare both the signs

Evaluation of 7 + 7 - Refer Q.1 (5) of Summer 2017

_________,...-—"“
oad

____'_/
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Concepts of fields, Records and
[ndexing structure for index file

Siles, .'i'l::quemfm’, Indexed and relative/random file organization,
s, Hashing for direct files, Multi-key file organization and access .

methods.
—
" Contents
9.1 Concepts of Fields, Records
and Fite ... .. WFRGERL oon v sm ermmamismse. wmmmmmssmoms Marks 7
9.2 Operations on File
9.3 Types of Files
9.4 Sequential Files ciera OUMMEr-16,47 « - - - - v Marks 7
9.5 Indexed Sequential File . . . .. .. May-12, Winter-12,17,
....... Summer-13, 14,17, - -+ -+« -+« -+« Marks 7
96 RandomFile — ....... Summer-15, - - - - - - - - Marks 7
9.7 Multi-Key File Organization . ... Winter-13, 17- - - - === === -+ - - v v v v v Marks 7
9.8 Access Methods — ....... Winter-12, «-««:+rercarnirancnan. Marks 7
9.9 Oral Questions and Answers
\\\-—__
. ; (9-1)
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Concepts of Fields, Records and File %

A file is a collection of records. Record is nothing but the source of' informﬂﬁ
typically stored in rows in the file structure. Field is a piece of data which ig ass
with the entire record. It is refered as column.

On. 1
O'Ciated

For example : Assume that we have a file "Studentdat" having the Contentg
follows -

-

John T 66 i
Mathew : '70 '
Steve ) ".60.'_“

So by observing above file, we can say that this file is a collection of 3 records, These
records can be written in Fil

e with the associated fields such as Roll_No, Name ang
Marks. To identify each record, a unique key is associated with it. In above file Roll_No
can be thought of as a key. Using a key we can access information from file. We must
choose unique field as a key. This key is called the primary key of file.

University Question
1. ‘Explain file in terms of fields, records and database, : GTU : Winter-14, Marks 7

ERA Operations on File

1. Declaration of file Pointer -

Syntax: - FILE *filepointer;
Example : FILE *fp;

FILE is a structure which is defined in “stdio.h”. Each file we open will
have its own FILE structure. The structure contains information like usage of the file, its
size, memory location and so on. The fp is a pointer variable which contains the address
of the structure FILE.

2. Creating a file / Opening a file :

Syntax : filepointer = fopen{”ﬁlename","mode");

where filename is the name of file you waﬁt to create or open

mode can be - read - “r”

TECHNICAL PUBLICATIONS"™. 4, up thrust for ima-wiedge
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want to open/create we use —"rb", “wb”, or just

Using “r” opens the file in read moq

but such a fil e. If the file does not exist, it will create a new
file, DU

e created i
| ed is of no use as you cannot write to any file in read mode.
Using “r+" allows to read from file as well as write to the file.

3 “w” o . - .
Using pens a file in write mode. If the file does not exist, it will create a new.
file. '

Using “w+" allows you to write contents to file, read them as well as modify existing
contents. | : '

i

Using “a” opens the file in append mode. If the file does not exist, then it creates a

new fill:. Opening a fille in append mode allows you to append new contents at the end
of the file. . ;

Using “a+” allows to append a file, read existing records, cannot modify existing
records. :

Example : _
fp = fopen(“Student.dat”,"w");
3. Closing the file :
Syntax : fclose(filepointer);
Example :

' fclose(fp); /* closes the file pointed by the fp */
4. Setting the pointer to start of file :

Syntax : rewind(filepointer);
Example :
rewind(fp); /* places pointer ;t the start of the file */

5. Writing a character to file : |

Syntax: fputc( character, filepointer);

EXﬁmple : |
S‘-lppose we have

char ch="a’;

g To Wﬁfe the character to the file, we usé

fputc(ch,fp);

TECHNICAL PUBLICATIONS - An up thrust for knowledge

| anned by CamScanner

i



o 3 A

Data Structures 9-4

File Sﬂu,:t ure

m I the filé is o pened in “w” mode, it will overwrite the contents of .the énﬁrg-.
file and write the only character we want to write. To write it at the end of the file,

open the file in “a+” mode.
6. Reading a character from file :
Syntax :  fgete( filepointer);

Example :

char ch; /* ch is the character where you are going to get the char
~ from file*/ '

ch = fgete(fp);
7. Writing string to file:

Syntax : f'puts(strm'g, filepointer);
Example :

Suppose. you have a string
char s[] ="abced";
then we write as
fputs(s,fp);
The above operation writes the string “abed” to the file pointed by fp.
8. Reading string from file:

Syntax: fgets(strhxgaddfess, length, filepointer);
Example :

char s[80]; /* declared a string into which we want to read the
string from file */

fgets(s,79,fp); /* Will read the 78, (79-1) characters of string from
file into s */

9. Writing of characters, strings, integers, floats to.file .
Syntax:

fprintf(filepointer, ”format string
We are already aware of the printf function,
of printf, addition to which filepointer is added. The variables included in the lcPrintf o
- written to the file. But how can we write the data without knowing their values, 0
need to have a scanf function before jt and then . 2. You
can w file.
understand this better by following example, rite the data to

PO

”, list of variables);

——
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j - ctures
D’msﬂ” 9-5
3 lcl Program SR
?l'*'*““*“**** ***************_***t**w*ﬂm****«***ww***iwi
program for introducing the file premitive
fopen,fdose,fpri.ntf_ s such as 7

e S L L2 T
,n***** ******************************i**t*‘*/

*
;jnciude‘: stdio.h>

; ;e_majn Function
put:none
j tput:nﬂne
called By:0.5.
| o «

-~ pain()
{
- FLE *pi

int TNO;
char name[20];
elrscr();

fp= fopen(“Student.dat”,"w");

ififp==NULL)

{ 2

printf(*File opening error”);

exit(1);

}

printf(“Enter the rollno and name:");

scanf(“%d %s",&rmo,&name); /* asking user to enter data */
forintf(fp,"%d %s",&rno,&name); /* writing data to file */

' flose(fp);
getch();
i

b T kxxxkxkkrrR*E A Of Program

***w**********tw*******/
: Output

?mer the rolino and name:
a
L |
'-_ ‘!:_ student.dat
E i .
-1 . .
~ " Reading of variables from file :
Syntax:

fscanf(filepointer,"format string" list of addresses of variables);

Having similar arguments as that of the fprintf statement, the fscanf reads

“Ontents of the file into the variables sp
CAL PUBLICATIONS™ - An up theust for kniowhodge
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Data Structures 9-6

Example :
fscanf(fp,"%d %s" &mo,&name);

printf(“Read data is: %d %s” rmo,name);

e ——— L N =}

m The fprintf and ﬁcanf statements are useful only when the data we want to e“fef is'_'-"‘
less, or rather they have disadvantage that when the number of variables increase, wﬂfmg

them or reqding them becomes clumsy.

o g e

11. Writing contents to file through structure :

Syntax : fwrite(pointer to struct,sizeof struct,no.of data itemsfilepointer);

‘C’ Program

f*******************wti******i*******t*i*******t*t****f*******

Program for file primitives such as fopen,fwrite.This program writes the string to the file,

************x***************t*ti**i*t******t*****************x

#include <stdio.h>
#define MAX 20
struct stud /* structure declaration */
{
int mo;
char name[MAX];
:
/‘t
The main Function
Input :none
Qutput:none
*/
main()
{
struct stud s;
FILE *fp;
clrscr();
s.mo=1; /* fill the structure contents*/
strcpy(s.name,"Sachin");
fp = fopen(“Student.dat”,"w");
if(fp==NULL)

printf(“File opening error”);
exit(1);

}

fwrite(&s,sizeof(s), 1 fp} /* write the structure contents to file*/
fclose(fp); -

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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]-';t""””** £ °fPIOgram******n*uu**”*“**“uf

Output. -studant dat -

.;‘ 0z T UIDZ

Fikics nﬁ

Thus we can see from the "“UfP‘llt Of the prografn that fwrlte writes the déta in the
e in pinary mode.
5, Reading contents of file through structure :
Gyntax : fread(pointer to struct,sizeof struct, no.of data items, filepointer);
Example :
To read the contents 'written in file we can have:-
fread(&s,sizeof(s),1,fp);

: Prior to this statement it is necessary that the pointer is located at the proper position
fmm where we want to read the file. Here you can use the rewind(filepointer) function. .

An fread or fwrite function moves the pointer to the beginning of the next record in
that file-

3. Moving the pointer from one record to another :
Syntax: fseek(filepointer, offset, whence);

where

offset is difference in bytes between offset and whence position.

whence can be:
ter with reference to beginning of the file.

1)  SEEK_SET move the poin
2) SEEK_CUR move the pointer with reference to its current position in file.
end of file.

3)  SEEK_SET move the pointer from e

Example :
e example where we have written a record in file. Suppose we

ptions :

. Let us take th
ANt to read that record, we have two 0

D To use rewind function. 2) To use fseek.

We can use fseek in following fashion:
we can have

prior to the fclose(fp):
fseek(fp,-sizeof(s), SEEK_CUR);
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This will place the pointer to the beginning of the record we have Curreny
ord again. y
written.Then we can make use of fread(...) to read that rec & ;

Types of Files

There are three types of file organizations -
1. Sequential file

2. Indexed file

3. Random file

Let us discuss them in detail.

EXY sequential Files

To understand the sequential files, lets start with an example. Consider the example
of a tape or rather a cassette where the songs are stored sequentially. Whenever we
want to play any song from it, we read it sequentially. Storing data sequentially is the
simplest form of file, but a tedious one. Reading data to a file or writing data from it
takes a lot of time as the data is not sorted. The data is stored on FCFS basis. T_akjng
example where we want to retrieve a record which is unfortunately stored at the last
position in the file requires to search the entire file. Hence the time required is very

large in this case.

GTU : Summer-16,17, Marks 7

‘C’ Program

/***i************!*************i*********************t*************

lmplementatmn of various file operations such as create, display, search and modlﬁcano
on student database with USN,Name and marks of three subjects

*******#****i********************#*********************t***********/

#include<stdio.h>
#include<stdlib.h>
#include <string.h>
#include<conio.h>
struct record
e

int USN;

char name|[20];

‘int marks1,marks2 marks3;
¥;
struct record r;
FILE *fp;
imid_ main()
int n,choice;
_  char ch; :
Cvoid Craate ﬁle(mt).

T
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structurés . 9-9 R =
— 9 T
d Modjfy”ﬁle().
ot record *Search_file():
cl{sCfU;
o tf("\n How many Records are there i the file?"),
P (% fen); h

do

clrSCT(]l

printﬂ"\n\t Main Menu"):
pﬂntf("\n'i. Create a file");
printf("\n?!. lep]ay a ﬁ]en]:
printf("\n3. Search a file"),
prim;f("\nf]. Modify a file"):
print{("\n6. Ext");

print{("\n Enter Your Choice ");
gcanf("%d",&choice),

gwitch(choice)
{
case 1.Create file(n),
break;
case 2:Display file(n);
break;

case 3:r="*Search_file(),
printf{("\n USN Name marks1l marks2 marks3\n"),

printf("\n-----e-eereeocmmcnee s oo cs oo mooccss e o ees \n )
flushall();
printf(" %d  %s %d %d %d \n"r.USN rnamer.marksl, rmarks2,r.marks3);
printf{ \n-e-ssmmemmmesemmmonsssnmmmerasemmmsnem——— \n’);
break:
case 4:Modify file(),
break;
} case 5:exit(0);
printf("\n Do You want To Continue?");
cth=getch();
}While(ch= ='Yll | ch= ‘——-'Y');
getch();

}

';Uid Create file(int n)

int i
fp=fopen('stud.dat","a+");
for (i=0;i<n; i++)

{

printf("\n Enter The name of the student ");

flushall();

_—r—.——___——_—__ ™
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gets(r name); :
printi("\n Enter University Seat Number ");
scanf("%d",&r.USN);
printf("\n Enter marks for First Subject ");
scanf("%d",&r.marks1);
printf("\n Enter marks for second Subject ");
scanf("%d",&r.marks2);
printf("\n Enter marks for Third Subject ")
scanf("%d", &r. marks3);
; fwrite(&r,sizeof(struct record),1,fp);
fclose(fp);

void Display_file(int n)

{

int i;

printf("\nReading all the records sequentlally\n")-
fo=fopen("stud.dat","r");

printf("\n USN Name marksl marks2 marks3\n");

printf("\n------ e \n");
for (i=0;i<n; i++)

{

fread(&sr, sizeof(struct record),1,fp);

flushall();

printf(" %d %s %d %d %d
s \n',r.USN,r.name,r.marks1,r.marks2 r.marks3);
8 { R T — \n");
fclose(fp);

}

void Modify_file()

{

int i;

int kev,new_USN,new_marks1,new_'mark52,neW_marksS;
char new_name|[20];

printf("Modifying the desired record");

printf("\n Enter the University Seat Number for modification of

record ");
scanf("%d",&key);
fp=fopen("stud.dat","r+");
i=0;

while(!feof(fp))

{
- fread(&r,sizeof(struct record) 1 fp]
_ if(r.USN==key) :

¥
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pala structu B 9-11 File S.'rucru_rg

- { fsaek(fp.sizeot(stm
printf(\n Enter th,
printf("\n Enter p,
flushall();
gets(new_name);
printf(\n Enter Neyw, USN ");
scanﬁ“%d".&new_USN);
printf("\n Enter new marks1

scanf("%d",&new_markal);
printf(

ct reeord)*i.SEEK_SET):
€ new record")
€W name "),

i

"\n Enter new marks?2 "):
sc:anf{"%d".&new_marksZ};
printf("\n Enter new marks3 “):
sc:anf("%d".&new_marksS};
r.USN=new USN:
strcpy(r.nmm?.now_namn};
rmarksl=new marks1:

rmarks? “new marks?2;
rmarks3=new marks3:
f[seek(fp,sizeof(struct mcurd}'l,SEEI{_SET);
fwnte(&r1,s1zeof(struct record),1,fp);

}

bk
}
fclose(fp);

}

struct record *Search file()

{

int key,i; ‘ )
printf("\n Enter the University Seat Number for Searching the record ");
Scanf("%d", &key):;

IE1F’='-f'::rnen(“stud.c:ial:".“r+“);

i=(};

'Evhﬂa(lfeof(fp))

fread(&r,sizeof(struct record),1,fp);
lf(LUSN —-—— ke?)
{

fseek(fp,sizeof(struct record)*i,SEEK_SET);
fclose(fp);
_ return &r;

I+ 4+,

}
Printfeng The Record is not present ");
\\\_
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Data Structures 9-12 Mcturg
return NUL‘L;
ke Output .

How many Records are there in the file?5
: Main Menu ‘
1. Create a file
2. Display a file
3. Search a file
4. Modify a file
5. Exit

Enter Your Choice 1

Enter The name of the student aaa
Enter University Seat Number 1
Enter marks for First Subject 40
Enter marks for second Subject 50
Enter marks for Third Subject 60
Enter The name of the student bbb
Enter University Seat Number 2
Enter marks for First Subject 55
Enter marks for second Subject 66 S
Enter marks for Third Subject 77 o
Enter. The name of the student ccc ' o

'Enter University Seat Number 3

Enter marks for First Subject 99
Enter marks for second Subject 44
Enter marks for Third Subject 70
Enter The name of the student ddd
Enter University Seat Number 4
Enter marks for First Subject 45
Enter marks for second Subject 65
Enter marks for Third Subject 76
Enter The name of the student eee
Enter University Seat Number 5
Enter marks for First Subject 32
Enter marks for second Subject 43
Enter marks for Third Subject 40
Do You want To Continue?

Main Menu
" 1. Create a file
- 2. Display a file
‘3. Search a file
4. Modify a file
5. Exit
Enter Your Choice 2

.
TECHMICAL PUBLICATIONS™. 4, up thrust for knowledge
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E,eading all the records sequent; ity
‘. USN Name marksi marks2
/l—; aaa 40 50
2 bbb 55 66
3 ccc g9 a4
4 ddd 45 65
5 eas 32 a3

e 8 T e e e e e s

Do You want To Continue?

Main Menu
1. Create a file
2. Display a file
3. Search a file
4. Modify a file
6. Exit

Enter Your Choice 3

File Structure

marks3

e O e
— P e e i e B e e
e e e e e e e i - i o e L e &

60
77
70
76
40

e e
e e o e

Enter the University Seat Number for Searching the record 4

USN Name marksl marks2 marks3

Do You want To Continue?

Main Menu
1. Create a file
2. Display a file
3. Search a file
4. Modify a file
5. Exit

Enter Your Choice 4

Modifying the desired record _ ;
Enter the University Seat Number for modification of record 3

Enter the new record
Enter new name XYZ

Enter New USN 50

Enter new marks1 55
Enter new marks2 66
Enter new marks3 77
Do You want To Continue?

Main Menu
1. Create a file
2. DiSplay a file
. i- Search a file
% Modify a file
\\

TECHNICAL PUI
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Enter Your ( "_'o1c'e 28 Sn o
‘Reading all the records sequentially e
" USN Name marksl  marks2 _

——
pap———
e e e
i 3

Bl aaa 40 50 60
B bbb 55 66 77
50 XYZ 65 = 66 7
4 ddd 45 65 76
5 eee 32 43 40

—

‘Do You want To Continue?

°  Main Menu

1. Create a file

.. 2. Display a file :

3. Search a file ’
4. Modify a file

~ B Exit :

. Enter Your Choice 5

Advantage of sequential file:

Sequential files are very simple to manage.
Disadvantages of sequential file:

1. Time required to retrieve any record is more as the entire file is searched.
2. Efficiency is less.

Owing to these drawbacks let us start with other file which will overcome these
drawbacks.

Review Questions

1. Explain the seqifenﬂ'ni file organization.

Write a C program for implementing the sequential file organization. -‘

3. Explain sequential file organizations and list its advantages and disadvantages.

GTU : Summer-16, Marks 3

ential ﬁ'Ie'.
B S G U : Summer-17, Marks 7 ]

4. Explain structure of sequential file. Explain Processing in sequ

EXA Indexed Sequential File

12,17, Summer-

_ 13,14,17, Marks 7
Since we are clear with sequential fj

Sequential’ file format. There are
over a normal sequential. Firstly, in
- 1. Normal sequential file and 2. An

got to other type which is ‘Indexed
many advantages of ‘using an ‘indexed sequential'

an mde}.ced Sequential format, we maintain two files
Sorted index fjle,

Ei
?. C. NICAL UBLI'C 1 NS . An up ;’hl‘usf fo k il
H, P. ATIO r know, eage

_———‘-—-——-
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What ever is our data we store

id or say the primary key ()Ift ltr}x1 the sequential file and in the index file we have

' £ e ial fi i ffset of that
gicular record in the sequentig) file. quential file along with the o

7o be more precise lets take the

We have to maintain grossery details, where in the sequential file we have
itemno. name price type

ofer to any item if w :
To re Y € were using normal sequential file, we would have to scan

the entire i:lo. to fmf;i .thai' Particular item details, But with the indexed sequential we
have another index file' which will in this case contain

itemno.offset
Another example is of students database the main file will have Roll, Name, Age,
Marks, and the index file will have Roll offset,
: This will be in sorted format for th
{ any record, first the inde
and the required record ¢

_ e index file. Hence whenever we are referring to
X file will be searched. From that search the offset is retrieved
an be seek from the sequential file. See Fig. 9.5.1.

Main file
Roll Name Age Marks
12 Parth 16 78
1 Sanket 20 66
—=| 13 Yash 15 68
10 Lalita 20 55

Ind file 38 | Anagha | 18 88
12 78 | Prashant | 20 90

110 Anand 20 00
1 Dinesh 18 35
4 Joseph 17 51
Juhi 17 48
| 14 | Rajashri | 16 37
18 Yusuf 16 54

64

79

13
14

15 |

}..QII
-“'

=| 15 | Anuradha | 15
19 Kavita 20

T ——— |

)

i =
Fig. 9.5.1 Index sequential File

You will be more clear from the following sarr}ple figure and sample program.
Here we are storing various functions in function.cpp and structure in includes.h

-~ Program _ | e
: : : : * ok : : A
"l"i-i-t*-*t'**i\-twnt*r*i*nu:**mu*tﬂtt}‘******"**f‘**** AAL S L

" Program for the indexed sequential file.We have assumed the student database for -
Qfﬂlammnon*;*******““;**.*“**"*“****;"“, q - R,
RREERR B A E =3 SRR

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Data Structures

File Structyre

/*include Files*/

#include <stdio.h>

#include <conio.h>

#include <stdlib.h>

#include'c:\includes.h"
/*stores the structures of
master and index file*/ g ol

#include"c:\function.cpp" /*stores all the functions for file primitives /

/* The main Function

input:none

Output:none
called by:0S.
Calls: ADD_RECORD.DELETE_RECORD'MODIFY_RECORD.SEARCH_RECORD,

*/

f

L

int choice;
int status;
int roll_no;
char ch;
clrser();

printf("Enter the file name:

DISPLAY_ALL_RECORD

void main(void)

")

scanf("%s",f name); .
printf(“Enter the index file name: "),
scanf(“%s" if_ name);

ptr=fopen(f_

name,"wh");

if(ptr == NULL)

{
printf(“File
getch();
exit(0);

}

not found ");

iptr=fopen(if_name,"wb");
if(iptr == NULL)

{
printf(“File
getch();
exit(0);

}

fclose(ptr);

fclose(iptr);

while(1) -

{

not found ");

clrscx();
_ printf("\nl.add");

TECHNICAL PUBLICATIONS™
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9.

# 7 " File Structure
pnntf(“\nz.demte--}.
prmtf("\na.mOdifY")'

; pmltf{u\n4.$Earchn}.’ sl
PHNt(*\n5 Display ).
& printf("\n6.exit"). '
; printf(“\nEnter the apns
3 i chnlc ")
L scanf{"%d" &choice). =
! switch{choice} '
B {
case 1:
: statuszADD_RECORD()-
[_-_ if(status==1) '
1
g
i rintf(“Th
E— printf("The record has been successfully added");
J else
1 I $ 1
[ printi(*The record could not he added");
E break; Ptk
I
5 case 2:
printf(“Enter the roll no of the record to
delete : ");
| scanf("%d" &roll no);
| status:DELETE_RECORD(mllﬁnu};

1 if(status==1)

i -

L printf(“The record has been successfully deleted"”):

L else

k printf(“The record could not be found”);
break;
? Case 3:

1 printf(“Enter the roll_no of the record to

{ modify: ");

| scanf(“%d”, &roll_no);

i Status=MODIFY_RECORD(roll_no);

1 (status==1)

printf(“The record has been successfully
modified");
‘Blse

printf(“The record could not be found”);

B R S A S L
r:r-!_v'—".':\'t', s agy RO

break;

1
e N
i \ e e—
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9-18 File Strucy,

7 case 4: , |
L2 printf(“Enter the roll no of the record to

searched: "),
scanf(“%d",&roll_no);
status=SEARCH_RECORD(roll_no);
if(status==1)

printf(“The record has been found");

else
printf(“The record-could not be found");
getch();

break;

case b:
DISPLAY_ALL_RECOBD{);
getch();
break;

case 6:
getch();
exit(0);

}

printf(“Do u want to continue : ");
ch=getchar();
lf(Ch ——— lnu | I Ch ==|Na)

break;
}

}

,]*******************t**t***t********#*wt*******************t**

getch();

function.cpp

*****************ii*****************i******‘k**ﬂ'******
/*

The SORT _FILE Function

Input:none

Output:1 or -1 _

Called By:ADD_RECORD

.Calls:none

********{

* _
int SORT_FILE()

£

int size;

TECHNICA ——\\\\ e
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File Structure

oy
e

_ir=fopen(if_name,'tb+"),
@ipt[ == NULL)

printf(“File not Opened”)
return -1;

printf(“File not opened”);
return -1;

while(fread(&ind, sizeof(is), 1, iptr))

size+ +;

felose(iptr);

Hipr=fopen(if name,"rb+");
(ifiptr == NULL)

:

b printf(“File not opened");
return -1;

forli = 0; § < size; i++)

flag = 0; | .
for(j = 0; j < size - (i+1);j++)

——

fseek(iptr, j*sizeof(is), SEEK_SET);
fread(&ind, sizeof(is), 1, iptr); ,
//fseek(iptr, (j+1)*sizeof(is), SEEK_SET);
fread(&ind temp, sizeof(is), 1, iptr);
if(ind.iroll_no > ind_temp.iroll_1o)

{

fseek(iptr, j*sizeof(is), SEEK_SET);
fwrite(&ind_temp, gizeof(is), 1, Iptr):T |
fseek(iptr, (j+ 1)*sizeof(is), SEEK_SET);
fwrite(&ind, sizeof(is) 1, IPE):

T T T T R T TR

TECHNICAL PUBLICA TIONS” - An up thiust for knowledge
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. fclose(iptr);
- return 1;.
}
g
‘The ADD_RECORD Functlon
Input:none
Output:1 or -1
Called By:main
Calls:SORT_FILE
*/ ) o
int ADD_RECORD()
{
ss stud;
is ind;
- long offset;
ptr=fopen(f-name,"rb+");
 if(ptr ==-NULL)
{ | *
~ printf(“File not cpened”);
returmn -1;

}
‘while{fread(&stud, sizeof(stud), 1, ptr));
~ offset=FHell(ptr); '
- printf(“Enter the name of the student : ");
~ fflush(stdin);
scanf(“%s",&stud.name);
printf(“Enter the roll no. of the student : ");
_ fflush(stdin);
- scanf("“%d" ,&stud.roll no);
~ printf(“Enter the age of the student : ");
~ fflush(stdin);
- scanf(“%d" &stud.age);
-printf(“Enter the marks of the student : ");
- fflush(stdin);
- scanf(“%d",&stud.mark);
- fwrite(&stud, sizeof(stud), 1, ptr)
'._%.j-'-_--fclose(ptz),
- iptr=fopen(if name "ab-!—")
lf(lptl’ = NULL) '

printf(“File not opened”);
retum -1;

Scanned by CamScanner
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pé g-21 " File Structure
= o(&ind, sizeof(ind), 1,iptr);
;” Jose(iptr);
| E;?BRT_FILEO:
e
)
{ﬂ]e pELETE_RECORD Function
-i' put.:ron_no
| éo“gput:either “lor1
;'Ga]_]ad By:main
_ Ecs-ns:none
I v
| ot DELETE_RECORD(int roll no)
{
is ind;
" int flag = O;
. iptr=fopen(if_name,"rb+");
| ifliptr == NULL) .
’ printf(“File not opened");
! return -1;
}
while(fread(&ind, sizeof(is), 1, iptr))
{
I if(ind.iroll_no == roll no)
{
flag = 1;
break;
}
}
ifflag == 1)
{
ind.flag = -1;
fseek(iptr,-(long)sizeof(is), SEEK_CUR);
fwrite(&ind,sizeof(is), 1, iptr);
fclose(iptr);
5 return 1;
felose(iptr); '
Tetum -1;
}
.["
The MODIFY RECORD Function
R
™. An up thrust for knowledge
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File Strucy,

* /
int MODIFY_RECORD(int roll_no)
{

is ind;

ss stud;

int flag = 0;

iptr= fopentlf name,'rb+");
if(iptr == NULL)

{
printf(“File not opened");
retum -1;
}
while(fread(&ind, sizeof(is), 1, iptr))
{ :
if(ind.iroll_ no == roll_no)
{
flag = 1;
break;
"}
'}
fclose(iptr);
if(flag == 1)
{
ptr=fopen(f name,'rb+");
if(ptr == NULL)
{
printf(“File not opened");
return -1;
}
fseek(ptr, ind.offset, SEEK SET);
fread(&stud, sizeof(stud), 1, ptr);
printf(“Enter the name of the student :
fflush(stdin);
scanf("%s"”,stud.name);
printf(“Enter the age of the student : ");
fflush(stdin);
scanf("%d",&stud.age);
printf(“Enter the marks of the student : *);
fflush(stdin);
scanf(“%d",&stud. ma_rk),
fseek(ptr, -(long)sizeof(stud), SEEK CUR)
- - fwrite(&stud, sizeof(stud), 1, ptr}
“o-  fclose(ptr);
i retum 1;

TECHNICAL PUBLICATIONS™- An up thrust ra—_knowfedgé
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File Structure

? 9- 23 e
g V”’—\ . e

F sgARCH RECORD Function

ﬁa yoll_DO
ateif Tecord found then 1

By:main

musnone
NSEARGH RECORD(int roll no)

l;s ind;

gtud;
;I,fgpen( if name,"'rb+");

jfiptr == NULL)

[ printf(“File not opened”);
return -1;

T Ty
o L0 SR 2 50 3

whﬂe(fread(&md sizeof(is), 1, iptr))

" if(ind.iroll_no == roll_no && ind.flag == 1)

: fclose(iptr);
E return 1;
B

tlose(iptr);

se 1
ut:-1 if no record present otherwi

Sanned by CamScanner
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oy S
_ ptr=fopen(f name,"'rb+");
~if(ptr == NULL)

{ LLA T
printf(“File not opened”);

“ ) return -1;

} . '

while(fread(&ind, sizeof(is), 1, iptr))

v :
' if(ind.flag == 1)
{ fseek(ptr, ind.offset, SEEK SET);

- fread(&stud, sizeof(stud), 1, ptr);
printf(“\n\n\nRoll : %d ", stud.roll_no);
printf("\nNafme : %s", stud.name};
printf(“\nAge : %d", stud.age);
printf("\nMaxks . %d”, stud.mark),

}
}
fclose(iptr);
fclose(ptr);
return 1;
}

f***‘t***!\'1\‘************Vc***‘k********************#t#*t*********t

include.h

****i‘********************t****tt************t**t***********ii/

typedef struct student

{
int roll no;
char name|[20];
int age;
int mark;
}ss;
typedef struct index
{ |
int iroll no; T
long offset; ‘ ' Co g
int flag; :
}is;

FILE *ptr=NULL,;

FILE *iptr=NULL;

char f name[20];  /*master file*/
char if namel201: /*index file*/

£ Output
Enter the file name: main ;

Enter the index file name: ind

TECH.-_WCAL PUBLICATIONS™- An up thrusst for knowledge
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? paté st 9-25 File Structure
] :

% rthe choice : 1 | :

Eﬁwf the name of the student : aby
o7 the roll no. of the Student 12
gater the age of the student : 19
gater the marks of the student - 98
1.2dd

9, delete

| 3.modify

| gsearch

| 5. display

6. exit

Enter the choice :1

{

{
| Enter the name of the student : anand
4

|

Enter the roll no. of the student : 11
Enter the age of the student : 32
Enter the marks of the student : 0

| 1ladd

2. delete
3. modify
4 search
5. display
| B exit

Enter the choice :1

Enter the name of the student : anuradha #
Enter the roll no. of the student : 13

Enter the age of the student : 27

Enter the marks of the student : 100

L adg

2 delete

4. search

6. exit

e s s

B,

5 JEHIBI the choice :5

E’Dﬂ 11
\\ /,? An up thrust for knowledge
PUBL»‘CA TION.
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Data Structures | o 26
Marks . :0

Roll : 12

flame : babu
Age . 10
Marks . 98

el . 13

Name . anuradha
Age jpn
Marks ~ : 100

1. add'

2. delete

3. modify

4, search

6. exit

Enter the choice : 2

Enter the roll_no of the record to deleted: 13
. add

. delete

. modify

search

. display

. exit

Enter the choice : b

OORWN

Roll : 2 11
Name - : anand
Age : 32 '
Marks 1
Roll : 12
Name .: babu
Age . 10
Marks : 98

1. add

2. delete

3. modify

4. search

5. display

6. exit

Enter the choice : 4 :
Ent r the roll no of the record to searched 11
he. record has been found e :

TECHNICAL PUBLICATIONS™- A up thrust for knowiedge
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the choice :3

i: oper the roll_no of the record to modify: 12
Joter the name of the student : Parh

sater the age of the student : 10

goter the marks of the student : 100

fadd

jdelete

3 modify

4 search

gdisplay

g exit

Enter the choice :5

Roll s & |
Name - anand
Age L 32
Marks w0

Roll 12
Name : Parth
Age : 10
Marks : 100
1. add

2: delete

3. modify

!‘;‘:Search

%"_ﬁsplay

B exit

Eﬂ"-Flrthe choice : 4 56
Enter the roll no of the record to searched :
*28 record could not be found

Ad"a“tages of Indexed Sequential File:
L. More efficient than sequential file.

2 Time required is relatively less than sequential files.

Disadvamage:

ely increases the overhead.

File Structure

Maintaining two ﬁks relativ

TECHNICAL PUBLICATIONS” - An up thrust for knowledge
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Data Structures 9-28 File Structyre
R

1. Write a short note on - Indexed sequential file.
GTU : May-12, Summer-13, 14, Marks 4, Winter-12, Marks 7

2. Explain the structure of indexed sequential file. m

GTU : Winter-17, Marks 3

—

3. Explain indexing structure for index file.

GTU : Summer-15, Winter-18, Marks 7

EXa Random File

Random organization is a kind of file organization in which records are stored at

random locations on the disks. ,
There are three techniques used in random organization and those are given in

following Fig. 9.6.1.

Random Access
Organization

Y y 1

Direct Addressing Directory Lookup Hashing

Fig. 9.6.1 Random access organization

Let us discuss each of them -

1. Direct Addressing
e In direct addressing two types_of records are handled: fixed length record and

variable length record.

For storing the fixed length records the disk space is divided into the nodes. These
nodes are large enough to hold individual record.

Every fixed length record is stored in node number # which is equal to the
primary key value. For example: If a primary key value is 185 then the record
must be present in the node number 185.

For example
100
500
: Record having
1000 1000 EMP_ID = 1000
is present at the
node # 1000
Fig. 9.6.2 Storing of fixed length record *
__——//‘
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onsider th

ol 1w :ic; and sea::;'t he records are stored on the external storageé devices then

de:ate a record the m'g of the record requires one disk access. If we

up o writing th n it requires two disk access, one for reading the recor

one for writing the updated data back to the disk

for. sff;mn]g the Zalnal:-le length records on the disk, the address (pointer) of each
lndIVl ua I'ZCOI' . 1s stored in the file at SPECiﬁC index. We can locate the variable
Jength rec?r .usmg the index of the pointer. This pointer will point to desired
record which is present on the disk. ,
variable length records make the storage management more complex.

want to
d and

g, Directory Lookup
, In this scheme the index for the pointers to the records is maintained.

., For retrieving the desired record first of all the index for the record address is
searched and then using this record address the actual record is accessed.

100 =1 Record A
500
1000 Record B
EE——
1500 —4—=| RecordC
I—
2000

Fig. 9.6.3 Directory lookup

* The drawback of this method is that it requires more disk access than direct

address method. _ :
* Advantage of this method is that effective di

to direct addressing methOd-

sk space utilization in it as compared

3 Hashing
_ hich hash key is obtained using some suitable hash

* Hashing is a technique It W '
fific o i, xecord 15 placed in the hash table with the help of this hash key.

* Thus in this random organization,

.~ help of hash function Peing used.
| ONS™- An up thrust for knowiedge

the record can be quickly searched with the

h TECHNICAL PUBLICAT!
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Filg Sm—"ﬂura

For creation of hash table the available file space is divided .into buckets ang
Some file space is left aside for handling the overflow situation.

® The total number of slots per bucket is equal to the total number of records each,
bucket can hold.

slotg,

Review Questions

___-___--‘-‘-"-n.-
L. Explain sequential, indexed sequential and random file organizations.

[Hint : For sequential file - Refer section 9.4, for index sequential - Refer section 9.5]

2. Explain different types of file organizations and discuss the advantages and disndvantages of

each of them. GTU : Winter-18, Marks 7

3. Explain sequential files and indexed sequential files structures. K VRN SCRITETR 7

——

Multi-Key File Organization L GTU : Winter-13, 17, Marks 7 |

For understanding multiple key access file organization consider the Roll_no record,
In the Roll_no record structure, there are 3 fields - value, length and point_er to the first
record. The value field indicates the upper bound value for the Roll_no. For instance : If
the roll number of particular student is 437 then it lies between 0 to 500. Note that here

ecord of that student must be associated with value 500.

length 2 for value 700 means there are 2 records who have Roll_n

o that lie between 500
to 700.
Rolll_no Index
Value 500 700 900
Length 2 2 1
Pointer
to first I I
record
\
Roll_no ——
link NULL TN NULL
-._"__—l—u_
Class ccc i _
—— ——a| NULL . NULL
Sex DDD AAA
e fon ] ccc NULL NULL
e sl
oo - DDD AAA cee
Fig. 9.7.1 My
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The t_h_l‘fd 'fIE]d is the pointer or a link field which pOiII.tS to the first record. For
qstance N Fig. 9:7.1. For value 500 the pointer field points to record BBB and in the
secord BBB there is a field Roll_no link which points to record EEE. Thus there are total
2l.ef;,;)rc:[s BBB and EEE with value 500.

gimilarly for value 700 there are 2 records the pointer field points to the first zecord
ppD. The record DDD shows the next record of it by pointing to AAA (Refer the
Roll_no link of record DDD).
And for value 900 there is only one record i.e. CCC which is pointed by pointer field.
The index for each key field is maintained which is useful for executing any query.
oObserve Fig. 9.7.1 of class index. This figure tells us that there are two records for fifth
standard and 3 records for tenth standard. The first student of fifth standard class is

8BB and second student is CCC. (Just refer the class field of record BBB from Fig. 9.7.1)

Thus we can solve the query "select * from stud_table where class = fifth" and the

answer will be BBB and CCC. If we observe Fig. 9.7.1 of Marks index, the column of
second class value shows that there are 3 records, out of which first record is AAA.
Now from Fig. 9.7.1 record AAA has a Marks field which denotes next record as DDD
and Marks field of record DDD denotes CCC as the next record. And for record CCC |
the Marks field denotes the value NULL. This all indicates the second class holder

students are AAA, CCC and DDD.

Advantages
1) The multi-list structure provides satisfactory solution to simple and range queries.

For instance : "Select * from dept_table where salary > 10000"
Such queries ¢ ently using multi-list structure.

2) Quick access to every individual re

an be executed effici
cord is possible.

Disadvantage _ o
1) Some amount of mMemMOry gets c_onsumed in maintaining the link or address

field.,

L Explain various multiple key Access file organization in brief with advantages and

disadvantages of each method. GTU : Winter-13, Marks 7
2. How s of record is performed in multi key file organization. GTU : Winter-17, Marks 4
- acces

[l GTU : Winter-12 B

ieved or updated from the file is called
Th : : cords can be retrieved © . . : Ny
3t:ceS: method by w;ucl;il‘e. the file can be organized in variety of ways. Fig. 9.8.1
method. Records thi can be organized - ) -

tows various types by which a file —
BLICATIONS - An up thrust for knowledge )
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Data Structures R R
File organization
i L i
lar
Random Linked Inverted Cellu
Sequential : ity artitions
organization difecc?:gcgrss organization| | organization p
Fig. 9.8.1

Linked Organization

e In linked organization the logical sequence of the records is diffcrentlhthan the
physical sequence. In any scqincnlia] organization if we are accessing n™ node at
Loc; then (n+1}thl record may be located at (Loc;+c) where ¢ is the constant which
represents the length of the record or it may be some inter-record spacing.

¢ In linked organization we can access next logical record by following the
link-value pair. The link-value pair denotes each individual record.

e The typical structure of every record is as follows -

| S——

Record value Link

! L

Value of Using this

current record address we can
lacote the next
record

Thus records in the linked organization can be stored as follows -

EXE] Inverted File Organization

500 2 -] Bee ~| EEE | NULL
700 2 .
~| DDD
AAA | NULL
900 1
~{ccc | NuLL

Fig. 9.8.2 Roll_No index

¢ Inverted files are similar to multi-lists,

————

TECHNICAL PUBLICATIONS™. An up thrust i ko
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1z

The difference between mul- ords

list and inverted fil i i in Flists rec
es is that in multi-hs
with the same key value are linkeq together along with the link information

i in individual : 5 ’ 2
peing kept in in al record. But in _ ) 1 informiation
is kept in the index itself. case of inverted files this lin

faf elample
437 | BBB Fifth BBB, CCC
488 | EEE | Tenth EEE DR
689 | popol Fig. 9.8.3 (b) Class index
895 AAA -
~Female BBB, DDD, CCC
e a8 Male EEE, AAA
Fig. 9.8.3 (a) Roll_No index " Fig. 9.8.3 (c) Sex index
First c]ass = G EEE
Second class AAA, DDD, CCC
Pass c!a_ss . . BBB

Fig. 9.8.3 (d) Marks index

. Consider Fig. 9.8.3 (a) of Roll-no index which shows records BBB, EEE, DDD, AAA
L d CCC. In Fig. 9.8.3 (b) of class index two class are there fifth and tenth and we can
| ohserve that in the link information is stored in the index itself. Hence for fifth class
| cords are BBB and CCC. And for tenth class records are EEE, DDD and AAA .

Simil ly from sex index Fig. 9.8.3 (c), it is clear that BBB, DDD and CCC are females

| M EEE and AAA are males. .
* The above index structure is a dense index structure Dense Indexing. The dense

index is a kind of indexing in which record appers for every search key value in
the file. '

* Thus in inverted files the index entries is O
structure is more complex than multi-list file structure.

. Fﬂllowing are the two steps that are adopted while searching a record from

8 inverted files -
1 ™. An up thrust for knowledge
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4 File S“Uctura

Dats Structures e

Index file Master file .

- | anA | 217 i
2N = i
FFF| - BBB | 125

ppp | 301 | - 4‘
EEE | 313

) EEE | 410 |
EI_FF' 570
FFF | 780 }
FFF | 900

Fig. 9.8.4 Dense indexing

i) Index of required record is searched first of all.

ii) Then actual record is retrieved. -
e In inverted files the index structure is important. The records can be arranged

sequentially, randomly or linked depending on primary key.
e The number of disk accesses required = Number of records being retrieved +
Processing for indexes. '
Advantages _
1) Inverted files are space saving as compared to other file structures when record

retrieval does not require retrieval does not require retrieval of key fields.
Disadvantages

1) Insertion and deletion of records is complex because it requires the ability to insert
and delete within indexes. '

2) Index maintainance is complicated as compared to multi-list.
Cellular Partitions

* For reducing the searching time during file operations, the storage. media (e-§:
secondary memory, magnetic disk, magnetic tape etc.) may be divided into cels.

* The cells can be of two types -
i) Entire disk pack can be a cell

ii) A cylinder can be a cell.

TECHNICAL PUBLICATIONS™. 4, UP thrust for knowledg
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: cords c ; . . ;
, A list of re an occupy either entire disk pack or it may lie on particular
. I'-
cylinde

 If all the records lie on the same cylinder then without moving the read /write
head the records can be accessed.

File Structure

, If the cell is nothing but entire disk pack then the disk is partitioned into different

partitions. Such partitions are called cellular partitions. Then these different cells
can be searched in parallel.

_wnmges of cellular partitions
j) Various read operations can be performed parallely in order to reduce the search
| time.

- J) Faster execution of any query.

psadvantage

) If multiple records lie in the same cell then reading a single cell becomes a time
consuming process.

Review Questions

1. Write a short note on mverted key file organization. GTU : Winter-12, Marks 7

2. Write a short note on Cellular Partitions.

m Oral Questions and Answers

P —

Q1 Define the terms - file, Record and Field.

Ans.: A file is a collection of records. Record is nothing but the source of information.
I typically stored in rows in the file structure. Field is a piece of data which is
#sociated with the entire record. It is referred as column.

W What are various operations that can be performed in file ?
Ang, . Various operations that can be performed on file are 1. Creation of file
rtion of record in file 3. Updation of some record 4. Deletion of desired record.
“ What are various modes ?
s Various modes in which file can be opened are -
P, i write - "W" append - "a"
g Explain file close operation. :
** The file close operation used for closing the file.

el
—

TECHNICAL PUBLICATIONS™- An up thrust for knowlsdge
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Data Structures 9-36 File Structyrg

Syntax : fclose(filepointer);
Example fclose(fp); /* closes the file pointed by the fp */
Q.5 What is the purpose of putc or getc functions ?

Ans. : Fdr writing the character fputc is used and reading from the character from the
file fgetc function is used.

Q.6  What are different types of files ? |
Ans. : There are three types of files 1. Sequential file 2. Index file 3. Random file
Q.7 What are advantages of index sequential file over sequential file ?
Ans. : Various advantages of index sequential file are
1. More efficient than sequential file.

2. Time required is relati\fely less than sequential files.

~Qaa
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Syllabus

Sf_irf ing - bubble sort, Selection sory, Quick sort, Merge sort searching - Sequential search and
binary search. '
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10.1 Concept of Sorting .. ..... Winter-14, 15,16,17,18,

....... Summer-15,16,17,18- - - - - - - - - - - - - - - - Marks 7
10.2 Searching  ....... Winter-14, 16,17,18,
..... .. Summer-1516,18 - - - - -+ - - -« - -« -« . . . Marks 7
10.3 Oral Questions and Answers
P
s
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Data Structures 10-2 Sorting and Seamht'n!}
___-___“—n___-

Concept of Sorting
' GTU

- Winter-14, 15,16,17,18, Summer-15,16.17,18, Mari 7

* Definition of sorting : Sorting is a process of qrranging the data in some specific
order. | "

s Ascending order : If the elements are arranged in increasing -order then it is calleg
ascending order. -

¢ Descending u.i'der : If the elements are arranged in decreasing order then it i
called descending order. | |

* There are two types of sorting techniques - Internal sorting and External sorting,

1. Internal sorting : This is a sorting technique in which data resides on the main :
memory of computer. !
2. External sorting : This is a sorting technique in which there is huge amount of
- data and it resides.

The internal sorting techniques are - 1. Bubble sort 2. Selection sort 3. Quick sort
4. Merge sort.

We will discuss these methods with the help of illustrative examples.

('SR N Bubble Sort

This is the simplest kind of sorting method in this method. We do this bubble sort
procedure in several iterations, which are called passes.

Example : 0 f5
Consider 5 unsorted elements are ; ;;g
45 -40 190 99 11 3{ 99
First store those elements in the array a 4] 11

Pass 1
Compare 45 and - 40
Is 45 > - 40 . Interchange . 4"‘5
i.e. compare a[0] and a[1], after mtercl{ange 1140 :]

21190
~al0] = - 40 3] 99
“a[l] = 45 411
Compare a[1] and a[2] a
Is 45 > 190 .No interchange ':13 —40
45
‘21190 :]
3] 99
, 4111
TECHNICAL PUBLICATIONS". An up thrust for knowledge
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ﬂgtﬁs e O Sorting and Searching
(ompare a[2] and a[3] '

a
5 190 > 99 .'.interchange ol=0
1145
312] = 2 1@':]
3|99
3[3] =190 e

Compare a[3] and a[4]

a
Is 190 > 11 .. Interchange E .:50
5{3] =11 A

3 193:]

] =10 411
a
After first pass the array will hold the 0|40
gements which are sorted to some extent. ; ;g
31
41180

a

0|40

P 1[5
Compare a[0] and a[l1] g ??
no interchange 4l790

a
o[=0
1145 :]
2|99
ompare a[0] and a[1] e
no interchange. 4]190

Compare a[2] and a[3]
Since 99 > 11 interchange

N =0
g:%&ém
X

“a2) = 11
3[3] = 99 a
o[=0
i 1| 45
:' No i : : 2f 11
- “ointerchange v 2l
41180
\____ —"’/N;:":MMM
rsmﬂm"”‘?w e
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Pass 3 a
First compare al0)] and a[l], no ? _:50 '
iI'lt&l‘Chal'lge . ‘ 2l 11 :]
. ' 3|99
. Compare a[1] and a[2] Af=s
45 > 11 .. Interchange
a[l] =11 _
_ - a
al2] = 45 . o[=0
Next compare a[2] and a[3] similarly 1| 11
2| 45
a[3] and al4] 3l 99
No interchange. 41190

This is end of pass 3. This process will
be thus continued till pass 4. Finally at
the end of last pass the array will hold all - | :

0140
the sorted elements like this, 1 1
Since the comparison positions look g ;g
like bubbles, therefore it is called bubble 4[190
sort.
Algorithm :
1

- Read the total number of elements say n
Store the elements in the array
Set thei=0.

Repeat step 4 for all n elements.

2,

3.

4. Compare the adjacent elements.

B.

6. Increment the value of i by 1 and repeat step 4, 5 for i< n
7

| Printf the sorted list of elements.
i 8. Stop.

hm Bubhle(AID n-ll) RS R e e
| ,{/Pxobtem Descnptmn ‘I'tus algorithm is for somng the
: .jMBI_ttB using bubble sort method

it:An array of elements A[0...n-1] that is to be sorted
utput: The sorted array A[0.. n-1]
4-0 to n-2do -

TECHNICAL PUBLICATIONS™. an I
. - An up thrust for knowledge
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o if(Ali1>Af+1])then
& {

temp « A[j]

Afj] « Afj+1)

Alj+1] « temp
:,}ﬁend of inner for loop
iyend of outer for loop

¢ Function

foid bubblesort (int a[20], int n)

for(i=0;i<n-1;i++4)

T

{
for = 0;j < m;j ++4) =
{
if (alj] > a j + 1) 5
{
temp = alj]; £
afjl = alj+1];
alj + 1] = temp;
}
} '
‘C' Program
Iit**t**lii**ﬁ********t\\'*i****t'ﬁ******ii***i*t*i****tﬁ********* <5y
Pl'Og'tam for sorting the elements by bubble sort method :
?*ii*********t*********t*w**tt*****i*************************I ‘:
[* Header Files*/
#include <stdio.h>
#include < conio.h>
Clude <process.h>
/"Declaration*/
';'fld bubblesort(int a[20],int n);
Name:Bubblesort
“Iput Parameter:array a,total elements
| tput Pal'alneter none
?..'F ﬂOne
}i“id buhblesﬁtt(mt a[20] int n}
j"“'*‘rltmtemp, S R

TECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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Sorting and Searcy;

for(i=0;i<n-1;i++)

{
for(j=0;j<n;j++)
{ if(afj]>alj+1])
{ temp=alj};
aljl=alj+1I;
alj+1]=temp;
}
}
}

//Printing the sorted array//
for(i=0;i<n;i+ +)
printf(“\n\t%d" ali]);
}

,ﬂ'

Name:main()

Input Parameter:none

Output:none

Called By O.S.

Calls:bubblesort()

%/

void main()

{
int a[20],i,n;
int ch;
clrscr();
printf(“\nEnter the number of elements

in the sorting array: ”);
scanf("%d",&n);
//Accepting n number of elements in the array
printf(“\nEnter the elements for the array\n");
for(i=0;i<n;i++)
scanf(“%d",&ali]):

bubblesort(a,n);
getch();

}

/****i‘****i‘************End Of Prog.ram w*i**i**i**t****ti*i*i/

Output
Enter the number of elements in the sorting array: 5
Enter the elements for the array
30

L

TECHNICAL PUBLICATIONS™
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e I'T-.
pots 1 TR
=l A

a1y515 - In above“ aIgDrlt

i hm basic operation if (a[j] > afj +1]) which is execu
within nested for loops. Hence time complexity of bubble sort is o).

Sort the fOHOHang list ﬂf ntumbers ﬂSfﬂg bubble sort fEChﬂquE
b 52" 1’ 27’ 85" 66’ 23; 13; 57. :

[ sulﬂﬁﬂn: Pass 1 :

0 1
= = 4 As 1 <52
52| 1 |27|85] 66

23| 13| 57 ~ Interchange

As 27 <52
1152 |27185|66|23]| 13| 57 . Interchange

As 52 <85
.. No Interchange

27|52 |85|66 23|13 ] 57

As 66 < 85
27 | 52| 85|66|23|13[57| - Interchange

As 23 <85
27 | 52 | 66|85 ] 23|13 |57 - Interchange

As 13 <85
27 | 52 66 | 23 85|13 | 57 .. Interchange
o 1 2 3 4 6 7 As 57 <85
27 | 52 | 66 23| 13| 85| 57| - - Interchange
1 :

2 3 4 5 6 7

57 sz oo 22| 13171

TECHNICAL Puaucﬂnoms"- An up thrust for kno ’
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Sorting and Searching

Pass 2 :

Pass 3 :

Pass 4 :

3|13 | 57|85

1|27 |52]|23|66| 13|57 |85

27 |52|23|13| 66| 57 | 85

27 | 5212313 | 57| 66 | 85

13 | 57 | 66 | 85

1|27 |23|52|13|57 | 66|85

o 1 2 3 4 65 6 7

1127123 |13 |52 |57 | 66 | 85

WANMN

0 12 3 4 5 6 7
[ 1[27]23[13]s2] 5766 [85]

LM

0 1 2 3 4 5 6 7
L1l23]27]13[52]s7[66]85]

0 1 2 3 4 5 g 7
[ t123[13]27Ts2 57 e8]

————

As 23 <66
.~ Interchange

As 13 <66
. Interchange .

As 57 < 66
. Interchange

No Interchange

As 23 <52
- Interchange

As 13 <52
. Interchange

As 23 <27
= Interchange

As13<27
- Interchange

TECHNICAL PUBLICATIONS™- An up thrust for !;-mwiedge

Scanned by CamScanner



Crglrbe ‘cap it

e T e I

YT

|23 : 3<23
UJ AR B Asl::te;hange

No interchange takes place. Hence the sorted list is -

1]13]23]|27(52]|57]66]85]|

“If no interchanges occurred, then the table must be sorted and no ﬁ:rt'he-r'
- passes are required”. Which sorting method works on this principal ?

Apply above sorting technique on the following data
. 51428

Solution : The bubble sort method is used on given principal.

GTU : Winter -17. Marks 7

Pass 1:

e As5>1

I, o>
2 1[41218] Interchange
0o 1 2 .3 4
[A]5] 4 28] Interchange
o 1 2 3 4
EERNEAE [ 8] Interchange
o 1 2 3 4 | .
[—1|4[2 T'5 | 8] Nointerchange

T _-_-_-____—__—__ "A"W-’tfl’vﬂfa’w

i
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. Sorting and Searching
Data Structures
Pass 2 :
o 1 2 3 4
[7]4]2]5]8| 'nterchange
0 2
1] 2] 4[5] 8] Nointerchange
Pass 3 :

0 1 2 3 4

o - e
ANMNN
Thus we get sorted list as 1, 2, 4,- 5 8

Review Questions

1. Write a function in C to perform bubble sort. Also find out its worst case time complexity.

Write a 'C" program for Bubble sort. GTU : Winter-16, Marks 4

3. Explain the trace of bubble sort on following data.

42,23,74,11, 65, 58, 94, 36, 99, 87 Bl GTU : Summer-17, Marks 7

4. Write an algorithm for Bubble sort. ' GTU : Winter-18, Marks 3

TEF] selection Sort |

Scan the array to find its smallest element and swap it with the
starting with .the second element scan the entire list to find the
swap it with the second element. Then starting from the
scanned in order to find the next smallest
sort the entire list.

No interchange

N

first element. Then,
smallest element and
third element the entire list is
element. Continuing in this fashion we can

Generally, on pass i (0 < i < n-2), the smallest ele

ment is searched among last n-i
elements and is swapped with A[i]

' Last n—i elements
Al0] < A[l]<...< Ali-1] | Ali],...,,A[lﬂ,...,A[n—lf
L

_____ 4

A[K] is smallest element

50 swap A[i] and A[k]

—
TECHNICAL PUBLICATIONS™. 4, U thrust for knowledge
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The list gets sorted after n—1 passes.

Eiamph :
Consider the elements
70, 30, 20, 50, 60, 10, 40

We can store these elements in array A as :

E?Djau_ﬁm 50 | 60| 10 | 40

Al0]  A[1]  A[2] A[3] A[4] A[5] Al6)
| ) T

Initially set Min j
1% pass :

Al0] AQNT Al2]  A[3]  A[4]  A[S]  Ale]

| | I & !
70| 30| 20| 50 60 | 10 | 40

L&

T A

Scan the array for finding smallest element
Min

70| 30| 20| 5| 6| 10| 40

0 T

i Smallest element found

Now swap Al[i] with smallest element. Then we get,

10 30 20 50 60 70 40

i Al0] Al A2l Al Al A[S]  Ale]
' 0| 30| 20| 50s| 60| 70| 40

| T b ¥
. W Scan the array for finding
i, Min smallest element

0| 30| 20| s0| 60 | 70| 40

T

i Smallest element

ECHNICAL PUBLICATIONS™ - An up thrust for knowledge
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Sorting and Search; [’/
Data Structures ' 10-12 ____,,E :
Swap Ali] with smallest element. The array becomes,
10 20 30 50 60 70 .40
3rd pass : 3
A[0] ANl A2l A[B]  Al4] Al5]  Al6]
10 20 30 50 60 |- 70 40
Y
T Smallest element is
i, Min searched in this list

As there is no smallest element than 30 we will increment i pointer.

4th pass :

A[0]  A[1] A[2] A[3] Al4] A[5] Ale]

10 | 20| 30| 50| 60 | 70 | 40
T L v— )

o Smallest element is

i, Min  searched in this list

: 10/ 20/ 30 !50! e | 70 40

All theseﬁz:; ______________ 1 7

have occupied their
final positions

i Smallest element 6

Swap Ali] with smallest element. The array then becomes,

i t I
10 | 20 30 | 40 | 60 70 | 50

5th pass :

Al ALl ARl AB] A4l A[] Afg) 5
10 1. 200 4 30,5 0 60 ﬁ 70 50
—
T Search smallest
i  element in this list

TECHNICAL PUBL ~ \
ICATIONS™. An up thrust for kno .
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T T
i Smallest
element
Gwap Ali] with smallest Llc_rnent The array then becomes
‘ ---------------- "h
R E_lfl_ 20| | 4| si| 7| 60
Al these eloments =TT RmeRSRSTRRISSTRE
| have got their
- posilions
6! pass :
10 | 20| 30| 4| =0 70 60
T T
i Smallest
- element

Swap Ali] with smallest element. The array then becomes,
Al0]  All]  Al2l  A[3]  Al4]  AlS]  Al6]
10 20 30 | 40 ( 50 60 70

This is a sorted array.

C Function
election (int A[10]) Sl o Sk S T
int ,j,Min,temp; 5
for (i=0;i<=n-2;i++)
{
Min=i; ; |
for(j=i+1;j<=n-1;j++)
{ | o
if(Alj) <AlMin]) i
Min=j; - b
} .
temp=Alil; _ A _
4 Ali]=A[Minl; &
K A[Min| =temp; | i
. } 1y, AN
X pﬁntf("\n The Eﬂrt-adr Liﬁt iﬂ u-\n }I

- for(i=0;i<n;i+ +)
3 pmﬂ(" .Aliliu

s

37 " i e gty Cple S R Mol
B L e T B ey T D e L S

I G RS o SN ST AN

- L

B it M i

iy __.-_-.-'_._—-l—ﬂ__ =
-'N\._____ CHNICAL puHL-‘CﬁﬂGNSI . An up thiust for knowledgo
T
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Anaysis : The algorithm can be analysed mathematically. We will apply a general pj,,
for non recursive mathematical analysis. :

Step 1 : The input size is n i.e. total number of elements in the list.

Step 2 In the algonthm the basm operation is key companson. N

Step 3 : This basic operation depends only on array size n. Hence we can find sum
as

C(n) = Outer for loop x Inner for loop x Basic operation
with variable i ~ with variable ]

Cm) = Y

C(n)

Cn) = Y (n-1-1

n-2

I
N
£)

i=0
Now taking (n - 1) as comingp_[actor we get,

Cw = @-1 E - 2AE-D
= (n _(1) (n-1)- _(n;Z)z(_n—_l) =n-1)2 - (n—2)2(n— 1)

Solving this equation we will get,

2(-1)(n-1) - (- 2)(n-1) 2m2-2n+1)- n2-3n+2)
5 2 - Bl
n2-n _n(n-1) 2 : .
2. 8 '

]

TECHNICAL PUBLICATIONS™- An up thrust for knowiedge
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:"'\ f'_‘f;———’_ 2 ———-___.______E’- 15 Sorting and Searching

Thu5 time complemty of selection sort is ©
Let us see the complete implementation of selection sort.

¢ Program

#include <stdio.h>

#indude{conio.h}

ot o,

void main()

(n?) for all input. But total number of key

A

{
int ,A[10];
woid selection(int A[10]);
clrscr() '
printf{“\n\t\t Selection Sort\n"); _
[prmtf(“\n How many elements are there?");
suani{ %d",&n);
metf(“\n Enter the elements\n");
iur{r:t} i<nji++)
scanf("%d” ,&Alil);
selection(A);
jgetc}l()i

gnid selection(int A[10])

int i j,Min, temp;
forli=0;i< =n-2;i+ +)

Min= =j;
fot(]—1+1]<~—n- 13454

{
if(A[j] <A[Min])
Min=j;

1 e ; T
q 4 temp=Al[i];

: Ali]=A[Min]; 3
j]- A[Min]=temp; : : “t‘.;.

g
A
e

e

S

i

;_Dnntf( "\n The sorted List is ...\n");
; Orli=0;i < st +)
é; ' printf(* %d" Alil)

Output

ke "P‘anY alements are th9r377

" u tiy . o ! ] - & i -
Bl o il Mo T R T F o
Wl Wi e GESUIES e oy B st S i'u,ﬁ'f 31..1.
5 "* i oo i e S ¥
'L'_-L:ﬂ—' hﬂ = <"V" et

AL PUBLICATIONS”- An up thrust for knowledge
TE

Scanned by CamScanner



R S BB L

Data Structures 10-16 Sorting and Searching
—— ~9arching

Review Question

1. Write a selection sort algorithm and also discuss its efficiency. m

2. Write an algorithm for selection sort method. Explain each step with an example.

a

GTU : Summer-17, Marks 7

3. Write a 'C’ function for selection sort.

4. Explain the trace of selection sort on following data :
42,23, 74,11, 65, 58, 94, 36, 99, 87

e i . |

3. Write an algorithm for selection sort.

GTU : Winter-18, Marks 3

m Quick Sort A

Quick sort is a sorting algorithm
that uses the divide and conquer
strategy. In this method division is
dynamically carried out. The three

steps of quick sort are as follows :
Divide : Split the array into two
sub arrays that each element in theEI ars .
: ements that are ivot element Elements that are
lenft sub array is less than or equal tl?e less than pivot areater than pivot
middle element and each element in Fig. 10.1.1 _

the right sub array is greater than the .
middle element. The splitting of the array into two sub arrays is based on pivot element.
All the elements that are less than pivot should be in left sub array and all the elements
that are more than pivot should be in right sub array.

Conquer : Recursively sort the two sub arrays.

Combine :
elements.

Consider an array A[i] whereis
formulize the division of array elements ag

Al0] ... A[m—1l.A{m1.A[m+1]...A[n_ﬂ

Dt

These elements are Mi
(et Alm] Mid These elements are ¢ .

Combine all the sorted elements in a group to form a list of sorted

fanging from 0 to n-1 then we can

greater than A[m]

o PUBLICATIONS™. An up thrust for knowledge
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[ e will now split the array in two parts.

(res '
we se ——-——-—-_..__________!E: 17 Sorting and Searching

4 tus understand this alpor; .
3 Borithm with the help of some example.
Low High
3 @ 30 90 80 20 - 70

i / Pivot _

— j

the left sublist will contain the elements less than Pivot (i.e. 50) and right sublist contains

8| slements greater than pivot.
p—"

4 Step?2:

E] 30 10 90 80

Piv ut i

.

iis greater than A[Low].

20

70

j

We will increment i. If A[l] < Pivot, we w111 continue to increment it until the element pointed by

Step 3 :
Low .
50 30 10 90 80 20 70
Pwot i_ I R j
| Increment i as A[l] <A lLOW]
Step 4 :
Low :
50 30 | 2 < s
Pivot | ; .
s Afi] > A [Low], we will stop incremerTe -
Step 5:
Low ' o
] [ o B [ [
—

TECHNICAL

| pUBUCAﬂONS" . An up thrust for knowledge
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Data Structures - 10-18 Sorting and Searching
e

As Alj] > Pivot (i.e. 70 > 50). We will decrement j. We will continue to decrement j until the
element pointed by j is less than A [Low].

Step 6 :
e — e
Low ngh
50 30 10 90 80 20 40
Pivot i j

Now we can not decrement j because 40 < 50. Hence we will swap Al[i] and A[j] i.e. 90 and 40.

Step 7 :

Low

50 30 10 40 80 20 90 70

Pivot i ]

As Ali] is less than A[Low] and Alj] is greater than A[Low] we will continue incrementing i and

decrementing j, until the false conditions are obtained.

—

Step 8 :
Low
50 30 10 | 20 80 20 9 70
Pivot i j

We will stop incrementing i and stop decrementing j. As i is smaller than j we will swap 80 and

20.

I—

Step 9 :
Low ' - High
50 30 10 | 40 20 80 90 70
Pivot i i

As Ali] < .A{LDW] and Afj] > A[Low], we will continue incrementing i and decrementing j.

—

Step 10 :

Low

" 50 30 - 10 40

20 80 | - 90

Pivot 2
ij

TECHNICAL PUBLICATIONS™. An up thvisst for knowledge
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-10-19 Sorting and Searching

i High
@ 30 10 40 = E El
pivot j __’1’/',,/__
as Alil < A[Low] and j hﬂpﬁ crossed i. That is j < i, we will swap AfLow] and Afj}

—

gtep 11 ¢
.l | .
: . High

Low
30 10 40 50 80 I 90 E‘j

j e e
& have right sublist

Now we have left sublist Pivot is shifted at Now W
: its position

[E—
ivot element.

we will now start sorting left sublist, as
Thus now new pivot = 20.

e

suming the first element of left sublist as p

Step 12 :
Low High
20 30 | 10 40 | 50 80 90 70
Pivot i ; j  Occupied its
| - position
| L — e
| '§ | Now we will set i and j i pomter and then we will start comparing Ali] with A[Low] or A[Pivot].
b Similarly comparison with A[j] and A[Pivot]
‘1 Step13:
X . .
Low
/ 0 50 80 90 70
;.i = Pwot s } P S— SR -
8 LA Al > A[-Pwot] hence stop incrementing i Now as A[j] > A[Pivot], hence decrement j.
n’llk
f- St'Ep 14 .
; --...,_.__‘___
: Low :
/} 50 80
|| & = alE
3 __ Pivot i I IR
— ted because 10 < 20. Hence we will swap A[i] and Al[j].

N
. oW j can not be decremented 7T —
pUBLICATIONS - An up thrust for knawledge
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——
Step 15 : —
Low :
20 10 30 40 50 & 2 2
Pivot i j
As Ali] < A[Low], increment i.
Step 16 :
Low
20 10 30 40 50 80 90 70
Pivot i j |
Now as A[i] > A[Low], or A[j] > A[Pivot] decrement i
Step 17 :
Low
20 10 30 40 50 80 - 90 70
Pivot j i

As Afj] < A[Low]

we cannot decrement j now. We will now swap A[Low] and A[]] as j has
crossed i and i > j.

Step 18 :
Low
10 20 30 40 50 80 90 70
A e T
. —_—
Left sublist Pivot Right sublist

As there is only one element in left sublist hence we will sort right sublist

Step 19 :

Low

= . «l By :4“ | 50 | i 80 | [ oo 70

4

Now consider this

. sublist for sorting
As left sublist is sorted complete] we
as pivot. Ry will sort right sublist, assuming first element

EERE—

of right sublist

—

TECHNICAL PUBLC, i
ATIONS™. ap up thrust for knowledge

Scanned by CamScanner




Sorting and Searching
. SO T

"”"—J T -
45 Ali] > AlPivot], hence we will s
decrementing j. Swap Ali] and Afj)

i [3‘0 40 50 80 90 | 70 |

e Pivot i )

top incrementing i. Similarly Alj] < A[Pivot]', Hence we stop

20 30 40 50 80 70 90

h |

As Ali] < A[Pivot], increment i.

Pivot i ]

Step 22 :

10

20 30 40 50 80 70 90

Pivot i, j

As A[i] > A[Pivot], decrement j-

Step 23 :

10

20 I 30 40 50 80 70 90

—

| Now swap A[Pivot] and Aljl-

Pivot j i

StIEp 24 :
0 E’E] jm i 70 80 %0
10 2
Pivot
i . -ht sublist contains only 90. We can not further subdivide
The left sublist now contains 70 and right.
i

s —

e

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Data Structures 10- 22 Sorting and Searching

Hence list is

.
—m—. L

10 20 30 40 50 70 80 90

This is a sorted list.

Algorithm
The quick sort algorithm is performed using following two u:nportant functions -

chk and partition. Let us see them -

Algorithm Omck{A[U .n-1],low hlgh) : ! j
HProbIem Description : This algonthm performs sortmg' of
//the elements given in Array A[0...n-1]

//Input: An array A[0...n-1] in which unsorted clements are
//given. The low indicates the leftmost element in the list
//and high indicates the rightmost element in the list

f}’Output Creates a sub array which is sorted in ascending
{/order

if(low<high)then

//split the array into two sub arrays e

m ¢ partition(A[low...high])// m is mid of the array b st

Quick(Aflow...m-1]) nely

Quick(A[mid+1...high]) - e
In above algorithm call to partition algorlthm is given. The partition performs

arrangement of the elements in ascending order. The recursive quick routine is for

dividing the list in two sub lists. The pseudo code for Partition is as given below -

Algoﬂthm Partltlon (Allow...high])

}'/Prablem D&SCIIpthIl This algorithm partitions the
j/subarrav using the first element as pivot element
//Input: A subarray A with low as left most index of the
//array and high as the rightmost index of the array.
//Output: The partitioning of array A is done and pivot
//occupies its proper position. And the rightmost index of
//the list is returned

pivot « Aflow]

1 low
j < high+1
while(i<=j) do
{
Whﬂs(A[i] <=pivot) do'
ieitl
while(A[j]>= plvot) do

*7 j—l

TECHNICAL PUBLICATIONS” An up thrust for knowledge
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ol Allow] AU/ When § crosses { suan At - s arn
p j//rightmost mdmﬁmﬂﬂ Aﬂﬂwl'andA[‘j]

The parmmr.\ function is called to arrange ﬂ1e eleﬁ\ents sicki fhét é[l ﬁhe elements that -
gre loss than pivot are at the left side of pivot and all the elements that are greater than

ot are allls?t the r.ight of pivot. In other words pivot is occupying its proper position
;nd the partitioned list is obtained in an ordered manner.

Analysis

When pivot is chosen such
hat the array gets divided at the n items &
mid then it gives the best case
gme complexity. The best case / \
ime complexity of quick sort is ! =1 lene >
O(HID[;QI\)- / \

The worst case for quick sort

occurs when  the pivot s 2 n-2 items

minimum or maximum of all the / \
eements in the list. This can be

graphically rupruscnled as - 3 n-3 items
This  ultimately results In : 1
mnl) time Cumplexil'y; When Fig. 10.1.2

array  elements  are randomly | N
distributed then it results in average case time complexity, and it is O(nlog,n).

C Program

****'*ﬁtttt*itii**i**ti**i*i‘ii***ii**#ttiii 4
W

the elements in ascending order using Quick Sort.

t********ii*iti****itt,

! ﬁiiiu*t*nt*n*tatti
| i,

| Program to sort
%_‘iiiilitt*ﬁt**#**it**
#include <stdio.h>

| #include <conio.h>
#include < stdlib.h>
#define SIZE 10

Yoid Quick(int A[SIZE].intint)

Int partition(int A[SIZE]intint) - _ ;
%id swap(int A[SIZE]int *int *% A, &
it Y '
it main ()

8
S W

k*****t#*ii*i!**iti

50 int AISIZEL =

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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——

clrser();

printf(“\n\t\t Quick Sort Method \n");
printf(“\n Enter Total numbers to sort : ");
scanf(“%d",&n);
for(i=0;i<n;i+ +)

{

printf(“\nEnter %dth number : ",i+1);
scanf("%d",&Ali]);

} :

Quick(A,0,n-1);

printf(“\n\n\t Sorted Array Is: \n");
for(i=0;i<n;i++)

printf(“\t%d ",Ali]);

getch();
return 0;
}
/*
~ This function is to sort the elements in a sublist
*
void Quick(int A[SIZE),int lowint high)
i
int m,i;
if(low <high)
{
m=Partition(A,low,high);//setting pivot element
Quick(A,low,m-1);//splitting of list
" Quick(A,m+1,high);//splitting of list
}
}
/2,
This function is to partition .a list and decide the pivot
element
*f
int Partition(int A[SIZE],int low,int high)
g . Int pivot=A[low],i=low,j=high,;
while(i<=j)
B {
St while(Al[i] < =pivot) "
ity
‘while(A[j]>pivot)
i

if(i<j)
. swap(A, &i,&j);

TECHNICAL PUBLICATIONS™
(bl = An up thrust for kn,
owledge
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T T e i waEA

SEEP 1 . 1 ; \ \ i :
oo | 77 | 60 | 99 | 55 | 88 | 6B
Pivot T Array A[ ] i
TECHNICAL PUBLICA TIONS”™ - An up thrust for knowledge
B

structures

swap(A,&low,&j):;
return j;

}

.;gi-[i swap(int A[SIZE],int *i int *)

{

int temp;

temp =A[*i];
Al*i|=AlY);
Al%j]=temp;

0

Quick Sort Method

Enter Total numbers to sort : 8
Enter 1th number : 50
Enter 2th number : 30
Enter 3th number : 10
[Enter 4th number : a0
:Enter 5th number : 80
_-Euter 6th number : 20
Enter 7th number : 40
?Enter 8th number : 70

Sorted Array Is:
20- 30 40 - 50 70 80

0
Trace the Quick sor

99’ 551 88; 62

90 v
t algorithm for the following list of numbers : 90, 77, 60,

25

B SEREEEEE

Sorting and Searching

Output

: i in an array.
Solution : Let us arrange the given numbers y

R Scnﬁed by CamScanner
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Data Structures 10- 26 Sorting and Searching
ta ure 9

A[1]=77 as i and A [6] as i element.

Assume A [0]=90 as pivot element. Set
ecrement j. Otherwise

If A [pivot]> A [i] increment i and if A[j]> A [pivot] then d
swap A [i]and A [j] element.

Step 2 :

90 | 77 | 60 | 99 | 55 | 88 66

f i J
Pivot .

Swap A [i]and A [j]. Then if A [pivot] > A [i] then increment i and if
A [pivot] < A [j] then decrements j.

90 | 77 | 60 | 66 | 55 | 88 [ 99

As i =jSwap A [pivot]and A [j].

g8 | 77 | 60 | 66 | 55 | 90 | 99

L - e
Left sublist Right sublist
Step 3 :
g8 | 77 | 60 | 66 | 55 | 90 | 99
Pivot i ]
88 | 77 | 60 | 66 | 55 | 90 | 99-
i
55 | 77 | 60 (.66 | 88 | 90 | o9
Pivot | i
Step 4 :

55 | 77 | 60 L.ee 88 90'_' 09 .

. Pivoti -
j

TECHNICAL PUBLICATIONS™. An up thrust for knowledge
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55 | 77| 60 | 66 | 88 | 90 | 99

Pivot i  j

55 | 77 | 60 | 66 | 88 | 90 | 99

Pivot ifj
psi=jSwap A [jland A [pivot] ‘

 step 6

55 | 66 | 60 | 77 | 88 | 90 | 99

Pivot ifj

55 | 66 | 60 | 77 | 88 .| 90 | 99

Pivot ]

Swap A [jJand A [pivot]

Step 7 : 55 | 60 | 66 | 77

88 90 99 -

This is the sorted list.

: Apply quicksort afgorfthm to sort the following data,
1 Iusﬁj@f the steps

e

- Solution :

.. ~ Step 1 : Arrange the elements in array.

a2.| 20 | 74 | 11| 85 | 58

pivot i j

)If A[i]<A [ pivot ] increment .
WIfA[j]> A pivot.] decrement ]

42,29, 74, 11, 65,58. LAY,

& 3 n Ec:HMGAL PUBLICATIONS - An up thrust for knowledge
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Data Structures 10- 28 Sorting and Searching

SwapAl[ilandAl[j]

42 | 29 | 74 | 11 | 65 | 58

pivot  j—= | j-— ] -]

42 | 29 11 | 74 | 65 | 58

SwapA[j]andA[pivot]

42 | 29 1| 74 | 65 | 58

pivot j i

11 | 29| 42| 74 | 65 | 58
I—

Left sublist

Right sublist

Pivot
has
occupied

its position

Step 2 : Now we will handle left sub-list obtained in step 1.

There will be no
1 29 e swapping.
pivot i
11 29

Step 3 : We will handle right sub-list obtained in step 2.

P ™,
e 74 )65, | 68
ety
pivot | —= j
74 | 65 | 58 Now swap A[j]and
Al pivot ]
pivot ifj
58 | 65 | 74

TECHNICAL PUBLICATIONS™ - An up thrust for knowi ,
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- Finally afte o
oot e CUmb.mmg all the sublists we get -

This is sorted ist

W:IB Sort the following numbers 1c: . )
| using (i) Selecti t (i k sort.
i 10 50 0 20 30 10 ing (i) Selection sort (ii) Quic

;__st,-]"ﬁnn : i) Selection sort :

Step 1:

0 1 2 3 4 5
10150 0 |20 30 10

e —
1 Scan for

Min smallest
element

Swap A[0] and A[2]

0 1 2 3 4 5
0|S50|10]20|30] 10

Step 2 b

50|10)20|30| 10

L ]
1 Scan for
Min smallest
element

Swap A[1] and A[2]

o 1 2 3 4 5
0o |10(50(20]30]10

Step 3
o 1 2 3 4 5
ol10|50]|20]|30|10
R
Scan

Min

Swap A[2] and A[5]

0o 1 2 3 45
Ewwzusoso

TECHNICAL PUBLICATIONS' - An up thrust for knowledge
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Step 4 :

.0 1 2 3 4 5

L=

- Scan
Min

No swapping take place.

Step 5:

ol10]10|20]|30|50| Noswappings

This a final sorted list.
ii) Quick sort :
Step 1 : Consider list of elements in an array

0 1 2 3 4 5
10|{50| 0 |20| 30|10

Pivot i j

i) If A[i] < A [pivot] increment i.
i) If A[j] > A [pivot] decrement j.

iii) If we can not increment i and decrement j then swap A[i] and Alfjl.

10|50 0 J20]|30] 10
Pivot i i

10|10]| 0 | 20| 30| 50

Pivot i—sji—=i ]-—]

10]10] 020[30[50]  sSwapA[Piven
Pivot | i and All

0 f10]10]20]30(50
T

Left Ri
sublist Sl.lt?lri.ls"[
Pivot
has occupied
its position

_______—____‘__,
TECHNICAL PUBLICATIONS™ e
- An up thrust for knowledge
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step 2 : Now we will handle left sublist obtained in step 1.

0 |10 There is no

e swapping

Pivot i

Hence we get

0|10

step 3 : We will handle right sublist obtained in step 1.

No swapping

20 | 2075 takes place

Pivot i |

Hence we get

20]30]50]

steps we get -

Step 4 : Combining all sublists from above

o |10]|10]20]30 50

This is sorted list

i Review Questions

.mr};:i?ﬁ;n_i?; algorithm

| integers by using quick-sort.

2. Write the algorithm for bubble sort &
complexities.

3. Explain quick sort method

4. Write an algorithm for quick soﬁ.
faﬂawing data

for bubble sort and explain how you can sort an unsorted array of

Find out the time complexity of your algorithm.
d insertion sort. Explain their best case and worst case

and determine 1ts complexities.

Winter-17, Marks 7

5. Apply quick sort on —

94 36 99 87 |
42 23 74 11 65 58 " e quick st algorithm on sorted data ? Justify your answer.
6. What is the complexfty Of GTU : Summer-18, Marks 3
T-k\———

TEcHNJCAL
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Data Structures 10-32 Sorting and Searching

m Merge Sort

The merge sort is a sorting algorithm that uses the divide and conquer Sﬁal’egy. In
this method division is dynamically carried out.

Merge sort on an input array with n elements consists of three steps :
Divide :, partition array into two sub lists s1 and s2 with n/2 elements each,
Congquer : Then sort sub list s1 and sub list s2.

Combine : Merge sl and s2 into a unique sorted group.

Example 1 : Consider the elements as
70, 20, 30, 40, 10, 50, 60
Now we will split this list into two sublists.

' 70|20 (30|40 (10|50 60
Diviie/ Divide
70|20 | 30 40(10|50|60
Dividi/ \ / \Divide
70| 20 30 40|10 50 | 60
Divide \ / / \Eiwde
/
70| |20| |30 40 10 50 60
Merge \ / ! _ \ / Merge
20|70 30 10 | 40 50 | 60
Merge / \ Aerge
20(30(70 10| 40| 50| 60

MBTN Merge

10 (203040506070

30, 40, 35.

-

Solution : .

1511015 | 2|25 |3 |4] 3

Divide the list, recursively

15: 1105 F 55 1090 125 30440 | a5
15110 5 | 20 25 1 30 e = =
15 10 5 20 o5 ; 30 o e

TECHNICAL PUBLICATIONS". 4, up thrust for knowledg
e
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NoW combine each group

15
. 0115 [20] [25] [a0] [#0] [
o o e— — ;oL —
5
. 10 15 20 25 30 35 40
B il | - SR |
& 10 [16] [20] [25] [20] [35| | 40
L — -
5 10 15| [20] [25] [20] [ 35 40

This is a sorted list

' Apply merge sort algorithm for the following data and show the steps.
4% 46, 33, 40, 22, 55, 88, 11, 80, 20, 50, 44, 77, 30. [GTU : Summer-18, Marks 7 |
¢ Solution :

0 1 2 3 4 5 6 7 8 9 10 11 12
66|33|40|22(55|88| 11|80|20|50|44 |77 |30

N

11120(30(44|50(77 |80

L

11202230334044505568?780
This Is sorted list

] 66| 33|40|22|55|88 11| 80| 20| 50|44 | 77| 30

3

g / \

; / \«\

* 66 | 33| 40 22| 55| 88 11|80 20| 50 44|77 30
86|33 |40 22|55| |88 11]80| |20]50 44| 77|30
[\ , A /
66| |33 |40 22| |55 | 68 11| |80][20] | 50 44| |77]]30
Y YT
33|ee| |40 22[55| |88 11|80 |20]50 12| T[aol+

331 40] 66 Ef,g.s_s_l 11| 20|50 80 30| 44| 77

22| 33| 40| 55|66

8]
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1. Explain Merge sort technique with the help of example. ' :]

(O Insertion Sort

In this method the elements are inserted at their appropriate placg. Hence is the I
name insertion sort. Let us understand this method with the help of some example -

For Example : Consider a list of elements as,

0 1 2 3 4 5 6

S aps oo Lo lots0 a0 0 60

The process starts with first element

0 1 2 3 4 5 6

I Compare 70
30 70| 20 | 50 | 40 | 10 | 60 50 and
S v insert it at
Sorted Unsorted zone its position
zone
B 1 3 4 5 6
= 2 Compare 20
30 | 70 20 | 50 | 40 | 10 | 60 with the
~ > elements in
Sorted Unsorted zone sorted zone
zone and insert it
in that zone
0 1 2 3 4 5 6 at appropriate
20] 30 | 70 .50 ( 40 | 10 | 60 position
Sorted Unsor;tred zone
zone
0 1 2 3 4 5 6
20 [ 30 [ 50 | 70 40| 10 | 60
Sorted zone Unsorted zone
o 1 2 3 4 5 6
20 [ 30 | 40| 50 | 70
Sortea zone
0 1 2 3- 4
10|20 | 30 | 40| 50 |
Sorte& zone
0 1 2 3 4 _
Sorted list of
elements ;

TECHNICAL PUBLICATIONS™- An up thrust for knowledge
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. il"t‘lﬂlude <stdio.h>

LRI PR

Y
ﬁ

fures )
&— 10-35 Sorting and Searching

pgorith™
h it is ve s .
Mthoui t it is ve ryfl:lémal to implement insertion using recursive(top down)
ﬁgonﬂlm u ry efficient to implement it using bottom up(iterative) approach.
problem Description: This algorithm, is
; nts using insertion sort
fput: An array of n elements

joutput: Sorted array A[0...n~1] in ascending order
‘rie1ton-ldo

_f

for sorting the

temp < Ali]//mark Al[ijth element
j «-1-1//set j at previous element of A[i]
while(j>=0)AND(A[j]>temp)do
{
//comparing all the previous elements of Ali] with
//Ali).If any greater element is found then insert
//it at proper position
Alj+1] « Alj]
: fe—F1
| ) ‘
", Alj+1) « temp //copy A[il element at A[j+1]

it

|
Analysis |
When an array of elements is almost sorted th

ase time complexity of insertion sort is O(n). ) |
distributed then it results in average case time complexity

en it is best case complexity. The belst

If an array is randomly
WMdliS()hlzl

If the list of elements iS arranged in de
dements in ascending order then it result
Ofn?).

scending order and if we want to sort the
s in worst case time complexity which is

(.:..-Pl'ogram

E“*‘;******i*****‘****'**

i, Implementation of insertion 59 S b bl

P L L

; T Y Tk kkkkk AR
**t*tt."t*t_iiﬂi’_ﬂrt"_ﬂ.‘l* k o
e ******t*s** . : : .
ek kkE : 2 2

kkkH
L“****t*****************-

Wclude <conio.h >
j.. oain()
B
5‘-‘{&[10],;;,1; - )
™id Insert,_sort(int A[10]40¢ 2
DU(*\n\e\t Insertion ROFEEA=""

AR NS An up thrust for knowledge
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Sorting and Searchr’ng
___-____h‘-‘_

f:mnt:f(“\n How many elements are there?”}
sean.f("%d" &n);

‘printf(“\n Enter the elements\n");
for(i=0;i<n;i++) :

‘ scanf(“%d", &:All] );

;Insert sort(A,n);

‘getch();
void Insert_sort(int A[10],int n)
{ 4
int i j,temp;
for(i=1;i<=n-1:i+ +)
{
temp=A]Ji];
j=i-1;
while((j>=0)&8&(Alj] >temp))
{
Alj+1]=Alj);
i=i-1;
} .
Alj+1]=temp:;
}

printf(*\n The sorted list of elements is..\n");
for(i=0;i<n;i++)

printf(“\n%d",A[i]);

Output
Insertion Sort

How many elements are there‘?'s

- Enter the elements
30

20

10

50
. The sorted list of elements is...

TECHNICAL PUBLICA TIONS™. An up thrust for knowledg
e
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Logic Explanation

For understanding the ]oe;
as, | O8ic of above C program consider a list of unsorted elements
Then the control moves tq while 1

loop will be executed. 00p. As j >= 0 and Alj] > temp is True, the while

| A[j+1]=Al]j]

J_'1 ‘\ |
tem "; it gels
20 | 2 copied at
Alj+1]

Then list becomes,

0 1 2 3 4

Again for loop gets
20 | 30 [ 10 | 40 =0 executed and
E— seti=2, _temp = A[i]
This much andj=i-1
list gets
sorted.
3
It moves to while loop
S| e 2105 540 ok Asj>=0and
- i (A[]] > temp) is true,
] the while loop gets
10

&

NICAL PUBL,-CAT:UNS"-' An up thrust for knowiedge

| —

Scanned by CamScanner



' Data Structures 10-38 S0ing and Searching
i :
R H +1 =
: e — = j=i-1
o= j gets decremented
temp
10
0 1 2 3 4 _ _
® 20 | 20 | 30| 40, | 50 AL +1]=ALI
e e e e et e J = J =i
temp
10
0 1 2 3 4 _ _
As j <0, it comes
10 20 | 30 | 40 50 out of while
@ i A i loop
s : Alj+1] = temp
temp ™, gets
10 F -’ copied
Thus,
0 1 2 ] 4
101 20| 30| 40 | 50 Again for loop gets
executed.
v * set i=3,
This much temp=Al[i]
list gets j=i=1
sorted
Then,
0 1 2 3 4
It moves to while loop
10 20 30 40 50 As A[j] > temp
j i is false , while loop
' will not get executed.

0 1 2 3 4

10 | 20 | 30 | 40 | 50 Ali+1]=temp
j A
temp 1 gets
] copied

== (i.e. no change!)

?I"E CHNICAL PUBLICATIONS" - .-in up thrust for knowledge
Scanned by CamScanner



mta Sﬂucfums

Sorting and Searching

Then,

Again for loop gets
exscuted
s VR s ' seti=4
IS much list temp =A[i]
gets sorted j=i-1

Then, 0 1 2 5 p

10 It moves to while loop
201530540 .1 550 AsA[j] > temp is
j i false, while loop
5 ; will not get
s temp executed.

Alj+1]=temp

10 | 20 | 30 | 40 | 50

This much list
is sorted

Thus we have scanned the entire list and inserted the elements at corresponding
locations. Thus we get the sorted list by insertion sort.

lﬂﬂ Topological Sorting
Fc-llowmg are the steps to be followed in topological sorting algorithm -

find a vertex with no anommg edges. Delete it along with all

L. From a given graph
If there are more than one such vertices then break the

the edges outgoing from it
tie randomly.
2. Note the vertices that are deleted.
3. All these recorded vertices give topologically sorted list.
Let us understand this algorithm with some examples -

TECHNICAL PUBLICA TIONS™- An up thrust for knowledge
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e —

‘ Sort the digraph for

topological sort using source removal

algorithm.’

Solution : We will follow following steps to
obtain topologically sorted list.

Choose vertex B, because it has no incoming edge, delete it along with its adjacent
edges.

‘Delete Delete G Delete
— —_— e —_—
B A D

B,A
delete delete
[ —— S
C E
Sorted List: B,A,D

B,AD,C BADCE

Hence the list after topological sorting will be B, A, D, C, E.

Review Question

1. Write a 'C’ program for insertion sort and discuss its efficiency.

1. Write an algorithm for insertion sort method. Explain each step with an example.

2. Explain the difference between insertion sort and selection sort with an example. What is the

time complexity of these algorithms ? How ? GTU : Summer-18. Marks

TECHNICAL PUBLICATIONS”™ An up thrust for knowledge
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M Sorting and Searching
[ Searching

Searching is a technique
The most desirable characte

GTU : Winter-14, 16,17.18, Summer-15,16,18

of fi.nding Particular record with the help of some key value.

ristic of searching technique is that - it should be efficient.
Searching can be perfo

hods are med by various methods, but the most popularly used
methods -

1. Sequential Search
2. Binary Search

Let us discuss them with the help of examples and C programs.

- [[¥AN Sequential Search

* In this technique, each record is visited se
and compared with the ke
searched from the list.

quentially from the beginning of the list
y element. The key element represents the element to be

* Although this is a simple searching technique, unnecessary comparisons are
performed.

* This method does not give the satisfactory solution for the system for large
number of elements.

* The time complexity of this searchiqg technique is O(n)

* The time complexity will increase linearly with the value of n. For higher value of
n the linear search is not the satisfactory solution.

Array
Roll no. Name Marks
0o [t _{{érm _ _- 0
1|2 A @
2 m_-mi-.';_“_ _ __Laii_ti__ ;.B_l_l_ﬂ—
N
+ B awm
5 M—_ME;__“ Jaya . é-_i P

Fig. 10.2.1 Represents students database for sequential search
From the above Fig. 10.2.1 the array is maintained to store the students record. The
Tecord g not sorted at all. If we want to search the student's record whose rol] number

%12 then with the key-roll number we will see the every record whether it is of o
Wumbey 121We can obtain such a record at array [4] location, -

Let ys implement the sequential search using C program

\_________

FECHNICAL PUBLICATIONS” - An up thrust for knowledge
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Data Structures 10 - 42

‘C' program :

/**********!***t*********************i**!****#*************

Program to perform the linear search operation on some number of. elements

*******w******1********************t****wt*****************/

#mclude<:stdlo.h>
#include <conio.h>
#define MAX 10

int a[MAX],n,i;

/ *
The create Function
Input :none
Output:none
Called By: main
Calls:none
=
void create()
{
printf(“\n How Many Elements")
. scanf(“%d",&n);
printf(“\n Enter The Elements");
for(i=0;i<n;i++)
scanf(“%d",&ali]);
}
/*

The display Function
Input:none
Output:none
Called By:main

. Calls:none
* ! S

void display/()

printf(“\n The Elements Are”);
for(i=0;i<n;i++)
printf(“\n%d” ali]);

}

2

The search function

Input:key element- which is to be searched

Output:the status

Called By:main

Calls:none

2

search(int k)

Sorting and Searching
_—__'_'-‘—'—-..

TECHNICAL PUBLICATIONS".
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‘{fm.{fso;idn:i++}

{ﬁ(a[il = =k)
return 1,

}

rotuIm 0;
} .
yoid main()

int status key;
clrscr();
create();
display();

printf("\n Enter the Element Which You wish to Search "),
gcanf("%d" &key);

gtatus =search(key);

if (status ==1)

printf(“\n The Element is Present");
else

printf(“\n The Element Is Not Found");
getchy();
}

l‘l‘!**tt*ti axwwwnnwapng Of prog.ralntttttttttttwwtiti-tlt*/
How Many Elements 5

Enter The Elements 10

1

100

1000

10000

The Elements Are

10

1

100

1000

10000 _
Enter the Element Which You Wis
The Element Is Not Found

How Many Elements 5

Fllter The Elements 10

100

1000

10009

l'fjhe Elements Are

L PuaucAnoms“- An up thrust for knowledge
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Data Structures

1 , o
’ Enter the Element Whlch You msh to Search 100 -

Advantages of linear searching
1. It is simple to implement.

2. It does not require specific ordering before applyin'g the method.

Disadvantage of linear searching
1. It is less efficient.

Review Question

1. Explain sequential search method. GTU : Summer-16, Marks 3
2. Write an algorithm for sequential search. GTU : Winter-18, Marks 4

(%3 Binary Search GTU : Winter-14, Marks 7

Precondition :

The prerequisite for this searching technique is that the list should be sorted.

Example :
As mentioned earlier the necessity of this method is that all the elements should be
sorted. So let us take an array of sorted elements.
Array .
0 1 2 3 4 5 6 7
gl B B e 45 99 100

Step 1 : Now the key element which is to be searched is = 99 .. key = 99.

Step 2 : Find the middle element. of Array

the array. Compare it with the key . 0 1 2.3 4 5 6 7
—40 11| 33| 37| 42| 45| 99 | 190
; ; = Rl i
if middle ? key Sub ist 1 T Sub list 2
ie. if 42 7 99 | bienl]
if 42 < 99 search the sublist 2
Now handle only sublist 2. Again divide it, find mid of sublist 2
_—.—l-'_—.-_—-.

TECHNICAL PUBLICATIONS™. An up thrust for knowledge
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Lfmjdclle ? key _
i X A
i if 99 ,?,_.99 4 5"ays 4
S---| 45| 99 190
\_.V-t' ."'—V-‘
Sub Sub
list 1 list 2
Middle
%0 match is found at th — Aelement
1
oy 1€ at array [6] on of . 5rrsly6
———| 45| 99190
Key = 99

; | Thus by binary search meth
od
an'ﬂ}' (6" location. we can find the element 99 present in the given list at

on recursive binary search program

Wk e e e e e ke W ek ok ek

3 koW k

i o e o vk o e ok W o o ok o ol o e ke o o o e ok ok e e e o
FTTT T 32 2 8 0 &4

nlementation of non i

recursive Bin

LA L R i ary Search i

H*“n“““.un*“u*“ﬁ?ﬁfﬁﬁ
***********I

m A[SIZE] KEY i flag;
it BinSearch(int A SIZE],i :
) [SIZE],int KEY);
rintf(“\n How Ma
| : ny elements in an arr "
scﬂﬂf( %d",&n); ByRR
Eﬂmﬂ “\n Enter The Elements”);
Dorli=0;i<n;i+ +)
spnn;ﬁf(“ %d”,BALl);
: “\n Enter the element which is t "
Scanf( o g gt o be searched");
“Bmsearchm.m'f);
; pnntf(“\n The Element is not present");

I%bcﬁgnﬁ( “\n The element is at Al%d} location” flag);

1

‘ﬁtn
i lnseeurczlrl(nc:u: A[SIZE] int KEY}

TECHNICAL PUBLICATIONS™ - An up thrust for knowledg
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— %

m= (low+h1gh)/2 //nnd of the anay is obtained
if(KEY==A[m])
return m,
- else if(KEY<A[m]) _
high=m-1; //search the left sub list
: “else : _ i
Uty low=m+1. //search the right sub list
3 STt M

- return-1; //if element is not present in the list

o

o

3 ,i_
i

s 2
o 1
3
i

Output (Run 1)
n Many elements in an array? 6

fEﬁi:_étIThe'Elements; Ll e e S

ggsgs

o ‘Enter the eIe_ment which is to be searched 50

 The element is at A[4] location

(Run 2)
. How Many elements in an array? 5 : s q

Enter The Elements
2310 -
gize, 20
v 730
o240
w180 : _
_ Enter the element wh:ich is to be searched 80

The Element is not present B ; :
Algonthm for binary search using recursive deflmtlon

1. if(low > high)
2. return;

TECHNICAL PUBLICATIONS"™- An up thrust for knowledge
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5 mid = (low + high) /2.
4 ﬁ(x::ﬂ[mid])

5. return (mid);
g, if(x < a|mid])

4 7. search for x in a[low] to a[mid-1];

8, else

9, search for x in a[mid + 1] to a[high;

| gecursive binary search program

| o EhkhR ok h kR
i t"".' ."**‘.'*‘*.*.*..."“it*ﬁﬁtntiitiitttitii
' pogram for searching the number by Binary Search. The list of

{ & o .
| umbers ShQUl_d be in ascending order. The program also shows the
| peation at which the number is present(if at all)

‘;iilflttit*****"i‘**""**"-ititlitttt--ttq-ttttitt-r*nnnkti‘(‘
| finclude <stdio.h>
| finclude <conio.h >
| finclude < stdlib.h >
fdefine size 10
|
' The binsearch Function

Input:array of elements key element,
starting and ending element of the list

! i.e.a,x,low and high.
| ‘Output:loaction at which the numebr can be present
. Called By:main
- Calls:itself

)]
Bt binsearch(int a[],int x,int low,int high)

iﬂt mid:
Hllow > high)
tumn(-1);
M = (low-+high)/2;
“* ==a[mid])
. ®um(miq);
| e if(x< amid])
| %earch(a.x.low:mid‘”;
| b :
E:_;"?DSEarch(a,x,mid+ 1,high);
t;:;mam Function
i . t'ln-o’ne
“Putnone -

{

CHNICAL pUYBLICATIONS” - An up thiust for knowiedg
TE
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nCalled By: 0 S.
}-Calls binsearch
e
void main(void)
{ :
‘int n,i,Jlow,high,ajsize] key,ans;
-Clrscr();
printf(“\n\t\t\t Binary-Search Method ")
printf(“\n Enter the total number of elements");
‘scanf("%d",&n): _
printf(*“\nEnter the list of elements”);
for(i=0;i<n;i++)
. scanf("%d" ,&ali]);
low = 0;
high = n-1
printf(“\n Enter the element which you want to search”);
scanf(“%d”, &key);
ans=Dbinsearch(a,key,low high);
if(anst= -1) . i
pnntf("\n The number %d is present in the list at
location %d” key,ans+1);
else
printf(“\n The number is not present in the list");
getch();

}

/****************** End Of Prograrn ********************,’

Qutput
Binary Search Method '
Enter the total number of elements b
Enter the list of elements

10

20

30

40

50 |
Enter the element which you want to search 40
The number 40 is present in the list at location 4

Advantage of binary searching

1. It is an efficient technique.

Disadvantages of binary searching

Sorting ang Searchfng

TN TS

1. It requires specific ordering before the applying the method.

2. It is complex to implement.

TECHNICAL PUBLICATIONS" - An up thrust for knowledge
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1. Write down precondition and algorithm of binary search method,

GTU : Winter-14, Marks 7

2. Write an algorithm for binary search method and discuss its efficiency.

3. Explain binary search method. [GTU : Summer-16,18, Marks 4 |
4. Write an algorithm for binary search method. W
5. How binary search technique can be applied to search for a particular item with a certain

key 7 : | GTU : Winter-17. Marks 4_

GTU : Summer-18, Marks 4

6. Write the algorithm for binary search and find its complexity.

L ——

TWE] Difference between Sequential Search and Binary Search

Sr. Sequential search Binary search
No. : ;
1 For searching the element by using The elements need to be arranged either in

sequential search method it is not ascending or descending order.

required to arrange the elements in
some specific order. o i)

2, Each and every element is compared The list is subdivided into two sublists. The
with the key element from the - key element is searched in the sublist.
| beginningofthelist. .
| 8. Less efficient method. Efficient method.
4 Simple to implement. Additional computation is required for
S computing mid element. : ;
—————

; Review Questions : :

R e =

L Explain sequential search. Write a C function for implementing sequential search.
2. Explain binary search with the help of illustrative example. -
3. Gi : :

Give the difference between sequential search and binary search.

-'E_ﬁnora_l_hguestions and Answers
s What do you understand by the term sorting

Lt g
Q Sorhng is a mechanism of arranging the data in particular order.

El A What is the need for sorting ?
5 s+ Th . . .
i 2‘ Res]; © sorting js useful for - 1. Searching the desired data efficiently.

TECHNICAL PUBLICATIONS - An up thrust for knowledge
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Q3 What is the meaning of sort key ? _ \‘

Ans. : Sort key is a field in the record based on which the sorting is conducted.

Q4 Name the slowest and fastest sorting technique. o

Ans. : Bubble sort is a slowest sorting technique and quick sort is the fastest sorting
technique. o N '

Q5 Differentiate between internal and external sorting.

Ans. : Internal sorting': This is a type of sorting technique in which data resides on
main memory of computer.

External sorting : This is a sorting technique in which there is huge amount of data
and it resides on secondary storage devices while sorting.

Q.6  Explain the meaning of the term passes in context with sorting.

Ans. : While sorting the elements in some specific order, there is lot of arrangement of

elements. The phases in which the elements are moving to acquire their proper position
is called passes.

Q.7  What is ascending and descending order ?

Ans. : Ascending order is the sorting order in which the elements are arranged from
low value to high vaiue. In other words it is called increasing order.
For example : 10, 20, 30, 40.

Descending order is the sorting order in which the elements are arranged from high
value to low value. In other words it is called decreasing order.
For example : 40, 30, 20, 10.

Q.8 What is the basic principle behind the quick sort ?

Ans. : The division of the list into two sublists(which
sorting each sublist independently. This is the basic princ
on the value of pivot element, the list is subdivided.

is called partition) and then

Q.9  Enlist four internal sorting techniques.

Ans. : Following are some internal sorting techniques -

1. Insertion sort 2. Selection sort
3. Merge sort ~ 4. Bubble sort,

Q10 The way a card game player arranges his cards -
: a ne ,
is an example of _ S as he picks them one by one

Ans. : insertion sort.

TECHNICAL PUBLICATIONS". 4 up thrust for knowledge
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'. 11 What are the ag ' O AR e TN
a Vantages of blivay search over the _I

AnS. Binary search is ap off; linear search 7 |

method, the list is -‘iubdi1-'iu::ledc“mrlt Sea,uching method than the linear search. Using this

key value. cach time and only sublist is scanned for locating the
2 List the so

al rting algorithms which uses logarithmic time complexity.

Ans. : The sorting algorithms whi A !
| : ch u ithmic ti f d «*
- sort and merge sort. e e s e ompehy e -

What is
Rip How ? the worst case time complexity of searching an element in a list 7 |
|
Ans. : The Om) is the worst case time complexity where n denotes number of elements

in the list. In this case the complete list is searched for the key but it is not present in
| the list.

Q14 What is the complexity of binary search algorithm ?
Ans. : The complexity of binary search algorithm is O(log n).
Q.15 Name two divide and conquer algorithms for sorting.

Ans. : The merge sort and quick sort algorithms make use of divide and conquer

algorithm.

Q16 For sorting 1 GB of data with only 100 MB of available main memory. Which |
sorting technique will be most appropriate ?
Ans. : Merge Sort

Q17 Consider a situation where swap operation is very costly. Which of the sorting
algorithms should be preferred so that tl:ne number of swap operations are

minimized in genarﬂ.' T GTU : Summer-17

Ans. : Selection sort

Q18 What is time complexity of quick sort algorithm in the worst case ?
GTU : Summer-16

QQa
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Wmter-20 15 Gujarat Technological
Data Structures University
Semester - [ (CEATACT) Solved Paper
ime:21H '
Time : 3 ours] [Maximum Marks : 70
Instructions :
1) Attempt all questions,
2) Make suitable assumptions wherever necessary.
3) Figures to the right indicate full marks.
Q.1 Short Questions [14]
1. Define data structure.
(Refer Q.3 from oral questions and answers of Chapter - 1) [1]
* A List operations performed on a stack.
(Refer Q.21 from oral questions and answers of Chapter - 3) [1]
3. Mention variations of the queue data structure.
(Refer Q.17 from oral questions and answers of Chapter - 4) . [1]
4. What is the worst case time complexity of searching an element in a list ? How ?
(Refer Q.13 from oral questions and answers of Chapter - 10) [1]

5.  Mention one operation for which use of doubly linked list is preferred over the
singly linked list.

(Refer Q.19 from oral questions and answers of Chapter - 5) [1]

6 Write an algorithm/steps to traverse a singly linked list.
: (Refer Q.20 from oral questions and answers of Chapter - 5) [1]
7. Define : Height of a tree. (Refer section 6.1.1(8)) [

What is the height of a complete binary with n nodes ?
(Refer Q.21 from oral questions and answers of Chapter - 6) [1]

9 Write two simple hash functions. (Refer section 8.3) | [

ode and what is its use ?

3 . 1
10. What is a header ral questions and answers of Chapter - 5) [1]

(Refer Q.21 from 0

($-1)

T TR __E_
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Data Structures §-2 Solved Paper Winter-2015
11.  Is Queue a priority queue ? Justify. '
: (Refer Q.18 from oral questions and answers of Chapter - 4) 1
12.  What is the complexity of binary search algorithm ?
(Refer Q.14 from oral questions and answers of Chapter - 10) [1]
13.  Name two divide and conquer algorithms for sorting.
(Refer Q.15 from oral questions and answers of Chapter - 10) (1]
14.  Give two applications of graphs.
(Refer Q.16 from oral questions and answers of Chapter - 7) (1]
Q.2 a) Write an algorithm to check if an expression has balanced parenthesis using stack.
(Refer example 3.4.2) 3]
b)  What is postfix notation ? What are its advantages ? Convert the following infix
expression to postfix.
A$B-C*D+E$F/G (Refer example 3.6.5) (4]
c) Write a C program to implement a stack with all necessary overflow and
underflow checks using array. (Refer section 3.3.4) (7]
OR
c) Write a C program to implement a circular queue using array with all necessary
overflow and underflow checks. (Refer section 4.3) (7]
Q.3 a)  Evaluate ihe following postfix expression using a stack.
Show the stack contents.
AB*CD$-EF/G/+
A=5B=2C=3D=2E=8F=2 G =2 (Refer example 3.6.6) [3]
+ b)  Perform following operations in a circular queue of length 4 and give the Front,
Rear and Size of the queue after each operation.
1) Insert A, B 2) Insert C
3) Delete 4) Insert D
5) Insert E 6) Insert F
7) Delete (Refer example 4.3.2) (4]
¢)  Write a program to insert and delete an element after a given node in a singly
linked list. (Refer section 5.2) 71
| OR
Q3 a) Explain various applications of queue. (Refer section 4.7) 3]
b)  Differentiate between arrays and linked list. (Refer section 5.2.2) _______E!

TECHNICAL PUBLICATIONS™- An up thrust for knowled
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o — —

t ircularly ‘ '
¢) Create a doubly circularly linked list and write a function to traverse it.

(Refer section 5.3) ‘ (71
04 a)  Define complete binary tree and almost complete binary tree.
(Refer section 6.2.2) 3]
b)  Explain deletion in an AVL tree with a suitable example.
(Refer section 6.12.3) . , (4]
¢)  What is binary tree traversal ? What are the various traversal methods ? Explain
any two with suitable example. (Refer section 6.4) | 7]
OR
04 a)  Mention the properties of a B-Tree. (Refer section 6.13) (3]

b)  Construct a binary tree from the traversals given below :
Inorder : 1, 10, 11, 12, 13, 14, 15, 17, 18, 21
Postorder : 1, 11, 12, 10, 14, 18, 21, 17,15, 13 (Refer example 6.7.4) [4]

c) What is a binary search tree ? Create a binary search tree for inserting the
following data. '
50, 45, 100, 25, 49, 120, 105, 46, 90, 95

Explain deletion in the above tree. (Refer example 6.6.7) [71
05 a)  Insert the following elements in a B-Tree.
' a, g f b ke h, n, j (Refer example 6.13.1) [3]
b) Apply quicksort algorithm to sort the following data. Justify the steps.
42, 29, 74, 11, 65, 58 (Refer example 10.1.3) (4]
¢)  What is hashing ? What are the qualities of a good hash function ? Explain any
two hash funciiﬂﬂﬁ in detail. (Refer sections 8.3 and 8.4) ' (7]
' | OR :

05 a) List advantages and disadvantages of Breadth First Search and’ Depth.' First

Search. (Refer section 7.4) ‘ 3]

What is a minimum spanning tree ? Explain Kruskal's algorithm for finding a

minimum spanning tree. (Refer section 7.7) 4]

Discuss various ;nethads to resolve hash collision with suitable examples.

(Refer section 8:4) _ (71

€, | ulala)
- —
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Time : 2 Eli Hours] [Maximum Marks : 70

Instructions :

Q.1

1) Attempt all questions.

2) Make suitable assumptions wherever necessary.

3) Figures to the right indicate full marks.

10.

Short Questions [14]

Define primitive data structure.
(Refer Q.13 from oral questions and answers of chapter 1)

Explain space and time complexity.
(Refer Q.10 and Q.11 from oral questions and answers of chapter 1)

~ What is the time complexity of quicksort algorithm in the worst case ?

(Refer Q.18 from oral questions and answers of chapter 10)

List the applications of stack. _
(Refer Q.13 from oral questions and answers of chapter 3)

Define graph. (Refer Q.1 from oral questions and answers of chapter 7)

Explain degree of a vertex in a graph.
(Refer Q.6 from oral questions and answers of chapter 7)

List the applications of graphs.
(Refer Q.3 from oral questions and answers of chapter 7)

List the applications of Binary trees.
(Refer Q.4 from oral questions and answers of chapter 6)
Define B-tree. (Refer Q.18 from oral questions énd answers of chapter 6)

Describe the time complexity of binary search algorithm.
(Refer Q.14 from oral questions and answers of ch apter-10)

(S-4

Scanned by CamScanner



S 5-5 ~ solved Paper Summer 2072

11. What is hash collision ? :
(Refer Q.11 from oral questions and answers of chapter 8)

12. Write 'C’ structure of binary tree. : - | H
(Refer Q.6 from oral questions and answers of chapter 6)

13. Write 'C’ structure of singly linked list. (Refér section 5.1.1)

14. = Define priority queue. .
(Refer Q.19 from oral questions and answers of chapter 4)

02 a) Write an algorithm for simple queue with ENQUEUE operations. -

(Refer example 4.2)
41) [4]

b)  Write an algorithm to reverse a string using stack. (Rgfer example 3.

c)  Write a program to implement stack using linked list. (Refer section 5.5) [71

OR

c)  Write a program to implement circular queue using array. (Refer section 4.3)[7]

. . - .- k
Q3 Evaluate the following postfix expression using a stack.
v a)vglé4*8{4/- b)562+*124/-+_(Referexample 3.6.7) [3]

- ] r queue re circular gueue with simple queue.
i concept of circular queue. Compare Circu q ple q
b) Explain the ep | 8

(Refer example 4.3)
ete operations in AVL trees with suitable examples.

¢)  Explain insert and del ;
(R_efer section 6.12) OR-
Q3 a)  Explain double ended queue. (Refer section 4.6) 3]
- ' | ETE_FIRST_NODE and TRAVERSE
TR tions 1o implement DE .
b) Write 'C nc Ily linked list. (Refer section 5.3) U

opemtfons in doub | ‘
1able example, explain steps for conversion of a general tree into a

efer gection 6.8) | [71

S 4. (Refer section 10.2.1)
WU 4 - lain set}uentzal search metho . [3]
) ~ Expla .
inary trees with suitable examples.
[4]

.on sort method. Explain each step with an example.

c)  Write an 80" 7]

(Refer secfi"“ X

o i gt
e e e r e A e iANI
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OR
Q4 a)  Explain depth first search in graphs with an ex{lmple- (Refer section 7.4.2) [3]
b)  Explain binary search method. (Refer section 10.2.2) 4]
c)  Write an algorithm for insertion sort method. Explain each step with an example.
(Refer section 10.1.5) - 71
Q5 a) Explaiﬁ breadth first search in graphs with an example. .
' a,g f bk c h n,j(Refer section 7.4.1) )
b) Construct a binary tree from the traversals given below :
Inorder : 134678101314 .
Preorder : 8 316 4 7 10 14 13 (Refer example 6.7.5) [4]
c) Explain various hash collision resolution technigues with examples.
(Refer section 8.5) [71
| OR
Q.5 a)  Explain sequential file organizations and list its advantages and disadvantages.
(Refer section 9.4) 3]
b)  Draw a binary expression tree for the following and perform preorder traversal :
(A $BS$C)+(D-E *F). (Refer example 6.2.4) [4]
c)  Write Prim’s algorithm for minimum spanning: tree with aﬁ example.
(Refer section 7.7.1) [7]
Qaa
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1
Time : 2 5 Hours]

Instructions :

Q1

1) Attempt al] questions,

[Maximum Marks : 70

2) Make suitable assumptions wherever necessary.

3) Figures to the right indicate full marks.

Explain the following terms in brief.

1. Primitive data structure.

[14]

(Refer Q.13 from oral questions and answers of chapter 1)

R Non-primitive data structure.

(Refer Q.16 from oral questions and answers of chapter 1)

3. Linear data structure.

(Refer Q.17 from oral questions and answers of chapter 1)

4. Non-linear data structure.

(Refer Q.18 from oral questions and answers of chapter 1)

5. Recursion.

6.  Time complexity of an algorithm.
(Refer Q.10 from ord

7. Double-ended queue.
(Refer Q.20 from ora

8.  Priority queue. 1
(Refer Q.19 from ora

9.  Circular linked Iist
(Refer Q.23 from or

L

(Refer Q.22 from oral questions and answers of chapter 3)
1 questions and answers of chapter 1)
1 questions and answers of chapter 4)
questions and answers of chapterf 4)

al questions and answers of chapter 5)

10. Complete binary tree: questions and answers of chapter 6)

al
(Refer Q.8 f""m 22

(S-7)
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11.  2-3 tree. (Refer Q.22 from oral questions and answers of chapter 6)
12. Minimum spanning tree. |
(Refer Q.11 from oral questions and answers of chapter 7)
13.  Degree of vertex.
(Refer Q.17 from oral questions and answers of chapter 7)
14.  Hash collision.
(Refer Q.11 from oral questions and answers of chapter 8)
Q.2 a)  Write a pseudo-code for PUSH and POP operations of stack.
(Refer section 3.3.3) k|
b)  What is prefix notation ? Convert the following infix expression into prefix.
A+B-C*D*E$F$G (Refer example 3.5.10) [4]
€)  Write an algorithm to perform various operations (insert, delete and display) for
simple queue. (Refer section 4.2) (7]
OR
c)  Write differences between simple queue and circular queue. Write an algorithm
for insert -and delete operations for circular queue. (Refer section 4.3) (7]
Q.3 a)  Convert the following infix expression into postfix.
A+B-C*D*ES$FS$ G (Refer example 3.5.5) [3]
b)  Write algorithm(s) to perform INSERT_FIRST (to insert a node at the first
position) and REVERSE_TRAVERSE (to display the data in nodes in reverse
order) operations in doubly linked list. (Refer section 5.3) [4]
c)  Write a 'C" program to implement stack using linked list.
(Refer section 5.5) - [7]
OR |
Q.3 a)  Enlist and briefly explain various applications of stack. (Refer section 3.4)  [3]
b)  Discuss various rehashing :fechniques. (Refer section 8.5.7) [4]
c)  Write 'C" functions to implement INSERT_FIRST (to insert a node at the first
position), DELETE_FIRST (to -delete a node from the first position),
QELETE_MST _(de!ete a node from the last position) and TRAVERSE _(tq
display the data in nodes) operations in circular linked list.
(Refer section 5.4) | ' | [7]
. Q4 a)  Write an algorithm for binary search method. (Refer section 10.2.2) [31
o
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b Write q 'C’ '

) G Program for Bubble sort. (Refer section 10.1.1) [4]
c Sort ¢t .
) ; 07'5 Ohg -g ollowing numpers using (i) Selection sort (i) Quick sort.

0 30 10 (Refer example 10.1.5) 7

OR ‘
.- a4 a) Write a 'C’ function for selection sort. (Refer section 10.1.2) [3]
b) Write an algorithm for quick sort. (Refer section 10.1.3) [4]
)  Explain depth first search and breadth first search in graphs with an example.
(Refer section 7.4) S | 7]

. Q5 a)  Draw a binary expression tree for the following and perform preorder traversal
: for the same : :

(A +88%C)+ (D +E*F) (Refer example 6.4.5) [3]

b)  Construct a binary search tree for the following and perform inorder and
postorder traversals : '

59 4 8 21 3 7 6 (Refer example 6.6.8) - [4]
c) Write ‘C’ functions for : inserting a node, postorder traversal and counting total
number of nodes for binary search tree. (Refer example 6.6.9) [7]
OR
Q5 a)  Explain AVL trees. (Refer section 6.12) | [3]

binary search tree from the following traversals :

345679172022 ’
94365717 22 20 (Refer example 6.7.6) [4]

b)  Construct a
Inorder :
Preorder :

c) Write Kruskal's algorithm for minimum spanning tree with an example.

(Refer section 7.7.2) s

[ [
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Instructions :

Q.1

1) Attempt all questions.
2) Make suitable ‘assumptions wherever necessary.

3) Figures to the right indicate full marks.

Short Questions ' - [14]

Arithmetic expression evaluation is an explanation of which data structure ?
(Refer Q.19 from oral questions and answers of chapter 1) [1]

How many stacks are needed to implement a queue. Consider the situation where

no other data structure like arrays, linked list is available.

(Refer Q.21 from oral questions and answers of chapter 4) [1]

A graph containing only isolated nodes is called a .

(Refer Q.18 from oral questions and answers of chapter 7) [1]

What is the 2°s complement representation for integer 5 in modulo 16 ?

(Refer Q.19 from oral questions and answers of chapter 8) [1]

What is the result of 7'+ 7 using 2's complement representation and modulo 16
_ arithmetic.

(Refer Q.20 from oral questions and answers of chapter 8) [1]

In which type of tree, each leaf node is kept at the same distance from root ?

(Refer Q.23 from l_oral questions and answers of chapter 6) B b {

What is the reverse polish notation

- for infix expression a/b*c ?
(Refer Q.23 from oral question

s and answers of chapter 3) [1]
}I:Ve:;t?does the following function do for a given Linked List with first node as
void funl (struct node* head)
{ ;
if (head == NULL)
| (S - 10)
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return;
funl( head—m-rext);
printf("%d”, head->daty).

/ (Ref :
er Q.24 from ora] questions and answers of chapter 5)

9. Which of the trape

rsal technigue order in a Binary
Search Tree ? que outputs the data in sorted

(Refer Q.24 from‘ oral questions and answers of chapter 6) . o

10. v;:mr is common.in inorder, preorder and postorder traversal ?
(Refer Q.25 from oral questions and answers of chapter 6) [1]

1. For sorting 1 GB of data with only 100 MB of available main memory. Which
sorting technique will be most appropriate ? |
(Refer Q.16 from oral questions and answers of chapter 10) - (1]

12.  In 2-3 trees, what do leaves contain and what do nonleaf nodes indicate ?
(Refer Q.26 from oral questions and answers of chapter 6) [1]

13.  Consider a situation where swap operation is very costly. Which of the sorting
algorithms should be preferred so that the number of swap operations are
minimized in general ? _ |
(Refer Q.17 from oral questions and answers of chapter 10) - [1]

14.  Draw tree whose postorder traversal is CBF EGD A
(Refer Q.27 from oral questions and answers of chapter 6) [1]

Q2 a)  Write an algorithm for finding average of given numbers. Calculate time

complexity. (Refer example 1.4.6) 3]

b)  Given Inorder and Preorder traversal, find Postorder traversal.

Inorder traversal = {4,2,5.1, 3, 6} | |
Preorder traversal = (1,2,4,5, 3, 6) (Refer example 6.7.7) 4]

c)  Consider an example where the size of the queue is four elements. Initially the
ueue is empty. It 1 required to insert symbols "A’, ‘B’ and 'C’. Delete "A’ and
?B  and insert ‘D’ and 'E'. Show the trace of the contents of the queue.

(Refer example 4.3.5) [7]

OR

_ ‘ Lence of names is :
c) i;si;:;onRi?er o Bill, Leo, Paul, Ken and Maurice
(o) ! 4 ;

) Show the behavior of creating a lexically ordered binary tree.
I f

i binary tree.
) Insert Kirk. Show the i '
:;:)Ig)sejete John. Show the binary tree. (Refer example 6.6.10) (7]

:‘ TECHNICAL PUBLICATIONS” - An.up thrust for knowledge
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Q3 a)  Write an algorithm to return the value of i element from top of the stack
(Refer example 3.3.2) [3]

b)  Write an algorithm for inserting an element in a stack, removing an elemens
from stack. (Refer section 3.3.3) _ [4]

c)  Write an algorithm for inserting and deleting an element in a circular queye,

tion 4.3 ‘ 71
(Refer section 4.3) OR

Q.3 a)  Consider the expression v1*v2 - (v3 + v4 N v5). Show the tree corresponding to
' the expression. . 3]

Ans. :

Expression Tree
b)  What is an ordered tree ? What is forest ?

Ans. : Ordered Tree
according to particular criteria. :

[4]

: An ordered tree contains nodes which ‘can be ordered

Binary Search Tree is said to be an ordered tree in which left node is always less
than parent node while right node is greater than parent node value.

(19
(8) (12)
O O® ®

Ordered Tree
Forest : Refer section 6.1.1 (13).

€)  Explain the St?‘uﬂfm‘-‘—’-ﬂf indexed sequential file. (Refer section 9.5) [7]

g t——
e
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a4 3 CO:;Sffier Singly linked storage structures. Write an algorithm which inserts a
1oae into a linked linear list in g stack like manner. (Refer section 5.5) (31
H : , :
b) OW open addressing can be ysed for collision resolution ?
(Refer section 8.5.7) (4]
c)  Explain structyre of se oy ; L 1 fil
: quential file. Explain processing in sequentid file.
(Refer section 9.4) Le-Rapiainy ik (7]
,_ OR
04 ) Fansitfler singly linked storage structures. Write an algorithm which performs: an
tnsertion at the end of a linked linear list. (Refer section 5.2 (3)) 3]
b)  Give definitions : i) Graph (Refer section 7.1) | :
ii) Adjacent nodes [4]
c)  What ise priority queue ? Explain the array representation of priority queue.
(Refer section 4.5) _ [71
Q5 a)  Explain outdegree and indegree. (Refer section 7.2) _ [31
b)  Explain Depth First Search operation. (Refer section 7.4.2) [4]
c)  Explain the trace of selection sort on following data : |
42,23,74,11, 65, 58, 94, 36, 99, 87 (Refer section 10.1.2) 71
OR
Q5 a) Write and explain application of queue. (Refer section 4.7) _ [3]
b) Explain Breadth First Search operation. (Refer section 7.4.1) : [4]
c)  Explain the trace of bubble sort on following data.
42,23, 74, 11, 65, 58, 94, 36,99, 87 (Refer similar example 10.1.1) [71
I |
\"-‘_—__-__ e —
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Instructions : _
1) Attempt all questions.
2) Make suitable assumptions wherever necessary.
3) Figures to the right indicate full marks.

Q1 a) A two dimensional array is stored row by row, then what is the address of
matrix element Ali, jl for n row and m column matrix ? How array
representation of polynomial 2x* +5xy + y2 can be done ? _ [3]

Ans. .  Refer section 2.2

Polynomial 2x? +5xy +y - using arrays.

* coeff exp_x exp_y
2 2 0
5 1 1
1 0 )

b)  Which data structure is used in a time sharing single central processing unit and
one main memory computer system where many users share the system
simultaneously ? How users are added for use of the system ?

(Refer section 4.7) [4]

€)  The preorder traversal of the tree is
7,1,0,3,2,54,6,9, 8,10,
The inorder traversal of the tree is
0,1,2,3,4,56,7,8,9, 10.
What is the postorder traversal ?

How a general tree can be converted to binary tree ? (Refer example 6.7.8) 7]

(S- 14

Sm—— ]

Scanned by CamScanner



—  ——__ S8-15 Solved Paper Winter-2017

with -6 is p problem wity sign and magnitude representation if addition of +7

erformed ? Evaluate 7 + 7 using 2's complement representation and

modulo 16 arithmetic.

(Refer Q.
Q.21 from oraj questions and answers of chapter 8) (3]

b) Write an algorithm

or : ;
numbers ranging f calculating square of the number for all the prime

between 1 to n. Perform time and space analysis.
(Refer example 1.4.7) 4 = d [4]

c) IC:;sz.’n a linked list whogse typical node consists of an INFO and LINK field.
ormulate an algorithm which will count the number of nodes in the list.
(Refer section 5.2.1) (7]

OR

c) th is the need of doubly linked linear list to the left of a specified node whose
address is given by variable M. Give details of algorithm. (Refer section 5.3) [7]

Q3 a)  How directed tree can be represented ? (Refer section 6.3) [3]

b)  How following has functions work ?
1) The midsquare method ii) Digit analysis (Refer section 8.3) [4]

c) i) In which case insertion and delection cannot be performed in stack ?
ii) How stack can be used to recognize strings aca, bch, abcba, bacab, abbcbba ?
Show the trace of contents of stack for recognizing the string abcba.

(Refer example 3.3.2) | (7]
OR

Q3 a)  How primitive data type floating point is stored in computer ? [3]

Ans. : The floating point number is stored in computer system using Mantissa and

an exponent. This form is brought in M x 10F format. The value of M and E are

converted to eq uivalent binary form, to store in computer system.

ications network is represented by graph. Each node represents a
ion line and each edge indicate the presence of interconnection
Which traversal technique can be used to find breakdown in

fer example 1.2.1) _ [4]

b) A commun
communicat
between the lines.
line ? Explain. (Re

%c-d/e*h to postfix.

pAchd)X(e+f/d)) to postfix.

operations are needed for performing conversion from infix to

¢ algorithm. (Refer example 3.5.6) o

¢) i) Convert ath
i) Convert ((a+%’

;i) Which stack
postfix 7 Writé th

.
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T

Q4 a) How many full branches a binary tree possesses ?
(Refer Q.28 from oral questions and answers of chapter 6) (3]

b)  What is the difference between serial and sequential processing ? How a record
can be deleted in sequential file ? [4]

Ans.: The difference between a sequential file’ and serial file is that - the
‘sequential file is ordered in a logical sequence based on a key field. While in seria]
files, records are entered in the order of their creation. .

The record can be deleted from sequential file, using logical deletion. That means
simply change the values of records to some negative or null values.

c)  What is the advantage of circular queue ? Write an algorithm for inserting 'A’,
‘B’, 'C’, delete "A’ and 'B’ and insert ‘D’ and ‘E’ in circular queue.
(Refer Q.2 (c) of summer 2017) [7]
; - _

Q.4 a)  Explain indexing structure for index file. (Refer section 9.5) [3]

b)  Write recursive algorithm for computing factorial. Which data structure can be
used to implement this algorithm ? (Refer section 3.10) [4]

c) "If no interchanges occurred, then the table must be sorted and no further passes
are required”. Which sorting method works on this principal ?
Apply above sorting technique on the following data

514 2 8 (Refer example 10.1.2) [7]
Q.5 a)  How does priority queue work ? (Refer section 4.5) _ [3]
b)  How binary search technique can be applied to search for a particular item with a
certain key ? (Refer section 10.2.2) [4]
€)  Apply quick sort on following data
42 23 74 11 65 58 94 36 99 87. (Refer similar example 10.1.3) 7]
OR
Q5 a) Explain the structure of threaded binary tree. (Refer section 6.9) (31
b)  How access of record is performed in muylti key file organization ? :
(Refer section 9.7) (4l
c) Hash'ffmction map several keys into same address called collision. How collision
resolution techniques work ? (Refer section 8.5) - 71
nod

e
e ——
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wdiOHS 4
1) Attempt all questions.

2) Make

suitable assumptions wherever necessary.

3) Figures to the right indicate full marks.

ai a)

b)
c)

Q2 a)

b)

Q3 a)

Differentiate between linear and non-linear data structures.
(Refer section 1.6)

Discuss the variations of a queue. (Refer section 4.6)

Write an algorithm to convert an infix expression to postfix expression.
Show the working of the algorithm for the following expression.
A+B*C/DSE - (F*G) (Refer example 3.5.7)

Evaluate the following postfix expression using a stack. Show the steps.
2$3+5*2%2-125 o (Refer example 3.6.8)

Consider the stack S of characters, where S is allocated 18 memory cells. -
B A BrddEe Keabicadin

Describe the stack as the following operations take place.

Pop(), Pop(), Push( L), Push(P), Pop(), Push(R), Push(S), Pop()

(Refer example 3.3.4)

Write a program to implement queue and check for boundary conditions.

fer section 4.2)
(Refer Bk

Write a program to implement a circularly linked list. (Refer section 5.4)

List the advantages of a doubly linked list over singly linked list,
(Refer section 5.3)

Wit an algorithm to swap two nodes, n and n+1, in a singly linked list,
(Refer example 5.2.3)

(s-17)
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Q.3

Q.4

Q.4

c)

b)

Perform inorder, postordér and preorder traversals for the. following binary tree,

Fig. 1

What is the peculiarity of the inorder traversal ? (Refer example 6;4.6) [7]
OR

What is a header node ? Explain is importance.
(Refer Q.11 from oral questions and answers of chapter 5) [3]

Write an algorithm to count the number of nodes in a singly circularly. linked
list. (Refer example 5 4.2) [4]

What is a binary search tree ? Create a bfnary search tree for the fol!owmg data.
14, 10, 17, 12, 10, 11, 20, 12, 18, 25, 20, 8, 22,11, 23

Explain deleting node 20 in the resultant bmary search tree.

(Refer example 6.6.11) ' | [71

Explain the working of the Kruskal's algorithm. (Refer section 7. 7 (31

Write the algorzthm for binary search and find its complexity.

(Refer section 10.2) S 4]

Insert the following letters into an empty B-tree of order 5 : 7]

CNGAHEKQMFWLTZDPRXYS (Refer example 6.13.2) L
OR

Define the following terms wit respect to a graph : Node, Edge, Path. 3]
(Refer section 7.2) -

. , 4]
Discuss different representationg of @ graph. (Refer section 7.3)
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¢} Apply Dikstry' |
° algorithm for the follow ‘ the startin
node. (Refer example 7_3.{} following graph with Node S as the sta ; ;},]'

Fig. 3

Q5 a) What is the complexity of the quick sort algorithm on sorted data ? }ushjj,r your
answer. (Refer section 10.1.3) [31

b)  What is hashing ? Explain hash collision and any one collision resolution
technigue. (Refer section 8.5) [4]

c) Explain the difference between insertion sort and selection sort with an example.
What is the time complexity of these algorithms ? How ?

(Refer section 10.1.5) 171
OR

Q5 a) List the qualities of @ good hash function. (Refer section 8.4) 3]

b) Explain two hash functimzs. (Refer section 8.3) 4]

t aigorithm for the following data and show the steps.

erge sor
° ?gp;% m40822; 55, 88, 11, 80, 20, 50, 44, 77, 30.

7
(Refer example 10.1.7) ”

Qaa

o CHNICAL PUBLICATIONS~ An up st for ko

"

Scanned by CamScanner



Winter-2018 Gujarat Technological
Data Structures S :Jm‘c’;’r;‘;!’
Semester - III (CE/IT) oive per
Time : 2 % Hours] [Total Marks : 70

Instructions :
1) Attempt all questions.
2) Make suitable assumptions wherever necessary.

3) Figures to the right indicate full marks.
Q.1 a) What is Recursion ? Write a pseudocode in 'C’ language to find the

multiplication of two natural numbers. (Refer example 3.7.1) [3]
b)  Differentiate between Stack and Queue. (Refer section 4.1) [4]

c) Write algorithm for Push and Pop operations on a stack.
(Refer section 3.3) | (7]
Q.2 a) Convert Infix Expressimn, A "B *C-D +E/F /(G + H) into Postfix
expression using stack. (Refer example 3.5.8) [3]

b)  Explain average case timing analysis for Search Algorithm.

(Refer section 1.5) [4]
€)  Write an algorithms to convert Infix Expression (without parenthesis) into
Postfix Expression. (Refer section 3.5) [7]

OR

C)  Write algorithms for Insert and Delete operation in Circular Queue.
(Refer section 4.3) [7]

Q.3 a)‘ Evaluate the Postfix Expression 6 2 3 + — 382/ +*2%3+ using Stack.
‘ (Refer example 3.6.8) ; . k)

b)  Write an algorithm for insertion of node at last position in Liner Linked List.
(Refer section 5.2) - [4]

) - Create a Binary Search Tree for the following data and do Inorder, Preorder and
Postorder traversal of the tree. [7]

45,70, 30, 60, 15, 75, 35, 55, 20, 85, 80 (Refer example 6.6.12)

(S - 20)
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Q3

Q.4

Q.4

Q5

Q5

a)

b)

c)

a)

b)

OR
Explain Priority Queue ? (Refer section 4.4) 31
Write an algorithm for deletion of node in Liner Linked List.
(Refer section 5-2} [4]
What is Binary Search Tree ? Construct a binary search tree for the following
elements 11, 6, 14, 8, 12, 15, 16, 7, 9, 23. (Refer example 6.6.13) 7]
Write an algorithm for Bubble sort. (Refer section 10.1.1) 3]
Write an algorithm for insertion of a node in Doubly Linked List.
(Refer section 5.3) i [4]
What is hashing ? Explain Different Hashing techniques in brief.
(Refer section 8.3) [71
OR
Write an algorithm for Selection sort. (Refer section 10.1.2) [3]
Write an algorithm for deletion of a node in Doubly Linked List.
(Refer section 5.3) [4]
What is hashing ? Explain hash clash and its resolving techniques.
(Refer section 8.5) [7]
Explain spanning tree with example. (Refer section 7.7) [3]
Write an algorithm for Seqi:enﬁa! Search. (Refer section 10.2) (4]
Explain different types of File Organizations and discuss the advantages and
disadvantages of each of them. (Refer section 9.6) [7]
OR
What is Topaiagicaf sorting ? (Refer section 10.1.6) [3]
Wﬁte an algorithm for Binary Search. (Refer section 10.2) [4]
Explain Sequential Files and Indexed Sequential Files Structures.
(Refer section 9.6) - [7]
[ |
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Data Structures
Semester - III (CE/IT)

Time : 2 15 Hours]

[Total Marks : 79

Instructions :

Q.1

Q.3

1) Attempt all questions.

2) Make suitable assumptions wherever necessary.

3) Figures to the right indicate full marks.

a)

b)

Define data type. Narrate importance of abstract datatype with suitable example.
(Refer section 1.2) : - @3)

Write an algorithm for finding average of given numbers. Calculate time
complexity. (Refer example 1.4.6) | @

What is sparse matrix? Give the algorithm for addition of two sparse matrices
(Refer section 2.5)

- (D
Write an algorithm to return the value of element from top of the stack.
(Refer example 3.3.2) (3)
Explain push and pop operations on a stack. (Refer section 3.3.3) @

Perform following operations in a circular

Rear and size of the queue after each operation
1) Insert A, B 2) Insert C

3) Delete 4) Insert D.

5) Insert E 6) Insert F 7) Delete (Refer examplé 4.3.4) (7)-

OR
Explain insert and delete Operation in simple queue. (Refer section 4.2) (7)
Give C representation of Linked list (Refer section 5.1.1) (3)

Consider singly linked storage

Structulres_ Write . , orms an
insertion at the end of a linked an algorithm which perft .

linear list, (Refer section 5.2) w

Write C program for concatenation of two linked lists (Refer section 5.2.1(3) (7)

(S -22

queue of length 4 and give the front,
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OR

a E j .
a3 a) Xplain terms in terms of tree: height, degree, forest. (Refer section 6.1) (3)

b Wri ;
) rite an algorithm, for deletion of a node in doubly linked list.

(Refer section 5.3) 4

c)  What is binary tree traversal ? What are the various traversal methods ? Explain

any two with suitgple exam;gfe. (Refer section 6.4) 7

Q4 a) Make comparison between Graph and Tree. (R.efer section 7.1.1) 3)
b)  Explain types of graph with suitable examples (Refer section 7.1.2) @)

¢)  Define the following terms

1) Graph  2) Tree 3) Multigraph ~ 4) Weighted graph
5) Elementary path  6) Complete Binary Tree
7) Descendent node (Refer example 7.2.2) (7)

OR
Q4 a) What is symbol table? Give advantages of symbol table (Refer section 8.1)  (3)
b)  Explain two hash functions. (Refer section 8.3) (4)

c) The keys 12, 18, 13, 2, 3, 23, 5 and 15 are inserted into an initially empty hash
table of length 10 using open addressing with hash function h(k) = k mod 10 and
linear probing. What is the resultant hash table ? (Refer example 8.5.1) (7)

I Q5 a) Explain the terms - File, Records and Fields. (Refer section 9.1) (3)
b)  Give advantages and disadvantages of sequential file (Refer section 9.4) (4)

c} Explain Multi-key File organization with suitable example. (Refer section 9.7)
@)

OR

Q5 a)  Explain the terms - (1) Sorting order (2) Internal Sorting (3) External Sorting
(Refer section 10.1) (3)
b) Sort the following list of numbers using bubble sort technique 52, 1, 27, 85, 66,
23, 13, 57. (Refer example 10.1.1) - @)

c)  Explain binary search algorithm with suitable example. (Refer section 10.2.2)
(7)
QaQ
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